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The management of environmental pollution from industrial manufacturing operations is of
growing concern for companies amidst increasingly strict environmental regulations and rising waste
treatment costs. Facilities are heavily reliant on ‘end-of-pipe’ pollution control approaches for mitigating
the effects of environmental pollution after it has been generated. Pollution prevention (P2) is widely
considered to be a viable alternative to pollution control. P2 focuses on improving resource use efficiency
(e.g., water, energy, materials) to prevent pollution at the source, resulting in both environmental and
economic benefits. Current methods of implementing P2, however, often fail to consider key
organizational factors that can stifle the internalization of P2 knowledge and the long-term adoption of
P2. More adaptive approaches are needed to transition away from favouring “one-off” approaches to P2
and continually relying on pollution control technologies.
This thesis investigates the use of a combined set of quantitative and qualitative tools to help
address known barriers associated with adopting and sustaining P2. The research was conducted at an
Ontario dairy processing facility in the form of a case study. The tools used in this research included:
wastewater treatability testing (quantitative), and hierarchical process mapping, employee interviews, and
causal loop diagrams (CLDs) (qualitative). The wastewater treatability testing helped confirm the inherent
limitations of a pollution control-based approach to wastewater treatment; BOD effluent discharge limits
could not be met in the laboratory setting under various physicochemical treatment conditions. Interviews

with frontline operators uncovered 41 concrete resource saving opportunities within the facility’s
production processes with substantial estimated resource and cost savings. Both the use of hierarchical
process mapping and CLDs helped provide more adaptive visual approaches for documenting and
conveying P2 concepts for sustaining P2 from a systems perspective.
The application of these tools influenced the facility to adopt an internal initiative focused on
preventing product loss in its processing operations. The successful implementation of the identified P2
opportunities and embedding P2 practices within the facility’s culture, however, was not achieved.
Further research would benefit from involving government stakeholders to help maintain facility
commitment as well as conducting an institutional analysis of the participating facility and integrating the
environmental-economic pillars of P2 with food safety systems currently employed in the food and
beverage processing industry.
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1.0

Introduction/Background

1.1 Pollution Prevention as an Alternative to Pollution Control
The complex and dynamic nature of the current business environment presents many challenges
which can threaten the competitiveness and long-term survival of businesses and organizations.
They are subjected to increasing pressure to constantly improve their processes in order to adapt
to the ever-changing environment (Seethamraju & Marjanovic, 2009). The increasing risk and
financial burden associated with managing environmental pollution presents a growing area of
concern for improving business processes, particularly in industrial manufacturing. Industrial
activities produce large quantities of often highly concentrated or toxic pollutants, which can
result in a struggle for companies to achieve environmental compliance while maintaining
profitability.
Traditional pollution control or abatement techniques aim to control air, water, and solid waste
pollution. These efforts to control pollution are commonly referred to as “end-of-pipe” treatment
technologies due to the addition of controls or add-on measures which treat waste streams just
prior to being released to the environment (Frondel et al., 2007). Examples of such pollution
control technologies include “incineration plants for waste disposal, waste-water treatment plants
for water protection, sound absorbers (noise abatement), and exhaust-gas cleaning equipment for
air-quality control” (Frondel et al., 2007, p. 573). While these technologies do reduce pollution
that may otherwise be discharged directly into the environment, they are expensive to operate
and maintain, and are not easily adapted to accommodate increasingly strict environmental
regulations and changing waste stream characteristics.
Pollution prevention (P2), commonly referred to as cleaner production (CP) outside of North
America, is considered to be an alternative approach to traditional pollution control methods for
the management of environmental pollution (Glavič & Lukman, 2007). P2 differs from pollution
control by promoting the efficient use of resources to “avoid or minimize the creation of
pollutants and wastes, at the source” (Canadian Council of Ministers of the Environment, 1996,
p. 2) rather than dealing with pollution once it has been generated. P2 follows a holistic multi-
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media approach to resource use utilizing a hierarchy of preferred options for managing waste
streams containing pollution (Figure 1).

Figure 1: P2 waste hierarchy (IGD, 2007).
Prevention and minimization practices focus on avoiding or limiting the use of resources that
contribute to waste streams (e.g., source reduction). Examples of these practices include:
improved purchasing methods to prevent unused or expired materials, substituting less polluting
materials into production operations, improved housekeeping, and changing or modifying
production processes (Zayed & Winter, 1998). Where the generation of waste is unavoidable,
materials can be segregated for reuse or recycling and reintroduced to a process instead of
replenishing them with raw material resources. Limitations on reuse and recycling can result in
the application of energy recovery techniques to waste streams. Finally, treatment and disposal
of waste materials is considered the least favoured option, as it necessitates pollution control
measures to be implemented. By utilizing this hierarchy and focusing on targeting upstream
processes to prevent negative downstream impacts, P2 can provide both economic and
environmental benefits. P2 not only reduces costs as a result of reducing the quantity of waste
requiring treatment, but also by improving material and energy use efficiency (Lindsey, 2011).
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Pollution control through end-of-pipe technologies, on the other hand, result in increased
operational costs rather than cost savings (Cagno et al., 2005).
The use of P2 to attain environmental and economic benefits is not a new concept. The 3M
Company first pioneered P2 in 1975 with the introduction of its Pollution Prevention Pays (3P)
program. A former Vice President of Environmental Engineering and Pollution Control for the
3M Company, Dr. Joseph Ling, observed the paradox inherent in the use of pollution control
technologies and the need to shift towards P2 (Ling, 1979, p. xi):
“Pollution controls solve no problem; they only alter the problem, shifting it
from one form to another…It is apparent that conventional controls, at some
point, create more pollution than they remove and consume resources out of
proportion to the benefits derived…It takes resources to remove pollution;
pollution removal generates residue; it takes more resources to dispose of this
residue and disposal of residue also produces pollution.”
The 3P program has resulted in almost $1.5 billion in cost savings (3M, 2012) and over 3.5
billion pounds of pollution prevented. The success of the 3P program and similar programs from
other early-adopter companies has helped demonstrate that environmental and financial
performance is not mutually exclusive. The increasing pressure for companies to achieve
environmental compliance at the least cost has resulted in extensive coverage of P2 in academic
literature and many documented accounts of the application of a P2 approach. While these
documented P2 programs show meaningful environmental and economic performance benefits
across many different industries, the ability for companies to maintain ongoing P2
implementation still remains a challenge (Stone, 2006a).

1.2 Barriers to P2
Despite the demonstrated benefits of P2, many obstacles exist which hinder the adoption and
long-term commitment to a P2 approach. P2 opportunities are often rooted deeply within
industrial processes and must be framed as both a technical and social issue (Cebon, 1993).
Additional factors such as changing attitudes and management are important aspects of P2 that
not are commonly observed with technical add-on measures of end-of-pipe technologies
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(Larderel, 1995). A number of types of barriers to P2 have been identified in the literature, all of
which are interrelated. These barriers are discussed in the following sections.
1.2.1 Regulatory barriers
The adoption of P2 is often restricted due to existing regulatory frameworks, which focus on
environmental compliance through the use of command-and-control (C&C) regulation. C&C
regulations set strict discharge limits on air, water, and soil pollutants. This often encourages
companies to merely comply with these regulations rather than establish a longer term vision for
continuous environmental improvement (Larderel, 1995). The stringency of these regulations can
force companies to adopt pollution control technologies as they can be the only method to meet
these strict limits (Frondel et al., 2007). This promotes a reactive approach to environmental
issues in which companies too often scramble to find solutions for the problems they face, and
divert resources from being used to develop other innovative approaches to improve
environmental performance (Khanna et al., 2009). Unfortunately, this “quick fix” mentality has
led companies to continue to favour the use of conventional approaches to manage
environmental pollution.
1.2.2 Mental/Cognitive Barriers
Mental or cognitive barriers prevent companies from being aware of the benefits of P2 as well as
the true cost of existing pollution control technologies. Such barriers can be manifested in both
management and frontline employees (Shi et al., 2008). Without proper education to become
aware of P2 opportunities in day-to-day actions, mental barriers can instill fear amongst
employees of new approaches when the benefits of P2 are not communicated (Shen, 1999).
1.2.3 Financial Barriers
Financial barriers to P2 primarily exist in the form of inadequate resources to conduct P2
activities. Without having processes that can adequately assess P2 opportunities in detail, it is
difficult to capture the full benefits of P2 compared to existing control-based approaches (Cagno
et al., 2005; Shen, 1999). If the benefits and cost-effectiveness of P2 opportunities cannot be
demonstrated, such projects can face risks of not being allocated financial resources over other
competing projects (Cebon, 1993). It is important to note that financial barriers to P2 often have
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more of an impact on small and medium-sized enterprises (SMEs). SMEs tend to possess less
available capital yet still produce significant quantities of waste that can be addressed through
pollution prevention (Granek & Hassanali, 2006).
1.2.4 Technical Barriers
For P2 to endure, sufficient internal expertise is required to continue to identify and implement
new solutions to reduce pollution. However, it is not uncommon for technical expertise to be
limited to only a few employees that are familiar with the waste treatment systems employed
(Hamner, 1999). P2 implementation can also be impeded by the tendency of technical staff to
stick with applying new technologies with which they are comfortable or can easily add on to
existing systems (Larderel, 1995). P2 opportunities often require changes to be made within the
production process, whereas pollution control technologies are generally segregated from the
main production operations. As a result, the implementation of P2 opportunities must compete
with the potential risks associated with loss of production time or adversely impacting the quality
of the product being produced (Shen, 1999).
1.2.5 Institutional Barriers
The previous four types of barriers closely align with challenges facing P2 that tend to be more
concrete in nature and appeal to the technical aspects of the approach. However, additional
challenges can also be observed permeating a company in the form of institutional barriers.
Examples of institutional barriers as presented by Shen (1999) are shown in Table 1; additional
mention of institutional or organizational barriers with reference to P2/CP is also covered widely
in literature (Calia et al., 2009; Murillo-Luna et al., 2011; Zilahy, 2004). Neto and Jabbour
(2010) suggest that, in part, the prevalence of these “non-technical” barriers is due to the lack of
integration of human resource practices with environmental strategies of organizations. Table 1
also depicts common problem areas associated with organizational change processes which show
some important similarities with the identified institutional barriers. As P2 is a change process
itself (i.e., shifting away from pollution control and towards P2), the incorporation of change
management concepts in structuring P2 approaches can help address the common challenges of
achieving sustained P2 (Stone, 2000).
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Table 1: Comparison of institutional barriers of P2 and common errors in change management
Institutional Barriers of P2

The Eight Errors of Change

Industrial Pollution Prevention (Shen, 1999)

Leading Change (Kotter, 1996)

 Lack of top management support
 Lack of awareness of corporate goals and
objectives
 Lack of clear communication priorities
 Organizational structure separating
environmental decisions
 Individual or organizational resistance to
change

 Allowing too much complacency
 Failing to create a sufficiently powerful
guiding coalition
 Underestimating the power of vision
 Under-communicating the vision
 Permitting obstacles to block new vision
 Failing to create short-term wins
 Declaring victory too soon
 Neglecting to anchor changes firmly in the
corporate culture

Many empirical studies related to P2 projects primarily report on the environmental and
economic performance outcomes of implementing P2 measures. Relatively few case studies have
attempted to focus on the organizational aspects of P2 and their importance in firmly rooting P2
within the structure and culture of organizations. In an extensive critique of the effectiveness of
current P2 guidance documentation for achieving sustained P2 uptake, Stone (2006a, 2006b)
identified a number of limitations with the use of these current approaches. These limitations
included:


Lack of commitment



Lack of leadership, particularly by top-level managers



Lack of internal support for team members



Poor internal communication



Failure to extend staff involvement beyond the project team



Incompatibility of the project with the organization’s culture, needs and existing projects

Many of these limitations are also closely related to the barriers and errors of organizational
change identified in Table 1. In another study analyzing 35 P2 projects in the Netherlands, de
Bruijn and Hofman (2000) found that the majority of companies participating in these projects
did not experience the necessary learning required for internalizing P2 knowledge and
embedding P2 practices within their companies for ongoing improvement. The study suggested
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that despite the growing popularity of using quick (i.e., less than 3 day) P2 audits performed by
P2 experts, these approaches were less conducive to providing adequate involvement of the
companies in the process of P2 (de Bruijn & Hofman, 2000). The need to engage companies in
an ongoing process of learning was reiterated in a call for a more “iterative, critically reflective
cycle of learning” for addressing the challenges associated with sustaining P2 (Stone, 2006b).

1.3 Research Rationale
More adaptive approaches for uncovering and disseminating P2 knowledge within companies are
needed to truly transition away from favouring “one-off” approaches to P2 and relying
consistently on pollution control technologies. Such approaches may be developed by carefully
considering the specific context, structure, and culture that exists within companies. These
approaches have received less attention in the literature compared to P2 projects that solely
report on environmental and economic savings.
The following two sections outline the nature of the industry being studied in this research
project and some of the challenges that it faces with respect to inefficient resource use and waste
production. Following these sections, the overall goal and scope will be presented as well as an
outline of the thesis structure.

1.4 Ontario Food and Beverage Processing Industry Profile
The Ontario Food and Beverage Processing (FBP) industry is classified as a subsector of the
Ontario manufacturing sector. As Ontario's second largest manufacturing industry in Ontario
with $37 Billion in sales in 2011 (Statistics Canada, 2012a), FBP accounted for almost 40
percent of the 2011 Canadian FBP industry sales (Statistics Canada, 2012b). The Ontario FBP
industry consists of a large workforce of approximately 114,000 people in over 3,000 FBP
establishments (OMAFRA, 2011). Of these FBP establishments, 68 percent consist of less than
20 employees (The Bloom Centre for Sustainability, 2012). FBP facilities operate both in rural
and urban centres and vary significantly in the scale of their operations and the variety of
products manufactured. The North American Industry Classification System (NAICS) classifies
the FBP industry under codes 311 and 312 and is broken down further into the following
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subsectors based on the diverse food and beverage products that are manufactured (Statistics
Canada, 2012c):


Animal Food Manufacturing



Grain and Oilseed Milling



Sugar & Confectionary Product Manufacturing



Fruits and Vegetable Preserving and Specialty Product Manufacturing



Dairy Product Manufacturing



Meat Product Manufacturing



Seafood Product Manufacturing and Packaging



Bakeries and Tortilla Manufacturing



Other Food Manufacturing



Beverage and Tobacco Product Manufacturing

The Ontario FBP industry plays an integral role in Ontario's agri-food value chain. The primary
function of the FBP industry is to take raw agricultural and semi-processed materials and
manufacture food and beverage products which are subsequently consumed (Eilers et al., 2010).
This creates an important link between Ontario farmers, FBP facilities, and consumer markets.
FBP facilities depend on the consistent production of raw material inputs for processing
operations. The Ontario FBP industry sources 70% of raw input materials required for processing
from Ontario agricultural producers (AOFP, 2008). Retail markets also depend on FBP facilities
to fulfill the demand for food and beverage products.
While the FBP in Ontario has experienced consistent growth in the past, food and beverage
processors are currently facing many challenges to remain competitive. FBP industries generally
have low profit margins compared to other industries, relying heavily on producing high volumes
of food and beverage products (AOFP, 2008; Maxime et al., 2010a). This adds to the challenge
of remaining competitive both within Canada and in international food and beverage markets. In
2008, the Alliance of Ontario Food Processors (AOFP) and FBP industry associations issued a
report that identified key challenges presently facing the industry and a long-term strategic vision
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and plan of action to address these challenges. Four key strategic priorities were outlined for the
Ontario FBP which include (AOFP, 2008):


Developing new partnerships with farmers, government, and customers



Creating a supportive regulatory environment



Fostering innovation to develop new products, reduce costs, and address growing energy
and environmental challenges



Building human resource capacity to raise awareness of employment opportunities in the
FBP industry

Opportunities to improve the Ontario FBP industry exist within each of the identified strategic
priorities; however, the focus of this thesis relates most to the third strategic priority of fostering
innovation. The goal of this strategic priority was summarized in the AOFP (2008, p.13) report:
“Revitalize Ontario's food and beverage processing innovation system. Increase
investment in productivity, new product R&D and support for commercializing
new ideas and new products. Create a system that is focused on innovation,
customer value, environmental sustainability and future opportunities.”
Rising energy and waste management costs have and will continue to impact the FBP industry.
Significant benefits are attainable with a focus on innovative ways to improve how Ontario FBP
facilities use energy and water and manage waste that is produced. Addressing these
environmental issues is considered to be a significant factor for the FBP industry to remain
competitive (AOFP, 2008).

1.5 Challenges Facing Food and Beverage Processing Industries
FBP is a unique industry with respect to its impact on the environment due to the nature of the
products it produces. Resource use, such as water, energy, and material input consumption, is not
consistent across all FBP subsectors or even between facilities producing similar products due to
the wide variability in the processes and ingredients used to produce them. A general depiction
of the interrelatedness of the resource inputs and outputs of processing operations that may occur
at a FBP facility is shown in Figure 2.
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Figure 2: Overview of fluid milk processing facility resource inputs, outputs, and key process
stages (adapted from Maxime et al., 2006)
FBP facilities are continuously held to very high expectations with regard to food safety and are
liable for all products they produce. Food safety is paramount for FBP facilities in Canada,
particularly in the wake of two recent Canadian food recalls in 2008 and 2012 as a result of
contaminated products entering the marketplace. The liability and risk associated with the FBP
industry is directly linked to the use of resources and the generation of pollution at FBP facilities.
While the FBP industry is not the most resource intensive industry when compared to other
manufacturing sectors, it does consume large quantities of high quality resources to ensure a
processing environment that is clean, safe, and hygienic for the production of food and beverage
products (Maxime et al., 2010b). The emphasis of FBP facilities on food safety and product
quality has resulted in environmental performance issues to be given less attention despite their
growing importance (Massoud et al., 2010).
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1.5.1 Resource Use
The term resource, as it relates to the concept of P2 and the FBP industry typically encompasses
water, energy, and input materials used in processing operations. FBP facilities consume water
for process heating and cooling, as a transport medium for food and beverage products, for
equipment and facility cleaning practices, and as an ingredient in some food and beverage
products (Eilers et al., 2010; The Bloom Centre for Sustainability, 2012). Much of the water
supplied to FBP facilities comes from municipal water and wastewater infrastructure; over 70
percent of facilities in Ontario receive water from and discharge wastewater to local
infrastructure (The Bloom Centre for Sustainability, 2012). Insight into the proportion of water
that is used in these various water consuming activities was captured in a study by Pagan & Price
(2008) for four main FBP subsectors in the Queensland, Australia FBP industry (see Table 1).
Table 1: Proportion of water use by common water consuming activities in FBP industry
subsectors (adapted from Pagan & Price, 2008).
Water
Consuming
Activity
Water Used in
Product
Facility
Cleaning
Cooling Towers
Process
Operations
Auxiliary Use

Meat
Processing
(%)

Dairy
Vegetable
Processing Processing
(%)
(%)

Beverage
Processing
(%)

0

0

0

60

48

49

15

25

2

6

5

2

47

42

78

8

3

3

2

5

Energy is supplied to FBP facilities by local utilities primarily in the form of natural gas and
electricity. Figure 4 depicts the total energy as well as the breakdown of energy consumption
from natural gas and electricity for each of the major Canadian FBP subsectors (Statistics
Canada, 2011). Energy use for FBP operations is expected to continue to increase as a result of
increasing pressure to improve product shelf life (Marcotte et al., 2011).
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Figure 4: 2010 subsector energy consumption for Canadian FBP industry. Data obtained from
(Statistics Canada, 2011).
Natural gas is mainly used for heating water and generating steam (Elkin & Stevens, 2008) as
well as in thermal processes such as drying, cooking, frying, evaporation, pasteurization, and
sterilization processes (Maxime et al., 2006). Electricity is primarily consumed to power
equipment associated with freezing, cooling, and refrigeration processes (Maxime et al., 2006).
Energy for heating and cooling are needed to ensure all food and beverage products meet food
safety requirements throughout the production process and continue to meet these requirements
through storage, shipment, and ultimately consumption by the end-user. Input materials consist
of both materials that end up in final products (i.e., raw animal or plant-based foodstuff, other
food ingredients, packaging) as well as other materials that do not (for example, chemicals used
for cleaning or equipment maintenance (Ontario Food Industry Environmental Coalition, 2010)).
1.5.2 Waste Generation
In addition to resource use in the FBP industry, large quantities of waste are generated
throughout FBP operations. The predominant form of waste generated in FBP facilities is
wastewater (Mishra et al., 2012) resulting from the aggregation of water, energy, and material
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input streams. The combination of these resource streams in the form of wastewater often
renders these resources unacceptable for use in subsequent processing and must be replenished
with high quality raw resources. The proportion of potable water converted to wastewater in FBP
facilities is widely documented with relatively consistent findings. Maxime et al. (2010b) depict
that 77 percent of water the used in the Canadian FBP industry in 2005 as ending up as
wastewater. The Ontario FBP industry is documented by Phil Dick of the Ontario Ministry of
Agriculture, Food, and Rural Affairs (OMAFRA), to be slightly higher at 75 to 95 percent water
to waste conversion (as cited in The Bloom Centre for Sustainability, 2012, p. 18). Cooke (2008)
depicts a similar ratio of 65 to 95 percent with a focus on water use and wastewater generation in
European FBP industries.
The quality of wastewater is also of concern for FBP facilities. FBP wastewater generally
contains high concentrations of biochemical oxygen demand (BOD); chemical oxygen demand
(COD); total suspended solids (TSS); fats, oils, and greases (FOG); and nutrients such as
nitrogen and phosphorus (Bolzonella et al., 2007). While these contaminants are generally
considered to be biodegradable (Sherman, 2007) and non-toxic (Sethu & Ananth, 2008) when
compared to other industries, they still require removal prior to discharging to the natural
environment or to municipal sewer systems. High organic loading results in high BOD and COD
and is generally attributed to unutilized raw material foodstuff entering the facility wastewater
stream after being lost during processing operations (Cooke, 2008). Poor wastewater effluent
quality from FBP operations is often subject to surcharges being incurred from exceeding
specific wastewater discharge criteria and can be costly to FBP facilities (Ontario Food Industry
Environmental Coalition, 2010).
In the FBP sector, facility resource inputs are primarily aggregated into a single wastewater
stream, which can mask the true costs of resource use that impact a facility’s bottom line. Cooke
(2008) summarizes these interrelated costs linked to water and energy use in the FBP facilities
that can be incurred from inefficient resource use:
•

Cost of water supply (i.e., municipal infrastructure or extraction from the natural
environment)

•

Cost of on-site water treatment (e.g., boiler water treatment, process operations)

•

On-site wastewater treatment including sludge disposal
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•

Wastewater surcharges for environmental non-compliance

•

Cost of lost ingredients or product into wastewater stream

•

Energy costs associated with raising temperature for facility processes (i.e., energy costs
for raising municipal water feed temperature to that of wastewater effluent)

From a P2 standpoint, the interconnectedness of these costs can result in compounded
environmental and economic benefits for FBP facilities. A difficulty exists, however, in helping
FBP facilities understand these linkages and embrace opportunities to implement P2.

1.6 Research Goal and Scope
The goal of this study is to investigate whether or not the application of a set of combined
quantitative and qualitative tools help alleviate common barriers associated with adopting and
sustaining a P2 approach in the context of the FBP industry. The tools of interest for achieving
this goal included quantitative wastewater treatability testing and qualitative approaches such as
hierarchical process mapping, in-depth interviews, and causal loop diagrams. Strengths and
weaknesses of the application of these tools and approaches are revealed in a case study of an
Ontario dairy processing facility. The consequences of using these approaches can inform future
studies related to P2 in the FBP industry and, more broadly, industry. This study did not intend to
provide a step-by-step solution for successfully implementing P2, but to contribute to addressing
the possibility that the methods used are conducive to identifying, at least in part, the
characteristics needed for long-term and ongoing P2 implementation.
The scope of this study was limited by the participation of an individual dairy food processing
facility. For this reason, the findings of this study are bounded by the relation to the specific FBP
subsector and to the participating facility’s circumstances.

1.7 Organization of Thesis
This thesis is organized into five chapters. Chapter 2 establishes the specific conditions present
in an Ontario dairy processing facility currently facing environmental performance issues. This
chapter provides an assessment of existing data pertaining to processing and waste treatment
operations to convey the scale of the environmental issues as well as the current capacity and
intent of the facility to address these issues. Chapter 3 presents a quantitative investigation of the
14

facility’s wastewater treatment system by conducting wastewater treatability testing with facility
wastewater. This chapter helps to frame the problem of whether the facility can continue to rely
on end-of-pipe treatment of facility wastewater as a means of achieving environmental
compliance. Chapter 4 presents a series of qualitative methods to help simplify complex facility
information and uncover P2 opportunities and their impacts through the use of various
diagramming and interview techniques with facility staff. Chapter 5 provides the conclusions of
this research project and the recommendations for future research.
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2.0

Establishing Project Context – FBP Facility Case Study

The previous chapter identified the current challenges associated with resource use efficiency
and pollution prevention in the FBP industry. This chapter presents information on the
recruitment of the participating facility, the facility’s current context with regards to
environmental performance, the process undertaken for collecting facility documentation, and an
assessment of the information obtained.

2.1 Facility Recruitment
Many different methods were utilized to approach, and ultimately select a facility in the Ontario
FBP industry. Consultation with representatives of OMAFRA and the AOFP led to connections
with key industry contacts as well as the opportunity to put an article in an electronic newsletter
published by the AOFP. Additional outreach methods involved Internet research of potential
FBP companies as well as conducting telephone calls and sending exploratory emails to gauge
interest. A document outlining the project goals, methods, and expected results was developed
and distributed to facilities expressing interest in the research project. The method that was found
to be most successful and which ultimately led to retaining a facility to participate in this
research project was the electronic newsletter distributed through the AOFP. This process
allowed facilities interested in participating in the research project to contact the research team
directly. A total of seven facilities expressed some form of interest in participating in the
research project through the various methods used.
The selection of a FBP facility involved a number of criteria to ensure that the participating
facility would be a suitable fit for the research project. Some criteria were based on the level of
interest expressed by the facility; others were related to the logistics of conducting various
research activities over the duration of the study (e.g., regular site visits to the facility). It was
preferable that the selected facility was:


Currently experiencing operational challenges pertaining to the environmental
performance of facility processes



Exhibiting a genuine interest or need (i.e., regulatory pressure) to move forward with
addressing the environmental performance issues being faced
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Able to allocate time and resources to actively participate in the process

It is important to note that the impact of this research was not measured by the amount of
resources saved by the participating facility but by the methods undertaken to identify and
address P2 opportunities. Selecting a facility was not based on targeting a specific subsector of
the FBP industry. Opportunities to prevent pollution exist and are universal throughout the entire
FBP industry, independent of the industry subsectors. Through applying the selection criteria to
the interested facilities, a facility (herein “Facility”) was chosen and retained for the research
project. The chosen Facility is in the dairy processing subsector of the Ontario FBP industry.
The main purpose of the dairy processing subsector of the FBP industry is to transform raw milk
received from dairy farms into various products such as fluid milk, butter, cheese, culture
products, and ice cream. A general overview of the basic processing operations for generic fluid
milk processing is shown in Figure 3. The Facility processes milk into standard fluid milk
products, flavoured milk products, creams, and select ice cream products, which are then sold in
various retail establishments. For the purposes of this thesis, information pertaining to the
location and identity of the Facility in this research has been omitted to maintain their
anonymity.
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Figure 3: Overview of fluid milk processing (Chandan, 2008).
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2.2 Facility Context
The Facility is currently experiencing regulatory and financial pressure to improve its
environmental performance. Facility management has become aware that poor environmental
performance in some areas of processing operations is significantly hurting the company's
bottom line. High water and energy usage in its processing operations are accompanied by
substantial wastewater treatment costs and surcharges applied by the municipality. Human and
financial resources have also been lacking in terms of taking action to address these issues.
2.2.1 Wastewater Treatment Issues
The Facility’s primary pollution control method is an on-site wastewater treatment system
(WWTS). The Facility discharges treated wastewater effluent to the municipal sewer system and
the sludge produced from the WWTS is hauled away for use as pig feed. Historically, the
Facility has not experienced significant issues with regards to non-compliance with
environmental regulations. However, since 2009, the Facility has exceeded a number of
wastewater discharge criteria resulting in surcharges being applied by the municipality. These
exceedances have been observed for biochemical oxygen demand (BOD), total phosphorus (TP),
total suspended solids (TSS), and animal/vegetable derived oil and grease. The ineffectiveness of
the current system to consistently treat the Facility’s wastewater has resulted in large costs to the
Facility both in terms of the surcharges applied and the ongoing WWTS operation and
maintenance costs.
A large contributor to poor wastewater quality at the Facility is known to be the loss of fluid milk
products during processing operations. The identification of where and in what quantities losses
occur, however, remains unclear. According to Facility management staff, it has been estimated
that 1 million litres of product has been lost over the course of a single year and the purchase of
raw milk for processing operations makes up approximately 80 percent of its upfront costs.
These losses have implications for both meeting customer demands as well as controlling the
operation and maintenance cost of the WWTS. The Facility has experimented with alternative
wastewater chemicals to try to improve the effectiveness of the wastewater treatment system and
reduce surcharges. However, these modifications have largely been unsuccessful and some have
been observed to negatively impact the quality of the wastewater sludge for use as pig feed.
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Management staff was also aware that chemicals used to clean the Facility and its equipment
negatively impacts the WWTS, particularly with regards to high pH and TP levels.
Recommendations obtained from chemical suppliers have led to the substitution of phosphoruscontaining cleaning chemicals used at the Facility for more expensive, nitrogen-based formulas.
Despite these efforts to alleviate the impact of cleaning chemicals on the WWTS, TP
concentrations consistently remain above the regulatory discharge limit. The Facility needs to
find ways to address issues associated with environmental non-compliance while continuing to
focus on processing operations to meet customer demand.
2.2.2 Efforts to Address Environmental Issues
The allocation of human and financial resources has been gradual despite the increasing pressure
to address environmental problems at the Facility. The Facility follows a top-down
organizational structure consisting of managerial, supervisory, and operator positions in each
department. Addressing environmental performance issues is still considered to be a relatively
new concept across the organization and this is reflected by the lack of personnel allocated to
working in this area. Throughout the research project, only one contract-based employee had
been designated to work on ‘environmental projects’ to help improve the environmental
performance of the Facility. The primary outcomes of the work performed by this employee
included:


A preliminary water balance to identify main contributors to the Facility’s water
consumption



Two internal proposals for reducing water use and pollutant loading on the wastewater
treatment system



Development of an environmental committee consisting of managerial, supervisory, and
facility equipment operator staff

The water balance attempted to measure water usage throughout all Facility operations. An
analysis revealed that the data collected was often unclear and in some cases contradicted
existing Facility information. The two internal proposals have not yet been approved despite the
potential of significant benefits to the Facility’s wastewater treatment system. The environmental
committee was established to learn about the company’s water and energy consumption,
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wastewater treatment, and also to find ways to reduce the financial strain on the company
resulting from environmental issues. Efforts in these areas, however, were short lived and, to the
best knowledge of this author, have not demonstrated meaningful success. Despite management
staff acknowledging the importance of getting input from employees on environmental issues,
the rather quick discontinuation of the environmental committee suggested that the meetings
were more of a platform to discuss issues and were not effective in fulfilling their intended
purpose of putting ideas into action.

2.3

Facility Information Gathering

Information was gathered from the Facility to gain insight into how well the Facility understood
the environmental issues it faced and the present and future implications of these issues. This
also helped to better understand the Facility’s processing and wastewater treatment operations
and assess whether the quantity and quality of existing data could sufficiently address these
environmental issues. The approach to gathering information from the Facility began with a
developing a greater understanding of resource use issues commonly faced by the FBP industry
(recall Section 1.5). The knowledge gained helped to supplement the information collected
pertaining to the operations at the Facility. This fact-finding approach was important to
appreciate the specific context in which the Facility was currently situated within the overall FBP
sector.
The majority of the information obtained during this phase of the research was coordinated
through a designated contact at the Facility. The Facility contact was a junior staff member on
contract and was not a full-time employee. The extent to which the Facility contact could obtain
the information requested or whether the information would be complete and up to date was
unclear. In addition, it was uncertain if all requested information could be handed over to the
research team, as an internal approval process existed for the release of some Facility
information. As such, the aim of this information gathering was to collect as much existing data
and documentation as possible to develop an overall account of the Facility's circumstances.
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Information was acquired from the Facility through the following methods:
•

Tours of the Facility production, processing, and wastewater treatment areas

•

Participation in environmental committee meetings

•

Meetings with Facility personnel (i.e., managers, quality control coordinators, stationary
engineers)

•

Receipt of hard and soft copies of Facility documentation from Facility contact

To help analyze the existing Facility information, a three-day period was designated to review
the information on-site. This period allowed for the researcher to obtain clarification from
Facility employees as well as become engaged in day-to-day operations at the Facility and
further develop a sense of the organizational culture. Further analysis beyond what was
accomplished at this event occurred through additional site visits and communication via email
and telephone.

2.4

Assessment of Facility Documentation

The Facility information was obtained in a wide range of formats, spanning many of the different
departments involved in Facility operations. Pertinent information collected during the
information gathering process included:
•

Engineering drawings describing Facility water use, drainage networks, and detailed
accounts of production, processing, and waste treatment processes

•

Facility-level utility consumption records (i.e., water, electricity, natural gas)

•

Chemical inventories and cleaning-in-place (CIP) system sanitation schedules

•

Preliminary water balance of Facility water consumption

•

Fluid milk processing scheme and product laboratory analysis

•

Wastewater treatment system documentation (i.e., historical sampling data, drawings,
physical dimensions, operating conditions, past modifications to system)

Each of these will be described and assessed in detail in the following subsections.
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2.4.1 Engineering Drawings
A number of hard copy engineering drawings were obtained from the Facility representing
various aspects of its operations. The type of drawing, description, and revision date of the
engineering drawings obtained is summarized in Table 2.
Table 2: Summary of Facility engineering drawings.
Revision
Date

Drawing Title

Description

City Water Flow
Diagram

Diagram depicting breakdown of city water supply line
into different areas of the plant including existing flow
meters, valves, pumps, and pipe diameters.

March
2011

Hot Water Flow
Diagram

Diagram depicting breakdown of hot water use in different
areas of the Facility including existing flow meters, valves,
pumps, and pipe diameters.

March
2011

Water System
Diagram

Plant layout of entire Facility identifying various water
lines throughout the Facility (cold and hot water supply
lines, recirculation lines).

March
2011

Drainage System
Diagram

Plant layout of entire Facility identifying storm, sanitary,
and in-plant floor drains, clean-outs, and trench drains.

November
2005

Wastewater P&ID
Drawing

Process and Instrumentation Diagram (P&ID) of the
WWTS including all incoming sources of wastewater,
wastewater chemical feed systems, pumps, valves, pipe
diameters, wastewater system equipment, and effluent flow
and sludge disposal.

March
2011

Process Diagram
UHT Systems

Detailed process diagram of ultra high temperature
processing systems (STERITHERM and VTIS) including
all pumps, valves, controls, equipment, and product, water,
chemical, and energy pathways.

August
2008

Process Diagram
HTST 1, HTST 2,
& HTST 3 Systems

Detailed process diagram of high temperature short time
processing systems (HTST 1 − 3) including all pumps,
valves, controls, equipment, and product, water, chemical,
and energy pathways.

June 2009

Process Diagram
CIP Systems

Detailed process diagram of cleaning-in-place systems
(CIP 1-8) including all pumps, valves, controls, equipment,
and product, water, chemical, and energy pathways.

March
2011
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The engineering drawings were created or revised as recently as March of 2011, with the
exception of the Drainage System Diagram, as well as the high temperature short time (HTST)
and ultra high temperature (UHT) Process Diagrams documenting the pasteurization and
sterilization systems. Engineering drawings for the HTST 4, microfiltration (MFS), and high
temperature treatment (HTT) processing systems could not be obtained from the Facility.
The City Water Flow Diagram and Hot Water Flow Diagram depicted a detailed breakdown of
where water is consumed throughout processing operations. Both drawings were represented as
tree diagrams, which started with the incoming water supply and branched off into a network of
water lines servicing various areas of the Facility. These tree diagrams can be cross-referenced
with the Water System Diagram, which graphically depicts the water line network overlaid on
the Facility plan. The quantification of each of these sources of water consumption is still an area
that lacks overall reliability. A preliminary water budget was performed at the Facility and will
be discussed later in Section 2.4.5. The Drainage System Diagram showed the Facility drainage
network for conveying storm and sanitary sewage to their respective sewers as well as process
water to the on-site WWTS. A process and instrumentation diagram (P&ID) was obtained for the
WWTS, which documented the wastewater treatment process including: component
specifications such as pipe diameters, pump and valve types and locations; the overall sequence
of wastewater treatment and sludge disposal; wastewater chemical addition points; locations of
water level, turbidity, and pH sensors; and the locations of storage silos and balance tanks. The
description of the overall wastewater treatment process will be discussed later in Section 2.4.7.
The HTST and UHT system diagrams map the flow of product through all of its transformations
from the incoming raw milk through to the storage of pasteurized or sterilized milk products. The
cleaning-in-place (CIP) system diagram shows each CIP system and the associated tanks, piping,
and equipment that each one is responsible for cleaning. The HTST, UHT, and CIP system
diagrams are all visually complex and include significant detail particularly around components
that aid with the automation of each of these systems. Figure 4 shows an example of the
complexity for just one part of a UHT processor at the Facility.
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Figure 4: Portion of a UHT sterilization process for fluid milk production (source: Facility
Drawings).
The engineering drawings contained useful information regarding the processing of milk
products, areas of hot and cold water consumption, and understanding the details of the
wastewater treatment system. However, the complexity of these drawings made it difficult for
the information contained within them to be understood by those not considered technical
experts within the Facility. In addition, each of the drawings focused primarily on one particular
aspect of the Facility’s operations. Presenting the diagrams in a more integrated manner would
be helpful for identifying areas where environmental performance could be improved. An
example of this is the inability to relate areas of hot and cold water consumption unless all three
individual drawings were utilized and cross-referenced with each other. Even for a technical
expert within the Facility, such a task would be considered to be tedious and time consuming.
The information contained on the engineering drawings is pertinent for understanding the
Facility’s processes and can contribute to identifying opportunities for P2. However, a more
useful and simplistic representation of these processes is needed to enhance this understanding
and bring clarity for moving forward with environmental performance improvement initiatives.
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2.4.2 Facility Level Utility Consumption Data
The Facility level water, electricity, and natural gas consumption were obtained from various
sources of documentation. A summary of the utility consumption is provided in Table 3. The
values are presented on a per litre (L) of milk received basis such that a comparison can be made
to published values in literature.
Table 3: Summary of water and energy consumption benchmarking.
Resource Consumption
Type
Water
(L water per L Milk
Received)
Electricity
(MJ per L Milk Received)
Natural Gas
(MJ per L Milk Received)

Data from Facility
Records
1.7
0.236
0.395

0.631
(combined)

Published Values in Literature(1)
Typical Facility
Highly Efficient
Operation
Facility Operation
1.3 – 2.5

0.8 – 1.0

0.5 – 1.2

0.3

Notes:
(1) – Published values obtained from United Nations Environment Programme (2000) are in L water
per kg of milk received. Converting to L water per L of milk received was considered to have
negligible effect as the density of raw milk is very close to that of water (density found to be
1.032 kg/L (Cheeseman, 1978)).

The overall Facility water consumption in 2010 was obtained from an internal project proposal.
The value of 1.7 L-water/L-raw milk received is found to be within typical dairy processing
operations; however, the Facility’s water consumption is not considered to be consistent with
highly efficient facilities using available best practices. Electricity and natural gas consumption
data were acquired from past Facility invoices received from November 2009 to October 2010
and October 2009 to July 2010, respectively. Electricity was found to be consumed at rate of
0.236 MJ/L of raw milk received. Natural gas was consumed at a rate of 0.395 MJ/L of raw milk
received. The total energy consumed by the Facility was 0.631 MJ/L of raw milk received. This
falls within published values for typical milk processing operations, but is still much higher than
consumption rates for highly efficient facilities.
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2.4.3 Chemical Inventories
Chemical inventories for both 2009 and 2010 were obtained from the Facility. The Facility uses
this data for the purposes of reporting to the National Pollutant Release Inventory (NPRI). Only
substances that exceed specified NPRI threshold limits are required to be reported annually. The
chemical inventories included the names of the chemical products used at the Facility as well as
a mass fraction breakdown of key substances contained within these products that were subject
to the NPRI reporting thresholds. A noticeable decrease in the number of chemical products
included in the 2010 inventory compared to the 2009 inventory suggests that the inventories may
be driven more by reporting requirements and less by internal accounting systems at the Facility.
The usefulness of the chemical inventories suffers as a result. This does not suggest that
chemical consumption data does not exist at the Facility, but that it may be recorded in more than
one place or across multiple departments. The substances contained within the chemical products
used in 2009 and that were compared against the NPRI threshold limits included:
•

Ammonia/ammonium

•

Nitrate Ion

•

Nitric Acid

•

Peroxyacetic acid (POAA)

•

Phosphorus

•

Sodium nitrate

•

Sulphuric acid

Three substances (i.e., nitrate ion, nitric acid, and sulphuric acid) exceeded NPRI threshold limits
in 2009 and were reported to the NPRI. The 2010 chemical inventory required nitrate ion and
nitric acid to be reported to the NPRI; sulphuric acid, along with the remaining substances, were
not included in the 2010 inventory. Since the chemical inventories were primarily used for NPRI
reporting purposes, it was difficult to develop a full understanding of chemical use at the Facility
due to the uncertainty of whether all chemical products used at the Facility were included in
these inventories.
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2.4.4 Cleaning System Sanitation Schedule
Additional information related to chemical use at the Facility was obtained in the form of a CIP
sanitation schedule. For each of the Facility’s CIP systems, this document outlined the cleaning
cycles used for each piece of processing equipment. Equipment that required cleaning included
storage tanks, pipes carrying fluid milk products, packaging and processing machines.
Information on the CIP sanitation list included:
•

Equipment being cleaned

•

Type of cleaning cycle (i.e., Alkali, Sanitize, or Acid)

•

Frequency of cleaning cycle for specific equipment (i.e., daily, weekly)

•

Chemical description and concentrations

•

Temperature, flow rate, and circulation time of each cleaning cycle

A meeting with the Facility's Hazardous Analysis and Critical Control Points (HACCP)
Coordinator revealed that cleaning cycle schedules for CIP systems are based on the Canadian
Food Inspection Agency (CFIA) Dairy Establishment Inspection Manual (DEIM). The DEIM
provides suggestions on what cycles can be used to sufficiently clean facility equipment.
However, the DEIM is not a prescriptive guide for what combination of cleaning cycle
parameters works best for each facility process. The HACCP Coordinator indicated that the
current cleaning cycles for CIP systems at the Facility were largely based on what historically
has worked well (i.e., cleaning was assumed to be sufficient if no complaints are received
regarding final product quality). However, this approach masks potential opportunities to further
improve CIP processes by using less water, energy, and chemical resources. This existing
approach for improving CIP system performance has led to few and poorly documented changes
in the CIP systems. According to the Facility HACCP Coordinator, such changes take a long
time to obtain approval from multiple departments. As a result, changes to CIP processes are not
always fully understood or documented and require approval between many departments.
2.4.5 Preliminary Facility Water Balance
The water balance was conducted in January 2011 to try to quantify water consumption in the
main processing operations at the Facility. Where flow monitoring was not feasible, water
consumption was estimated for process activities such as hose station use, empty case washing
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equipment use, and equipment cooling for homogenizers and separators. Flow rates were
collected for a one-week period and compared to the Facility level metering as daily averages.
The process areas within the Facility that were monitored included:
•

HTST 1 − 4 and UHT processing systems

•

HTT and MFS processing systems

•

CIP systems (CIP 1 − 8)

•

Ammonia refrigeration discharge

•

Boiler make-up water

•

Drain (i.e., bypass of wastewater treatment)

•

Wastewater treatment influent and effluent

•

Hot water silos

The water balance helped to build on the information gathered from the City Water Flow
Diagram and the Hot Water Flow Diagram. The data collected for the water balance
supplemented these drawings where previous quantification of water consuming processes was
absent. While the water balance represented a good start towards characterizing water
consumption across the Facility, it lacked an overall robustness for a number of reasons. It was
clear that not all sources of water consumption were accurately reported. The water balance was
found to be significantly lower than the metering at the Facility scale (approximately 70 percent
of the daily Facility consumption). This could suggest a lack of reliability with the flow metering
equipment or that estimates of water consumption where flow meters were not used were
inaccurate. In addition, the data collection period was only representative of a small period of
time and did reflect seasonal differences in Facility water consumption. Discrepancies also exist
between the water consumption determined from the CIP sanitation list and the data collected as
a part of the water balance. The CIP sanitation list was found to be a substantial overestimate of
the measured CIP water use during the week-long monitoring event. It appeared that the Facility
acknowledged some of the deficiencies in this monitoring data as a proposal for conducting
additional flow monitoring was submitted in June 2011. However, this project was still awaiting
further action. The Facility could strengthen its approach by engaging frontline employees in the
process of quantifying water use.

29

2.4.6 Fluid Milk Processing Scheme and Product Analysis
The product processing scheme was developed in May 2011 to help the Facility better
understand the efficiency of its processing operations from a product throughput standpoint. The
processing scheme included information in a spreadsheet format that pertained to
filling/packaging machine operating specifications, storage tanks, processing systems, and the
range of products produced during processing operations. The operating specifications for each
of the 19 filling machines included the nameplate capacity, actual unit throughput, and the type
and size of the packaged finished milk product. The processing scheme identified which storage
tanks supplied product to or received product from each processing system (e.g., HTST, UHT,
MFS, HTT). In addition, the processing scheme depicted which processors were responsible for
processing each of the finished products (e.g., skim milk, chocolate milk). According to a
manager at the Facility, all fluid milk products are generally made within 24 hours of receiving
raw milk due to the limited shelf life of the products. Due to the quick turnaround time required
for processing operations, the production schedule at the Facility is very much dependent on the
customer demand for specific milk products. This variability in customer orders results in the
inability to predict the quantity of each individual product produced each week.
The variability in the Facility’s production schedule makes it difficult to attribute product losses,
a known contributor to poor wastewater quality, to the specific products being produced at the
Facility. In 2011, a number of the Facility’s fluid milk products were analyzed by an external
certified laboratory for key contaminant parameters such as BOD, soluble BOD, TSS, total
Kjeldahl nitrogen (TKN), TP, and vegetable and animal grease. The results of this analysis along
with typical wastewater sewer discharge criteria for the examined contaminants are shown in
Table 4.
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Table 4: Laboratory analysis results for various milk products produced at the Facility.

Product
Name
Skim Milk
(0%)
Homo Milk
(3.25%)
Cream (10%)
Cream (35%)
Chocolate
Milk (1%)
Chocolate
Beverage
Vanilla Iced
Milk
Chocolate Ice
Cream
Wastewater
Regulatory
Discharge
Limit

BOD
(mg/L)

Soluble
BOD
(mg/L)

TSS
(mg/L)

TKN
(mg/L)

Total
Phosphorus
(mg/L)

Animal
and
Vegetable
Grease
(mg/L)

90,000

26,000

540

4,000

870

9.6

320,000

59,000

2,700

3,400

880

68.3

540,000
1,000,000

83,000
200,000

7,800
470,000

3,000
2,400

1,100
540

1,340
36,700

440,000

230,000

130,000

4,200

810

22.9

690,000

140,000

110,000

3,800

750

61.2

20,000,000

8,400,000

470,000

4,200

1,100

335

120,000,000

5,900,000

420,000

3,900

1,400

381

300

-

350

100

10

15

This information is particularly useful for the Facility to understand how the different products
produced contain different levels of pollution that can impact the wastewater treatment system.
For example, the BOD concentration found in chocolate milk is almost five times that of skim
milk. Similarly, the chocolate ice cream produced at the Facility is over 1,300 times more
polluting with respect to BOD than skim milk. In addition, this information is useful to see how
the concentrations of the finished milk products compare to the wastewater discharge criteria.
An internal proposal was submitted in June 2011 to prevent non-reclaimable milk products from
impacting the wastewater treatment system by sending it directly to the sludge silo on-site.
However, this proposal has yet to be approved and is still waiting for funding due to potential
food safety risks. Even with the breakdown of pollutant concentrations from many of the
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Facility’s finished products, the high variability in processing operations has made it difficult to
conduct a mass balance to determine pollutant loading from specific products that are lost.
2.4.7 Wastewater Treatment System
2.4.7.1

Overall Description of WWTS

The WWTS at the Facility consists of a multi-stage physicochemical separation process to
remove contaminants from the wastewater stream. All process wastewater generated at the
Facility is treated by this system. Sanitary wastewater, however, is discharged directly to the
municipal sewer system and is not mixed with process wastewater. Since its installation over 15
years ago, the WWTS has been modified to increase wastewater treatment capacity as well as
provide a greater level of automation for the operation of the system. A process flow diagram of
the Facility’s WWTS is shown in Figure 5. Photos of the WWTS are included in Appendix A –
WWTS Photo Log.
As shown in Figure 5, the process wastewater is collected through the Facility drainage network
and conveyed to a raw wastewater storage pit. From this storage pit, two pumps transfer the raw
wastewater into a 160,000 L wastewater storage silo. Both the wastewater pit and the storage silo
act as a buffer for the highly variable wastewater characteristics over the course of each day. The
storage pit contains a wall that separates raw and treated Facility wastewater effluent. This wall
acts as an emergency overflow that bypasses the wastewater treatment system in times of
excessive wastewater production at the Facility.
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Figure 5: Overview of Facility wastewater treatment process.
The wastewater treatment process begins as the wastewater is transferred from the silo to a
screen for the removal of large debris. Following the screen, three tanks (i.e., pre-neutralization,
neutralization, and coagulation) are used for the chemical treatment of the wastewater. Sulphuric
acid (H2SO4) and calcium chloride (CaCl2) are added in the pre-neutralization tank. Acidification
or acid cracking allows for fats, oils, and proteins to be precipitated from the wastewater. CaCl2
is added as a coagulant to begin the destabilization of colloidal particles in the wastewater. The
wastewater is then transferred, hydraulically, to the neutralization tank. The neutralization tank,
despite what its name implies, does not provide any additional adjustment to the wastewater pH
via chemical addition. The neutralization tank mostly allows for additional contact time for the
previously added H2SO4 and CaCl2. Two submersible pumps transfer the wastewater into the
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coagulation tank at which point a polymer-water mixture is added as a coagulant aid. Both the
pre-neutralization tank and the coagulation tank are agitated with a flat blade turbine impeller.
The wastewater is then transferred to the dissolved air flotation (DAF) unit, which consists of a
flotation section and a settling section separated by a weir. The incoming wastewater into the
DAF is combined with a mixture of recirculated wastewater effluent and pressurized air. The air
bubbles from the pressurized effluent-air mixture lift flocculated particles to the top of the DAF
unit and an automated skimming assembly removes the produced sludge to the wastewater
sludge silo. The remaining wastewater passes over a weir into the settling section containing 24
plate settlers. The downward hydraulic flow results in co-current settling (i.e., remaining
particles settle in the direction of the flow) and the treated effluent is discharged at the top. Just
prior to discharging to the municipal sewer system, sodium hydroxide (NaOH) is added to raise
the pH back up to a level within the discharge criteria (6-11.5).
2.4.7.2

Historical Wastewater Data

Wastewater sampling and analysis has been conducted at the Facility’s WWTS to monitor the
levels of pollutants in exceedance of wastewater discharge criteria. Continual monitoring has
been performed to see if improvements are being made by the Facility. The parameters that have
been monitored include BOD5, TP, TSS, vegetable and animal grease, and in some cases soluble
fractions of BOD5. Laboratory results have been reported since 2009 through a combination of
grab and composite samples that have been collected by external consultants, representatives of
the regulatory authority, as well as Facility staff. A summary of the historical wastewater data
including the corresponding sewer discharge limits (DL) is presented in Table 5. Many of the
wastewater parameters being monitored have shown a reduction in the number of analyzed
samples exceeding discharge criteria each year since 2009. TSS and vegetable and animal
derived grease have shown no exceedances for samples analyzed in 2012. BOD5 and TP,
however, remain substantially over the allowed discharge limits for the majority of the samples
analyzed in 2012 (60% and 70% of the time, respectively). Samples analyzed in 2012 were
observed in some cases to be in exceedance by over five times the discharge limit for BOD5 and
three times the discharge limit for TP. Some of the 2012 samples were also observed to be under
the 300 mg/L discharge limit for BOD (e.g., 110 mg/L).
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Table 5: Summary of historical wastewater effluent analytical results.

Wastewater Parameter

Biochemical Oxygen
Demand (BOD5)
(DL = 300 mg/L)
Total Phosphorus (TP)
(DL = 10 mg/L)
Total Suspended Solids
(TSS)
(DL = 350 mg/L)
Vegetable and Animal
Grease
(DL = 150 mg/L)
Soluble Biochemical
Oxygen Demand (BOD) (1)

Reporting
Year
2009
2010
2011
2012
2009
2010
2011
2012
2009
2010
2011
2012
2009
2010
2011
2012
2011
(April and
May only)

Reported
Range in
WW
Effluent
(mg/L)
355 - 3234
750 - 2693
280 - 3600
110 - 1600
11.1 - 68.9
7 - 45
9 - 23
5.2 - 28
99 - 1260
198 - 1290
84 - 1070
14 - 150
17.6 - 471
178 - 642
3.4 - 539
1.3 - 61.3
250-2500

No. of
Samples

% of
Samples
Exceeding
Criteria

25
20
32
10
15
17
31
12
25
20
33
12
6
6
19
11

100
100
97
60
100
94
90
75
72
65
36
0
17
100
21
0

10

90

Notes:
(1) No specified limit for soluble BOD fractions so soluble BOD concentrations were compared to
the BOD limit of 300 mg/L.
Bold text indicates an exceedance of wastewater sewer discharge criteria.

The continued fluctuation of reported values for BOD5 between these two extremes suggests that
substantial variations in the quality of wastewater entering the WWTS greatly contributes to
enhancing or worsening the effectiveness of the WWTS. Sampling events scheduled on days of
either very high or low production and/or Facility cleaning operations could result in
substantially different levels of water use and product loss and impact treatment effectiveness
accordingly. The type of products produced (recall Table 4) on days when samples were
collected and analyzed would also have different impacts on the level of pollutant loading on the
WWTS. It is important to note that the samples recorded for 2012 were all during winter months
(i.e., February and March). Dairy processing is known to have significant seasonal variations
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with increased milk processing operations and wastewater treatment generally occur during the
summer months (Demirel et al., 2005).
In addition to the wastewater analytical data shown in Table 5, a small set of data obtained from
the Facility reported values of soluble BOD5 for a total of 10 samples during April and May in
2011 (Table 6). The samples were collected each day over the course of two one-week periods.
These data show how a significant proportion of the effluent BOD5 is comprised of soluble
fractions. It is important to acknowledge the lower influent BOD5 concentration for the sole
effluent BOD5 value (280 mg/L) that achieved the 300 mg/L BOD discharge limit. It is believed
these fluctuations are linked to the intensity of processing operations with improved treatment
effectiveness in periods of reduced strain from hydraulic or organic loading on the WWTS.
Table 6: BOD and Soluble BOD Wastewater fractions.

Sampling Production
Event
Day
Mon
Tues
Wed
Thurs
Fri
Mon
Tues
Wed
Thurs
Fri

April
2011

May
2011

Influent
BOD5
(mg/L)

Influent
Soluble BOD5
Fraction
(mg/L)

Soluble
BOD5
Fraction
(%)

Effluent
BOD5
(mg/L)

2800
1800
3400
2500
5200
4600
970
1900
1800
2600

1400
920
2400
1700
3600
2400
500
1400
1100
1400

50
51
71
68
69
52
52
74
61
79

2800
1100
2500
1600
3600
1400
280
1000
670
1000

Effluent
Soluble
BOD5
Fraction
(mg/L)
1600
550
1100
980
2500
1400
250
910
440
790

Notes:
Bold text indicates an exceedance of wastewater sewer discharge limit of 300 mg/L for BOD.

2.4.7.3

WWTS Operation Parameters

Pertinent wastewater operating parameters were identified and/or calculated using information
collected at the Facility (See Appendix B – Wastewater Calculations for reference). These
operating parameters were important in understanding the current setup of the WWTS. These
parameters include various storage capacities, wastewater flow rates, operating pressures (air and
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recirculating effluent-air mixture) for the DAF system, chemical dosing rates, mixing
characteristics, and wastewater sludge production. The operating parameters are summarized in
Table 7 and were consulted throughout the research project.
Table 7: Summary of wastewater treatment system parameters.
Wastewater System Parameter

Description
Storage and Transfer
Raw Wastewater Storage Silo Capacity
160,000 L
Raw Wastewater Pit Capacity
~2700 L
Treated Wastewater Pit Capacity
~380 L
Raw Wastewater Pit Pump Capacity
2 pumps combined at 90 m3/h (max)
DAF System
DAF System Flow (excl. recycle flow)
50 - 70 m3/hr
DAF Recirculation Flow Rate
35.2 m3/hr (155 gpm)
DAF Recirculation Pump Pressure
517 - 621 kPa (75 - 90 psi)
DAF Air Flow Rate
50 SCFH
DAF Air Pressure
207 kPa (30 psi)
DAF Hydraulic Loading
4.82 – 6.57 m/h
(8.22 – 10.14 m/h incl. recirc.)
DAF Sludge Production
50,000 – 90,000 L/week(1)
Wastewater Treatment Chemicals
Sulphuric Acid (H2SO4)
(2)
Calcium Chloride (CaCl2)
350 mL/min
Polymer (cationic)
13.9 g/min (20 kg/day)(3)
Sodium Hydroxide (NaOH)
(2)
Target pH for Wastewater Treatment
3.7
System
Mixing Conditions(4)
Pre-neutralization Tank Velocity Gradient
G = 139 s-1
Coagulation Tank Velocity Gradient
G = 108 s-1
Chemical Contact Time
approx. 16.2 min
(Pre-neutralization to Coagulation tank)
Chemical Contact Time
approx. 16.6 min
(Coagulation Tank to entry of DAF)
Notes:
(1) Values provided by stationary engineer on duty during site visit.
(2) Online pH sensors control chemical dosages of sulphuric acid and sodium hydroxide based
on wastewater characteristics. The 2009 chemical inventory depicts approximately 152,000
kg and 63,000 kg for sulphuric acid and sodium hydroxide, respectively.
(3) Calculated based on approximately one 20-kg pail of polymer consumed every 24 hours (i.e.,
13.9 g/min). Two pump settings allow for polymer to be dosed at 12 g/min or 17 g/min.
Polymer refers to emulsion polymer excluding water.
(4) G values calculated based on agitator motor horsepower, measured tank volumes and
wastewater viscosity, pipe lengths and diameters.
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2.5 Summary
The assessment of Facility documentation shed light on some of the existing difficulties that
have prevented environmental issues from being addressed at the Facility. The Facility has
limited technical understanding to make the necessary changes in the WWTS to achieve
compliance despite rising treatment costs. Other Facility documentation was found to be limited
in both quantity and quality. This data was often collected and stored in a segregated manner that
did not encourage the adoption of a more holistic approach to resource use. This was found to
constrain the Facility’s ability to make important connections between environmental and
economic savings opportunities.
Much of the existing efforts by the Facility suggest there is no clear sense of urgency or
widespread intent with respect to addressing its environmental issues. It is apparent that the
Facility is primarily focused on its fluid milk processing operations and less concerned with
allocating resources to solve its environmental non-compliance issues. The Facility generally
uses a top-down approach to developing environmental initiatives, which have typically involved
few employees who directly report to the Facility’s management staff. The process of addressing
environmental concerns at the Facility could benefit from the involvement of a wider range of
employees; however, much of the information in its current form is too complex for
disseminating to a wider, less technical audience. Delays in the approval of two internal
environmental projects also suggest that hesitation exists among management staff to move
forward with resource conservation initiatives despite the potential for environmental and
economic savings.
Significantly more in-depth analysis can be conducted to assist the Facility in better
understanding its ability to address the WWTS issues it faces, and, also identify areas of resource
use inefficiency throughout processing operations that can be addressed through the
implementation of P2.
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3.0

Wastewater Treatability Testing – Framing the Problem

3.1 Introduction
As outlined in Chapter 2.0, the Facility’s WWTS uses a combination of chemical coagulation
followed by a dissolved air flotation (DAF) unit to treat wastewater generated during processing
operations. However, despite multiple years of wastewater testing results confirming the
magnitude of wastewater discharge criteria exceedances, the Facility has struggled to address its
wastewater issues internally or in consultation with chemical suppliers. A wastewater treatability
investigation was conducted to help improve the Facility’s current understanding of the WWTS.
The purpose of this investigation was to more clearly demonstrate, quantitatively, the limits of
the existing pollution control approach presently employed by the Facility. A more rigorous and
structured approach to optimizing chemical coagulation through the use of jar testing was used to
help assess whether the WWTS system was capable of achieving compliance with wastewater
discharge criteria. This chapter presents a review of relevant literature pertaining to the treatment
of dairy wastewater as well as the method, results, and discussion of the findings of the
investigation.

3.2 Literature Review
3.2.1 Dairy Processing Wastewater Characteristics
Wastewater from dairy processing facilities is generally highly variable both in terms of the
quantity and quality of the wastewater produced. With respect to wastewater quantity, it has been
documented that significant fluctuations in wastewater production volumes at dairy processing
facilities can occur on an hourly, daily, and seasonal basis (Danalewich et al., 1998). In addition
to being highly variable, dairy processing is considered to be one of the largest overall generators
of wastewater in the food industry relative to the volume of milk products produced (Vourch et
al., 2008). This ratio has been documented as ranging between 1 and 5 litres of wastewater for
every litre of milk produced (Stehlik, 2008). Facility cleaning processes are considered to be the
largest contributor to wastewater generation in dairy processing operations (Institute for
Prospective Technological Studies, 2006).
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Variations in wastewater quality characteristics are primarily related to milk products lost to
wastewater streams as well as chemicals used during cleaning activities (Brião & Tavares, 2007).
These sources can cause significant fluctuations in wastewater pH from the acidity and caustic
nature of cleaning solutions, temperature, organic loading (i.e., BOD and COD), and nutrient
loading (i.e., phosphorus and nitrogen) (United Nations Environment Programme, 2000).
Bolzonella et al. (2007) present a summary of dairy wastewater quality characteristics reported in
the literature (Table 8). It is important to note that cheese processing facilities can observe
significantly higher levels of organic matter as a result of having much more concentrated waste
streams.
Table 8: Summary of dairy wastewater characteristics (adapted from Bolzonella et al., 2007)
Reported Value
(mg/L)(1)

Wastewater Parameter
Chemical Oxygen Demand
(COD)
Biochemical Oxygen Demand
(BOD)
Total Solids
(TS)
Total Kjeldhal Nitrogen
(TKN)
Total Phosphorus
(TP)
pH

900-7000
500-5000
100-2500
50-270
10-300
4.4-11

Notes:
(1) All values except pH are reported in mg/L.

Product loss to wastewater systems has been estimated to range between 0 and 2.5% of milk
received, with higher values being documented between 3 and 4% (United Nations Environment
Programme, 2000). Milk products contain varying levels of milk fat, proteins (i.e., casein and
whey), and carbohydrates (primarily lactose), all of which can contribute differently to the
pollutants generated during dairy processing operations. For example, a study by Harper et al.
(1971) identified the contribution of milk fat, proteins, and lactose to be 0.89, 1.03, and 0.65 gBOD per g of milk component, respectively. The typical fractionation of raw milk into its
component parts is presented in Figure 6 (Chandan, 2008). The overall pollutant loading on
wastewater streams is very much dependent on the specific milk products that are lost.
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Figure 6: Breakdown of raw milk into components (Chandan, 2008).
The elevated levels of organics and nutrients found in dairy processing wastewater can result in
significant shocks to the environment or to the receiving municipal wastewater treatment system
(United Nations Environment Programme, 2000). Downstream impacts of dairy wastes on the
environment can include oxygen depletion and excessive plant growth (New Zealand Institute of
Chemistry, 2008). As a result of these concerns, the treatment of dairy processing wastes is
common practice. The following section presents the current state of various dairy wastewater
treatment technologies based on published literature.
3.2.2 Dairy Processing Wastewater Treatment
The variability in dairy processing wastewater requires careful consideration in selecting a
treatment system that addresses the specific characteristics of the wastewater in question.
Depending on the regulatory effluent discharge requirements and the nature of the untreated
dairy wastewater, a combination of treatment approaches is often required (Britz et al., 2005).
Tommaso et al. (2012) describe four stages for treating dairy wastewater, which are also more
broadly applied to wastewater treatment in general. Figure 7 shows these treatment stages and
the general purpose for each stage. It is important to note that depending on the nature of the
wastewater being treated, not all stages may be required.
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Preliminary
Treatment

Primary
Treatment

(Debris removal
& flow
equalization)

(Fats, oil, grease
and suspended
solids removal)

Secondary
Treatment
(Organic matter
removal)

Tertiary
Treament
(Nitrogen and
phosphorus
removal)

Figure 7: Summary of dairy wastewater treatment stages (adapted from Tommaso et al., 2012).
3.2.2.1

Preliminary Treatment

Preliminary treatment mainly consists of physical screening processes and flow equalization. The
use of vibrating, rotary, or static screens has been documented for the removal of wastewater
debris (Bolzonella et al., 2007). Flow equalization often consists of using a balance tank, which
allows for variations in wastewater pH, temperature, and pollutant concentrations to be stabilized
prior to subsequent treatment processes (Britz et al., 2005).
3.2.2.2

Primary Treatment

Primary treatment consists of various methods for the removal of settleable or floatable material
including fats, oil, and grease components of wastewater (Tommaso et al., 2012). Treatment
methods can include gravity traps, dissolved air flotation (DAF), as well as chemical coagulation
to enhance the removal of suspended solids and some dissolved pollutant fractions (Britz et al.,
2005). DAF systems are considered to be one of the most common methods of primary
wastewater treatment in the FBP industry (Tommaso et al., 2012). These systems are often used
in conjunction with various chemical coagulants, polymers, and pH adjustments to improve the
removal of particles from the wastewater (Bolzonella et al., 2007). Typical chemical coagulants
include acid, alum, ferric chloride, ferric sulphate, calcium hydroxide, and polymers (Britz et al.,
2005; Hamdani et al., 2005; Tanik et al., 2002). Additional treatment methods for dairy
wastewater that are not as established in practice include adsorption (Sarkar et al., 2006) and
electrocoagulation (Kushwaha et al., 2010).
3.2.2.3

Secondary Treatment

Secondary treatment involves a multitude of aerobic and anaerobic biological treatment methods
for the removal of organic matter not removed from previous treatment processes. Aerobic
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biological treatment of dairy wastewater typically includes activated sludge, trickling filters, or
aerated lagoons (Carta-Escobar et al., 2004). Anaerobic biological treatment systems such as
upflow anaerobic sludge blanket (UASB) systems, anaerobic filter digesters, fluidized bed
digesters, and anaerobic lagoons have all been documented for the treatment of dairy processing
wastewater (Britz et al., 2005). Combined anaerobic and aerobic biological treatment methods
have shown to be effective for organics removal. An investigation by Tawfik et al. (2008),
attained removal efficiencies of 98.9%, 99.6%, 98.9%, and 72% for COD, BOD, oil and grease,
and total suspended solids (TSS), respectively, using a UASB followed by an activated sludge
system.
3.2.2.4

Tertiary Treatment

Tertiary treatment primarily involves the removal of nutrients such as nitrogen and phosphorus
from dairy processing wastewater. Nitrogen can be removed biologically through a combination
of aerobic nitrification and anoxic denitrification. Nitrogen is also removed by physicochemical
approaches such as ammonia gas volatilization, breakpoint chlorination, and ion exchange;
however, these approaches are often expensive and require high levels of expertise during
operation (New Zealand Institute of Chemistry, 2008).
Phosphorus can be removed from dairy wastewater through enhanced biological phosphorus
removal (EBPR) as well as through physicochemical treatment. Ahn and Park (2008) identify
several factors that influence the effectiveness of EBPR approaches. These factors included the
relative inconsistency in wastewater organic and nutrient loading, pH, temperature, and the
influent COD:P ratio. The presence of nitrate has also been documented as hindering the EBPR
process; Danalewich et al. (1998) suggests that a combined nutrient removal strategy of EBPR
and nitrification/denitrification could serve as promising approach to remove both phosphorus
and nitrogen from dairy processing wastewater. Physicochemical removal of phosphorus is
achieved using various coagulants and coagulant aids such as ferric chloride, aluminum sulphate,
lime, and polymers (Tommaso et al., 2012). Ideal pH levels between 5 and 6 for the formation of
metal phosphates and in exceedance of 9 for calcium phosphates have been reported (New
Zealand Institute of Chemistry, 2008).
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3.2.2.5

Coverage of Dairy Wastewater Treatment Systems in Literature

The direction of the application of dairy wastewater treatment technologies can be partially
understood based on the exposure provided in published literature. In a detailed review of dairy
wastewater treatment methods, Kushwaha et al. (2011) presented published findings on the
performance of various treatment systems for treating dairy wastewater. Figure 8 depicts the
proportion of studies cited within Kushwaha et al. (2011) focused on the different types of dairy
wastewater treatment technologies.

Figure 8: Proportion of published dairy wastewater treatment literature by treatment type
(adapted from Kushwaha et al., 2010).
Published literature cited within this study has shown a significant focus on the biological
treatment of dairy wastewater, particularly anaerobic treatment. Less focus has been given to
chemical coagulation and other physicochemical treatment processes. Dairy wastewater
characteristics are typically favourable for biodegradation. The organic matter to nutrient ratios
present in dairy wastewater have been suggested as one reason these systems are viable option
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for the removal of organic matter and nutrients through biological treatment (Danalewich et al.,
1998).
Since the Facility participating in this research project employs a combined chemical coagulation
and DAF system, a more detailed exploration of published literature in this area is presented. A
small number of studies have utilized chemical coagulation for the treatment of dairy
wastewater. A summary of published findings from these studies is shown in Table 9, which
depicts the removal efficiencies of key pollutants for the different chemical coagulants used.
Most studies focused on the removal of COD and to a lesser extent, suspended matter and
nutrients as performance indicators of chemical coagulation. All of the studies presented in Table
9 were conducted at the laboratory scale using jar testing.
Table 9: Summary of published removal efficiencies for chemical coagulation treatment of dairy
wastewater.
Coagulant/Coagulant
Aid
Acid cracking
Ferric sulphate
Alum

Ferric chloride
Calcium hydroxide
Chitosan (polymer)

Removal Efficiency
34-67% COD(1)
40-67% COD(2)
17-50% COD(1)
36-54% COD(1)
48-68% COD(2)
39% COD; 89% SM; 28% TKN; 33% TP(3)
39-72% COD(1)
52-73% COD(2)
35% COD; 91% SM; 27% TKN; 27% TP(3)
40% COD; 94% SM; 30% TKN; 89% TP(3)
50-58% COD(4)
52-61% TP(4)
48% COD, 57% TDS(5)

Notes:
(1) Tanik et al. (2002); (2) Rusten et al. (1990);
(3) Hamdani et al. (2005) (4) Selmer-Olsen et al. (1996); (5) Sarkar et al. (2006)
SM – Suspended matter
TDS – Total dissolved solids

The reported removal efficiencies in the literature do not suggest substantial overall performance
advantages for any one coagulant. Acid cracking, a process in which proteins (casein) are
targeted during acid addition causing protein aggregation (Lucey & Singh, 1997), shows similar
45

removal efficiencies to studies which used more traditional coagulants. Chitosan, a polymer
made from shrimp shells, is documented as producing wastewater sludge better suited for use as
animal feed (Selmer-Olsen et al., 1996). The use of such natural coagulants may provide an
alternative to the high, and often undesirable, metal concentrations in wastewater sludge when
metal salts are used for coagulation (Rusten et al., 1993). Hamdani et al. (2005) presented
findings for the removal of nitrogen and phosphorus in addition to COD. The results suggest that
calcium hydroxide may provide enhanced phosphorus removal; however, the COD removal
efficiency observed was much lower than reported values in other studies using different
coagulants. Irrespective of the coagulant type used the published findings suggest that the
removal of wastewater pollutants using chemical coagulation may be limited.
A number of studies provide insight into the limitations of chemical coagulation for treating
dairy wastewaters. The elevated level of soluble pollutant fractions, particularly dissolved COD,
has been documented as being difficult to remove effectively by chemical coagulation
(Arvanitoyannis & Giakoundis, 2006; Tawfik et al., 2008). As previously established, organic
loading of wastewater streams is largely associated with lost product. While fat and protein
fractions of milk are often removed through chemical coagulation, lactose fractions exist in
dissolved form and cannot be removed through chemical coagulation (New Zealand Institute of
Chemistry, 2008). Hamdani et al. (2005) determined that 82% of COD could be attributed to
soluble fractions, which subsequently resulted in low removal of COD from dairy wastewater
chemical coagulation jar testing experiments.
Despite the limitations associated with chemical coagulation for the complete removal of dairy
wastewater pollutants, it is still useful for separating unsettled solids from wastewater. As such,
further investigation into the Facility’s WWTS is still advantageous. Chemical coagulation can
still be optimized for specific dairy wastewater conditions to reduce reagent costs or assess the
suitability for biological treatment in conjunction with assessing the overall efficacy of using
pollution control techniques as a primary form of managing wastewater pollution.

3.3 Method
A series of jar tests were conducted at the University of Guelph to assess the effectiveness of
different treatment conditions applied to untreated Facility wastewater. The jar tests were not
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intended to provide extensive, long-term monitoring and optimization results for all potential
wastewater conditions observed at the Facility. Instead, the testing was designed as a screening
study to provide timely results to the Facility for enhancing the understanding of the strengths
and limitations of the existing WWTS. Jar testing was used since it is a well-established method
for optimizing chemical coagulation. It can be used for both water and wastewater treatment and
allows for side-by-side comparisons of coagulation and flocculation performance. Jar tests are
less expensive to conduct than pilot scale tests and can provide useful information in a timely
manner for improving full scale operating procedures of water and wastewater treatment systems
(Hudson & Wagner, 1981).
The purpose of conducting the jar tests was to optimize the removal of wastewater contaminants
with a primary focus on BOD. A total of eight jar tests were conducted to help optimize the
physicochemical treatment of Facility wastewater and are summarized in Table 10.
Table 10: Summary of jar tests performed.
Jar Test ID
JT1 & JT2
JT3
JT4
JT5
JT6 & JT7

JT8

Purpose of Jar Test Run
Optimize pH
Optimize Polymer Dosage
Optimize Calcium Chloride Dosage
Optimizing Mixing Intensity
Additional treatment scenarios to aid in
optimization and preparation of jar test scenarios
for external lab analysis
Experimentation with alternative chemical
coagulants and pH adjustments for enhancing
precipitation of phosphorus and soluble BOD
fractions.

JT1 through JT5 were conducted to optimize the treatment of wastewater with respect to pH,
polymer dosage, calcium chloride dosage, and mixing intensity. JT6 and JT7 included additional
jar test treatment conditions not performed during JT1 through JT5 to aid in optimizing treatment
conditions; two of the treatment conditions in JT6 and all conditions tested in JT7 were
submitted for external laboratory analysis. JT8 consisted of two sequential jar test treatments
with the same wastewater. These treatment scenarios focused on experimentation with alum as
well as calcium hydroxide (i.e., slaked lime) to enhance precipitation of BOD and TP from the
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wastewater. As previously identified in the literature, alum and calcium hydroxide have been
used as coagulants in dairy wastewater treatment for both organic matter and nutrient removal
(Hamdani et al., 2005; Tanik et al., 2002). After the first round of treatment in JT8, the
wastewater was filtered to remove suspended matter and subsequently treated a second time
using alum, calcium hydroxide, and additional polymer before being submitted for external
analysis. Specific jar testing conditions will be presented in Section 3.4.
3.3.1 Sample Collection
All wastewater sample collection and laboratory analysis was conducted over a one-month
period during three separate sampling events. The sampling events were scheduled during days
of full production at the Facility to be representative of periods of high loading on the wastewater
treatment system. All samples were of raw Facility wastewater and were collected at the same
sampling location. The sampling location was located directly after the screen and just prior to
entering the pre-neutralization tank (see Figure 5 in Section 2.4.7.1). All samples were collected
using 23-litre plastic sample containers. A smaller 5-litre container was used to transfer the raw
wastewater to the larger sample containers. Due to the relatively large volume required to
conduct jar tests, approximately 12 L per jar test, the collection of a sizeable volume of
wastewater allowed for multiple jar tests to be conducted for each batch of raw wastewater
collected. Small quantities of the Facility’s wastewater treatment chemicals (i.e., sulphuric acid,
calcium chloride, and cationic liquid emulsion polymer) were also collected such that there was
no variation between the chemicals used at the Facility and those used during the jar tests in the
laboratory. All samples were refrigerated at 4°C as soon as possible after collection if they were
not used for testing on the same day. Adequate cooling during transport from the Facility to the
University of Guelph laboratory was difficult to achieve due to the warm temperature of the
wastewater at the time of collection and the thermal mass of the large sample volumes.
3.3.2 Jar Test Set up and Approach
The jar tests were performed using a Phips Bird 7790-400 six-paddle jar testing apparatus with
six 2-litre square Phips Bird B-KER2 laboratory jars (Figure 9). Each jar was equipped with a
built-in sampling port for sample collection after treatment. The jar testing apparatus used flat
blade paddle mixers to provide mixing to all jars. The use of square jars has been documented as
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providing more effective mixing compared to circular beakers (Bratby, 2006; USEPA, 1999). In
addition, the built in sampling port allowed for samples to be collected without disturbing the
treated wastewater.

Figure 9: Phipps & Bird jar testing apparatus used for conducting jar tests.
Prior to conducting any jar tests, the wastewater was removed from refrigeration and raised as
close to room temperature as possible. Raising the wastewater temperature allowed for less
variability between the jar tests conducted. The temperature of the untreated wastewater was not
recorded during the collection of samples from the Facility; however, the Facility contact stated
this temperature could range between 4 and 25°C. It was assumed that the wastewater would
more often than not be positioned in the upper end of this temperature range. This was due to the
observed warmth of the wastewater during sample collection and as a result of the large
consumption of hot water in cleaning and processing operations. In general, the temperature of
dairy wastewater has been documented as being highly variable; Danalewich et al. (1998)
present maximum and minimum temperatures recorded from four dairy processing facilities
ranging from 2.8 to 43 °C. Temperature also has a significant effect on floc formation during jar
tests. While cooler temperatures tend to slow floc formation, flocs formed at higher temperatures
are often weaker and subject to breaking apart (Fitzpatrick et al., 2004). Striving to conduct the
jar tests at room temperature was considered to achieve an appropriate balance between
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following sampling and sample storage protocols and trying to reproduce testing conditions
consistent with those observed at the Facility. Some jar testing equipment, often set up on
location at wastewater treatment systems, can regulate temperature by circulating actual
wastewater amongst the jar testing apparatus (USEPA, 1999). This was considered to be
infeasible due to the constant supervision that would be required while conducting jar tests at the
Facility as well as the limited laboratory space at the University of Guelph to construct such a
temperature control bath.
A modified one-factor-at-a-time (OFAT) method was used for identifying optimal treatment
conditions of the wastewater. Jar tests were conducted by first specifying a treatment range for
one of the treatment factors (e.g., range of pH levels to be tested). Each value within the
treatment factor range was applied in duplicates such that three different treatment conditions
could be tested. The value within the treatment factor range with the most effective treatment of
the wastewater was then used as a constant in subsequent jar tests. Additional treatment factors
were isolated using the same method and each was optimized. In cases where selecting the
optimum treatment condition was less clear, a combination of statistical analyses and
consideration of the practical feasibility of each treatment conditions (e.g., chemical
consumption) were used to provide additional justification. It is important to note that an OFAT
approach cannot completely capture all the important interactions between the treatment factors
being examined (Zainal-Abideen et al., 2012). However, obtaining results using this method was
still considered to be of substantial benefit for the Facility, as modifications to the Facility’s
wastewater treatment system have historically used an even less structured, trial and error based
approach. A factorial design approach would require all combinations of treatment factors to be
tested which was not within the temporal scope of the project as a high level analysis.
For the purposes of this study pH, coagulant and polymer dosing rates, mixing intensity, and
settling time were used as the key treatment factors for altering the wastewater treatment
conditions in the jar tests. In order to conduct the jar tests the actual wastewater treatment
parameters recorded for the Facility’s WWTS were adjusted to obtain representative conditions
at the bench scale. The standard WWTS flow rate of 50 m3/h was scaled down to the size of the
bench scale system (i.e., 2 L jar). A summary of the testing conditions used for each treatment
factor and the range used for each is presented in Table 11.
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Table 11: Tested ranges of treatment factors during jar tests.
Jar Test Treatment Factor
Target pH
Polymer dosage (g/min)(1)
CaCl2 Coagulant Dosage (mL/min) (1)
Mixing Intensity (rpm)
Mixing Time (mins)
Settling Time (mins)

Values Tested
3.5, 4.0, 4.5
5, 10, 15, 20
0, 250, 500
30, 50, 100, 150
1, 15
30, 60

System Operating Parameters
3.7
12 –17 (13.9 average)
350
(2)
approximately 15 mins(3)
(4)

Notes:
(1) Values shown on Facility equivalent scale.
(2) Mixing intensity (rpm) determined based on the calculated velocity gradients and using a
conversion chart provided by the jar test apparatus manufacturer (see Appendix B – Wastewater
Calculations). Velocity gradient values were calculated based on provided horsepower for each
agitator at Facility.
(3) Calculated from physical measurements of pipes and tanks throughout WWTS at 50 m3/hr flow
rate
(4) Simulation of a DAF system at the bench scale considered unfeasible, settling used instead.

The general procedure for conducting the jar test involved the following steps:


Addition of 2 L of well mixed wastewater into each jar



Mixing intensity at 50 rpm (for all chemical addition)



pH adjustment



Coagulant/coagulant aid/polymer addition



Mixing at specified intensity



Settling



Treated wastewater sample collection and analysis

Various solutions were prepared in the laboratory prior to their use in the jar tests. Acid cracking
was achieved through the addition of a 10:1 dilution of 18 mol/L sulphuric acid and Milli-Q
water and was used for all jar tests. The addition of a calcium hydroxide-water mixture (60g/L)
was used in the second round of treatment in JT8 to aid with enhanced precipitation of BOD and
TP. Both sulphuric acid and calcium hydroxide were used to achieve a specified target
wastewater pH. The calcium chloride solution was received from the Facility and used in the jar
tests undiluted (30% CaCl2 by mass). A 500:1 dilution of Milli-Q water and the liquid emulsion
polymer was prepared using a Hamilton Beach Commercial blender (Model 1C936) to obtain a

51

polymer-water mixture concentration of 2 g/L. The scaled down dosages of polymer were then
applied for the jar tests.
An initial mixing intensity of 50 rpm was used for each jar during chemical addition. Jars that
had already been dosed with chemicals and those awaiting chemical dosages did not experience
continuous mixing to ensure a consistent mixing time during the chemical dosing of all jars.
Chemical dosing was performed to each jar separately due to the inability to add chemicals
(sometimes in varying dosages) to all six jars simultaneously. Following the completion of
dosing all six jars with the appropriate quantities of chemical, the mixing intensity was adjusted
as required by the particular set of treatment conditions. Mixing intensities were determined
based on the G values previously calculated using the tank dimensions and agitator horsepower.
A conversion chart supplied by the manufacturer allowed for the G values to be converted to
revolutions per minute (rpm). This chart was specific to the square jars being used in each jar
test.
Mixing and settling times did not include as wide of a range as the other treatment factors. The
mixing time was changed from 1 minute to 15 minutes after the tank and piping dimensions of
the WWTS components were measured during an additional site visit. This allowed for the
chemical contact time to be estimated from the pipe flow and hydraulic retention times of the
pre-neutralization, neutralization, and coagulation tanks. Jar tests were conducted to ensure that
treatment scenarios at both mixing times were compared in the preliminary jar testing analysis.
Settling times were chosen based on values found in literature case studies and government
guidance documentation (Tanik et al., 2002; USEPA, 1999).
An attempt was made to mimic the Facility’s DAF unit by injecting a dissolved air-water
mixture through the sampling port of the jars following treatment. However, the delivery of the
dissolved air-water mixture at the bench scale proved to be inconsistent and was not
representative of the recycled effluent stream that is used for delivering the dissolved air in the
Facility’s WWTS.
All relevant calculations related to the wastewater treatment system are found in Appendix B –
Wastewater Calculations.
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3.3.3 Sample Analysis
3.3.3.1

Preliminary Jar Testing Analysis

To examine the performance of each jar test treatment condition, key indicator wastewater
quality parameters were analyzed after each treatment scenario. The indicator parameters used
were turbidity and ultraviolet absorbance at a wavelength of 254 nanometres (UVA254). Initial
measurements of UVA254 and turbidity of the raw wastewater were not obtained. The raw
wastewater was too turbid (i.e., greater than 1000 NTU) to be measured by the turbidimeter.
Similarly, the raw wastewater clogged the syringe filters used to filter samples resulting in
inconsistent sample preparation prior to measuring UVA254. Although these initial measurements
could not be obtained, the preliminary jar testing was more focused on comparing the posttreatment results to each of the other treatment conditions rather than to raw wastewater quality
characteristics.
Turbidity was measured to observe the differences in relative clarity of the wastewater resulting
from

the

formation

and

settling

of

suspended

and

colloidal

material

during

coagulation/flocculation. The equipment used for measuring turbidity was a HACH 2100P
portable turbidimeter. The turbidimeter was calibrated following the manufacturer’s manual
using StablCal Stabilized Formazin Standards (<0.1, 20, 100, and 800 NTU).
The UVA254 measurements were used as a means to establish a quick approximation of organic
matter from the different treatment conditions applied (Reynolds & Ahmad, 1997). It is
important to note that this approach does not provide an exact indication of BOD concentrations.
The UVA254 measurement was quicker to conduct compared to the 5-day BOD5 test. The
absorption measured using UVA254, however, does not represent all dissolved organics. The
measurement of UVA254 targets aromatic/hydrophobic compounds (De la Rubia et al., 2008) but
not simple aliphatic acids, alcohols, and sugars (Braul et al., 2001). UVA254 measurements were
performed using a Genesys 10 UV-Vis Scanning Spectrophotometer set to emit light at a
wavelength of 254 nm. SUPRASIL® 10mm path length quartz glass cuvettes were used for
taking both Milli-Q water blank measurements and UVA254 readings of the treated wastewater.
The pH was also measured in the laboratory for the raw wastewater and after making pH
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corrections for different treatment conditions. The pH was measured using an Oakton pH 110
meter following the manufacturer’s manual for both calibration and measurement procedures.
A description of the in-house quality measurements and their associated analysis method are
shown in Table 12.
Table 12: Water quality parameters analyzed in-house at the University of Guelph laboratory.
Water Quality
Parameter
pH

Reference
Analysis Method
SM 4050-H+

Turbidity

SM 2130

Ultraviolet
Absorbance (UV254)

3.3.3.2

USEPA Method
415.3

Description
Represents the measure of the acidity or basic
character of a solution at a given temperature.
pH is measured on a logarithmic scale ranging
from 0 (acidic) to 14 (basic).
Optical property measuring scattering of light
when passed through a water sample. Turbidity
is measured in NTU and is a common quality
indicator used for assessing the effectiveness of
jar tests.
Represents the level of absorption of conjugated
double-bond systems of aromatic
carbon/hydrophobic compounds at a wavelength
of 254 nm. Documented as being used as an
indirect measurement of BOD (Reynolds &
Ahmad, 1997) or in combination with dissolved
organic carbon (DOC) for the calculation of
specific UV absorbance (SUVA).
SUVA = UVA254/DOC

External Laboratory Analysis

Once the indicator parameters of the treated wastewater were optimized at the University of
Guelph laboratory, various test cases (TCs) were conducted and samples were sent to Maxxam
Laboratories in Mississauga for additional analysis. Since the indicator parameters from the
preliminary jar tests only provided some insight into the removal of contaminants, raw and
treated wastewater samples were collected for a more detailed analysis of COD, BOD, TKN, and
TP. A description of these water quality parameters and their associated analysis method are
shown in Table 13.
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Table 13: Water quality parameters analyzed externally by Maxxam.
Water Quality
Parameter

Reference
Analysis Method

Biochemical Oxygen
Demand (BOD5)

APHA 5201B

Chemical Oxygen
Demand (COD)

APHA 5220D

Total Kjeldahl Nitrogen
Total Phosphorus
(Colourimetric)

EPA 351.2 Rev 2
SM 4500 P,B,F

Description
A measure of the quantity of oxygen consumed
(in mg/L) resulting from the biochemical
degradation of organic material. The most
standard application of this test records the
oxygen consumption over a 5-day period at 20
degrees Celsius.
Represents the total oxygen required (mg/L) to
oxidize all organic and inorganic compounds in
a sample.
Represents the sum of organic nitrogen
compounds and free-ammonia measured in
mg/L.
A measure of all forms of phosphorus present in
a sample (mg/L).

Samples were collected using sample bottles provided by Maxxam. A total of two untreated
wastewater and eight treated effluent samples (performed in duplicates for each treatment
method) were sent to Maxxam for analysis.
Samples were delivered to Maxxam in a cooler with ice and all appropriate chain of custody
paperwork. The results received from the external laboratory were compared with the historical
wastewater sampling records as well as between each treatment method. In one circumstance the
results received from the laboratory could be directly compared with the sample results obtained
by the Facility’s external consultant as part of the ongoing wastewater compliance monitoring.
This was due to the samples having been collected at the same time and also analyzed by
Maxxam. Complete analytical data for BOD values were obtained from the laboratory to ensure
proper calculation methods and rejection criteria for the BOD tests were properly followed. An
unpaired t-test was performed to see if there was a statistically significant difference between the
reported BOD concentrations for each treatment method. The concentrations of BOD, COD,
TKN, and TP in the treated wastewater effluent were compared with published values to assess
whether the use of biological treatment was a viable option following the physicochemical
treatment of the WWTS.
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3.4 Results and Discussion
3.4.1 Preliminary Jar Testing Optimization (JT1 – JT5)
The results of the preliminary jar tests for optimizing pH, polymer and calcium chloride dosages,
mixing intensity (MI), and mixing and settling times (MT, ST, respectively) are shown in Table
14. Turbidity and UVA254 measurements were also depicted graphically in Figure 10 and Figure
11. All jar test treatment conditions were performed in duplicates with triplicate measurements of
UVA254 and turbidity. Means and standard deviations of UVA254 and turbidity shown in Table 14
encompass both the variability within each jar test jar (i.e., triplicate measurements) as well as
the variability between the duplicated treatment conditions in each jar test (e.g., variability
between both jars testing the pH=3.5 treatment condition in JT2). Statistical analyses (unpaired ttests) combined with practical knowledge of the Facility’s WWTS were used to help support the
decisions for selecting optimized treatment conditions. All statistical analyses were performed
with 95% certainty. All raw laboratory measurement data for the jar tests conducted are shown in
Appendix C – Jar Test Data. Details pertaining to the statistical analyses are shown in Appendix
E – Statistical Analysis.
The identification of the best treatment option was not always clear within each jar test and
between each successive jar test when considering both UVA254 and turbidity measurements as
performance indicators. UVA254 and turbidity measurements provide insight into two different
aspects of wastewater quality and it was important to consider these differences when
interpreting the preliminary jar test results. Turbidity measures the level of clarity resulting from
insoluble, unsettled particles in the wastewater. Turbidity was expected to show significant
quality improvements as a result of fat and protein removal through acid cracking and the use of
other chemical coagulants to aggregate these particles. UVA254 targets hydrophobic dissolved
organic compounds; however, other hydrophilic compounds including sugars are not captured in
this measurement (Braul et al., 2001). This suggests UVA254 readings may not detect the
presence of dissolved lactose, a sugar, which contributes significantly to organic matter
concentrations found in dairy wastewater. The removal of dissolved organic matter has been
identified as being difficult to remove through chemical coagulation alone (recall Section 3.2).
While UVA254 measurements do provide some indication of the presence of dissolved organic
matter, it was not expected to show a significant improvement in the overall physicochemical
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treatment of the wastewater compared to turbidity. For these reasons, a higher emphasis has been
placed on improvements in turbidity for assessing quality improvements.
Table 14: Summary of preliminary jar testing results.

Factor
Range

UVA254
PostTreatment
Average
(cm-1)

3.5

0.367 ±0.002

4

0.395 ±0.004

4.5

0.365 ±0.006

3.5

0.429 ±0.010

213 ±17

4(2)

0.413 ±0.001

252 ±4.5

4.5(2)

0.414 ±0.001

388 ±3.2

JT3
Facility Equivalent
Polymer Dosage
(g/min)

10

0.397 ±0.003

37.3 ±0.8

15

0.384 ±0.003

38.7 ±1.6

20

0.377 ±0.003

51.2 ±4.0

JT4
Facility Equivalent
CaCl2 Dosage
(mL/min)

0

0.366 ±0.002

32.9 ±6.2

250

0.359 ±0.005

28.1 ±3.7

500

0.348 ±0.004

26.8 ±7.3

30

0.372 ±0.006

29.6 ±0.3

100

0.383 ±0.003

21.4 ±1.9

150

0.389 ±0.002

26.5 ±6.5

Jar Test ID

JT1
pH

JT2
pH

JT5
Mixing Intensity
(rpm)

Turbidity
PostTreatment
Average
(NTU)

JT Description

(1)

Polymer Dose = 0 g/L
CaCl2 = 0 mL/min
MI = 50 rpm
MT= 1 min
ST= 30 min
Polymer Dose = 0 g/L
CaCl2 = 0 mL/min
MI = 50 rpm
MT = 1 min
ST = 30 min
pH = 3.5
CaCl2 = 0 mL/min
MI = 50 rpm
MT = 1 min
ST = 30 min
pH = 3.5
Polymer Dose = 10 g/min
MI = 50 rpm
MT = 1 min
ST = 30 min
pH = 3.5
Polymer Dose = 10 g/min
CaCl2 = 0 mL/min
MT = 15 min
ST = 60 min

Notes:
(1) Turbidimeter error prevented turbidity measurements to be collected for JT1.
(2) Only 1 jar of triplicate measurements was used due to limited remaining acclimatized wastewater
at consistent temperature.
Bold text indicates optimum treatment factor values for each preliminary jar test performed.
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Figure 10: Summary of preliminary jar test turbidity results (JT1-JT5)

Figure 11: Summary of preliminary jar test UVA254 results (JT1-JT5)
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Opposing trends were observed in JT3 for UVA254 and turbidity. Statistically significant
reductions in UVA254 were observed as polymer dosages were increased from 10 g/min to 15 and
20 g/min. Turbidity measurements suggested no statistically significant differences between the
polymer dosages of 10 and 15 g/min, but both of these dosages demonstrated significantly
improved reductions in turbidity compared to the higher 20 g/min polymer dose. The lowest
polymer dose of 10 g/min was chosen as the optimized treatment condition for JT3 on the basis
that lower chemical consumption costs were favourable in comparison to the treatment
improvements observed with the UVA254 measurements at higher polymer dosages. The same
approach was taken for selecting the optimum calcium chloride dosage in JT4. Statistically
significant reductions in UVA254 were observed for increasing calcium chloride dosages.
However, there were no statistically significant differences observed for turbidity measurements
corresponding to the 0, 250, and 500 mL/min calcium chloride dosages. Not using calcium
chloride was chosen as the optimized condition. This was based on the potential immediate cost
savings associated with eliminating calcium chloride use and the ineffectiveness of the calcium
chloride to improve turbidity in the treated effluent. The results from JT5 show a statistically
significant reduction in turbidity between mixing intensities of 30 and 100 rpm. The opposite
was true for UVA254 at the same mixing intensities. The turbidity observed for the 100 rpm
mixing intensity was the lowest of all jar tests at 21.4±1.9 and was chosen as the best treatment
condition in JT5.
The turbidity was observed to have a large overall reduction between JT1 to JT5. The largest
reduction in turbidity occurred between JT2 and JT3 as a result of the addition of polymer.
Further, more incremental reductions in turbidity were achieved in subsequent jar tests. The
chosen treatment condition from JT3 (i.e., 10 g/min polymer dose) and JT4 (i.e., 0 mL/min
calcium chloride dose) showed statistically significant reductions in turbidity when compared to
the lowest observed turbidity value in JT5. The UVA254 measurements of the treated wastewater
effluent spanned a relatively narrow range of 0.429±0.010 to 0.348±0.004 cm-1 across all five of
the preliminary jar tests. While statistically significant reductions were observed, particularly
through JT3 and JT4, it is uncertain the effect of these reductions on the overall quality of the
wastewater effluent. The optimized parameters determined from the preliminary jar tests (i.e.,
JT1-JT5) are shown in Table 15.
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Table 15: Summary of optimized parameters from preliminary jar tests (from JT5).
Jar Test Treatment
Factor
pH
Polymer Dose
Calcium Chloride Dose
Mixing Intensity
Mixing Time
Settling Time

Selected Treatment
Conditions from
Preliminary Optimization
3.5
10 g/min
0 mL/min
100 rpm
15 mins
60 mins

Despite the use of the indicator parameters in JT1 through JT5 to suggest preliminary
optimization of the treatment conditions, the inability for these parameters to directly measure
the pollutants of concern influenced the selection of TCs sent for external analysis. While the
external analysis TCs included the optimized treatment conditions from the preliminary jar
testing, they also included retesting of jar test conditions where little difference was observed in
the indicator parameters and to help support economic considerations related to chemical costs.
For example, TCs submitted for external analysis included polymer dosages at 10 and 15 g/min,
calcium chloride dosages at 0 and 500 mL/min, and mixing intensities at 50 rpm and 100 rpm.
The external analysis allowed for a more detailed indication of treatment performance for a
number of treatment conditions by measuring the actual pollutants of concern. In addition, it was
important that the results of the wastewater investigation coincided with the parameters that have
been analyzed by the Facility as part of the ongoing compliance monitoring. This would allow
the results to be better understood by the Facility.
To visually demonstrate the separation of contaminants from the wastewater, Figure 12 and
Figure 13 highlight the different jar test stages for one of the jars in JT4 representing the 0
mL/min dose of CaCl2. These stages include: acid cracking, polymer/calcium chloride addition
during and post-mixing, and after settling.
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Figure 12: Jar 6 in JT4 after acid addition (left) and after polymer/calcium chloride addition
during mixing (right).

Figure 13: Jar 6 in JT4 after polymer/calcium chloride mixing (left) and after settling (right).
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3.4.2 External JT Analysis Results (JT6 – JT8)
An overview of the jar test treatment conditions for each of the TCs sent for external analysis is
shown in Table 16. TC1 through TC5 correspond to the first round of samples sent externally
and were collected after treatment in JT6 and JT7. TC6 through TC8 were collected from JT8
and were sent in a second round of samples for analysis. It is important to note that these two
rounds of samples sent for external analysis correspond to different raw wastewater samples.
Separate values are shown in Table 16 to indicate the first and second rounds of treatment
performed in TC6 through TC8 and are represented by R1 and R2, respectively. Calcium
hydroxide was used in TC7 and TC8 in R2 for pH adjustment. The TC7 adjustment to a pH of 6
and alum dose of 200 mg/L was based on optimum values found for alum in treating dairy
wastewater (Tanik et al., 2002). The larger pH adjustment for TC8 to pH 9 was based on a study
involving dairy wastewater treatment in which calcium hydroxide used at higher pH levels (i.e.,
greater than 8) resulted in improved removal efficiency of organics as well as nutrients (Hamdani
et al., 2005).
Table 16: Summary of JT test cases sent for external analysis.
Jar Test Case
(TC) ID
TC1
TC2
TC3
TC4
TC5
TC6 (R1 only)
TC7 (R1/R2) (1)
TC8 (R1/R2) (1)
Raw WW
(TC1 – TC5)
Raw WW
(TC6 – TC8)

Treatment Case Description
CaCl2
Alum
Mixing
Dose
Conc.
Intensity
(mL/min) (mg/L)
(rpm)
0
0
50
0
20(3)
50
0
0
100
500
0
100
0
0
100
0
200
100
0
0/200
100
0
0/200
100

3.5
3.5
3.5
3.5
3.5
3.5
3.5/6.0(2)
3.5/9.0(2)

Polymer
Dose
(g/min)
10
10
10
10
15
10
10/7.5
10/7.5

11.47

-

-

-

-

-

-

11.49

-

-

-

-

-

-

pH

Mixing
Time
(min)
15
15
15
15
15
15
15/15
15/15

Settling
Time
(min)
60
60
60
60
60
60
60/60
60/60

Notes:
(1) Two sequential jar test treatments were conducted for these samples; treated effluent from second
treatment was sent for external analysis.
(2) pH adjusted to 6.0 and 9.0, respectively, in second round of treatment using calcium hydroxide.
(3) This alum dosage was chosen due to it being in the middle of a typical range of alum dosages for
general jar testing (Phipps & Bird, nd-b)
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The results of the external analysis from each TC are shown in Table 17. In addition to the jar
testing TCs, raw and treated wastewater BOD5 and TP concentrations for a single sample
collected by the Facility’s external consultant are also shown in Table 17. A number of insights
can be drawn from these results with regards to the level of treatment achieved by both the
laboratory jar testing TCs as well as the actual raw and treated wastewater sampling data taken
from the Facility’s WWTS.
Table 17: Summary of external laboratory analysis results.
Jar Test
Treatment ID
Raw WW
(TC1 – TC5)
TC1
TC2
TC3
TC4
TC5
Raw WW
(TC6 – TC8)
TC6
TC7
TC8
Facility Sample(1)
(Raw WW)
Facility Sample
(Treated WW)

COD
(mg/L)
N/A

BOD5
(mg/L)
DL = 300 mg/L

TP
(mg/L)
DL = 10mg/L

TKN
(mg/L)
DL = 100 mg/L

2400

880 ±0

9.2

50

1450±71
1400±0
1250±71
1250±71
1284±23

407 ±164
649 ±1
473 ±67
528 ±74
467 ±76

8.7±0.28
9±0.28
8.5±0.14
8.5±0.21
9.1±0.28

44 ±0
45 ±1.4
40 ±0.71
39 ±1.4
36 ±2.8

2931

1261

8.4

68

1601±17
1603±17
1604±4

533 ±67
499 ±118
584 ±101

11.5 ±0.70
11 ±0
11 ±0

35 ±2.1
34 ±1.4
44 ±0.71

-

1500

9.5

-

-

1100

15

-

Notes:
(1) Facility sample collected at same time as wastewater used in TC6 – TC8 wastewater.
DL = Discharge Limit
Bold text indicates an exceedance of effluent wastewater sewer discharge criteria.

3.4.2.1

Ineffectiveness of Calcium Chloride

Through jar testing and external laboratory analysis, the limited ineffectiveness of calcium
chloride as a coagulant in enhancing the overall treatment of the Facility’s wastewater presents a
potential opportunity for reducing operational costs. If calcium chloride is ineffective for the
treatment of the Facility’s wastewater, a cost savings of up to $54,000 per year could result by
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eliminating calcium chloride addition. This presents a unique opportunity for the Facility to
experiment with cutting back or eliminating the use of calcium chloride from the WWTS. While
most physicochemical treatment processes involve the use of conventional metal salts as
coagulants for wastewater treatment, some reference to calcium chloride use has been mentioned
in academic literature. A study by Jun et al. (1994) suggests that calcium chloride was the least
effective chemical coagulant (among ferric chloride, ferric sulphate, and alum) during jar tests
conducted on wastewater from tofu processing. AlMubaddal et al. (2009) also suggest the use of
calcium chloride was less effective than common coagulants for a polyvinyl chloride processing
facility.
3.4.2.2

TP and TKN Removal

The analysis of TP revealed that despite recent exceedances in TP, all raw wastewater samples
showed TP concentrations below the discharge limit of 10 mg/L. Jar testing, including TCs
where lime was added for enhanced phosphorus precipitation (i.e., TC7 and TC8) did not show
any significant impact on achieving further reductions in TP. For TC6 through TC8, TP
concentrations increased after treatment. This was also true for the independently analyzed
effluent sample taken from the Facility’s WWTS. This increase could have resulted from crosscontamination during the external analysis since both the jar test samples and the Facility sample
were sent to the same laboratory. TKN removal efficiency ranged from 10% to 49%. Even with
the Facility’s transition from phosphorus containing cleaning chemicals to those that are more
nitrogen based, reported TKN concentrations were still well below the specified discharge limit
of 100 mg/L.
3.4.2.3

BOD Removal

Despite the different treatment conditions tested, it is clear that achieving BOD effluent
concentrations below the 300 mg/L discharge limit was not attained even under controlled jar
testing conditions in the laboratory. The removal efficiencies for BOD5 from the jar test TCs
ranged from 26% to 60% with all samples being compared to their respective untreated
wastewater. An average removal efficiency of 43% for TC1 through TC5 and 57% for TC6
through TC8 was achieved. The higher removal efficiency observed for the second round of
samples (i.e., TC6 through TC8) is considered to be a result of the large difference of initial
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BOD5 concentrations found in untreated wastewater samples. The COD removal efficiency
ranged from 40% to 48%, which is consistent with ranges found in literature for physicochemical
dairy wastewater treatment (recall Table 9).
The external BOD5 analysis shows quite similar results for each of the BOD5 concentrations
reported for the different TCs despite significant differences between untreated wastewater
concentrations. This was consistent with some of the previous jar tests for UVA254 and turbidity
measurements. When comparing TC3 to TC5, there was no demonstrated difference found for
the 10 g/min or 15 g/min polymer doses for the removal of BOD5. Also, the addition of calcium
chloride in TC4 did not significantly enhance treatment performance over TCs where calcium
chloride was not added. The effect of mixing intensity on BOD5 removal at 50 rpm (TC1) or 100
rpm (TC3) also did not have a significant effect. Due to the similarities in BOD5 effluent
concentrations, a statistical analysis was conducted for the reported values of each of the 8 TCs
to determine if a statistically significant difference exists between the different treatment
conditions (see Appendix E – Statistical Analysis). The results of the analysis confirmed with
95% certainty that there was no statistically significant difference between the BOD5 values
obtained from the external laboratory for each of the 8 treatment scenarios. The inability for the
jar test BOD5 results to meet the discharge requirement could be related to high levels of soluble
BOD as observed in the historical wastewater sampling results outlined in Chapter 2.0.
3.4.2.4

Additional Factors Affecting WWTS Performance

When comparing the BOD5 results of TC6 through TC8 to the Facility’s analyzed sample from
the actual WWTS, the jar test results showed significantly better removal efficiency despite all of
the samples originating from the same untreated wastewater. The BOD5 removal efficiency for
the actual WWTS was 27%, with an effluent concentration of well over 3 times the discharge
limit. This large spike in the BOD effluent concentration is consistent with other historical
samples analyzed during 2012. The substantial difference between the jar test results and the
results obtained from the actual WWTS suggests that additional operational issues not captured
during chemical optimization at the laboratory scale are significantly limiting the effectiveness of
the WWTS at the Facility. Multiple issues were identified which primarily relate to the ability of
the WWTS to accommodate the extreme fluctuations in wastewater influent quantity and quality.
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The identified operational issues are presented below in Table 18. More detailed descriptions of
each operational issue are included in Appendix F – Wastewater Operational Issues.
Table 18: Summary of identified WWTS operational issues.
Operational
Issue
Wastewater
Storage Capacity

Description
On-site wastewater storage systems
frequently approach maximum
capacity on a daily basis even with
recent height extension of storage pit
dividing wall to prevent direct
discharge to sewer system. A
disconnect exists between specific
activities in the Facility and their
contribution/impact on the WWTS.

Hydraulic
Overloading of
DAF

DAF system hydraulic overloading
occurs daily during times of
increased WWTS throughput. A very
high DAF recirculation rate also
contributes to hydraulic overloading.
Chemical Dosing Chemical dosing pumps of coagulant
(calcium chloride) and polymer are
not adjusted based on fluctuations in
wastewater quantity or quality.
Constant “optimum” dosages are
applied despite varying conditions.

DAF Structure
and Flow Pattern

3.4.2.5

Collection of treated effluent from
DAF occurs at bottom of settling
section.

Implication on Wastewater
Treatment
 Insufficient flow equalization
creates highly variable quality
characteristics (i.e.,
temperature, pH, pollutant
loading)
 Fluctuations in WWTS
throughput to avoid direct
discharge to sewers sacrifices
chemical contact time and DAF
efficiency
 Limits effectiveness of
pollutant removal from
wastewater effluent
 Chemical dosing cannot be
optimized to provide consistent
coagulation/flocculation
 Over or under consumption of
chemicals depending on
wastewater quality can impact
treatment efficiency and
chemical supply costs
 Potential for disruption of
particle settling and discharge
of unsettled solids through
DAF effluent

Evaluation of Potential for Biological Treatment

The potential biodegradability of organic matter and removal of nutrients were evaluated by
assessing the following ratios of wastewater constituents: BOD5:COD, BOD5:TP, COD:TKN,
BOD5:TKN. Wastewater constituent ratios were calculated using the treated wastewater effluent
results obtained for the jar test cases (i.e., TC1 through TC8). Average values were calculated
separately for TC1 through TC5 and TC6 through TC8 as they originated from two separate
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wastewater sample collection events. The calculated values are shown in Table 19 alongside
published values found in literature. The published values depict wastewater constituent ratios
deemed favourable for biological treatment.
Table 19: Summary of calculated wastewater constituent ratios and published values required for
effective nutrient removal and biodegradability of organic matter in wastewater.
Source of Ratio
TC1 – TC5 (avg.)
TC6 – TC8 (avg.)
Published Values

BOD5:COD
0.38
0.34
>0.5(1)

BOD5:TP
58:1
48:1
> 20:1(2)

COD:TKN BOD5:TKN
33:1
12:1
43:1
14:1
(3)
> 9:1
>5:1(3)

Notes:
(1) CEPIS (2000)
(2) Randall et al. (1992)
(3) Grady (1998)

For BOD5:COD ratios, CEPIS (2000) reported that industrial wastewater with BOD5:COD ratios
below 0.5 tend to have slower biological decomposition. This is due to the large fraction of
remaining oxidizable material that can be chemically oxidized but not oxidized biologically
(Forster, 2003; Henze & Comeau, 2008). Danalewich et al. (1998) suggested low BOD5:COD
ratios in dairy processing wastewater could be related to times of elevated facility cleaning
activities. The average BOD5:COD values calculated from the reported BOD5 and COD effluent
concentrations were 0.38 and 0.34 for TC1 to TC5 and TC6 to TC8, respectively. All other
parameter ratios from the analyzed results satisfied the published values; however, the low
BOD5:COD ratio suggests that the treated Facility wastewater would not be preferable for
subsequent biological treatment for removing excess organic matter from the wastewater.
3.4.3 Implications of Results
The analysis conducted for the Facility’s WWTS provided some useful insight into the Facility’s
primary area of concern with regards to environmental compliance. The results of investigating
the WWTS have shown that even under controlled conditions, the existing physicochemical
treatment processes at the Facility cannot sufficiently treat wastewater to levels below the 300
mg/L sewer discharge limit for BOD. In addition, the operational issues identified in the WWTS
further complicate the ability of the DAF to accommodate extreme variations in wastewater flow
and quality characteristics. The inability of the Facility to address these issues suggests that the
technical knowledge and expertise required for fully understanding the wastewater chemistry and
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appropriate DAF operating conditions is not currently possessed by Facility employees. This
lack of understanding of the WWTS limitations combined with the substantial wastewater
surcharges for wastewater exceedances have accelerated the Facility’s pursuit of “quick fix” or
“add-on” solutions to improve the existing end-of-pipe treatment system. Such approaches (e.g.,
wastewater storage pit wall extension) only provide temporary relief of the issues rather than
attempting to identify and address the root cause of the problems being faced. A definite
knowledge gap also exists between front-end (i.e., milk production) and back-end (i.e.,
wastewater treatment) processing operations. This prevents critical connections from being made
between resource use activities that are known to cause wastewater quantity and quality concerns
and the observed impacts on influent wastewater characteristics to the WWTS. The Facility will
continue to be constrained by their reliance on existing pollution control technologies unless
these connections are developed. The adoption of P2 would provide a much more adaptive
approach to help uncover resource saving opportunities that can make meaningful improvements
in both quantity and quality aspects of the Facility’s WWTS.
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4.0

An Approach to Uncovering P2 Process Knowledge

4.1 Introduction
Understanding facility processes and overcoming process inefficiencies related to P2 presents a
challenge within the Food and Beverage Processing (FBP) industry. Resource use including
water, energy, raw input materials, and chemicals is often tracked at the facility level. This,
however, is only useful for characterizing the overall resource use and waste generation at the
facility. A lack of data and understanding of resource use at the unit process level tends to be a
significant factor contributing to instances of environmental non-compliance for FBP facilities
(Cooke, 2008). A black box is created when trying to characterize resource use at this more
detailed level within facility operations due to the unfocused and inconsistent collection of data
(Muller et al., 2007). Data related to ensuring food safety is regularly monitored through the use
of Hazard Analysis Critical Control Points (HACCP) programs; however, less attention is given
to understanding the quantity and quality of resource and waste streams.
A common problem that exists in organizations is a lack of clear understanding of the processes
used to produce end products or deliver services to customers. The relationships and impacts that
these processes have on one another also present a problem. Many organizations often think they
understand their processes better than they actually do (Pojasek, 2005), or may not know what
knowledge about their processes they already possess (Salisbury, 2009). By not having process
knowledge available, up-to-date, or accessible to those that would benefit from it, an
organization's ability to comprehend the issues it faces and initiate appropriate process changes
to address these issues can be stifled. Over the long term this can lead to process inefficiencies
such as duplicated or redundant processes, bottlenecks, process delays, and wasted resources
(Soliman, 1998) and also the inconsistent implementation of process changes across different
organization departments (Pojasek, 2005).
Where process data does not exist, an influential yet often untapped resource to help understand
process level resource use lies in the knowledge and experiences of frontline employees.
Meaningful changes to improve resource use efficiency and adopt P2 in the FBP industry can
only occur if the people and the information relevant to the problem are present such that P2
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opportunities can be identified, prioritized, and ultimately implemented. However, appropriate
tools need to not only be used to engage the right people, but also to document the knowledge
uncovered such that it is easily understood and can be widely disseminated.
This chapter focuses on the use of qualitative tools and techniques (i.e., process mapping, indepth interviews with Facility employees, and causal loop diagrams (CLDs)) to assist the Facility
in understanding its processes and engage its employees in identifying areas of resource use
inefficiency and opportunities for P2. The first section presents a review of literature relevant to
employee engagement and participation in organizational change initiatives, and the methods,
tools, and techniques available to aid in improving business processes.
The ensuing two sections split the research project into phases, each of which will present
methodology, results, and discussion (Figure 14).

Figure 14: Phased Approach to Research Method
Phase I applies two techniques, hierarchical process mapping and in-depth interviews, to help
enhance employee understanding of facility processes using existing Facility information and
draw out P2 opportunities from the experiences and perspectives of the Facility employees,
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respectively. Phase II utilizes the data collected from Phase I and employs a systems approach to
develop and qualitatively analyze causal loop diagrams (CLDs) to describe the relationships
between the identified problem areas in the absence of quantifiable process data.

4.2

Literature Review
4.2.1 Employee Engagement for Pollution Prevention

P2, as with any change initiative, aims to improve upon a current process or environment where
inefficiencies exist. As such, P2 cannot be exempt from the inherent difficulties associated with
achieving successful change. One important factor in change initiatives is the participation and
engagement of employees in the change process. However, management staff often choose not to
include employees, viewing them as a source of resistance during times of change instead of a
source of intelligence capable of solving complex problems (Wheatley, 2007). Matsumoto et al.
(2005, p. 468) specifically stress the importance of involving end-users in any change process to
“[ensure] that a solution fits the way [employees] work and in turn assures their commitment to
implement the solution”.
A review of current P2 guidance documentation by Stone (2006b) suggests the importance of
employee participation for successful P2 initiatives; however, this documentation shows little
insight into how to involve employees beyond planning and organization phases. P2
opportunities are often deeply embedded within facility processes and require both technical and
contextual information to help assess their feasibility for implementation (Cebon, 1993). At the
operational level, employees possess vast amounts of process knowledge gained through
experience that has been suggested to assist in process improvement (Seethamraju &
Marjanovic, 2009). A study by Remmen and Lorentzen (2000) investigated the impact of
providing employees a more integral role in the adoption of P2 solutions within Danish industrial
firms. The study found that employees had a “comprehensive understanding of environmental
problems and solutions” which led to performance improvements and that their involvement had
“a strong effect on changing working routines, affecting behaviour and increasing environmental
consciousness” (Remmen & Lorentzen, 2000, p. 365).
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4.2.2

Process-Based Approaches for Improving Understanding

The 1990s marked a significant shift towards a process-oriented approach for organizations
looking to improve their business practices (Melão & Pidd, 2000). Supporting this shift has been
the widespread development of various methods, tools and techniques often associated with the
term business process modeling (BPM) (Vergidis et al., 2008). BPM approaches support the
overarching field of process management, which emerged out of the rise and fall of business
process re-engineering (BPR). BPR called for the “fundamental rethinking and radical redesign
of business processes to achieve dramatic improvements” (Hammer & Champy, 2003, p. 35),
which proved in many cases to be too extreme of an approach for making business process
improvements (Melão & Pidd, 2000).
The abundance of BPM approaches used in process management has made choosing an
appropriate approach increasingly difficult for companies due to the lack of available guidance
(Aguilar-Savén, 2004). Despite the large development in BPM approaches there is no single best
practice for modeling business processes (Seethamraju & Marjanovic, 2009; Vergidis et al.,
2008). Damij (2007) describes contextual factors as being important in the selection of a BPM
approach. Seethamraju and Marjanovic (2009) suggest that many companies seek “best practice
business processes” to inform their decisions on how to improve business processes rather than
establishing an internal approach that satisfies specific contextual factors. Aguilar-Savén (2004)
depicts four main purposes in which BPM approaches may be used, including:
•

Developing descriptive models for learning

•

Developing descriptive and analytical models for decision support to process
development and design

•

Developing enactable or analytical models for decision support during process execution,
and control

•

Developing enactment support models to Information Technology

Two BPM approaches are used in this study for the purpose of helping the Facility identify
opportunities for P2. Both of these BPM approaches are diagrammatic models that focus
primarily on the first two purposes of using BPM as presented by Aguilar-Savén (2004). A more
detailed review of literature will be presented in the following sections for these BPM
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approaches and the rationale for the selection and appropriateness of these approaches based on
the Facility's particular organizational context. It is important to note that solutions to
organizational issues will not materialize simply through the implementation of BPM
approaches. Aguilar-Savén (2004, p. 147) describes BPM approaches as “an aid to business
analysts to design and manage the processes…the capability of a tool to support communication
and enhance understanding is of the highest importance”.
4.2.2.1

Process Mapping

Process mapping is a BPM approach that breaks down processes systematically into a simpler,
graphical form. Process maps can be used to uncover problems or inefficiencies within processes
that would otherwise be overlooked (Pojasek, 2006). The term process map or process mapping
itself is often confused with many other process diagramming techniques. Terms such as flow
charting, mind mapping, value stream mapping, piping and instrumentation drawings (P&ID),
integration definition diagrams (IDEF0), and causal loop diagrams (CLDs) are some examples of
common diagramming techniques often used synonymously with process mapping (see Pojasek,
2005 for a larger list of these additional diagramming techniques). While each technique may
have similarities to process mapping, the benefits and limitations of each approach may differ
and be better suited in different organizational contexts. For example, CLDs are in fact quite
different from process maps and will be discussed in Section 4.2.2.2.
There are many benefits associated with using process mapping for the purpose of improving
organizational processes. Process maps have been observed to not only provide a more
comprehensive understanding of organizational processes (Matsumoto et al., 2005), but also
uncover tacit knowledge that can help to achieve meaningful improvements (Tuggle &
Goldfinger, 2004). Wlodarczyk et al. (2000) identify organizational learning as being an
important outcome for a glass manufacturing company that utilized this approach and made
significant process improvements. The visual representation of process maps allows for them to
be more easily understood by a broader range of employees across organizations (Pojasek,
2003). Fenton (2007) depicts the use of process maps as both an initiator and a tool for change,
whereby “as-is” and “to-be” representations of organizational processes can be achieved through
the use of process mapping (Pojasek, 1997; Winch & Carr, 2001). This current and future state
analysis is common to various change management models such as Beckhard's change equation
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as presented in Dannemiller and Jacobs (1992) and Kotter's eight step change model (Kotter,
1996). Organizations, however, tend to view process mapping as an expensive task that requires
substantial effort (Pojasek, 2006; Soliman, 1998). Process changes may also have unforeseen
consequences if the relationships between processes are not fully understood (Pojasek, 2006).
Without fully understanding current practices it is difficult to determine the severity of process
inefficiencies that exist, prioritize opportunities for process improvements, and develop action
plans to implement and reap the benefits of process changes.
Process maps generally consist of boxes representing processes or process activities while arrows
show the inputs, outputs, and connections to preceding and subsequent process steps. One
method of process mapping involves the creation of a set of process maps that depict the overall
process in several levels of detail. This top-down, hierarchical method to process mapping is
widely published by Dr. Robert B. Pojasek and has been linked to improving environmental
performance in organizations as a part of a systems approach (Pojasek, 1997; Pojasek, 1999,
2005). Anjard (1996) relates this top-down approach to 'peeling the onion', in which process
maps progress from a macro-level views to micro-level views of processes. This approach is
useful for allowing an appropriate level of detail to be presented such that it is not overwhelming
or confusing for the recipient of the information.

Figure 15 depicts the hierarchical

representation of process maps.

Figure 15: Example of hierarchical process map structure as illustrated by Pojasek (2005).
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Presenting processes in a hierarchical process map lends itself nicely to mapping resource use,
waste streams, and identifying where inefficiencies may be present. Resource use can be
identified at each individual level for each process. An example, showing a series of processes
for an offset lithographic printing operation were depicted in Pojasek (1997) which demonstrated
the ability to capture both resource use and waste generation (Figure 16). The use of computer
software packages enhances the capabilities of process maps to incorporate facility data directly
to specific processes. Pojasek (2006, p. 74) describes the ability to attach process documentation
such as “standard operating procedures, the exact wording of regulations specific to a particular
work step, user guides, checklists, preventive maintenance task lists, knowledge derived from
operator experience, personnel records, and so on” to process maps using such software.

Figure 16: A detailed level of a hierarchical process map (redrawn from Pojasek, 1997).
Despite process mapping being a useful diagrammatic BPM approach for reducing the perceived
complexity of organizational processes and identifying process inefficiencies, the success of this
approach is dependent on a number of different factors. Siha and Saad (2008) identify critical
success and failure factors for the use of process mapping for improving business processes
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(Table 20). Many of these factors suggest that process mapping can benefit from being an
inclusive process that is connected to the existing organizational culture through a common
centralized vision for improvement.
Table 20: Success and failure factors for process mapping for business process improvement
(adapted from Siha & Saad, 2008).
Success Factors
Assuring full participation of everyone
in the process
Accuracy in collecting process data
Creation of autonomous cross-functional
teams accountable for the results
Focus on both the process’s efficiency
and effectiveness
The inclusion of decision point which
are a key to effective analysis
Emphasis on achieving the company’s
goals
The focus on the customer and measures
of process success














Failure Factors
Failure to define a beginning and end to the
process
Lack of identifying the purpose of the
improvement effort and consequently the
required details of the process’ depth and
breadth. This may lead to unneeded extra
expense or poorly designed process.
Failure to link the goal of process
improvement to the organization
competitive priorities

Matsumoto et al. (2005) also depicts the importance of inclusiveness and engaging employees in
a study involving the use of process mapping in the construction industry supply chain in the
United Kingdom. The study emphasized that “getting end-users involved in how this information
is presented is critical to producing a document/tool that can be easily understood, adopted and is
compatible with everyday working practices” (Matsumoto et al., 2005, p. 468).
4.2.2.2

Causal Loop Diagrams

Causal loop diagrams (CLDs), also referred to as inference diagrams, are a BPM approach rooted
in system dynamics theory. CLDs allow for the complexities of a system to be graphically
presented such that cause and effect relationships between system variables can be observed and
analyzed (Gong et al., 2004). Coyle (2001) outlines four key benefits for the use of CLDs:
•

It puts onto one piece of paper a view of a problem that might otherwise require many
pages of text to explain

•

It can serve as an effective agenda for discussion of the problem
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•

Study of it shows patterns of feedback and seeing those can be helpful, even though
dynamics cannot be predicted from the [CLD]

•

It can serve as the basis for a simulation

System variables are connected using arrows and can depict either a positive or negative
influence on each other. A positive relationship (denoted by “+”) between two variables indicates
that as one system variable increases so does the other, and vice versa. A negative or inverse
relationship (denoted by “–”) between system variables indicates that as one system variable
increases the other connected variable decreases, and vice versa. Other aspects of CLDs include
the formation of feedback loops and time delays between system variables. Only two forms of
feedback loops, reinforcing and balancing, are used in constructing CLDs (Sterman, 2001).
Feedback loops are reinforcing when the product of all system variable signs (i.e., “+” or “–“) in
a loop is positive. This can occur when all variable linkages are “+” relationships or when there
is an even number of “–” relationships in a loop. Balancing feedback loops consist of an odd
number of “–” relationships between variables in a loop (Mella, 2012). An example of the CLD
syntax for representing system variable polarities and feedback loops is presented in Figure 17.

Figure 17: Example of graphical representation of a CLD (adapted from Sterman, 2001).
The application of system dynamics modeling and CLDs has been used to understand and
analyze many different complex systems. Adamowski and Halbe (2011) used the participation of
stakeholders involved in watershed planning and management to develop CLDs to identify the
issues being faced by a watershed located in Quebec, Canada. Georgiadis and Besiou (2008)
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developed a system dynamics model for a closed-loop supply chain using CLDs. This study
investigated the impacts of environmental legislation, green consumerism, and technological
innovations on a supply chain with respect to the availability of natural resources and landfills
for waste disposal. The use of CLDs and systems dynamics modeling has also been
demonstrated in organizational management applications. Repenning et al. (2001) used CLDs to
represent a common problem within product development companies. This problem involved
balancing available resources between fixing unforeseen product development issues and
continuing to develop new and innovative products (Figure 18). Figure 18 illustrates the aspects
of a CLD including the relationships between system variables, the formation of nested feedback
loops, and a time delay.

Figure 18: CLD representing typical resource allocation issues during product development
(Repenning et al., 2001).
As shown above, the increase in the system variable representing resources used for designing
‘this year’s product’ decreases the amount of resources available for the development of ‘next
year’s product’. By reducing resource allocation to ‘next year’s product’, more design problems
ultimately result in the following year (i.e., after a delay between ‘next year’s product’ becoming
‘this year’s product’). Conversely, increased resource allocation for ‘next year’s product’ results
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in fewer resources to solve current design problems with ‘this year’s product’ with the potential
of producing a substandard product. Repenning et al. (2001) describes how unforeseen problems
can result in a “firefighting” approach to resource allocation, which can trap companies in an
ongoing and costly cycle of resolving unexpected issues. The use of a CLD allows for this
intricate balance to be observed graphically and understood.
Systems dynamics can be used to perform both qualitative and quantitative modeling. Qualitative
modeling generally involves the creation of CLDs whereas quantitative ‘stock and flow’ methods
apply mathematical equations to qualitative models to allow for simulation (Melão & Pidd,
2000). Much debate over the benefits and limitations of both qualitative and quantitative system
dynamics modeling approaches has penetrated academic literature. On one hand, qualitative
models such as CLDs are considered to be limited in their ability to capture the dynamic
behaviour of a system (Homer & Oliva, 2001). On the other hand, quantitative modeling has
been criticized for the additional time and effort required to develop and test model simulations
as well as the proportion of value added by simulation over only using qualitative methods
(Coyle, 2001). Quantitative simulation models have also been subject to criticism surrounding
the uncertainties of quantifying ‘soft’ or human system variables. It has been suggested that the
results of these models may produce “plausible nonsense” (Nuthmann, 1994, p. 3) instead of
accurate depictions of system behaviour. Both sides of this debate agree, however, that the use of
qualitative models such as CLDs are beneficial for enhancing the description of problems
(Coyle, 2001; Homer & Oliva, 2001). Wolstenholme (1999) reiterates this point:
“‘Causal loop’ qualitative system dynamics enhances linear and 'laundry list’
thinking by introducing circular causality and providing a medium by which
people can externalise mental models and assumptions and enrich these by
sharing them. Furthermore, it facilitates inference of modes of behaviour by
assisting mental simulation of maps.” (p. 424)
4.2.3

Summary of Literature

A clear need for the increased adoption of P2 is evident in the FBP industry. FBP facilities are
very much constrained by the quality of resource streams used in processing operations in order
to meet product safety standards. The level at which FBP facilities understand resource
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consumption and the generation of pollution from processing operations is not sufficient to
implement and sustain P2. Deeper understanding and information gathering at the ground level is
needed to appropriately identify, prioritize, and implement P2. The use of process maps can help
to enhance understanding of complex facility processes and provide a platform for storing and
sharing knowledge related to P2. Interviews with frontline employees can gain access to
invaluable ‘on-the-ground’ perspectives and experiences for uncovering P2 opportunities. The
use of causal loop diagrams (CLDs) can help characterize the integrated nature of P2
opportunities though a systems modeling approach.

4.3 Phase I - Facility Process Mapping and Operator Interviews
The development of a hierarchical process map and conducting interviews with Facility
operators was performed to assist the Facility with developing a greater understanding of its
processes and identifying areas for P2 solution implementation (Figure 19). These approaches
were chosen based on the Facility's current situation with respect to the environmental problems
it faces and the current approaches being used to solve them. An understanding of the Facility's
specific circumstances was developed through the information presented in Chapter 2.0 along
with the support of relevant literature on business process modeling techniques and the
importance of employee participation in change initiatives. This section presents the method
used for the development, application, and analysis of results for both the hierarchical process
map and interview process.
Chapter 2.0 identified a need for simplifying and integrating Facility information such that it
would be more widely accessible and easily understood by Facility employees. By creating a
process map a greater understanding of where data gaps exist could be obtained and used to
make informed decisions on how to improve resource use efficiency in Facility processes. A
process map could also allow for tracking and storing of data related to the quantity and quality
of resources used in a centralized location. Chapter 2.0 also identified a top-down approach to
past environmental projects which lacked the participation and insight of frontline employees.
Capturing the expertise and experiences of Facility employees, particularly at the low level,
could help improve and expand the depth and breadth of efforts to improve environmental
performance through P2.
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Figure 19: Phase I of study within overall methodology.
It was important to consider that the Facility's situation may change. As such, the method used to
develop the two approaches was done so with the intention of helping the Facility in its current
situation but also in anticipation of its future needs of how it will continue with P2.
4.3.1

Method

4.3.1.1

Hierarchical Process Map Development

The hierarchical process map was developed in a number of stages. It was first important to
consider an appropriate focus and scope for the process map such that it fit within the Facility's
current needs. To make the process map most relatable to the employees of the Facility, the
underlying structure was represented by the Facility's core process, fluid milk production. This
approach allowed for each process step to be shown and supplemented by areas of resource use
such as water, energy, and chemical use.
The scope of the process map was dependent on the level of detail that could be extracted from
existing information related to Facility operations and resource use. From Chapter 2.0 some
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information pertaining to resource use had been collected. However, this information was often
collected in a segregated manner and supplementary data was needed to reliably understand the
quantity and quality of resource use at important process steps. For this reason it was important
to consider the development of the process map as an iterative process. The initial benefit of the
process map was intended to come from simply observing Facility processes in a more easily
understood form and to help in the early identification of P2 opportunities. The hierarchical
process map could be later refined to include additional detail as opportunities for P2 stimulate
additional information collection.
The next stage in the process required the decomposition of Facility information and establishing
appropriate hierarchical levels to convey the information effectively. The hierarchical approach
to the process map development was useful in simplifying complex Facility information while
also integrating the segregated sources of resource use data into a central platform. Only through
this hierarchical breakdown of the process could additional Facility information be added and
still result in a simple and clear representation of the fluid milk production process. The
engineering process drawings and the fluid milk product processing scheme were both broken
down into smaller components and used to develop the initial process map structure. Significant
time was spent deconstructing the complex engineering process drawings to depict how the milk
production process actually took place (recall Figure 4). Throughout this process, the fluid milk
processing scheme was used to help clarify existing information and also supplement
information that was absent from the engineering process drawings. This preliminary
representation of the milk production process was performed by hand using a pencil and paper
technique. A graphical depiction of this preliminary work is shown in Figure 20.
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Figure 20: Hand drawn representation of one portion of the product flow through Facility milk production process.
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The milk production process could then be segmented into manageable sized areas of focus to
limit complexity. Three hierarchical levels were defined throughout the process diagram: Facility
Overview, Process Stage Overview, and Detailed Process. Following the establishment of the
hierarchical levels the preliminary representation of the process map was captured digitally using
process mapping software. The reason for using such software was the ability to create a
universal linking structure that could be used to navigate vertically and horizontally through the
fluid milk production process at the different hierarchical levels. This was particularly useful to
manage situations where processes and sub-processes add significant complexity to an overall
parent process. A search for an appropriate software package to create the hierarchical process
map was undertaken based on the following functionality requirements:
•

Can sufficiently capture information from facility processing operations in hierarchical
structure

•

Aesthetically pleasing compared to existing complex facility process diagrams

•

Can incorporate additional functionality/capabilities in future revisions of the process
map

Two software packages, Microsoft Visio and iGrafX Flowcharter, were reviewed prior to the
digital development of the process map. Both of these software packages had the capability to
represent the process map hierarchically using a linking structure. However, Microsoft Visio was
selected based on its unique ability to link stored database information directly to specific
elements of the process map. As database information is revised, these changes are reflected in
the Microsoft Visio automatically. This was considered to be the most useful function beyond
simply constructing the process map, since future resource use data collection would require a
repository for this data. Linking data to the process map was considered essential to avoid
segregating Facility information. Instead this information would be united with the ability to
visually track and monitor the quality and quantity of resource use at the Facility. iGrafX
Flowcharter had unique capabilities of its own, however, these were primarily centred on
business oriented tasks and productivity with little apparent capabilities to address energy, water,
and material resource use. Following the decision on which software package to use, the digital
process map was then created. As much as possible, a standardized format was used to represent
each level of the fluid milk production process. To enhance the graphical interface of the process
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map, colours were used to distinctly represent various stages in the production process as well as
hot or cold water and energy process inputs and outputs where applicable.
It was important to obtain feedback on the accuracy of the process map to make some
preliminary observations related to its ability to be easily understood and potentially aid in
identifying areas of resource use inefficiency. To achieve this, printed copies of some process
stages of the hierarchical process map were presented to the Facility operators participating in
the interview process. Revisions and/or comments provided by the Facility operators were
incorporated into the process map. It was important to conduct this preliminary validation to
ensure that the process map reflected the views held by the Facility’s own employees of how the
fluid milk production process actually takes place.
The ability to make use of the data linking functionality of Microsoft Visio was limited by the
amount of existing Facility data related to resource use. This functionality was considered more
important for future iterations of the process map. However, it was deemed important to
demonstrate this feature with the Facility data that was available. As such, the data linking
capability was applied to some areas within the fluid milk production process.
4.3.1.2

Facility Operator Interview Approach

In-person interviews were conducted with Facility operators to identify areas of inefficient
resource use and opportunities for P2 in Facility operations. All interviews took place at the
Facility and ranged between 45-60 minutes in duration. An audio recording device was used with
the permission of each interviewee to help document the information uncovered during the
interview. The overall approach for the interview process is provided in Figure 21.

Develop
Sampling
Strategy and
Select
Participants

Develop
Interview
Guide

Conduct
Interviews

Figure 21: Overview of approach to interview process.
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Analyze and
Compile Data

Participants in the interview process were recruited using an open invitation process. A one-page
advertisement (see Appendix G – Interview Recruitment Poster) was posted on communication
message boards in the Facility by the designated Facility contact. The advertisement highlighted
the:
•

Opportunity for participants

•

Expectations of participants

•

Time requirements for participants

•

Contact information for interested facility employees

•

Approximate number of participants to be selected for the study

This open invitation process enabled any Facility employee to express their interest in
participating in the interview processes. However, interviews were focused around capturing
“on-the-ground” experiences and perspectives of frontline Facility operators. It was anticipated
that Facility operators would have significant insight to wasteful practices throughout Facility
operations as a result of being closest to or participating directly in these activities on a daily
basis. Purposeful sampling was used to ensure the Facility employees interviewed encompassed
a wide range of Facility operations. It was also important that participants showed a keen interest
(e.g., demonstrated through past behaviour) in improving the environmental performance of the
Facility. As such, Facility personnel knowledgeable in both employee behaviour and the
departmental structure of the Facility were consulted to help with the selection process. The
expected quantity and quality of the data collected in the interviews was largely unknown. For
this reason, interviews were first conducted with only a small sample of Facility operators.
Subsequent interviews were planned to take place pending the quantity and quality of
information collected.
The interviews conducted were based on an in-depth interview style. As such, the interview
process was designed to take the form of a discussion rather than a strict set of formalized
questions for the interviewee to answer. General information was collected at the beginning of
each interview regarding the interviewee's role within the company (i.e., areas or departments
within Facility operations with which they have worked, day-to-day tasks). The concept of P2
and resource use was then explained to the interviewees to avoid confusion. The central issue of
the inefficient resource use in Facility operations largely guided the remainder of each interview.
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Identifying the causes of inefficient resource use was the primary focus. Interviewees were asked
to share their personal experiences, thoughts, and feelings around this issue and recall specific
areas of these inefficiencies within Facility operations. Probing questions were used to elicit
more detail from interviewees. Where appropriate, additional questions were kept on hand by the
interviewer in the event that discussion during the interview was limited or off topic. An
interview script was used at the start and conclusion of each interview to provide consistent
information to the interviewee about the process.
In addition, portions of the hierarchical process map were used during the interviews to help
clarify processing operations and stimulate the identification of additional areas of resource use
inefficiency. An example of a portion of the process map used during the interview process is
shown in Figure 22.

Figure 22: Example of process map section used during interview process.
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Where time permitted, interviewees were asked to develop a mental model using a whiteboard,
sticky notes, and markers to help show the linkages between identified areas of resource use
inefficiencies over the course of the interview. Mental models are a preliminary step in the
creation of CLDs. The individual mental models aimed to capture the problem of resource use
inefficiency from a systems perspective. From these models sequences of activities that reinforce
or balance the impacts of resource use in facility operations could be identified. In cases where
time did not permit the development a mental model during the interview, data collected from
the interviews were used to create these models afterwards (see Section 4.4.2). An example of a
mental model created for one of the interviews is shown in Appendix L – Individual CLD
Models.
The analysis of the data collected during the interviews consisted of first compiling all ininterview notes, mental models (if created during the interview), as well as any missed
information by re-listening to the audio recordings of each interview. The data collected from the
interviews was categorized into common themes based on P2 opportunities identified. For a
number of the solutions identified it was possible to generate an estimate of the amount of
resources being wasted and the subsequent economic impact on the Facility. These estimates
were developed using both the personal accounts of the Facility operators interviewed as well as
the information gathered in Chapter 2.0. Supporting information for these estimates including
any assumptions that were made are shown in Appendix K – Sample Calculations for P2
Opportunities.
Ethical Considerations
All interviews were set up internally by an employee responsible for staff scheduling. Interviews
began by explaining the overall purpose of the interview process, the reason why the
interviewees were included in the process, the concept of pollution prevention, and the end use
of the information collected during the interview. All interviewees signed a consent form during
the interview and were also informed of the rights they had as human participants, including:
•

Right to refuse to answer questions, share information, and to withdraw from the study at
any time

•

Right to refuse to be audio recorded
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•

Right to withdraw data collected during the interview at any time

•

Right to not be associated by name with the data collected during the interview

All participants in the interview process were employees of the Facility. As such, risks to
participants were primarily related to ensuring the anonymity of the interviewees and their data
provided during the interviews. The information collected during the interviews had the potential
to identify wasteful behavioural practices of Facility employees related to the use of water,
energy, and materials in the fluid milk production process. As such, it was reiterated to all
interviewees that the focus of the interviews was to identify areas of inefficient resource use, not
to identify specific employee behaviour as unacceptable or wrong. All interviewee names were
omitted and substituted with an anonymous identifier (e.g., INT-1).
This study received certification of ethical acceptability of research involving human participants
from the University of Guelph’s Research Ethics Board (REB Number 11AP016). The certificate
can be found in Appendix H – Ethics Board Approval Certificate.
4.3.2 Results and Discussion
4.3.2.1

Hierarchical Process Mapping

The intention of the hierarchical process map was to simplify complex Facility information such
that it could be more widely disseminated and understood by Facility employees. This section
presents and describes the different hierarchical levels (i.e., Facility Overview, Process Stage
Overview, and Detailed Process) of the process map developed for the Facility’s fluid milk
production process. Graphical representations of the different hierarchical levels are included to
demonstrate how to navigate through the fluid milk production process using the process map.
Additional areas of the process map are shown in Appendix I – Hierarchical Process Map
Documented Areas.
The Facility Overview level view provides an overview of the materials and energy inputs and
outputs to the Facility as well as the major steps or transitions in the fluid milk production
process (Figure 23). This level serves as a starting point for the process map allowing the user to
see the Facility as a holistic process rather than diving directly into detailed process information.
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By starting at the Facility Overview level, employees can be reminded of how their daily
contributions fit within the overall fluid milk production process at the Facility.

Figure 23: Facility Overview Level view of hierarchical process map.
From the Facility Overview level view the user can choose to link to each of the process stages
within the fluid milk production process. For example, selecting the Process Area takes the user
to the Process Stage Overview level of this area (Figure 24). From this level the connections
between the preceding and following process stages in the fluid milk production process are
shown (i.e., Raw Milk Receiving and Production/Packaging, respectively). Information from the
product processing scheme has been incorporated into the process map to graphically show
which processing systems supply which ingredient tanks and batch tanks. It can also be observed
that all processing systems send either pasteurized or sterilized product to the processed milk
storage area prior to being sent to the filling machines in the Production/Packaging area.
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Figure 24: Process Stage Overview level view of hierarchical process map (Process Area shown
as example).
To uncover more detail within the hierarchical process map each of the processors link to the
Detailed Process level. For example, selecting the VTIS processing system from the Process
Area section of the map links to a detailed overview of the VTIS process as depicted in Figure
25. This system shows not only the pathway of fluid milk through the processing system, but
also where various water and energy inputs are required. Details pertaining to the quantity and
quality of these inputs are largely unknown, but can serve as a basis for identifying specific
resource use throughout the process in the future. The Detailed Process level also has linkages to
other areas of the hierarchical process map.
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Figure 25: Process Level view of hierarchical process map (showing VTIS processing system as
an example).
As described in the previous section, the hierarchical process map was used during the interview
process with Facility operators to help validate the information contained in the process map and
to identify areas of inefficient resource use. The Facility operators confirmed, with only slight
revisions, the accuracy of fluid milk production process to the degree that could be developed
with the information gathered and presented in Chapter 2.0. In addition, the Facility operators
did not appear confused or overwhelmed by the process map. In one of the interviews the
interviewee used the map to identify and explain a piece of processing equipment that
continuously discharged cooling water to the Facility drain. It is important to note the simplicity
of these initial observations. The intent of using the process map during the interview process
was as a supplementary tool to aid in uncovering the ideas and perspectives of the Facility
operators related to P2 opportunities.
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Navigation throughout the hierarchical levels (i.e., vertically) and between process stages (i.e.,
horizontally) is achieved by clicking various shapes found within each of the process maps. All
shapes having the ability to link to a different area of the diagram are characterized by bold text
and a thick outline around each shape (Figure 26). Shapes found within a particular process
generally allow the user to vertically ‘drill down’ into more detailed sub-processes of fluid milk
production as outlined in Figure 23 through Figure 25. Shapes found at the start and/or end of
processes allow for the horizontal (i.e., forward and backward) movement between the process
stages (Figure 26 (a)). Supplementary navigational shapes are included on each hierarchical
process map level to facilitate moving from micro to macro levels of detail by either moving up
one level at a time or stepping back to the Facility Overview level (Figure 26 (b)). The
navigational structure of the hierarchical process map allows the user to seamlessly move
through the fluid milk production process.

Figure 26: Navigation tools allowing the user to (a) move forward and backward through the
process map horizontally; (b) move up the process map hierarchy vertically.
As outlined in Section 4.3.1, the ability to link data from various electronic sources to the
process map is considered an important aspect for storing and tracking resource use data in
future iterations of the process map. Existing Facility data was incorporated into the map to
demonstrate this capability. Upon selecting a shape containing linked data, the data is presented
in the “shape data window” in the Microsoft Visio program. For example, Figure 27 shows the
Facility-wide water consumption data (on a per L of milk received basis) as it appears in the
Facility Overview level of the process map. Alternatively, the same data can also be linked to the
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process map in the form of graphical charts, either by opening the chart in an external database
program (e.g., Microsoft Excel) or embedding it within the process map.

Figure 27: Monthly water consumption benchmarking shape data as displayed within Microsoft
Visio.
Another representation of the data linking capabilities of the process map is shown in Figure 28,
which depicts the water and chemicals usage for the Raw Milk Receiving area using data from
the CIP sanitation schedule presented in Chapter 2.0. Other data sources such as raw milk
shipments and production records, incoming materials, energy and natural gas utility records,
wastewater and wastewater sludge production can all be shown within the process map in a
similar fashion.
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Figure 28: Raw Milk Receiving Area CIP system parameters for alkali truck cleaning cycle
Summary
The hierarchical process map represents the first stage in an ongoing process to translate existing
Facility information into a simpler and more easily understood form. Much iteration is still
required to ensure the accuracy of both the fluid milk production process as well as the resource
use data that can be incorporated into the process map. It is expected that as interest grows, more
resources could be allocated to further develop the process map and include additional data as it
is collected as part of the ongoing monitoring of P2 solutions.
Despite the process map not capturing all areas of the fluid milk production process in the same
level of detail, the usefulness of such a tool has been demonstrated. The hierarchical structure
allows for pertinent process information to be conveyed by segmenting larger process steps into
manageable sized sections. These sections are supplemented by a vertical and horizontal linking
structure for navigating through the fluid milk production process without becoming lost within
the process steps. The hierarchical process map helps to highlight, graphically, existing gaps in
process knowledge related to Facility resource use while also allowing for process knowledge to
be embedded within in the diagram to help merge Facility information into a common platform.
The hierarchical process map is not designed to replace existing forms of Facility information,
but provide a centralized platform with the ability to link to this information (e.g., engineering
drawings, economic performance data, wastewater testing results, operating procedures). The
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hierarchical process map offers substantial insight into how the Facility can better document
complex processes and also acts as a knowledge repository for resource use data. Additional
clarification of the accuracy of process stages as well as uncovering additional process
knowledge was conducted with Facility operators during the interview process.
4.3.2.2

Facility Operator Interviews

A total of four Facility operators were retained through the interview recruitment process. Each
operator was intimately involved in processing operations at the Facility. The four participants
represented a wide range of areas within processing operations. In addition, all four respondents
had participated in the environmental committee meetings in some capacity. As such, previous
knowledge of the Facility’s environmental performance may have influenced the information
provided during the interviews. However, the interview respondents still provided their own
unique perspective on the issues faced by the Facility. Table 21 summarizes the respondents that
took part in the interview process.
Table 21: Summary of interview process participants.
Interview ID
INT-1
INT-2

INT-3
INT-4

Job Title
Production
Operator
Production
Operator
(Vacation Relief)
Production
Operator
Production
Operator

Areas of Focus
CIP Systems, Operation Equipment
Product Filling Machines, Processing
Systems, Case Washing Area, CIP Systems
Raw Milk Receiving, Product Filling
Machines
Product Filling Machines (bag filler)

Identified P2 Opportunities
The data collected from the interviews not only identified areas of inefficient resource use where
P2 could be applied, but also uncovered contextual factors relating to the Facility’s overall
culture and approach to improving environmental performance. The data from all four interviews
was aggregated and categorized into five themes:
•

Water consumption

•

Product Loss
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•

Chemical Use

•

Processing/Scheduling Issues

•

Energy Use

These themes were developed based on what was considered most relatable to the Facility staff.
By splitting the identified areas of resource use inefficiency into their respective resource
streams, the Facility can relate the overall cost of each resource to the scale of resource wastage.
In addition, the frequency of processing and/or scheduling issues that surfaced during the
interviews established itself as its own unique theme. Permeating through all of the identified
themes were cultural factors that had the tendency to influence employee behaviour and
understanding of P2. A general consistency was observed between many of the identified areas
of inefficient resource use despite the Facility operators each having a unique perspective of
Facility operations. Figure 29 through Figure 33 summarize the key ideas uncovered during the
interview process for the aforementioned themes. A total of 41 areas of inefficient resource use
were identified. More detailed information pertaining to the results of each individual interview
is shown in Appendix J – Detailed Interview Summaries.

Figure 29: Summary of issues identified surrounding water consumption.
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Figure 30: Summary of issues identified surrounding product loss.

Figure 31: Summary of issues identified surrounding energy use.
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Figure 32: Summary of issues identified surrounding processing and scheduling issues.

Figure 33: Summary of issues identified surrounding chemical use.
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Identified P2 Solutions
In some cases, the Facility operators provided P2 solutions in addition to identifying areas of
inefficient resource use. The identified solutions primarily involved reducing water consumption
and/or product loss and are summarized in Table 22.
Table 22: Summary of identified P2 opportunities and solutions
Identified P2
Opportunity
CIP System Water Use
Case Washing Machines
Water Use
Raw Milk Receiving
Area Floor and Truck
Washing
Cooling Water from
Process Separator
Hose Station Use at
Filling Machines

Resource

Description of P2 Solution

Water

Recover final CIP rinse and use as initial rinse of
next CIP cycle for non-recycling CIP systems (i.e.,
CIP1-5, CIP7)

Water

Turn off case washers overnight if not in use

Water

Substitute existing hose with high-pressure washer

Water
Water

Lost Product at filling
machines

Product

Product Leakage

Product

Filling Machine Priming
Inconsistency

Product

Communication between
Production Area and
Cooler/Warehouse

Product

Recover cooling water from separator motor for use
in Soap/Water Lubrication lines
Substitute hose station use with squeegee for clearing
away product spills
Install piping or directly package unusable product
(i.e., non-reclaim product or reclaim system
overflow) and send directly to wastewater sludge
silo.
Increased valve check frequency to reduce product
leaks throughout Facility
Switch from manual diversion to flow regulated
diversion of product/water mixture during filling
machine priming
Install display panel to increase communication
between production and cooler operators to prevent
Product Reclaim System overflow

It is important to note that a lack of existing data prevents the quantification of the full
environmental and economic benefits from implementing the P2 opportunities identified. A
number of P2 opportunities, however, could provide an estimate of a proportion of the potential
environmental and economic savings. Table 23 depicts the resource savings for the identified
water conserving P2 solutions. Details related to the calculations of these estimates are found in
Appendix K – Sample Calculations for P2 Opportunities.
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Table 23: Summary of estimated resource and cost savings resulting for water conserving P2
opportunities.

Identified Resource
Issue
CIP System Water
Use
Case Washing
Machines Water Use
Raw Milk Receiving
Area Water Use
Cooling Water from
Process Separator

Potential
Resource
Savings
(m3/year)

Potential
Cost Savings
($/year)

14,390

34,500

6,080

14,600

2,160

5,200

1,180(1)

2,830

Notes:
(1) – Estimate is for one separator motor only.

The CIP systems at the Facility make up a large proportion of the Facility’s overall water
consumption. During each cleaning cycle, each CIP system performs an initial and final rinse for
the particular equipment, storage tank, or line being cleaned. However, only two of the Facility’s
eight CIP systems can recover the final rinse of a CIP cycle and use it as the initial rinse of the
next CIP cycle. The P2 solution identified by the Facility operators is to incorporate the ability
for the remaining five CIP systems to recycle this water in the same fashion. One operator
acknowledged that not all non-recycling CIPs could be converted due to the possibility of the
cross contamination between product residues that require different levels of heat treatment.
Despite this possibility, it is assumed that this retrofit would be applicable for all currently nonrecycling CIP systems. The cost savings estimate of approximately $34,500 represents the
resulting reduction in water costs.
The case washing equipment at the Facility is used to clean dirty cases that are returned by
customers. Approximately 50,000 cases per day are washed using these machines. One Facility
operator stated that two of the three case washer machines are left on overnight and continue to
consume water even though only one case washing machine is usually used during the overnight
shift. The savings of $14,500 per year reported for this P2 opportunity are strictly for the water
savings associated with turning off these unused case washing machines when they are not in
use. Estimates of energy loss from powering the case washing machines and any heat energy in
the water have not been estimated.
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The Raw Milk Receiving area consumes a large quantity of water for washing dairy trucks and
the receiving bay floor. The CIP system in this area (CIP8) can recycle water and chemicals;
however, the primary concern for the Facility operator working in this area was the
ineffectiveness of the existing hose used to clean the bay floor and the outside of the dairy trucks.
Approximately 30 dairy trucks deliver raw milk to the Facility per day. Washing these trucks
results in the accumulation of sand and dirt on the receiving bay floor, which requires daily
cleaning. The reported resource and cost savings associated with this P2 opportunity include both
the improved water use efficiency by switching to a high pressure system as well as the reduction
in time spent cleaning the bay floor and dairy trucks. A cost estimate of $3,500 from a Canadian
pressure washer supplier was provided for an appropriate system resulting in an overall payback
period of less than 1 year based on the current resource saving estimates.
Throughout Facility operations water is used for cooling process equipment and is discharged
directly to the Facility drainage system. A Facility operator measured the water flow from a
separator motor in the processing area. The reported resource and cost savings for this P2
opportunity are associated with the recovery water and using it to offset water used in the soapwater lubrication lines for the filling machines.
Hose station use at the Facility can be partially attributed to Facility operators washing product
spills into the Facility drainage system. While an overall estimation of hose station use could be
calculated for the Facility based on estimates provided in the Facility water balance, the
proportion of this water use that could be replaced by using squeegees could not be determined.
P2 solutions related to product loss were consistent with the proposal identified in Chapter 2.0. A
number of the Facility operators suggested implementing a bypass to the wastewater sludge silo
for products that cannot be reclaimed (i.e., chocolate beverage, eggnog) and would otherwise be
sent to the wastewater treatment system. Facility operators recalled a number of specific
instances of product loss during processing operations, however, only some of these instances
were estimated in terms of quantified losses. A study conducted by Danalewich et al. (1998)
involving a number of dairy processing facilities found that employees had the tendency to
severely underestimate the actual quantities of lost product during processing operations. An
analysis of different product loss scenarios and the potential costs incurred by some specific
product loss events is presented in Table 24. A general lack of understanding still exists,
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however, for determining which products are lost and the frequency that losses occur. Much of
this uncertainty is due to the wide fluctuation in production orders from week to week. Certain
quantities and frequencies of product spills were obtained through additional clarification with
the designated Facility contact.
Table 24: Summary of Lost Product Analysis.

Issue/Process
Chocolate Beverage
Filling Machine
Priming
Product Loss at
Filling Machines
Product Reclaim
System Tank
Spoilage
Spoiled Tank

Quantity
Discharged
(L per
incident)

Discharge
(kg/yr)

Surcharge
($/yr)(1)

Surcharge +
Production
Cost
($/yr)

Chocolate
Beverage

300(4)

6,552

3,735(2)

(3)

Skim
Homo
Skim

250(4)
250(4)
8,000(4)

2,366
5,369
1,248

1,349
3,060
711(5)

(3)
(3)
5,525

Homo

8,000(4)

2,832

1,614(5)

8,566

Skim
Homo

30,000
30,000

780
1,170

445(5)
1,009(5)

16,195
23,509

Product
Discharged

BOD

Notes:
(1) – Surcharge calculated based on soluble BOD fraction only.
(2) – Based on capturing non-reclaim product at start-up and at the end of a production run
(3) – Product loss at filling machines is not salable product
(4) – Quantity and/or frequency obtained through additional clarification with Facility contact
(5) – Only representative of a single occurrence, annual frequency unknown.

The calculated cost savings for the product loss analysis included the avoided BOD (i.e., kgBOD and surcharge costs) as well as the estimated production cost for the loss of salable
product. The quantity of BOD discharged for each product loss event was calculated using the
known BOD concentrations from the laboratory testing results presented in Chapter 2.0 (recall
Table 4). The BOD surcharges were calculated based on the rate of $0.57 per kilogram of BOD
discharged to the municipal sewer system that is applied to the Facility. Only soluble BOD levels
were used to calculate the expected BOD surcharges for the specific products and spill quantities
identified in Table 24. This estimate is conservative by assuming that the wastewater treatment
system removes all insoluble fractions of the BOD and that only soluble fractions are discharged.
The production cost was provided as an estimated value by the Facility contact, stating it was
approximately 40 percent less than the retail cost. Where spill quantities were provided but the
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specific product spilled was unknown or varied, two scenarios (i.e., Skim milk and homogenized
milk) were calculated to show a range of expected costs to be incurred. The results in Table 24
attempt to show the combined impact of product loss and wastewater surcharges. However,
available data is still limited in capturing the true cost and benefits of implementing the
wastewater treatment system bypass for lost product.
Contextual Factors Uncovered in Phase I
In addition to the identification of specific resource savings, the interviews also revealed
opportunities directly related to the extent that Facility employees are educated about wasteful
resource use practices. Improvements in these areas require behavioural changes that may
conflict with the existing Facility culture. One Facility operator interviewed commented on the
approach of some Facility operators with respect to their day-to-day activities:
“…a lot of [operators] just don’t care. They just want to run their machine, get
it done, and go home”
This lack of engagement of some employees in their jobs restricts their ability to be aware and
actively seek P2 opportunities. Wheatley (2006) describe the need for employees to feel a sense
of ownership of their day-to-day tasks in order to be encouraged to become engaged and
contribute. There is evidence, however, that not all Facility operators appear disengaged. One
Facility operator described his dedication to the company:
“whenever I come I see the first [big order], I say ok we have to run more and
more cases through…I can’t sleep if [I don’t meet my target]…mentally I want
to run more and more…because this company is the key to our future….we have
to give back more and more”
Another factor deterring the progress of identifying P2 opportunities is the lack of understanding
of the actual costs of inefficient resource use to the Facility. One interview respondent
commented on how Facility operators are not educated enough to actively participate in the
process of P2:
“people can’t associate cost to it right, unless you’re at home…because you see
the bills…but if people don’t see that the company spent X amount of dollars on
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water today and electricity and all this…than they can’t connect to it I don’t
think…I’d say that’s huge…if you can educate the workforce and make them
understand…where the money is going…it hits home…if you guys came back
and threw numbers at the people, I think the people would come back with more
information…they’ll make a connection…everyone makes a connection to money
right”
Based on the information collected during the interviews, there appears to be a disconnect
between management staff and Facility operators with regards to taking meaningful steps
towards improving the environmental performance. Facility operators may be knowledgeable of
where P2 opportunities exist, however, there may be little incentive to voice these suggestions to
management staff. One operator indicated that some concerns that have been raised to
supervisory and management staff related to malfunctioning equipment have gone unanswered.
Facility management staff may also not be fully aware or engaged in the process of determining
the impacts of inefficient resource use. King and Lenox (2002, p. 290) comment on how the
expectations of managers can influence their desire to pursue P2 opportunities, “if managers
expect little benefit from certain pollution reduction strategies, they may not search for such
profitable pollution reduction opportunities, and thus, may not find them”.
Summary
The vast number of ideas brought forward by the Facility operators during the interviews
demonstrates that valuable process knowledge related to P2 does exist. Uncovering P2
opportunities as observed through the eyes of Facility operators helped to better characterize the
data gaps that exist and lead to a better understanding of what is needed to fully characterize
these opportunities. Some of the opportunities identified depict the potential for substantial cost
savings for the Facility through P2; however, limited action has been taken to move forward with
exploring these opportunities in more depth.

4.4

Phase II - Qualitative Systems Analysis using Causal Loop Diagrams

The purpose of Phase II was to extend the usefulness of the information collected during the
interviews in Phase I by generating Causal Loop Diagrams (CLDs). Phase I identified a number
of areas of inefficient resource use related to water, product loss, energy, chemical use,
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processing/scheduling, and employee education/training. However, it was found that insufficient
Facility data existed which prevented the true benefits of these opportunities from being
communicated. CLDs graphically describe causal chains and feedback processes between system
variables that lead to inefficient resource use and can assist with developing a more
comprehensive understanding of the identified P2 opportunities.

Figure 34: Phase II of study within overall methodology.
4.4.1

Method

The approach for Phase II involved three stages as outlined in Figure 35. Using the existing data
collected during Phase I from Figure 29 through Figure 33, CLDs were developed for each of the
four interviews conducted. From these individual CLD models, a merged CLD model was
developed. The third stage involved analyzing the merged CLD model and discussing the
implications of identified causal chains and feedback loops.
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Individual CLD
Development

Merged CLD
Developemt

Qualitative
Analysis of CLD
Model

Figure 35: Phase II approach to CLD development and Analysis.
4.4.1.1

Individual CLD Development

To develop the individual CLDs, the identified areas of resource use inefficiency from Phase I
were first linked together in linear causal chains. This was performed by defining the “+” and
“–” relationships between these system variables. The development of these causal chains
allowed for sequences of causes to be depicted graphically (Figure 36).

Figure 36: Example of causal chains.
Once the causal chains were established between system variables, linkages between variables in
different causal chains could be identified through similar “+” and “–” relationships. These interchain system variable relationships represent “co-causes and multiple effects” (Mella, 2012).
Figure 37 demonstrates the merging of causal chains results in co-causes and multiple effects.
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Figure 37: Example of merged causal chain with co-causes and multiple effects
Once causal chains and linkages between these causal chains were established, feedback loops
were identified and characterized as either reinforcing or balancing (Figure 38). This
development process was repeated iteratively to capture the cause and effect relationships for all
system variables identified in the Phase I interview process.

Figure 38: Merged causal chains and identified feedback processes.
The purpose of Phase II was to qualitatively assess the CLDs developed. As a result, software
packages such as STELLA and VENSIM that specialize in quantitative system dynamics
modeling were not used. Microsoft Visio was used for creating the CLDs in a digital format.
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4.4.1.2

Merged CLD Development

The merged CLD involved identifying complementary aspects of each of the individual CLDs
and combining them to enhance the robustness of the model. Since the individual CLDs only
involved the perspectives of the Facility operators, it was not expected to see significant levels of
contradictory information between the CLDs compared to situations where system dynamics
modeling processes involve much more diverse stakeholder participants (see Adamowski &
Halbe, 2011). A framework presented by Halbe et al. (In review) was used as a guide to help
merge the individual CLDs into one merged model (Figure 39). This framework outlines the
possible contradictory and complementary elements that may be present between multiple CLDs
and provides some insight into how they may be addressed in a consistent manner.
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Figure 39: Framework for creating merged CLD (Halbe et al., In review)
Due to the existing complexity of some of the individual CLDs, simplifications were made when
constructing the merged CLD to maintain overall clarity. Wolstenholme (2003, p. 8) supports the
need for simplification, stating that system dynamics models are always “a compromise between
simplicity for communication and completeness for validity”.
4.4.1.3

Qualitative Analysis of Merged CLD

The qualitative analysis involved analyzing the potential impacts of the identified variable
relationships and feedback loops. Where feedback loops themselves were interrelated, these
relationships were also explained. Phase I provided some insight into the potential environmental
and economic impacts of some of the P2 opportunities identified. By viewing the issue of
inefficient resource use at the Facility using a systems approach, more insight may be gained into
how particular problems are rooted within the overall fluid milk production process.
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4.4.2

Results and Discussion

The individual CLDs developed as a part of Phase II are included in Appendix L – Individual
CLD Models. Also contained in this appendix is an individual mental model that was partially
constructed during the interview process of Phase I. The results and discussion presented here
focus on the overall merged CLD that was developed. Even though the data collected from Phase
I originated from four Facility operators, the merged CLD is comprehensive and highlights the
interrelatedness of many issues not fully understood from Phase I.
4.4.2.1

Merged CLD Model and Analysis

A total of nine independent feedback loops were identified and are summarized in Table 25;
seven loops demonstrated reinforcing behaviour while two demonstrated balancing behavior. In
addition to the interaction of system variables within each identified feedback loop, further
observations can be made when considering the interactions between feedback loops. For the
purposes of maintaining clarity in the presentation of the feedback loops contained in the merged
CLD, two figures are provided to highlight the different feedback loops. Figure 40 highlights
feedback loops 1, 3, 5, 6 and 8, whereas Figure 41 highlights feedback loops 2, 4, 7, and 9.
Table 25: Summary of identified CLD feedback loops
Feedback Loop ID
1
2
3
4
5
6
7
8
9

Feedback Loop Description
Operator-Repair Training Loop
Product Loss Loop
Processing Issues Loop
Customer Order Demand Loop
Employee Education Loop
Employee Engagement Loop
Wastewater Treatment Loop (Quantity)
Wastewater Compliance Cost Loop
Profit-Processing Intensity Loop
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Figure 40: Feedback Loops 1, 3, 5, 6, and 8 in merged CLD model.
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Figure 41: Feedback Loops 2, 4, 7, and 9 in merged CLD model.
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To help explain the contents of the merged CLD, a legend is provided in Table 26.
Table 26: Legend for merged CLD model.
Legend
Important System Variable

Reinforcing Feedback Loop

Balancing Feedback Loop
Feedback Loop ID
Problem Variable
Potential System Risk
Identified Solution Variables

Loop 1 – Operator-Repair Training Loop (R)
The Operator-Repair Training Loop captures instances within processing operations where
technical malfunctions in processing equipment result in the need for equipment to be repaired. It
was expressed during the Facility operator interviews (Phase I) that a lack of operator training
could stifle the repair process. If personnel responsible for performing the repairs were not
available or present at the Facility, some equipment would simply not get fixed. The reinforcing
behaviour of this loop emphasizes the importance of employee training for reducing technical
issues in processing operations. Delays in equipment repair allow for technical issues to persist
and impact other areas of processing operations.
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Loop 2 – Product Loss Loop (R)
The Product Loss Loop portrays the cyclical relationship that tests the Facility’s ability to
produce high quality product to fulfill customer orders. Technical issues can result in product not
meeting the required food safety and quality standards. In such situations attempts to reclaim the
product are undertaken, however, some circumstances result in the product being lost to the drain
(i.e., reclaim system overloading or spoiling of reclaim system tanks). In addition, some products
cannot be reclaimed (e.g., chocolate beverage, eggnog) and also are discharged to the drainage
system for subsequent treatment at the WWTS. Failure to produce salable milk products during
processing operations requires processing activities to increase to offset the lost products. The
completion of this feedback loop occurs once new technical issues arise.
Loop 3 – Processing Issues Loop
The Processing Issues Loop focuses on the processing and scheduling delays that can result from
technical issues. When technical issues arise, processing equipment (e.g., processors, filling
machines, conveyance tracks) is often required to be shut down and started up again which
causes delays in processing to meet customer orders. Similar to Loop 2, this shut down and start
up behaviour continues as technical issues continue to occur.
Loop 4 – Consumer Order Demand Loop (B)
The Consumer Order Demand Loop represents an area of the fluid milk production process
which helps to balance the forces within the system that increase the pressure to fulfill customer
orders on time and to the level of quality expected. By increasing the intensity at which
processing activities are conducted during processing order backlogs, orders can ultimately be
processed more quickly, which temporarily reduces the pressure to fulfill customer orders.
Loop 5 – Employee Education Loop (R)
The Employee Education Loop as presented in the merged CLD relates to reinforcing wasteful
behaviour of Facility operators. An important aspect captured during the Facility operator
interviews (Phase I) was the need for educating the workforce on the actual cost of resource use
to the company. It was suggested that increasing the education or awareness of Facility operators
would help reduce wasteful practices. Loop 5 does depict a positive influence of increasing
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operator awareness on the reduction of wasteful practices, however, it is also noted that
mounting pressure to fulfill customer orders can reverse this relationship. Wasteful practices as
documented during the interview process (Phase I) can relate to all areas of resource use such as
leaving equipment running, excessive hose station use for washing away spilled product, and
inconsistent practices of filling machine priming resulting in product loss.
Loop 6 – Employee Engagement Loop (R)
The Employee Engagement Loop highlights the potential reinforcing behaviour resulting from
supervisor or manager inaction to address issues presented by Facility operators. Inaction to
address operator concerns subsequently decreases the likelihood of the issue to be resolved. The
causal chain continues by potentially influencing the operator’s engagement in their work. As
observed in during the operator interview process (Phase I), a lack of engagement can lead to a
decrease in operator awareness or incentive to address resource wastage. A reduced awareness
can coincidently decrease the frequency of notifying of supervisors of future issues.
Loop 7 – Wastewater Treatment Loop (B)
The Wastewater Treatment Loop highlights the balancing relationship between the WWTS
volumetric throughput and the quantity of wastewater stored in at the Facility. As wastewater
treatment increases (i.e., WWTS throughput is greater than Facility wastewater production), this
reduces the quantity of wastewater stored in the storage pit and silo. However, as was well
established in Chapter 3.0, the current wastewater storage structures often approach maximum
capacity on a regular basis which can cause stresses on the system.
Loop 8 – Wastewater Compliance Cost Loop (R)
The Wastewater Compliance Cost Loop depicts the reinforcing behaviour associated with
wastewater surcharges being applied to the Facility and the increased processing activity needed
to make up for lost profits. As processing activities increase a subsequent increase in resource
use occurs. This resource use causes an increase in wastewater generation and pollutant loading
on the WWTS. The increased pollutant and hydraulic loading on the WWTS results in elevated
sewer surcharges for the Facility’s current discharge effluent exceedances. Wastewater
surcharges are based on the mass loading of contaminants (i.e., per kg of contaminant) over a
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specified time period. Surcharges are calculated by multiplying the confirmed pollutant
concentration in exceedance of the discharge criteria by the volume of wastewater discharged to
municipal sewers. The sewer surcharges at the present time are unavoidable as the WWTS is
incapable of consistently meeting regulatory requirements, thus impacting the Facility’s bottom
line. A reduction in profits from the wastewater surcharges influences the number of customer
orders required to meet the Facility’s financial projections, thus increasing the intensity of fluid
milk production.
Loop 9 – Profit- Processing Intensity Loop (R)
The Profit-Processing Intensity Loop aims to capture the overall relationship between the
inefficient use of resources and the resulting added costs to the Facility. The inefficient use of
resources at the Facility, whether raw milk, water, energy, or chemicals, contribute to raising the
Facility’s operation costs. Elevated operating costs directly result in a reduced profit margin for
the Facility. As with Loop 8, an increased need to fulfill additional customer orders increases
processing intensity at the Facility.
4.4.2.2

The Effect of Balancing Loops

Two balancing feedback processes were identified in the merged CLD. Loop 4 allows for fluid
milk production to meet the overall demand of customers while Loop 7 allows the overall
wastewater treatment to outpace wastewater generation at the Facility from volumetric
throughput standpoint. While these two balancing feedback processes affect different areas of the
system, the indirect relationship between these balancing processes is reinforcing. The increased
processing intensity that allows for customer orders to be satisfied more quickly (i.e., Loop 4)
reinforces an increased production of wastewater through increased resource use associated with
increasing processing activities (i.e., washing, product spills, etc.). This can cause stress on the
WWTS and questions the ability of the balancing behaviour of Loop 7 to continue to
accommodate wastewater generation activities over the long term.
4.4.2.3

Demonstrated Benefits of CLD Model

In addition to the identified feedback loops, the interconnectedness of causal chains spanning
across the feedback loops can capture the impact of a single event on the qualitative CLD model.
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The merged CLD model depicts how a failed pasteurization process caused by a technical issue
(for example, the Facility boiler fails to maintain the required temperature and pressure for steam
production) can lead to a multitude of impacts related to product loss, water use, hydraulic and
pollutant loading on the WWTS, wastewater treatment costs (i.e., chemicals, energy), as well as
additional processing time. This ‘domino’ effect emphasizes the compounding characteristics of
process inefficiencies within the system related to resource use. The potential benefits associated
with the implementation of P2 process changes to improve resource use efficiency can also be
observed using the merged CLD. Figure 42 highlights some of the P2 solutions identified in
Phase I on the merged CLD. Water related P2 opportunities (e.g., case washers left running, milk
receiving area pressure washer hose) were previously identified as simply water conservation
measures. Savings associated with these solutions were strictly related to reducing water supply
costs. The use of the merged CLD can help show how each of these measures also provide
additional benefits. The same is true for the wastewater treatment system bypass proposed for
lost product. The implementation of this solution would result in a direct reduction in product
being dumped down the drain and a significantly reduced pollutant loading on the wastewater
treatment system. By understanding these causal linkages between system variables, the Facility
can target key areas of the overall process to provide quantitative support for the P2 solutions
identified by the Facility operators.
The use of the merged CLD also highlights areas of significant risk to the Facility. For example,
the current practice for managing sludge produced by the Facility’s wastewater treatment system
is to use this sludge as pig feed. Currently there is a mutually beneficial relationship between pig
farmers and the Facility in which no monetary compensation is provided for either party. Even
with the potential implementation of the wastewater bypass for recovering lost product, this
bypass will remain dependent on the existing relationship to dispose of this sludge. Should
conditions change, whether regulatory or otherwise, and prevent this byproduct exchange from
occurring, significant environmental disposal costs could result for the Facility.
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Figure 42: Merged CLD depicting P2 solutions.
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Summary
The merged CLD demonstrates the capability to more accurately describe the issue of resource
use inefficiency at the Facility. However, the model is limited in its current form. Even with the
ability to see the potential impacts of P2 solutions on improving resource use, decisions to
proceed with investigating these ideas further often require concrete numbers. It is important to
note that the merged CLD should not be considered a complete representation of all of the issues
that exist at the Facility. The scope of the CLD developed only takes into account the
information that was conveyed through the interviews in Phase I. This process would benefit
from including the perspectives of operators from other areas of the Facility. It is anticipated that
other issues that either directly or indirectly relate to the inefficient resource use at the Facility do
exist and could be added. For example, linkages to external chemical suppliers or maintenance
subcontractors may capture additional causal chains that can further improve understanding of
processing operations.
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5.0

Conclusions

The goal of this study was to investigate whether or not the application of a set of combined
quantitative and qualitative tools help alleviate common barriers associated with adopting and
sustaining a P2 approach. The setting in which these tools were applied was within an Ontario
dairy processing facility. The tools used in this research project included: wastewater treatability
testing, hierarchical process mapping, employee interviews, and causal loop diagramming.
Together these tools assisted the Facility in better characterizing its existing environmental
issues, uncovering concrete resource saving opportunities within its processes, and providing
more adaptive methods with the potential of documenting and conveying P2 concepts more
effectively. While these tools were shown to help address some of the common challenges with
adopting and sustaining P2, it was evident that only small changes had occurred within the
Facility. The most notable change was the Facility’s adoption of an internal employee
engagement initiative to target specific areas of product loss within processing operations.
The following sections discuss in more detail the conclusions drawn during the development and
application of each tool.

5.1 Wastewater Treatability Testing
The wastewater treatability study identified the inherent limitations with pursuing “quick fix”
pollution control-based solutions for achieving environmental compliance with wastewater
discharge criteria. Instead of strictly advising the Facility of the benefits that a P2 approach
would have on the WWTS, quantitative laboratory results relating specifically to the Facility’s
WWTS were used to help demonstrate the limitations of chemical optimization. As a result, it
was made clear that pollution control would be less cost effective compared to P2 as a long-term
environmental strategy.
A fundamental aspect of this approach was the need to educate the Facility of the true meaning
and impact of the problems it faced in its WWTS operation. It was important to achieve this prior
to convincing them of adopting a new approach. This is a consistent message found within
change management literature; Kotter (1996) emphasizes the necessity of creating a sense of
urgency as the first step towards successful change. Resistance to change processes can only be
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alleviated or avoided by fully understanding the problems being faced, and, through
demonstrating why changing from the current status quo is necessary. Some of the outcomes
from the wastewater treatability testing have been acknowledged by the Facility (e.g., the relative
ineffectiveness of calcium chloride as a chemical coagulant). However, to the best knowledge of
this author, the Facility has not taken action to address the identified issues. The wastewater
treatability testing was designed as a screening level assessment of the Facility’s WWTS. As a
result, more extensive data collection (e.g., number of sampling events, jar tests, and externally
analyzed samples) would benefit the process to accelerate the Facility’s acceptance of the
existing limitations of its WWTS.

5.2 Hierarchical Process Mapping
The development of the hierarchical process map demonstrated the potential to alleviate a
number of barriers that prevented the widespread communication and dissemination of P2
knowledge throughout the Facility. The breakdown of the fluid milk production process into
manageable sections of size and complexity could allow for a wider and more diverse range of
Facility employees to become engaged and build capacity in P2. The ability to embed process
data within this tool can provide a number of additional benefits if implemented by the Facility.
The hierarchical process map can act as a centralized knowledge repository for P2 information.
This can be used to visually highlight where gaps in resource use data exist and help to better
characterize P2 opportunities. This integration of Facility data into the hierarchical process map
was successfully demonstrated for some stages of the fluid milk production process. The data
linking capabilities of the tool also allow for resource use data to be updated and tracked on an
on-going basis. This functionality could be directly tied to P2 performance metrics as well as
employee incentive and reward programs to help engage employees. The use of the hierarchical
process map could be a key supporting tool within the Facility that helps to embed P2 into the
organization’s overall environmental strategy.
Despite the demonstrated capabilities of the hierarchical process map developed in this research
project, the current form of the hierarchical process map is limited to the extent that information
pertaining to the fluid milk production process was available. More extensive data collection
would help to fully capture all aspects of the fluid milk production process for future iterations of
this tool. In addition, the development of the hierarchical process map would have been better
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developed through greater collaboration with Facility employees. Despite some preliminary
validation obtained during the Facility operator interviews, limited opportunities to validate the
tools with Facility employees prevented the tool from undergoing multiple iterations.

5.3 Facility Operator Interviews
The Facility operator interviews provided the opportunity for frontline employees to participate
and become engaged in the process of learning about P2. The interviews uncovered valuable
process knowledge that was embedded within the perspectives and experiences of these frontline
operators, which included:


41 areas of inefficient resource use across the categories of water consumption, product
loss, chemical use, processing/scheduling issues, and energy use



9 identified P2 opportunities related to water consumption and product loss



4 P2 opportunities with the potential to reduce water consumption by 23,810 m3 per year
and save $57,130 per year



At least 10,166 kg per year BOD reduction and $5,795 cost savings in wastewater BOD
surcharges resulting from avoiding product loss to Facility drainage system



Contextual factors influencing the Facility operators ability or desire to become engaged
in a P2 approach

A fundamental aspect of the interview process was to ensure that recognition was given to the
Facility operators as the sole creators of the P2 ideas that were uncovered. It was important to
present the ideas to upper management as simply relaying information that already existed within
the knowledge of the Facility’s own employees. This method of presenting the interview results
was considered to be more effective at engaging management staff compared to traditional auditbased approaches typically conducted by external consultants. It is important to note that despite
the diverse ideas that were uncovered to improve resource use efficiency, the research project
was limited in achieving implementation of the identified opportunities. Additional limitations
included the inability to capture frontline operator perspectives from all areas of the Facility.
While many P2 opportunities were identified, coverage of all aspects of the fluid milk production
process would require additional commitment of the Facility to engage participants from the
areas not captured.
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5.4 Causal Loop Diagrams
The development of a merged CLD capturing the resource use issues identified allowed for the
compounding nature of inefficiencies within the system to be observed from a holistic systems
perspective. By using this systems perspective, potential changes to the fluid milk production
process can be better assessed and prioritized prior to their implementation. This tool could be
used to help ensure that undesirable impacts, such as safety and quality issues pertaining to the
fluid milk production process, are minimized or avoided. The use of CLDs can also help
facilities address communication issues surrounding cross-departmental decision-making by
observing the potential impacts of decisions on other departments before they are made. As was
identified with the hierarchical process map, CLDs are also adaptable and can be easily revised
as improvements to the system are made.
The development of the individual CLDs was limited due to the Facility operators themselves
not being directly involved (except for the partial completion of a CLD in INT-3). The individual
CLDs and merged CLD were developed using the information collected from the interviews (i.e.,
in-interview notes and audio recordings), which was subject to some level of interpretation by
the author of this thesis. As was found with the Facility operator interviews, the merged CLD
also could not capture all aspects of the fluid milk production process.

5.5 Recommendations
The quantitative and qualitative tools applied in this research project were not intended to
overcome all of the known barriers to adopting and sustaining a P2 approach. For this reason,
recommendations have been made for the purpose of addressing the observed limitations with
the approach in its current form. Recommendations pertaining to the improvement of the existing
approach are discussed.
An essential factor in achieving sustained P2 is the ability for facilities to build capacity
internally to address the issues they face. Building this capacity takes time and requires on-going
commitment to the process. At times during the research project the commitment of the Facility
wavered. A number of improvements could be made in the approach of future research projects,
including:

123



It is recommended that careful consideration be given to the level of resources (i.e., time,
money, etc.) that the participating facility is willing to contribute to the process. This
research project was largely conducted through a non-monetary academic-industrial
partnership between the Facility and the University of Guelph. Despite the mutual
benefits perceived by both parties in forming this partnership, the Facility did not
demonstrate much obligation to continually participate or become engaged in the process.
It was difficult for the Facility to consider the research team as being different from the
relationships it has had with past external consultants. These Facility-consultant
relationships tend to rely on external expertise to provide solutions, rather than the
Facility being directly involved in the development of the solutions themselves. The use
of economic or regulatory instruments could benefit future research projects to keep
facilities engaged and committed.



Following the previous recommendation, future research projects should look to involve
additional stakeholder partnerships with municipal and provincial governments. It is
believed that the involvement of these parties could help promote the shift away from
pollution control to P2 through mandatory requirements or incentive based programs.
Some Ontario municipalities are already initiating such measures in various forms to
encourage industry to better understand the wastes streams they produce. Mandatory P2
plans for industrial facilities discharging specific pollutants to the environment or
municipal infrastructure as well as discounted resource costs granted to facilities who
demonstrate commitment to water conservation are some methods that exist (Ontario
Food Industry Environmental Coalition, 2010).



It is recommended that future projects would benefit from involving facility employees to
a greater extent in developing and applying the tools used. This was true for both the
hierarchical process map and the CLDs. Greater employee involvement would provide
additional opportunities for feedback to be incorporated into the tools. This would also
help to empower employees to become engaged in the process by allowing greater
opportunities to participate. Ensuring more extensive employee involvement would help
instill the necessary learning required by facility employees to embrace the use of these
tools and internalize them within their existing systems.
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It is recommended that careful consideration be given to the amount of time and
resources allocated to conveying the limitations of existing pollution control practices in
facilities. Too much emphasis on investigating the efficacy of end-of-pipe technologies
could prevent shifting the focus from pollution control to P2 and result in the continued
concentration of identifying “silver bullet” solutions. Depending on the specific
circumstances of industrial facilities, more or less quantitative support may be required to
help in demonstrate the need for change.



It is recommended that more substantial data collection be performed in future research
projects to help demonstrate the value of the developed tools to management staff for
assisting with P2 adoption. As previously mentioned, the hierarchical process map and
CLDs could not fully capture the fluid milk production process in its entirety. One of the
strengths of these diagrammatic tools is the ability to view an entire process from an
integrated systems perspective. Although the development of both of these tools is
considered to be an iterative process, the level of detail to which each tool can be initially
developed is important.

In addition to the tools and approaches applied in this research project it is recommended that
other tools may be beneficial for future research.


Institutional analysis of facility organizational structures and processes – The research
project could have benefitted from a more extensive analysis of the how the Facility
operates within its existing organizational structure. Some insight into the organizational
context was established in Chapter 2.0; however, this was largely limited to assessing the
Facility’s technical documentation and how this had prevented action towards P2.
Conducting an institutional analysis would help uncover issues related to the
organizational structure, decision-making processes, and what values the Facility truly
holds paramount in conducting its business operations. P2 focuses on addressing
upstream issues to limit negative downstream impacts. It is anticipated that significant
inefficiencies exist even further upstream from the fluid milk production process within
the Facility’s administrative structure. An examination of these inefficiencies could
provide substantial insight into how the Facility could be more efficient in applying these
tools.
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Integration of P2 with HACCP system in FBP facilities – From the experiences with the
dairy processing facility as a part of this research project, it is clear that the FBP industry
is still very focused on ensuring product safety. Future research must look into adapting
product safety systems such as HACCP to incorporate P2 concepts. This has been
acknowledged in the literature as a method to promote water reuse within the FBP
industry (Casani et al., 2005; Colic et al., 2005; Kirby et al., 2003). However,
applications of this approach in practice are limited. Linking P2 to HACCP principles
would help reduce the perceived risks associated with impacting product safety as a result
of implementing P2 solutions. It could also help observe where implementing P2 could
improve product quality. It is important to make sure to leverage the strengths of the FBP
industry’s existing processes. As an industry standard approach to food safety, framing
P2 in the context of HACCP systems could allow for greater dissemination of P2
principles and benchmarking opportunities across FBP facilities.
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Appendix A – WWTS Photo Log
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Figure 43: Wastewater screen for raw wastewater received from storage silo.

140

Figure 44: Pre-neutralization tank and vertical agitator motor for sulphuric acid and calcium
chloride mixing.

141

Figure 45: Hydraulic wastewater transfer from pre-neutralization to neutralization tank.
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Figure 46: Transfer pipes (pumps submersed) for transfer of wastewater from neutralization tank
to coagulation tank.

143

Figure 47: Facility liquid emulsion polymer dosing system.
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Figure 48: DAF system during system cleaning.
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Figure 49: DAF flotation section during routine cleaning. Wastewater/recirculation water inlets
are shown on right side.
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Figure 50: Sludge collection trough for skimmed DAF sludge.
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Figure 51: DAF treated wastewater effluent weir and sodium hydroxide dosing line to raise pH
prior to discharge to municipal sewer system.

148

Figure 52: DAF outlet pipes leading to wastewater effluent discharge weir (background) and
municipal discharge pipe for treated effluent (foreground).
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Appendix B – Wastewater Calculations

150

This appendix includes calculations showing various contact times for tanks, pipe lengths, and
the calculated GT values for conversion to jar testing rpm.
The volume and contact time for each WWTS tank was calculated using physical measurements
of the tanks. A summary is shown in Table 27.
Table 27: Summary of WWTS tank dimensions and calculated volume and contact time.
Tank
Pre-Neutralization Neutralization Coagulation
Dimension
Tank
Tank
Tank
2.35
2.35
3.6
Height (m)
Depth to
0.2
1.42(1)
0.4
water (m)
2.12
2.12
2.12
Length (m)
2.08
2.02
2.02
Width (m)
3
9.48
3.98
13.70
Volume (m )
683
287
987
Contact Time (s)
Notes:
(1) Volume of water in pre-neutralization tank varies based on flow rate of the transfer pumps
between the neutralization tank and coagulation tank.

The pipe length and contact time was also calculated using physical measurements of the pipes
in the WWTS. A summary is shown in Table 28.
Table 28: Summary of WWTS pipe section lengths and contact time.

0.152 m (6 in.)
0.108 m (4.25 in.)

Length
(m)
3
19.9

Contact Time
(s)
3.96
13.17

0.203 m (8 in.)

10.65

7.05

0.108 m (4.25 in.)

4.5

2.98

Section of Pipe

Pipe Diameter

Silo to Screen
Pipe Length
Coagulation
Tank to DAF
Pipe Length
Neutralization Tank
to Coagulation Tank
Pipe Length
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The total contact time for each section of the WWTS was calculated and a summary of the
contact time is shown in Table 29.
Table 29: Summary of contact time from both WWTS tanks and pipe lengths.
WWTS Section

Contact Time
(s)

Contact Time
(min)

972

16.2

994

16.6

1983

33.1

Pre-Neutralization Tank
to Coagulation Tank (incl. pipe contact time)
Coagulation Tank
to DAF (incl. pipe contact time)
Total System Contact Time(1)

Notes:
(1) Polymer dosed at coagulation tank, therefore only experiences second portion of contact time.

The agitator horsepower, tank volume, and wastewater viscosity were used to calculate the
velocity gradient. The subsequently calculated Gt value was converted to rpm using the
manufacturer’s conversion chart for the square jars used in the jar testing.
Table 30: Summary of parameters associated with Gt calculation.
Parameter
Agitator Horsepower (hp)
G Value (s-1)
Time (s)
Gt Value
Conversion to rpm
from manufacturer's graph
(rpm)

Coagulation
Tank
3
108
994

Pre-neutralization
Tank
5
139
972

107,305

135,550

120

150
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Figure 53: Velocity gradient conversion chart for square B-KER2 jars (Phipps & Bird, nd-a).
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Appendix C – Jar Test Data
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Figure 54: Preliminary jar testing laboratory data (JT1-JT5).
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Figure 55: Preliminary jar test laboratory data (JT6-JT8).
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Appendix D – External Laboratory Analysis BOD Data
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Table 31: Summary of external analysis raw BOD data and calculation method.
Jar Test
Case ID
TC 1
TC 1
TC 1
TC 1
TC 1
TC 1
TC 2
TC 2
TC 2
TC 2
TC 2
TC 2
TC 3
TC 3
TC 3
TC 3
TC 3
TC 3
TC 4
TC 4
TC 4
TC 4
TC 4
TC 4

WW Sample
(mL)
0.06
0.24
1
0.06
0.24
1
0.06
0.24
1
0.06
0.24
1
0.06
0.24
1
0.06
0.24
1
0.06
0.24
1
0.06
0.24
1

Seed
(mL)
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8

Bottle
Size
(mL)
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

DO
(Initial)
(mg/L)
8.24
8.26
8.36
8.34
8.35
8.33
8.33
8.35
8.33
8.34
8.34
8.33
8.36
8.31
8.35
8.34
8.34
8.35
8.33
8.35
8.36
8.37
8.36
8.34

DO
(Final)
(mg/L)
6.77
5.05
<1.0
7.16
5.88
3.26
6.81
4.86
<1.0
6.77
4.84
<1.0
6.96
5.71
<1.0
6.74
5.36
<1.0
6.71
5.13
<1.0
6.87
5.56
<1.0

DO
Drop
(mg/L)
1.47
3.21
1.18
2.47
5.07
1.52
3.49
1.57
3.5
1.4
2.6
1.6
2.98
1.62
3.22
1.5
2.8
-

158

Seed
Correction
(mg/L)
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9

Calculated
BOD
Dilution
Value
Factor
(mg/L)
1000
250
578
60
1000
250
393
60
250
1000
250
648
60
1000
250
650
60
1000
250
425
60
1000
250
520
60
1000
250
580
60
1000
250
475
60
-

TC 5
TC 5
TC 5
TC 5
TC 5
TC 5
TC 6
TC 6
TC 6
TC 6
TC 6
TC 6
TC 7
TC 7
TC 7
TC 7
TC 7
TC 7
TC 8
TC 8
TC 8
TC 8
TC 8
TC 8

0.06
0.24
1
0.06
0.24
1
0.1
0.4
1.5
0.1
0.4
1.5
0.06
0.24
1
0.1
0.4
1.5
0.1
0.4
1.5
0.1
0.4
1.5

0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

8.34
8.27
8.3
8.3
8.31
8.31
8.5
8.5
8.46
8.47
8.5
8.49
8.48
8.48
8.47
8.56
8.53
8.49
8.51
8.51
8.5
8.46
8.52
8.49

6.82
5.29
<1.0
6.92
5.76
<1.0
7.01
4.08
<1.0
7.58
4.71
<1.0
7.16
5.6
<1.0
7.28
5.21
<1.0
6.69
4.54
<1.0
6.61
3.6
<1.0

1.52
2.98
1.38
2.55
1.49
4.42
0.89
3.79
1.32
2.88
1.28
3.32
1.82
3.97
1.85
4.92
-
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0.9
0.9
0.9
0.9
0.9
0.9
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55

1000
250
60
1000
250
60
600
150
40
600
150
40
1000
250
60
600
150
40
600
150
40
600
150
40

520
413
564
580.5
204
486
770
582.5
438
415.5
762
513
780
655.5
-

Raw WW
(Treat 1-5)
Raw WW
(Treat 1-5)
Raw WW
(Treat 1-5)
Raw WW
(Treat 1-5)
Duplicate
Raw WW
(Treat 1-5)
Duplicate
Raw WW
(Treat 1-5)
Duplicate
Raw WW
(Treat 6-8)
Raw WW
(Treat 6-8)
Raw WW
(Treat 6-8)

0.06

0.8

60

8.3

6.84

1.46

0.9

1000

-

0.24

0.8

60

8.26

3.84

4.42

0.9

250

880

1

0.8

60

8.29

<1.0

-

0.9

60

-

0.06

0.8

60

8.31

6.91

1.4

0.9

1000

-

0.24

0.8

60

8.32

3.9

4.42

0.9

250

880

1

0.8

60

8.3

<1.0

-

0.9

60

-

0.06

0.8

60

8.45

6.42

2.03

0.55

1000

1480

0.24

0.8

60

8.49

3.77

4.72

0.55

250

1042

1

0.8

60

8.48

<1.0

-

0.55

60

-

Notes:
- Value does not satisfy BOD rejection criteria
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Appendix E – Statistical Analysis
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Statistical Analysis of BOD Results from External Laboratory
Brief statistical analyses were conducted for the measured turbidity and UVA254 results from the
preliminary JT investigation as well as the externally analyzed BOD values provided by
Maxxam Laboratories. Unpaired t-tests were conducted to compare each treatment method to
one another. Where an unpaired t-test could not be performed due to unequal variances amongst
the treatment method sample populations, Cochran’s approximation to the Behrens-Fisher t-test
was used.
The process for comparing one treatment method to another using a t-test for significance was
conducted as follows:
(1) Calculate the sample mean and variance of measurements for each treatment method
(2) Determine if variances between two treatment methods are equal or unequal using F-test
a.
b. Use degrees of freedom (d.f. = n-1) of each treatment method sample population
and look up F value in Fc Table (Note: 5% level of significance used)
c. If F< Fc, then equal variances (See step 3)
If F> Fc, then unequal variances (See step 4)
(3) Calculate the t statistic using the following equation for equal variances.
a. For equal sample sizes:
̅

̅

where,

√

√

,

d.f. = 2n-2
For unequal sample sizes:
̅

̅
√

where,

√

d.f. = n1 + n2 – 2
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(4) Calculate the t statistic and critical tc using Cochran’s approximation to the BehrensFisher t-test for unequal variances (McBean & Rovers, 1998).
̅

a.
√

̅

and

,
√

where t1 and t2 are the t values using a d.f. of n1-1 and n2-1, respectively.
(5) Look up the t value in tc table (Note: α=0.05)
a. If t* < tc, then there is not a statistically significant difference in the measurements
b. If t* > tc, then there is a statistically significant difference in the measurements
c. Repeat to compare between each treatment method.
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Table 32: Preliminary JT statistical analysis t-test results (Turbidity)

Treatment
Methods
Compared

S(x1-x2)

t-test
t Statistic
(t*)

Within JT3 Turbidity Comparison of Polymer dosages (g/min)
10 to 15
4.0
<
5
Equal S2
1.67
2
10 to 20
24.3
>
5
Equal S
2
15 to 20
6.1
>
5
Equal S
-

1.29
-

1.79
-

<
-

2.228
-

8.259
7.055

>
>

2.571
2.571

Within JT4 Turbidity Comparison of CaCl2 dosages (mL/min)
0 to 250
2.8
<
5
Equal S2
25.8
2
0 to 500
1.4
<
5
Equal S
45.4
2
250 to 500
3.9
<
5
Equal S
33.1

5.08
6.74
5.75

1.64
1.59
0.41

<
<
<

2.228
2.228
2.228

-

-

-

-

-

-

-

10.441
1.172
1.833

>
<
<

2.571
2.571
2.571

Calculated
F

Fc at 0.05
df = n-1

F-Test
Result

Pooled
Variance
S2(x1-x2)

Within JT5 Turbidity Comparison of Mixing Intensity (rpm)
30 to 100
44.1
>
5
Unequal S2
2
30 to 150
517.5
>
5
Unequal S
2
100 to 150
11.7
>
5
Unequal S
Between JT comparisons - Turbidity
JT3-10g/min
to
5.47
>
5
JT5-100rpm
JT4-0mL/min
to
10.45 >
5
JT5-100rpm

tc
(@0.05)

Cochran's
Approx.
t statistic (t*)

tc
(@0.05)

Unequal S2

-

-

-

-

-

18.789

>

2.571

Unequal S2

-

-

-

-

-

4.372

>

2.571
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Table 33: Preliminary JT statistical analysis t-test results (UVA254)

Treatment
Methods
Compared

S(x1-x2)

t-test
t Statistic
(t*)

Within JT3 UVA254 Comparison of Polymer dosages (g/min)
10 to 15
1.2
<
5
Equal S2
9.67E-06
2
10 to 20
1.3
<
5
Equal S
9.87E-06
2
15 to 20
1.0
<
5
Equal S
1.09E-05

0.003
0.003
0.003

7.242
10.661
3.328

>
>
>

2.228
2.228
2.228

-

-

-

Within JT4 UVA254 Comparison of CaCl2 dosages (mL/min)
0 to 250
4.1
<
5
Equal S2
1.53E-05
2
0 to 500
3.4
<
5
Equal S
1.31E-05
2
250 to 500
3.4
<
5
Equal S
2.24E-05

0.004
0.004
0.005

3.244
8.699
3.963

>
>
>

2.228
2.228
2.228

-

-

-

Within JT5 UVA254 Comparison of Mixing Intensity (rpm)
30 to 100
5.4
>
5
Unequal S2
2
30 to 150
7.1
>
5
Unequal S
2
100 to 150
1.3
<
5
Equal S
6.82E-06

0.003

3.870

>

2.228

3.71
5.86
-

Calculated
F

Fc at 0.05
df = n-1

Between JT Comparisons - UVA254
JT3-10g/min
to
1.12
<
5
JT5-100rpm
JT40mL/min
to
JT5-100rpm
1.29
<
5

F-Test
Result

Pooled
Variance
S2(x1-x2)

tc
(@0.05)

Cochran's
Approx.
t statistic (t*)

tc
(@0.05)

> 2.571
> 2.571
-

Equal S2

8.22E-06

0.003

8.359

>

2.228

-

-

-

Equal S2

6.88E-06

0.003

4.071

>

2.228

-

-

-
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Table 34: Summary of statistical analysis (t-tests) for BOD levels in treated wastewater from 8 different treatment methods.
Test Cases
Compared
1 to 2
1 to 3
1 to 4
1 to 5
1 to 6
1 to 7
1 to 8
2 to 3
2 to 4
2 to 5
2 to 6
2 to 7
2 to 8
3 to 4
3 to 5
3 to 6
3 to 7
3 to 8
4 to 5
4 to 6
4 to 7
4 to 8

Calculated
F
13521.5
6.0
4.9
4.7
6.1
1.9
2.7
2256.3
2756.3
2862.3
2232.6
6972.3
5076.6
1.2
1.3
1.0
3.1
2.3
1.0
1.2
2.5
1.8

>
<
<
<
<
<
<
>
>
>
>
>
>
<
<
<
<
<
<
<
<
<

Fc at 0.05
df = n-1
200
200
200
200
200
200
200
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161

F-Test
Result
Unequal S2
Equal S2
Equal S2
Equal S2
Equal S2
Equal S2
Equal S2
Unequal S2
Unequal S2
Unequal S2
Unequal S2
Unequal S2
Unequal S2
Equal S2
Equal S2
Equal S2
Equal S2
Equal S2
Equal S2
Equal S2
Equal S2
Equal S2

Pooled
Variance
S2(x1-x2)
9015
14650
14900
14953
14638
17008
16060
5013
5119
4489
9229
7333
5619
4989
9729
7833

166

S(x1-x2)
95
121
122
122
121
130
127
71
72
67
96
86
75
71
99
89

t-test
t Statistic
(t*)
0.593
1.081
0.533
1.143
0.773
1.532
0.777
0.084
0.907
0.276
1.305
0.814
0.081
0.289
0.641

<
<
<
<
<
<
<
<
<
<
<
<
<
<
<

tc
(@0.05)
4.303
4.303
4.303
4.303
4.303
4.303
4.303
4.303
4.303
4.303
4.303
4.303
4.303
4.303
4.303

Cochran's
Approx.
t statistic (t*)
2.549
3.715
2.314
3.411
2.449
1.796
0.909
-

<
<
<
<
<
<
<
-

tc
(@0.05)
4.304
6.314
6.314
6.314
6.314
6.314
6.314
-

5 to 6
5 to 7
5 to 8
6 to 7
6 to 8

1.3
2.4
1.8
3.1
2.3

<
<
<
<
<

161
161
161
161
161

Equal S2
Equal S2
Equal S2
Equal S2
Equal S2

5095
9835
7939
9205
7309

71
99
89
96
85
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0.935
0.328
1.322
0.357
0.597

<
<
<
<
<

4.303
4.303
4.303
4.303
4.303

-

-

-
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168

WWTS Operational Issues
A number of operational issues in the WWTS were identified that hinder the sufficient treatment
of Facility wastewater. The identified issues primarily relate to the ability of the WWTS to
accommodate the extreme fluctuations in wastewater influent quantity and quality. Each issue
identified will be presented in following sections.
Wastewater Storage Capacity
Since wastewater is generated faster than it can be treated on-site, the Facility is highly
dependent on the ability to store excess wastewater such that it can be treated it in periods of
reduced processing activity. While measures are in place (i.e., wastewater storage pit and storage
silo) to try and maintain a balance between the quantity of wastewater generated and the
treatment capacity of the WWTS, observations suggested that this balance is not always attained.
If the wastewater storage capacities of both the wastewater storage pit and storage silo are
exceeded, raw wastewater will overtop the dividing wall in the pit (recall Figure 5) and be
discharged directly to the municipal sewer system without treatment. Wang et al. (2005) suggest
that wastewater storage tanks should be designed to accommodate daily peak flows and also
include additional storage time as a precaution.
The Facility has recently extended the height of the pit wall to double its original height and limit
the frequency of these occurrences; however, over a period of 2-3 months since its installation
storage capacity issues continued to exist. Wastewater from the storage silo is primarily treated
at a constant flow rate of 50 m3/h through the WWTS; however, during times of elevated
wastewater production the flow rate is frequently increased to 70 m3/h. The on-site stationary
engineer identified the spikes in wastewater production as being largely attributed to daily
cleaning operations. With such variable wastewater flow through the WWTS, ensuring the
effectiveness of the wastewater treatment conditions (e.g., chemical dosing scheme, tank
agitation) remains a challenge and impacts the overall effluent quality.
In addition, the wastewater storage silo is also designed to act as a qualitative buffer allowing for
wastewater of differing characteristics to be mixed prior to entering the WWTS. However, it was
observed that the built in agitator within the wastewater storage silo does not presently function.
This limits the uniformity of wastewater treated by the WWTS. The large spikes in wastewater
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quality observed during cleaning practices are also accompanied by high pH (e.g., greater than
11), which puts additional strain on the WWTS. Britz et al. (2005) emphasize the importance of
sufficient mixing and pH adjustment of raw wastewater storage tanks prior to treatment.
Hydraulic Loading of DAF
The hydraulic loading rate (HLR) is considered to be a main design parameter for designing
DAF systems (Ross et al., 2000). The HLR is defined as the volumetric flow rate of wastewater
added to the DAF system divided by the effective surface area. An analysis of the HLR of the
Facility’s DAF unit was conducted to determine if the capacity of the system was being
exceeded and potentially impacting the effectiveness of the WWTS. A top view of the DAF
system depicting the effective surface and other important dimensions of the DAF are shown in
Figure 56. All dimensions were based on measured values of the actual DAF system taken
during a routine DAF cleaning procedure.

Figure 56: Top view of DAF system highlighting effective surface area.
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The effective area of 10.37 m2 was used with the total flow rate (85 to 105 m3/h) through the
DAF (i.e., incoming untreated wastewater and recirculated treated effluent-air mixture) to
calculate a HLR ranging from 8.22 to 10.14 m/h. A study by Ross et al. (2000) presents a
summary of DAF design parameters from various literature. In their study, the HLR ranged from
0.49 to 9.87 m/h (0.2 to 5.5 gpm/ft2). When comparing this range to the calculated HLR of the
Facility’s DAF unit (including recirculation), it can be observed that the Facility is at the high
end of this range and at times exceeding it. A high or excessive HLR can reduce the
effectiveness of solids removal. It is important to note that the proportion of recirculated flow
back through the DAF system ranges between 50 and 70 percent of the existing flow. While it is
not expected that the recirculated effluent would reintroduce significant quantities of unsettled
solids back through the DAF system, the additional hydraulic loading is quite substantial. An
additional study by Del Nery et al. (2007) investigated the performance of a wastewater
treatment process at a poultry slaughterhouse and reported a significantly lower HLR. The
reported HLR of 1.6±0.4 m/h, which resulted in a 51±16% removal of SS from the wastewater,
was significantly lower than the calculated HLR for the Facility’s DAF system.
DAF Structure and Flow Pattern
In addition to the HLR of the DAF it is important to consider implications of the structure and
flow pattern of the DAF itself. The DAF is split into a flotation section and a settling section
containing plate settlers. Plate settlers, which consist of angled parallel plates, are intended to
improve the ability for solids settling by increasing the effective surface area. However, plate
settler use in DAF systems in industrial settings have been documented as not having a
significant effect on settling and can cause complications (i.e., clogging) in systems with high
solids loading (Ross et al., 2003). The flow pattern through the Facility’s DAF unit is depicted in
Figure 57.
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Figure 57: Flow path of wastewater through DAF system.
At the bottom of the settling section, the treated effluent is returned to the top of the DAF and
spills over into the treated wastewater outlet to the municipal sewers. The collection of clean
effluent from beneath the plate settlers may draw unwanted solids into the treated effluent
stream. The same point can be made for the recirculation line, which is also located beneath the
plate settler. Solids that are recirculated back through the DAF are also exposed to high shear
forces when passing through the pressurization pump which can damage flocs (Ross et al.,
2000).
Chemical Dosing
The high variability in the quantity and quality of the Facility wastewater hinders the ability of
WWTS to ensure appropriate chemical dosages are maintained. The WWTS currently does not
have a method to alter chemical coagulant (calcium chloride) or polymer dosages to adapt to
changes in the wastewater quantity (e.g., flow increases from 50 to 70 m 3/h) or to quality (e.g.,
differences in wastewater from milk production versus nightly cleaning activities). Current
practice by the stationary engineers at the Facility is to manually increase polymer dosing (from
12 g/min to 17g/min) if, upon visual inspection, the treated effluent is cloudy or large flocs are
being discharged into the municipal sewer system. The polymer dosing pump may remain at the
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elevated dosing rate until the WWTS is checked again regardless of changes to effluent
characteristics. The only parameter in the WWTS that is continuously monitored is pH through
the use of online pH meters for sulphuric acid and sodium hydroxide dosing. According to one
stationary engineer at the Facility, high influent pH of 11 can result in the target pH at the
coagulation tank to not be achieved through the automatic sulphuric acid delivery system. Alkali
wash cycles during cleaning operations are often one of the causes of this elevated incoming pH.
Despite the existing knowledge, there is no current system in place to track events of
disproportionately high wastewater generation or poor wastewater quality.
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Appendix G – Interview Recruitment Poster
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You are invited to help
Identify and implement

Environmental Sustainability
and Pollution Prevention
Do YOU know ways to help save water and energy or reduce
waste in the Dairy facility?
If YES, we would like you to participate in a new project.
As a participant in this project, you would be asked to:
Participate in an interview to help identify areas of
environmental concern within the facility
Your participation would involve approximately
1 hour for the interview process
We will be selecting 10-15 participants from different areas of the facility.
Finding ways to prevent pollution in the facility can lead to a more
environmentally sustainable and secure working environment
For more information about participating in this project,
please contact:
Facility Contact
at
XXX-XXX-XXXX
Email: xxxx@xxxx.ca
This advertisement was created on behalf of the University of Guelph School of
Engineering, OMAFRA, and GTFC
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Appendix H – Ethics Board Approval Certificate
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Appendix I – Hierarchical Process Map Documented Areas

178

Figure 58: Facility overview of fluid milk production process.

Figure 59: Screenshot of Raw Milk Receiving Area and CIP system.
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Figure 60: Raw milk and ingredient storage area screenshot.

Figure 61: Processing Area overview screenshot.
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Figure 62: HTST 1 process screenshot.

Figure 63: HTST 2 process screenshot.
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Figure 64: HTST 3 process screenshot.

Figure 65: HTST 4 process screenshot.
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Figure 66: VTIS processor screenshot.

Figure 67: STERITHERM processor screenshot.
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Figure 68: Product reclaim system screenshot.
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Figure 69: Processed product storage tank scheme with interactive toggle buttons for each Facility
processor.
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Figure 70: Production and Packaging area screenshot.
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Figure 71: Wastewater treatment system screenshot.

References for equipment images used in Process Map for HTST 1-4, VTIS, and STERITHERM
processing systems.
Homogenizer:
http://www.apv.com/en/apv/homogenizers-rannie132q/?types=Homogenizer&sortBy=Featured&orderSeq=Asc&pageNumber=1&pageSize=25&s
tatus=finder

Separator:
http://www.westfalia-separator.com/media-news/news-pressreleases/singleview/article/enrichment-for-the-cold-milk-process-westfalia-separatorprocool.html
Holding Tube:
http://www.csidesigns.com/galleria/holding_tubes.php
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Appendix J – Detailed Interview Summaries
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Table 35: Summary of identified areas of inefficient resource use for INT-1.
Water Use

Product Loss

 Chocolate Beverage product
 Hose station use to
cannot be reclaimed and is
liberal for washing
therefore considered okay to
away spills
dump
 Processing issues cause
o Proposed Solution:
additional water for reInstall a pipe directly
sterilizing and
from production area to
conducting
pig feed silo to by-pass
intermediate washes of
milk products from
processing equipment
being sent to the
 Too much water used
wastewater treatment
for lubrication on
system
filling machines
 Priming of filling machines
 Cooling water for
 Drip system recovery not
separator motors goes
working properly or not fast
straight to drain (~3.8
3
enough
L/min, 1200 m /year)
 Spoiled product dumped down
drain (i.e., warm weather or
product unable to be used in
subsequent product batches)
 Product lost from having to
divert products (i.e., no place
to put diverted product)
 Loading on reclaim system
from diverting/re-processing
product can overload reclaim
system

Chemical Use
 CIP systems
(except CIP 6 and
CIP 8) do not
recycle chemicals
or water (i.e.,
supply, dump,
replenish for each
CIP cycle)
 Processing issues
cause additional
chemicals for resterilizing and
conducting
intermediate
washes of
processing
equipment
 Too much soap
used for
lubrication on
filling machines
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Processing/Scheduling
Energy Use
Issues
 Non-compliance with
 Filling machines left
pasteurization/sterilizatio running while
n regulations or lab
waiting for product
testing (e.g., butter fat)
 Natural gas heaters
 Tank turnover not fast
on carton filling
enough
machines left
running when not in
 Equipment malfunctions
use
require reprocessing of
product (e.g., boilers)
 Processing issues
cause additional
energy for resterilizing and
conducting
intermediate washes
of processing
equipment (e.g.,
energy in water,
energy to run CIP
equipment)

Table 36: Summary of identified areas of inefficient resource use for INT-2.

Water Conservation

Product Loss

Chemical Use

 Excessive
lubricating water on
bag filling machines
 Equipment cooling
water always
cycling even when
not in use (water
goes to drain on
HTST 4)
 Case washers not
turned off when not
in use (i.e., 3 case
washers running at
night when only 1 is
in use)
 Hose station use in
cooler for cleaning
up spilled product
 Water leaks
throughout Facility

 Overflow of Product reclaim system due to
lack of communication between production
area and cooler
 Product dumped if reclaim system cannot
reuse product (e.g., reclaimed product not
appropriate type or available in appropriate
quantities)
 Bladder Filling machine sensor issues cause
machine to misfire when bladder bag is not
present (5-6 misfires discharging 5-10L
 Misaligned creamer cup lids spill product
 Fallen stacks of cases can cause product
spillage
 Dry ingredients in Batch room washed
down the drain
 Product leaks throughout Facility
 Product returned from customer sometimes
dumped down drain if not restocked or sent
to product reclaim system
 Chocolate Beverage products dumped down
drain during filling machine priming
o Proposed Solution: Package nonreclaim products and send them to pig
feed. Some packaging wasted, but
products would bypass wastewater
treatment system

 Excessive
lubricating
soap on
carton filling
machines
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Processing/Scheduling
Issues
 Equipment repairs
delayed due to limited
employees trained to do
repairs on equipment
(e.g., valve repair)
 Processing Equipment
malfunctions (e.g., low
steam in boilers, not
enough pressure)

Energy Use
 Jug Room Lighting
left on
 Processing
equipment left
running
 Filling machine
natural gas heaters
left on
 Conveyance tracks
left running (case
room, filling
machines, cooler)

Table 37: Summary of identified areas of inefficient resource use for INT-3.

Water Conservation

Product Loss
Chemical Use
 Broken/Cracked cases
 Most CIP
 Most CIP systems do
cause
stacked
cases
to
systems do not
not recycle water
fall and spill product
recycle
o Proposed Solution:
chemicals

Chocolate
beverage
and
CIP systems could
eggnog not reclaimable  Lubricating
try higher pressure
and are dumped to floor
soap
water washing for
o Proposed Solution:
constantly
less time
Package
nonrunning on
 Floor washing in Raw
reclaim product into
filling
Milk Receiving Area is
normal
product
machines
excessive (5000 L of
packaging and take
water over 1.5 hours
straight to pig feed
and must be performed
silo instead of
daily)
dumping and
o Proposed Solution:
sending to
Pressure washer
wastewater system.
could replace
Quantity could be
existing hose for
20-30 cases worth
washing receiving

Product
reclaim system
bay floor (reduce
tanks can spoil (i.e., go
water and time
sour) if not used
spent washing
quickly enough
floor)

Stopping and starting of
 HTST 4 water rinse
processors
between some products

Any start/stop of bag
is required and
filling machines
amounts to 5000 L per
requires first 2 bags on
rinse cycle (occurs as a
each side to be sent to
result of
rework (due to
stopping/starting
improper seal of bags)
processor)
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Processing/Scheduling Issues
 Hard to detect broken cases
(4 employees process
~50,000 cases per day)
 Stopping and starting of
processing equipment delays
processing operations (e.g.,
when not enough room in
process milk storage tanks or
only able to run small
batches at a time)
o Proposed Solution:
Split large batches into
two tanks rather than
run half the batch,
stop/start, and run the
other half
 Product batches do not meet
required butter fat levels and
need to be reprocessed
 Filling Machine 20 always
experiences delays
o Storage tanks held up
due to sterilized products
having to be processed
before pasteurized
products
o Technical issues with
UHT processors results
in filling machines to
wait for product.

Energy Use
 Jug room heated when
not in use
 Jug room lights left on
(e.g., 12 noon to 6am
the next day Jug room is
not in use)
 Conveyance tracks,
natural gas heaters on
filling machines left
running
 Lighting in Raw Milk
Receiving Area
electrical room always
left on
 Air compressors on
filling machines are not
efficient (might not
need to use all air
compressors if current
ones were improved)
 HTST 4 fine filter
pumps running
continuously to prevent
clogging, can idle for 10
hours waiting for
product

Table 38: Summary of identified areas of inefficient resource use for INT-4.

Water Conservation

Product Loss

Chemical Use

 Overflow of product reclaim
 Hose station use to
system loses product to the
wash product down the
drain
drain is sometimes too

Every time bag filling
much
machines are started/stopped,
the first two pouches (4 L) on
both sides of the bag filling
machines must be sent to the
product reclaim system
because they do not have
proper seal
 Broken cases can cause
stacked cases of product to
fall and spill onto the floor
and down drain

Processing/Scheduling Issues
 Filling machines required to
be stopped while waiting for
cases from case washing
area
 Filling machines must be
stopped if cases get stuck on
tracks
o Green cases are slightly
larger than other cases
and are more prone to
get stuck on track
 Morning shift at bag
filling machines often
have delays starting up in
the morning and results in
faster processing in
afternoon shifts
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Energy Use

Appendix K – Sample Calculations for P2 Opportunities

CIP Water Savings
The water savings for the CIP systems were calculated based on estimates of the water use for
each CIP and the Facility’s water supply cost of $2.40/m3. This rate is expected to increase as
water becomes more expensive and municipal infrastructure requires more maintenance and
upgrades. Each CIP system washes specific piping lines and tanks and accounts for the
difference between the water consumption between the CIP systems. For all CIP systems, the
final rinse consumes more water than the initial rinse.

CIP System
CIP 1
CIP 2
CIP 3
CIP 4
CIP 5
CIP 7
Total Volume

CIP Initial Rinse
(m3/week)
40
56
85
32
33
31
277

CIP Initial Rinse
(m3/year)
2,080
2,895
4,411
1,647
1,733
1,625
14,390

Cost Savings
($/year)
4,992
6,947
10,587
3,952
4,160
3,900
34,538

Case Washing Machine Water Savings
Water savings for the 3 case washing machines were calculated based on the combined water
usage, which was reported to be 75 m3 per day. The Facility operators identified that only 1 of
the 3 case washing machines would be in use throughout the night shift. Water savings were
calculated based on the 8 hours overnight for which 2 of the 3 case washers could be left not
running.
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Raw Milk Receiving Area Bay Floor and Truck Washing Water Savings
The savings associated with the bay floor and truck washing in the Raw Milk Receiving Area at
the Facility were calculated based on the reduction in water use and time required to perform
washing activities by switching to a high-pressure washer hose system. The flow rate of the
existing hose stations used throughout the Facility has been estimated in Facility documentation
to be 20 L/min. The reduced flow rate of a high-pressure washer system was 15.9 L/min (4.2
gpm). A Facility operator estimated the time spent washing the bay floor each day could be cut
in half, from 90 minutes to 45 minutes. The estimated time spent for washing each dairy truck
was reduced by 25% with the use of the high-pressure washing system.

The existing hose station water consumption was calculated as follows:

(

)

(

)

The water consumption from with the switch to a high-pressure washer system was calculated as
follows:

(

)
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(

)

The difference between the existing and proposed high-pressure system represents the estimated
water savings:

Cooling Water from Process Separator
Water savings associated with recovering cooling water from a separator motor at the Facility
were calculated as follows:

Product Related Issues
For each of the documented scenarios of product loss, the associated BOD Discharge fines were
calculated as follows:
Calculations for chocolate beverage spill of 300 L per run at 3 runs per week.

Frequency of skim/homo product at filling machines and product reclaim system tank spoilage
were provided by Facility contact as being everyday and once every two months, respectively.
Soluble BOD concentrations were obtained from Facility product testing data (Table 4).
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Appendix L – Individual CLD Models
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Figure 72: In-interview preliminary CLD for INT-3.

Figure 73: Individual CLD developed from INT-1.
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Figure 74: Individual CLD developed from INT-2.
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Figure 75: Individual CLD developed from INT-3.
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Figure 76: Individual CLD developed from INT-4.
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