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Industrial Best Practices for Water

Module 1

Management: introduction

Concerns about water scarcity in Canada have
been steadily increasing. As the number of dry
wells increase, and droughts become more
frequent, widespread, and longer in duration,
the consequences of water scarcity are likely to
become more commonplace. (4) On a global
scale, organizations such as the World Business
Council on Sustainable Development (WBCSD)
and the Global Environmental Management
Initiative (GEMI) have recognized these signals
and are attempting to generate awareness for
what is referred to as a pending crisis. The fruits
of their efforts — guidance documents, tools, etc
— are being adopted by various industries. Coca
Cola, for example, has declared it will improve
its water efficiency throughout its worldwide
operations. Since it has partnered with the
World Wildlife Fund (WWF), Coca-Cola has
taken major steps to decrease its water
requirements. According to its recent
sustainability report, since 2006 Coca-Cola has
seen a 2% improvement in water efficiency
equalling over 50 billion litres (13.2 billion gal) of
water saved. (12)

Water is a critical resource for many businesses
and indispensable to specific product/service
supply chains. With respect to industrial
development, companies are beginning to
realize the strategic advantages in concentrating
their own industrial infrastructure within close
proximity of others. The United Nations
Environment Programme’s Industry and

Environmental Office in their technical report on
Environmental Management of Industrial
Estates noted, “industrial estates have become
more common features of the global
landscape”. (60) As of 1996, there were already
more than 1,000 industrial parks in Canada, with
new parks being built every year. Globally, more
than 20,000 industrial parks are in operation.
Both of the aforementioned figures are
conservative estimates; actual numbers are
likely much higher. (11)

If one were to draw a boundary around an
industrial park and study its water inputs, uses,
and disposal, recommendations could be made
on how to use this resource as efficiently as
possible. The industrial systems within which
companies typically operate are commonly
linear and “down the drain” in nature. The
Pacific Institute, in their document At the Crest
of the Wave, stated, “most companies are not
addressing water issues strategically or are only
doing so in an ad hoc, piecemeal fashion”.
Interestingly, in Canada, much of the water
actually utilized for flushing toilets, washing
floors, cooling equipment and watering lawns
and shrubs is from the same supply as municipal
drinking water. (11) Inefficient water use, dated
infrastructure and a lack of water management
strategies are often characteristic of municipal
and industrial park operations. The goal of this
project is to demonstrate that opportunities
exist to reduce water consumption; use water in



more efficient and effective ways; recover some
“wastewater” for other useful purposes and
reduce storm water and sewer flows. (11)

The intention of this project is to review best
practices for water management in industrial
parks in jurisdictions across Canada and
elsewhere, and communicate the findings
through this guidebook. The document’s format
is modular, where the content of each module is
meant to help businesses understand their
organization’s relationship to water. (26) Case
studies are provided throughout in order to
demonstrate how a number of companies have
reduced water consumption through more
efficient practices.

The following section on water trends, industrial
park development and their relationship with
one another is meant to provide background
and context to this guidance document.



1. Industrial Best Practices for Water

Management: Setting the Scene

Our thirst for water: Facts and trends

though Canada has been dubbed a water rich

Context country, its water supply is not impervious to

With environmental problems at the forefront risk. In 2001-02 Canada experienced droughts

. . . . that spanned a substantial area of southern
of public, and increasingly private, sector

. L . Canada from British Columbia to the Great Lakes
discourse, more attention is being allocated to

. . and even the Atlantic provinces. (19) The total
issues such as a growing shortage of freshwater

. economic impact from the droughts felt over
supply. In many parts of the world, this is the

the course of those two years was estimated to
be $ 5.8 billion. (70) With industry consuming

68% of the total water used in Canada,

most pressing environmental issue. What's
more, the impacts from this problem are not

limited to the environment; it also has social and

businesses would be wise to consider past and
economic implications. (29) Globally, human P

. . future water availability trends and gauge their
water use is exceeding annual average water

replenishment. To illustrate the gravity of the operations.

situation one can speak to water consumption

trends over time. From 1900 to 1995 global Water Consumption, 2000

water consumption increased by a factor of six; fechicmetres per capla)

that is more than double the population growth ijzg

rate. The ever-increasing demand for water is 1,000

likely going to rise. (40) Water use in industry 600

follows this trend; use of freshwater in this 200

sector has significantly increased over the last § E % E % E E ,g E E E g E E ‘E g

50 years. (62) g“gﬁgfﬁggt 53
g $

Discussions on water scarcity related issues have Gade: @A HE WC WD

yet to reach their pinnacle and water has Source:

already become synonymous with “liquid gold”, http://www.conferenceboard.ca/HCP/Details/Environ

“the oil of the 215t Century", and “blue g0|d". ment/water-consumption.aspx

From an economic perspective, 60% of Canada’s .
Canada is a country where a great deal can be

GDP is directly dependent on water. (14) Even . .
improved upon concerning our water use.

Canada ranks 15th out of 16 peer countries and

earns a “D” grade. Canada’s water consumption
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is more than double that of the 16-country
average. Industrial use is Canada’s largest water
user. Excessive water consumption in Canada
can be attributed to the lack of widespread
water conservation practices and water pricing
that does not promote efficiency. (56)

With this information in mind, Integrated Water
Resource Management Plans for industrial parks
as a whole, and for each of the individual
businesses within its boundaries, will become an
increasingly important strategy to mitigate a
business’ risk.

The water cycle and distribution

Estimates of global water supply are in the one
billion cubic kilometre range. As a quantity, this
sounds substantial. Imagine that one cubic
kilometre of water is equivalent to the same
cubic space as 300 Olympic-sized swimming
pools. (21) With roughly three-quarters of the
planet covered in water, oceans, rivers, lakes,
glaciers etc. act as reservoirs for what seems like
a plentiful resource. Approximately 97% of
global water supply is saline water found
primarily in oceans, which is often unusable, as
freshwater is required for daily domestic and
industrial practices. Only 2.55% of planetary
water is categorized as freshwater. This
situation is further complicated by the fact that
a significant portion of this water is in a frozen
state or stored in deep underground aquifers,
inaccessible for human use. In the end, only
approximately 0.3% of freshwater, which
equates to ~0.007% of all water on earth,
supplies all human needs. (63) This supply is
distributed amongst the lakes, rivers and
streams that cross the earth’s surface, and the
underground reservoirs that can be extracted in
an economically feasible way. (51) Researchers
from the University of Michigan's Global Change
Program point out, “only this amount is

regularly renewed by rain and snowfall, and is
therefore available on a sustainable basis.” (63)

The hydrological cycle plays a critical role in the
functioning of the Earth’s systems. This global
cycle is responsible for the planetary supply of
high quality freshwater upon which ecosystems,
and by extension industrial activities, are
dependent. (35) Understanding the natural cycle
through which water moves will help
demonstrate how increasing pressure from
human demand is contributing to global water
scarcity.

Total fresh water on earth

35 million km? Glacial ice, permafrost

i rmanent snow
Note: Numbers are approximate & permanent sno;

24.4 million km?
Groundwater
& soil moisture 35 milon gy
10.7 million km?
35 milion ky
S —— Rivers
0.002 million km®

Source: http://www.ec.gc.ca/water/en/info/facts/e-
SlideShow.pdf

In terms of the cycle’s physical processes,
evaporation of ocean water is responsible for
the continuous transfer of freshwater from the
oceans continental surfaces. (35) As it is
transported in a vapour state it can either
precipitate back into the ocean or fall over land.
(21) According to Constance Hunt in her book,
Thirsty Planet: Strategies for Sustainable Water
Management, roughly 505 000km® of ocean
water evaporates annually. Of this, roughly only
10% falls into a land reservoir with the
remainder returning to the ocean via
precipitation or as river runoff and groundwater
flow. (35)
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The National Water Research Institute, pursuant
to Statistics Canada notes that, “annual
precipitation averages 600 millimetres, although
it ranges from 100 millimetres in the high Arctic
to over 3500 millimetres along the Pacific Coast,
with many agricultural lands in the Prairies and
B.C. interior receiving an average of 300 to 500
millimetres of precipitation annually”. (23)

The ecosystems from which we extract
freshwater resources provide us with services
that are essential for our domestic and
industrial survival. Notably, the water cycle is a
physical process that functions at no financial
cost to society. According to the Business for
Social Responsibility and Pacific Institute’s
report At the Crest of a Wave: A Proactive
Approach to Corporate Water Strategy, the
caveat is, “ecological systems need water to
sustain resilient, robust natural communities
and functions. This means that over-
appropriation and growing demand for water
have routinely led to unintended consequences
for ecological systems”. (5)

If we alter an ecosystem in a damaging way, or
do not efficiently manage its harvestable
resources, it may no longer be able provide the
services to satisfy potable water needs (10).

Sources and supply

As we are now aware, global freshwater
distribution and availability is anything but
uniform with some countries labelled as water-
rich and others water-poor. As previously
mentioned, Canada is the former. In terms of
percentage breakdown, this statement is a slight
fallacy. Canada does possess 20% of the world’s
freshwater, but less than 7% is considered
renewable. (18) In a comparative ranking, Brazil
ranks number one with 12.4% renewability,
Russia comes in second with 10.0%, and Canada
and the United States are roughly similar with “IO]ver-
6.5 and 6.4%, respectively. Additionally, of the
freshwater currently available in Canada, 60% of

appropriation and

o growing demand for
surface waters flow north. The reality is that,
roughly 85% of the population is concentrated Y G
in the south and a significant portion of routinely led to
industrial practices takes place within 300km of unintended
the Canada/US border. consequences for

ecological

As a result, less than half of national water systems”(25)

supply is easily accessible and readily available
to Canadians, and subsequently Canadian
industries. (14)

For industry purposes, in the context of
resource management, supply in the form of
renewable water resources is described as “the
amount of water that is replaced in one year
through precipitation or aquifer discharge.”(53)
Under natural physical conditions (i.e. without
tampering or alteration due to human activities)
renewal rates for surface bodies of water, such
as rivers, can average between 10 and 18 days.
(62) The relatively immediate availability of this
freshwater is in stark contrast to the availability
of the remainder of freshwater supplies. Water
stored in difficult to reach reservoirs like deep
groundwater aquifers and glaciers may have
residence times in the scale of thousands of
years. This is particularly relevant because water
categorized as such is not
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“Changes in one
part of the system
often have wide-
ranging impacts
throughout the
system”(31)

Drainage areas
Bl Pacific Ocean
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[l Hudson Bay
Gul of Mexico
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© Environment Canada, 2004

Source:
http://www.ec.gc.ca/water/en/info/facts/e_contnt.ht
m

renewed in a time frame that would allow for its
current use and regeneration for use by future
generations. The extent and severity of a global
water crisis will in large part be decided by the
rate of human use of freshwater as a function of
renewal rates. If water is consumed from the
aforementioned reservoirs faster than its
natural ability to regenerate - which is currently
the case in most countries - then supplies will
dwindle and potentially become non-existent.

An additional consideration is that of
unintended consequences. There is an
ecological doctrine that claims, “[c]hanges in
one part of the system often have wide-ranging
impacts throughout the system”. (5) When an
ecosystem is forced to adapt to unnatural
circumstances the fundamental characteristics
of that system may also change affecting its
ability to produce the outputs necessary for
human and industrial uses. Specific to industrial
park developments, infrastructure construction
can significantly contribute to altering an
ecosystem. By removing topsoil and the
associated landscape characteristics changes
regarding precipitation, water evaporation, and
water infiltration into the soils are likely to occur

reducing an ecosystems capacity to provide
clean freshwater. This can result in changes in
the hydrological cycle, which will indubitably
alter water availability. (44) In his book Nature's
Services: Societal Dependence on Natural
Ecosystems, G. Daly argues, “maintenance of the
water cycle is perhaps the most outstanding and
underestimated service provided by freshwater
ecosystems.” (52)

Water and climate

The relationship between water and climate is
an important one to understand when
attempting to comprehend the severity of the
water crisis, as well as for building a case for
sustainable water management. With media
covering the increased prevalence of droughts
and floods, we are constantly being reminded of
the impact climate change has on water
supplies. With the projected increase in global
temperatures, scientists warn about changes in
the world’s hydrological cycle. According to
Environment Canada, because of the intimate
relationship between climate and the
hydrological cycle, changes in the climatic
system would “directly affect the average
annual water flow, its annual variability, and its

seasonal distribution”. (16)

It has become sufficiently apparent that with
climate change there will be increased
uncertainty in to the availability of water
supplies. The Intergovernmental Panel on
Climate Change has listed the potential
consequences to include:

e Changes in traditional precipitation
patterns;

e Changes in surface and groundwater
systems;

e Increases in the frequency and severity
of both droughts and floods;
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e Changes in the chemistry of freshwater
ecosystems;

e Degradation of water quality by
changing water temperatures. (39)

Climate change simulation models suggest that
a rise in temperatures by 1.5 to 4.5°C would
mean an increase in global precipitation and
evaporation by roughly 3 to 15 percent. (24)
From the outset, it would appear that the global
water crisis would be reduced if predicted
changes were to come true. There are, however,
problems associated with this argument.
Uncertainty exists in not knowing the location
and timing of these changes. (17) According to
Environment Canada, climate modeling suggests
that in Canada:

e The present mid-latitude rain belt
would shift northward;

e  Snowmelt and spring runoff would
occur earlier than at present;

e Evapotranspiration would be greater,
as it would start earlier and continue
longer;

e The interior continental region in the
Northern Hemisphere will, in general,
experience drier summers. (17)

What does this actually mean? The impact of
climate change on water resources will vary
spatially and temporally. The general consensus
is that shifts in precipitation patterns will cause
there to be too much water at the wrong time
of year and not enough water when it is needed.
Therefore:

e Higher latitudes are expected to
experience higher precipitation;

e The potential for evapotranspiration
will rise with rising air temperature.
Consequently, even in areas with
increased precipitation, higher
evaporation rates may lead to reduced

runoff, implying a possible reduction in
renewable water supplies.

e Changes in runoff patterns and
increased frequency of precipitation
falling as rain rather than snow in the
winter seasons mean that less water is
likely to seep underground for aquifer
recharge.

e  Water quality problems may increase
where there is less flow to dilute
contaminants introduced from natural
and human sources (24)

To date we have seen that a reduction in the
availability of freshwater supplies is likely due to
“increasing and conflicting demand resulting
from higher living standards and only mediocre
conservation measures, unsustainable
withdrawal rates, lack of cost-effective new
sources, and changing climate and precipitation
patterns”. (27) Together, these factors make a
strong case for individual businesses and
industrial parks, as a whole, to implement
sustainable water management practices.

Industrial parks

The terms planned industrial development zone,
industrial estate, business park, industrial
district, business cluster and many more, are
just some of the synonyms for an industrial
park. Regardless of the name, there are several
universal definitions that describe these terms.
In the United Nations Industrial Development
Organization an industrial estate is described as
“a large tract of land developed and subdivided
into plots according to a comprehensive plan
with provision for roads, transport and public
utilities for the use of a group of industries. (32)
The United Nations Environmental Programme’s
document, The Environmental Management of
Industrial Estates goes on to add that these
development zones are “distinguished by its

“[l]ncreasing and
conflicting
demand resulting
from higher living
standards and
only mediocre
conservation
measures,
unsustainable
withdrawal rates,
lack of cost-
effective new
sources, and
changing climate
and precipitation
patterns”(40)



“systematic and
continuous
environmental
improvement could
raise the performance
of industrial estates,
providing benefits to
companies, industrial
estate management,
surrounding
communities and the
wider
environment”.(48)

shareable infrastructure and close proximity of
firms”. (61) The report Designing and Operating
Industrial Parks as Ecosystems, points out that
the various industries co-located in an industrial
park may possibly benefit from an economy of
scale for compatible needs such as land
development and common facilities; industrial
parks should be designed to encourage and
facilitate manufacturing activities. (30) As
previously mentioned, there are more than
1,000 industrial parks in Canada, with new parks
being built every year, and more than 20,000
industrial parks are in operation globally. These
parks span a range of sizes from a few hectares
to several thousand hectares. The industries
housed within park boundaries also vary.
Canada’s very own Burnside Industrial Park in
Nova Scotia is home to more than 1500
enterprises. (61) Due to the diversity set within
the boundaries of the park, a manager will need
a set of tools as diverse as the range of
businesses. To deal with the diversity of
businesses, this guide offers several solutions
and techniques that can assist water
management strategies for a wide range of
business types.

access, and utilities. (31) In most cases, park
authorities are charged with planning, creating
and enforcing regulations on industrial park
management and operation, while private
companies are generally afforded the freedom
to decide how they go about meeting these
requirements.

Environmental management of industrial
parks

Management of industrial parks

The authorities responsible for an industrial
park, and therefore responsible for its
management structure, will vary depending on
whether the park is publically or privately run. In
most cases, industrial estates are run as a public
enterprise where management of the park
comes in the form of a municipal administrative
unit. The private sector’s involvement is as
industrial rent-paying residents. In terms of
estate management, industrial parks have been
known to have: supervision and servicing
provisions, site-specific restrictions, and
regulations with respect to planning lot size,

Industrial parks are characterized by distinct
environmental impacts. The production of
goods and services from within an industrial
estate’s boundaries can pose a significant threat
to its surrounding environment. (61) As the
construction of estates continue to sprawl over
more or less intact natural ecosystems,
additional attention is being brought to
mitigating potential impacts. Some
environmental issues include, but are not
limited to, increased pollution, loss of
biodiversity, and over-appropriation of natural
resources. The severity of a park’s impact on its
surrounding environment worsens when
compounded by natural resource scarcity issues.
(29) It is the opinion of the United Nations
Environment Programme that “systematic and
continuous environmental improvement could
raise the performance of industrial estates,
providing benefits to companies, industrial
estate management, surrounding communities

and the wider environment”. (61)

In light of intensifying environmental problems,
managers of industrial parks, in conjunction
with environmental agencies, have sought ways
to reduce the impacts of a business-as-usual
strategy. Amongst the proposed solution has
been the integration and implementation of
“principles of environmental management,
which encourage government and business to




integrate sustainable practices, comply with
environmental regulations and implement a
systemic approach for a wise use of resources”.
(29) With a lack of standards, industrial parks
with only the basic utilities and roadways —
often created by small communities —and
limited environmental safeguards will continue
to be built.

Outlined in the UNEP’s document The
Environmental Management of Industrial
Estates are several benefits to environmental
management, which include:

e  Enhancing the competitive advantage
of the estate;
e Increasing land-use efficiency;
e Increasing land values in and around
the estate;
e  Reducing infrastructure and servicing
costs;
e Encouraging tenants not to move; and
e  Reducing overall risk and
environmental liability (61)
The goals laid out in UNEP’s report, The
Environmental Management of Industrial
Estates, can be realized by applying the
strategies laid out in this document.

Industrial ecology theory

The widespread introduction of the concept
‘industrial ecology’ began with the publication
of “Strategies for Manufacturing” by Robert
Frosch and Nicholas Gallopoulos in Scientific
America, 1989. (25) The theory focuses on
optimizing economic performance while
minimizing the environmental impacts of an
operation through strategic planning. Kibert et
al. defined industrial ecology as “the application
of ecological theory to industrial systems”;
central to this idea is “an interdisciplinary
framework for designing and operating
industrial systems as living systems

interdependent with natural systems”. (41)
Traditionally, industrial operations have been
viewed as entities onto themselves, working in
isolation from surrounding systems. However,
the theory of industrial ecology attempts to
resolve this disconnection by pointing out that
strong connections exist between the economy
and the environment. (8) Furthermore, in
industrial ecology, humans, as agents of the
natural environment, possess the ability to
“bring[ ] industry and environment together
with a social or community perspective”. (8)
Fundamentally, industrial ecology explores the
idea that industrial systems should, similar to
natural systems, rely on services provided by the
natural environment and can be described in
terms of material, energy and information flows
and therefore act as a type of ecosystem. (22)

Thinking like an ecosystem

There are essential characteristics of a natural
ecosystem that industry should attempt to
mimic through the design process in order to
achieve maximum efficiency. (3) Ecosystem
exchanges are typically of a closed loop nature
rather than linear, where materials are used
more efficiently due to the interactions between
various members of interconnected
communities. (41) What is of notable interest
with respect to these ecological functions is
their emphasis on interactions and
interdependence. (8) The idea is to create an
industrial system that cycles practically all of the
materials it uses and therefore discharges a
minimal amount of waste to the environment.
(33)

Industrial processes should function similarly to
a natural system in that the excess energy and
waste from one system should serve as inputs
for other industries that can use the energy for
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“[lindustry is
Canada’s largest
water user, using
68 per cent of the
total water
use”.(14)

their production system. (41) An industrial
ecosystem is defined by Frosch and Gallopoulos
as a system in which “the consumption of
energy and materials is optimized, waste
generation is minimized and the effluents of one
process serve as the raw material for another
process”.

The fundamental idea is that industrial
processes can be engineered to mimic nature by
implementing material exchange practices,
which results in a closed loop circulation of
energy. This closed loop system is also
important to water, since water also operates
on a closed loop system. The steps laid out in
this report will allow managers to come closer

to closing that loop.

Industrial parks and water

According to the 2" United Nations World
Water Development Report, Water, a Shared
Responsibility, water withdrawals are expected
to increase by 18% in developing countries. (62)
In light of the fact that most industrial and
manufacturing practices require water,
competition for sources is likely going to
increase. In the face of growing demand, water
use in many areas is likely to exceed sustainable
supplies. (5)

According to the Pacific Institute, “the challenge
is that over-appropriation is occurring in a
context of growing demand”; the demand curve
for water has been, and is projected to
continue, rising. (5)

The effects of an industrial park’s development
and operation on water resources are many. For
instance, water intensive operations are likely to
put additional pressures on local water supplies.
Subsequent consequences potentially include a
decrease in water table levels and groundwater

contamination such as salt-water intrusion at
coastal sites. (59) Also, infrastructure
construction and poorly enforced effluent
discharge regulations can lead to the pollution
of surface waters and groundwater. In addition
to water contamination, industrial
developments can further impact freshwater
ecosystems through water diversion and
watershed destruction. (1) This has significant
implications for the natural flora and fauna that
inhabit the area, which in turn can affect the
sustainability of valuable ecosystem services.
With a lack of integrated planning the use of
water resources within industrial parks
boundaries will continue to pose a threat to
future operations.

|Industrial parks and integrated plans

Traditionally, industrial park water management
practices have been designed to meet the
demands of tenants with little attention paid to
the post-use discard of water resources. The
general trend has been to have wastewater and
storm water pumped away from the demand
setting with little regard for its use as potential
resource; wastewater is often seen as a heavy
burden to industries and the natural
environment. As a result, water reuse and
wastewater minimization are becoming
increasingly important strategies for industry.
(29) An alternative approach to conventional
practices are being conceptualized so that water
demands are within reason and manageable,
and wastewater and storm water are seen as
potential water supplies. (43) As suggested by
the World Business Council on Sustainable
Development’s document Water and
Sustainable Development, “water management
requires reducing waste water, implementing
new and better technologies, improving
manufacturing processes, and treating the



waste water so that it does not harm
surrounding ecosystems and water supplies”.
(29) In keeping with this train of thought Yong
Geng in Integrated Water Resources Planning
and Management at the Level of an Industrial
Park claims that, “management target[s] should
be to maximize resource input, keep demand
within resource capacity, maximize the
efficiency of use and limit the discharge of
pollutants within the environmental capacity”.
(29)

Managing the use of any resource is
multidimensional and can be quite complex;
water is no exception. Ironically, the solution
can be rather straightforward. If water is being
wasted due to a lack of efficient practices then
change in practices and behaviours are
necessary. As we will demonstrate later in the
Business Case for Sustainable Water
Management module, it makes financial sense
to use water wisely. Moreover, it will reduce
pollution and extend the life of the current
supplies, which contributes to lowering all-
round risk. Environment Canada echoes this
sentiment, “water conservation means doing
the same with less, by using water more
efficiently or reducing where appropriate, in
order to protect the resources now, and for the
future”. (20) To this end, The World Business
Council for Sustainable Development coined the
catch phrase: “No Water, No Business” (68).

The increasing imbalance between limited water
supply and increased water demand
necessitates the need for innovative approaches
to integrated water resource management.
Effective water management strategies are
therefore those that not only limit water use
and emphasize water reuse, but are those that
also incorporate into their strategy ways of
addressing the range of current and predicted
environmental issues. (29) Using a systems
approach to address conventional water

management practices, the following report is
designed to act as a framework for increasing
water efficiency within industrial parks.

Sustainable water use, while often the
benchmark for integrated water resource
management, nevertheless remains open to
interpretation and debate based on the notion
that there are no absolute indicators for
sustainability. This notwithstanding, there are
certain interpretations associated with the term
— for example, the concept of maintaining and
enhancing the environment all the while taking
into consideration both competing users and
uses — that are often considered to be
universally accepted. (39)

As a framework, integrated water management
considers the implications of water
management policies on the environment.
From the direct and incidental effects of water
management on land management systems,
through to recognizing the importance of water
resource governance, integrated water
management adopts a much more
comprehensive and holistic approach towards
the management of a resource compared to the
more issue specific strategies. (39)

The issue of freshwater scarcity can be
addressed and potentially mitigated through the
implementation of integrated water resource
management. (62) In the event of a water
shortage, it remains possible for proponents to
harvest rainwater from roofs and paved areas so
as to be made available for reuse. In other
words, when properly designed, buildings can
be outfitted with collection systems that harvest
rainwater to be used in the irrigation of gardens
and lawns. Proponents can also encourage
water conservation on site by providing water-
saving devices that both extend the life of
existing water supplies all the while potentially
eliminating the need to find new supplies. (61)
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“Practical
implementation
of Integrated
Water Resource
Management

(IWRM) is a key
response to

freshwater
scarcity”(64)

The contents of this report are designed to
equip businesses with knowledge and best
practices to be used to inform the decision-
making process surrounding water management
within industrial parks. The framework
employed — that of integrated water resource
management — is a strategy that aims to
encourage the business community to think

Conservation Through
Increased Efficiency

Next step forward

Industrial Process

4

Understanding the key influences on the
metabolism of water in the industrial park is
critical to the optimization of the resource.
There are two important flows to consider when
attempting to understand industrial water;
input and output.

Decreased Qutput

ling & ’

Re-use

about its current water use practices and,
moreover, to encourage the necessary changes
required to enhance water resource
sustainability. Whether through decreasing the
amount of water used as an input, finding
alternative sources of water, or reusing and
recycling water within the boundaries of the
industrial park, integrated water resource
management employs a suite of innovative and
comprehensive approaches to managing the
resource. (62)

e The input flows include:
o Surface water
o Rainwater
o Groundwater

All of which should be conserved, reused and
recycled within the industrial park. (29)

e The output flows include:
o Evaporation loss and surplus flow
from water users
o Wastewater
o Storm water



Surplus flow should be used to recharge
groundwater, be reused or redistributed, or be
safely discharged to local water bodies.

This guidebook is intended to decrease the
quantity of water used as an input for business
activities and find alternative sources of water
resources, reuse and recycle water within the
boundaries of an industrial park, and decrease
the amount of wastewater and storm water
leaving the estate.
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2. The Business Case for Sustainable Water

Management: Are you at Risk?

“Most companies
lack an
understanding of
the risks and
opportunities
associated with

the changing

landscape of
water.”(64)

Having established that the world’s freshwater
supply is becoming increasingly scarce relative
to demand, it is worthwhile looking at industry’s
response to the problem. As per projected
climate models, water shortages, floods, and
droughts will likely have major disruptive effects
on businesses. (42) In light of a growing
uncertainty, businesses are faced with the
decision to mitigate potential future risks in
either a proactive or reactive way. Typically ad-
hoc approaches have been used when devising a
corporate response to this growing risk. In their
report Water Scarcity & Climate Change:
Growing Risks for Businesses & Investors, CERES
and the Pacific Institute drive home the point
that the companies that look to the pending
water crisis as a “key strategic challenge” will be
able to adapt to future scenarios as opposed to
becoming obsolete. Put another way, businesses
are being afforded the chance to position
themselves within the spectrum of risk and
respond to challenges accordingly; as a result,
some will be better positioned in the future
than others. (47) According to Andrew Hoffman,
of the University of Michigan's Ross School of
Business, a business’ longevity is largely
influenced by its capacity to mitigate risk. This
sentiment is reinforced by a statement he made
which claims, “companies need a clear picture
of future market environments in order to make
strategic decisions; and the decision not to
address [water] management has only made the
future market environment cloudier”. (34)

The previous discussion depicts why water

scarcity is becoming increasingly important. To
date, it would appear that industry’s responses
to the current trends are not consistent with its

perceived level of social importance. (7) In the
report Freshwater Resources: Managing the
Risks Facing the Private Sector, from the Pacific
Institute, several consequences of not taking
into account developing water management
trends are iterated. In some cases mis-
management can lead to:

e Increase in water costs

e Decrease in water allotments

e  More stringent water-quality regulations;
and

e Increased public scrutiny of water related
corporate activities (46)

The report goes on to explain that the above
consequences impact:

e A company’s social license to operate
e  Productivity

e Costs

e Revenues

e  Profits and corporate viability (46)

In the case where water management
regulations are not as strict as they could be,
some companies are not aware of the
opportunities that exist in light of the present
and projected future situation. With a lack of
stringent command-and-control economic
instruments and/or mandatory water use
reduction programs in place, companies are
given the freedom to decide whether or not to
control water use levels and the flexibility to
determine how and when to change their
policies. (71) “Companies that understand the
trends shaping the global business environment
will be better positioned to identify new market
opportunities, mitigate risk, develop sustainable



water strategies, and create shareholder value.”
(26)

|The drivers

There is a strategic business logic behind
voluntary initiatives to manage water use in a
sustainable manner. There are many reasons to
minimize water use, which are broad enough to
be applicable to all industries. (55) Those who
manage to successfully capitalize on
opportunities will have carefully analyzed the
cost/benefit rational of doing something as
opposed to doing nothing. In most cases,
companies are likely to yield to the demands of
the bottom line when it comes to decision-
making. There is a bottom line component to all
of the following drivers; without it, water
reduction management practices would be
financially unsustainable. (34) Although not all
the strategic benefits from voluntary reductions
will have monetary return on investment, they
do all contribute to increasing a company’s
longevity, which indirectly allows for profit
when potentially a company could have had
none. Most often cited drivers include:

e  Cost of water

e Decrease in energy costs

e  Regulatory regime

e Increased operational efficiency:
creating new markets, products and
services

e The social license to operate and
reputational risk management

e Rising environmental costs: ability to
discharge

Energy required to deliver 1 m? of
clean water from...

*

Eke or river: 0.37 kWh/m?

[ g

Groundwater: 0.48 kWh/m?

- E

Wastewater treatment: 0.62 - 0.87 kWh/m®

e

Wastewater reuse: 1.0 - 2.5 kWh/m?*

o s

Seawater: 2.58 - 8.5 kWh/m?
Source:
http://www.wbcsd.org/DocRoot/Dg6GYW.Jq7xual 00
OwZOi/WaterEnergyandClimateChange.pdf

| Cost of water

“Many water shortages around the world stem
from the widespread failure to value water at
anything close to its true worth. Under pricing
water perpetuates the illusion that it is plentiful.
(64)

“Full-cost pricing refers to prices and rate
structures that recover the costs of building,
operating, and maintaining a system.” (45)

When water supplies are delivered at a
relatively inexpensive cost there is a tendency to
indulge in its overconsumption. The price
associated with supplied water is more
complicated than it first appears. Most
commodity prices are a function of supply and
demand, which is not the case with water. For
Canadian businesses, public water rates are
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Practical
Application

By reducing water
consumption by
40%, BP saved more

than $AUS 1.3
million (66)

“Many water shortages
around the world stem
from the widespread
failure to value water at
anything close to its true
worth. Under pricing
water perpetuates the
illusion that it is
plentiful.” (6)
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“The use of
water and
energy is closely
related. Energy
is required to
treat, pump and
distribute water,
and water is
used in the
energy sector.
(14)

Total water costs in manufacturing industries, by cost component, 2005 — Industry group

Acquisition Intake treatment Recirculation Discharge treatment Total
thousands of dollars
Food 133,926 9E ® = 61.251.8E 231,107 1D
Beverage and tobacco 23,164 28 5,498 2¢C 931.5D 4 842 6B 35436458
Textile mills x TO9EEE ® 58630 b
Textile Products 277530 27470 TO.5D 238.TE 3,35910D
‘Wood 17.588.7D T.0162E 2442 0E 11,740 3E 38797 2D
Paper 56,268.98 58,845.18 78,891.20 265,196.0~ 45920114
Petroleum and coal 9.459.5¢C 85,118 20 x 208,951.0%
Chemicals 46 109.3E 4820800 13,583.2¢ 5644550 164,3459¢C
Plastics and rubber * ® 6,154.7D * 3232550
Mon-metallic minerals x 1,552.10 9,299 8E ® 3798490
Primary metals 7540690 3433070 47, 502.8E 69363 8¢ 229604 30
Fabricated metals 2058470 ® b 11,261.0D 40.581.4¢C
Machinery 10.585.4E 4584 0% ® ® 1485065
Transportation equipment x 268820 353 94 ® 817 4980
Miscellaneous x ® x x x
Others 1 x 1,162 4 ® * ®
Total 1,240,467.30 289,860.55 275,533.7D 731,857.70 2,637.719.3¢
percent

Percentage of total costs 48.9 114 10.9 28.8 100.0

1. Cthers - amalgamation of the following industry groups (3-digit NAICS): Clothing, Leather, Printing, Computers and electronic products, Electrical equipment,

appliances and components and Fumiture.
Source(s): Statistice Canada, Industrial Water Survey, 2005.

Source: http://www.statcan.gc.ca/pub/16-401-x/16-
401-x2008001-eng.pdf

considered to be some of the lowest in the
world. (9) According to the National Utility
Service's International Water Cost Survey
conducted in 2001, Canada has the lowest
commercial water rate among a selection of 15
countries from Europe, Africa, North America,
and Australia. (48) With growing water demand
for domestic and industrial purposes expansion
of infrastructure will be required on top of
maintenance retrofitting aging facilities. As
proclaimed by Infrastructure Canada, there is a
consensus “that water infrastructure urgently
needs billions of dollars of investment. In the
1990s, estimates for necessary water
infrastructure expenditures ranged from $9 to
$19 billion per year; therefore, in 2003 the total
is probably more than $10 billion per year”. (38)

The cost of construction, maintenance and
repair of infrastructure is compounded by
pumping and distribution, treatment, and
monitoring costs for both water and
wastewater. As a matter of course, the brunt of
these costs will be passed on to taxpayers
and/or water customers. (2) The efficient water
use practices outlined in this report, are
therefore intended to help facilities save money

by decreasing their demand and reducing

pressures on existing systems.

Decrease in energy costs

A relatively complex relationship exists between
water and energy. However, it can be
deconstructed simply as: water use requires
large amounts of energy. Water is a key
component in the generation of energy, where
production frequently uses and/or pollutes
water sources. In turn, energy is needed to

move and treat water.
Water for Energy
Extraction & Refining Hydropower

Thermo electric
Cooling

Fuel Production
(Ethanol, hydrogen)

Extraction and
Transmission

Wastewater
Treatment

Energy Associated
with Uses of Water

Drinking Water
Treatment

Energy for Water

Source:
http://www.wbcsd.org/DocRoot/Dg6GYWJq7xualLO0
OwZOi/WaterEnergyandClimateChange.pdf
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http://www.wbcsd.org/DocRoot/Dg6GYWJq7xuaLO0OwZOi/WaterEnergyandClimateChange.pdf
http://www.wbcsd.org/DocRoot/Dg6GYWJq7xuaLO0OwZOi/WaterEnergyandClimateChange.pdf

As a result, each of these resources limits the pending crisis caused by increased demand and

other where water and energy use are mutually scarce supply presents companies with the

reinforcing. (69) Producing “one kilowatt-hour chance to adapt their policies in a proactive

of electricity from fossil fuels requires 140 litres way. For example, a business may want to

of water”. (58) With global energy consumption hedge a mandated reduction in water use by

set to rise 50% by 2050 one can expect an replacing wasteful technologies with water-

increase in price of freshwater supplies. (13) efficient ones. That way costs and retrofitting

This paradox is compounded by the notion that can be done in an incremental fashion, as

energy consumption contributes to the release opposed to divesting a large capital costs as a

of greenhouse gases which are the major frantic response to meet the requirements of a -
contributors of climate change. Feedback loops new law. PrLtlcal
exist between each of these components A[ )| )| ication

creating a water, energy, and climate nexus. Furthermore, if a select few within industry

Opportunities, in the form of realistic and cost were to take the lead, and respond to the social

demand for more corporately responsible

By creating an

effective solutions, exist if one considers energy

and water issues together. (49) practices, the government may follow and engineered wetland
develop regulations that mandate the to process

By implementing sustainable water implementation of practices that coincide with wastewater DuPont

management strategies that encourage curbing those of the leaders, leaving the laggards estimates it saved

water consumption, optimal uses of resources scrambling to meet future environmental roughly $9-12

can be achieved, for example, water reuse or legislation. As a result, a company can influence million over

recycling. In light of varying fuel prices, which the development of policies that complement conventional

despite short-term fluctuations have been their water use positioning. (34) In short, there wastewater

steadily rising over the long-term, energy costs is opportunity for companies to influence the treatment (66)

are likely to follow suit. Attempts can be made form of standard at the international, national,

to lower energy costs by reducing water and regional level. (34)

consumption (58) by following the practices laid

out in this report. To illustrate the relationship between

sustainable water management practices and
the regulatory regime, John Regan, founder of

Regulatory regime Environmental Credit Corp., uses a comparative

carbon management anecdote; should water

. . management go the same route as carbon, a
With weak regulations and poor enforcement
. . . . cap-and-trade system could be mandated by
there is a lack of incentive for businesses to o
. . legislation and handed down by government. If
change their water over-consumption i
. . this were the case, “water polluters would have
behaviours. (67) The regulatory terrain for water ) o ]
. . . . the option to reduce pollution in their own
use is multi-pronged with long-standing ) ]
operations, or to purchase pollution-control
mandated components and elements that ]
. credits from another source at a lower cost than
emerge in response to current trends. An ) )
. . . . . . undertaking the pollution control themselves”.
integral cost of doing business is complying with S ) )
. . (57) In this situation, companies with abatement
regulatory requirements. Opportunity for o ]
. . L technologies in place stand to benefit from the
sustainable water management practices lies in ] . ) i
. . . new regulations. Additional benefits may be in
being able to anticipate and influence future .
the form of access to capital. In order to garner
regulatory developments. Knowledge of a ) i o
compliance with new legislation the
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government may offer incentives in the form of
capital gains. By following the methods
discussed in this report, businesses have the
strategic opportunity to get out in front of water
sustainability challenges before they impose
constraints on business activity. (28)

Increased operational efficiency: creating
new markets, products and services

Practical
Application

By making system
changes to allow
for a 20%
reduction (570
million litres) of
freshwater,

Monsanto ‘s
Nutrasweet Kelco
plant managed to
save over $1
million per year.
(65)

With a decreasing availability of freshwater
supply, declining quality of raw water, and
supply chain interruptions, a host of new
markets for products and services which
increase operational efficiency are likely to
arise. In order to meet the need of industry
there is opportunity for innovation, particularly
in technology, and value creation. A niche
market for products that reduce water use loads
and improve performance will be highly sought
after. In social and economic terms, in 1997 (the
earliest available data) 120 000 people were
employed by Canadian environmental
industries. This yielded sales upwards of $20
billion or 2.2 percent of Canada’s GDP. (34) In
Atlantic Canada, revenues from environmental
industries have increased by 87% from 1995 to
2002 with an environmental market valued at
$1.5 billion annually. (37) This illustrates a
market awakening to water-related risks, ripe
with opportunity. A prime example is
investment in the development of inexpensive
pipeline leak detection and quality control
systems. (67) The trend has been to get away
from large-scale projects, such as dams, to
technologies tailored to businesses.
Infrastructure costs can be reduced by
encouraging investment in decentralized water
and wastewater treatment processes for which
innovative technologies are being created. (67)

“In 2003, the total water and wastewater
market in the US was valued at US$105 billion. It
is expected to post a compound annual growth
rate of 7 percent through 2010, when it is
forecast to be worth US$150 billion. More
recently, however, analysts have pegged this
growth at between 15 to 16 percent (January
2005). Over the next decade, the need to
rehabilitate and replace water and wastewater
infrastructure in the US is expected to be a key
market driver.”(36)

By utilizing strategies laid out in this report,
companies should be able to identify key
opportunities to share their water and
wastewater. The benefits for sharing are
numerous, but include cheaper water delivery,
cheaper water disposal, reduced environmental
impact. The connections established through
shared water services may even extend into
other facets of the business over time.

The social license to operate and
reputational risk management

In most parts of Canada, companies have
enjoyed uninhibited use of water. With
potential water-related constraints this is likely
to change. Businesses may have to shift from
unrestricted use of water to keeping use within
a specific allocation. With an increase in the
number of users tensions may arise with respect
to the distribution of supplies. With an
increased general awareness and adoption of
sustainability, members of society are
increasingly calling for businesses to be
responsible for their activities. Companies that
do not incorporate water-efficiency into their
corporate values are more likely to be
scrutinized by members of society. If industry
does not have the support of local residents
they jeopardize their social license to operate.




To date this driver does not appear to provide
businesses with a strong return on investment
opportunity. The truth of the matter is
implementation of best-practices can garner
public support for a company and without social
support businesses risk losing revenue due to a
decreased demand for their product. Additional
costs can be incurred by companies in the form
of a discredited reputation.

Business activities that increase reputation and
brand image are considered to be strategic.
Their return is often in the form of intangible

Sustamable
Industry

Source:
http://www.wbcsd.org/DocRoot/mfd WktIXATA93a4
g56rB/Partnership.pdf

social support which is priceless. The idea is that
once a reputation is damaged it can take a
significant amount of time before it is repaired,
assuming it can be repaired. A company that
implements sustainable water management
practices, and can show the efficiency of their
water use, can then market themselves as
leaders in corporate responsibility by using the
environment as a component in their marketing
strategy. Terrell and Holmes, in the book Water
Use and Reuse, point out “instead of just
protecting their [companies] image by meeting

all consent conditions, these companies believe
that there is competitive advantage to be gained
by being “greener” than their competitors,
which can translate into increased profit.” (55)

Rising environmental costs: ability to
discharge

This final driving force touches on aspects of
each of the previous. Generations have been
overusing water resources, and there is little to
show that this trend is subsiding. A consequence
of over-consumption is the degradation of the
natural environment with impacts that cannot
be easily mitigated. Thirlwell, from the Brace
Centre for Water Resources Management, listed
a few of these impacts: polluted surface waters,
depleted aquifers, loss of biological diversity,
and amplification of climate change. (58) A
subset of corporate environmental costs
includes the treatment of discharged effluent. It
so happens that this cost is rising significantly
faster than others. (55) Implementing
sustainable water use practices that reduce
demand allows for a company to comply with
environmental legislation while maintaining a
competitive edge, all at potentially lower costs.
As stated in Water Use and Reuse, “the
increasing cost of effluent treatment provides
an added incentive for the reduction of volume
and contamination of wastewaters”. (55)
Furthermore, if environmental and health
regulations become more stringent in the
future, higher costs would have to be absorbed
by companies to meet both regulatory
requirements and maintain their social license
to operate. In light of these issues it appears
that the savvy business strategy is to thoroughly
investigate best water management practices.

Companies truly committed to sustainable
water management would benefit from
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developing Water Efficiency Strategy. A
management plans can assist a business in
capitalizing on the opportunities associated with
water conservation best management practices.

Environment Canada, in their document A
Water Efficiency Planning Guide for Building
Owners and Managers, put forward a
straightforward four step process to successfully
creating a Water Efficiency Strategy. The steps
are as follows:

1. Engage senior management and gain
their support for water efficient
initiatives.

2. Conduct a water use audit: identify all

components of the facility’s water

system, determined how water is used
for each process, and quantify
operational water consumption.

Develop a water efficiency plan.

4. Develop an awareness program and
engage employees to reduce water use
and impacts

w

The plan should include:

e  Policy statement

e The organization’s water-related goals
(realistic, measurable and achievable)

e Anaction plan. Actions to achieve
water related goals include:

i System optimization
ii. Water saving devices
iii. Reuse / recycling

iv. Process changes
V. Alternative water sources
vi. Metering
Vii. Leak detection and reduction

measures. (15)

By understanding trends that shape industrial
practices around the world, companies will be
better able to identify new markets and position
themselves within those markets, while
simultaneously lowering risk and increasing
sustainability. (26)

Having established firm reasoning for reducing a
company or industrial park’s water use, the next
section of this report will further discuss what
methods are available to companies. By
following these practices, managers can reduce
their company’s and/or industrial park’s
environmental footprint, while simultaneously
reducing their operating costs.
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Module 2

Industrial Parks:

Sustainable Water Management Practices

Introduction

Industrial parks can be designed or retrofitted to into three sections each discussing

incorporate sustainable water management considerations for practices that can be
practices. Integrating environmental systems implemented throughout an industrial park that
into park components is fundamental to the will contribute to efficient use of incoming,
success of sustainable water management used, and outgoing water supplies.

practices. The following module is separated
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1. Industrial Park Level

Industrial park level

“Collecting rainwater, storm water, or an
alternate water that has been used one time
and can be used a second time with little or no
treatment could provide a new water supply,
saving the purified municipal water for high-
quality water needs” (51)

I Alternative sources:

Using alternative water sources can be an
alternative to conventional supplies (municipal,
well, and surface water). As a result, drinking
quality water can be reserved for in-house
activities while reclaimed water can be used for
activities such as (this list is by no means
exhaustive):

e Landscape irrigation

e  Flushing toilets

e  Fire protection

e Cooling tower make-up water

e Equipment wash-down

e  Construction operations (dust control,
concrete curing, fill compaction, and
cleanup)

e  Process water (6)

I Rainwater harvesting

The notion of collecting rain for domestic use is
not a new concept. In many parts of the world it
has become an increasingly popular means of
alleviating pressure on scarce water supplies.
Potable quality water is not required for all
domestic and industrial uses such as toilet
flushing or landscape irrigation. The
implementation of a rainwater harvesting
systems not only encourages water
conservation but also reduces demand on local
systems by substituting municipal supplies with
an alternative water resource. (42) Rainwater
can have the additional benefit of being

naturally soft, having a near neutral pH, and
being relatively free of salts, minerals, chlorine
and human-made pollutants. (64) Occasionally
rainwater can be polluted with SO, and NOy
which can make it more acidic. Harvested
rainwater is likely unable to supply all water
needs for an industrial park and therefore
should be viewed as a supplement to municipal
water supplies rather than a replacement. In
keeping with sustainable water management
principles, implementation of rainwater
catchment systems allow for water to be used in
a more efficient way. (42, 29) Rainwater
harvesting can be done at the industrial park
level and/or at the individual business

“Industries

establishment. Ontario, British Columbia, and :
) o looking to expand

Nova Scotia have amended building codes that .
. . . are sometimes

allow the use of rainwater using dual plumbing

systems for in-door use. (62) unable to do so

because of the

I What is rainwater harvesting? demands the

expansion would
Rainwater collection systems can consist of a

place on water

simple rain barrels to elaborate large scale supply. Rainwater

catchment and distribution systems. According harvesting is an
to An Architect’s Guide to Designing for :
gning f; alternative

Sustainability, a straightforward definition of :
. N . solution and one
rainwater harvesting is “the concentrating and

that makes a lot
of sense.”(73)

collecting of rain falling on roofs and grounds for
direct use or storage. Water is collected or

harvested from patios, driveways and other
paved areas. Also harvested is the flow of water
from the roof and from catchments such as
gutters.” (9) Common to most rainwater
systems are six components: 1) catchment area,
2) conveyance, 3) roof washing/filtering, 4)
storage, 5) treatment/purification, and 6)
distribution. Collected rainwater intended to be
used outdoors typically does not require
treatment, but will need a screen/filter system
to prevent the accumulation of debris in storage
tanks. (29) For more information on each of the
aforementioned components, visit the
Components of a Rainwater System section.
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|Rainwater harvesting

I Considerations

Before installing a rainwater harvesting system certain considerations should be taken into account:

e  Establish the intended use of rainwater (important distinctions exist between potable and non-
potable quality water requirements).

e Research what appropriate technologies are available to meet the industrial park’s and/or
business’ water needs.

e Determine what policies, regulations and building codes speak to rainwater harvesting and all of
its components (contact local council, health department, and local water company for
regulations and restrictions). (74)

Rainwater Storage Tank

From Roof First Flush Converter
—_—

Overflow to stormwater
or garden

Pump to toilet or
garden irrigation

Consumption Recharge

Source: http://www.melbournewater.com/content/library/wsud/mw_wsud_brochure.pdf

I Components of rainwater system

e Catchment area: the surface on which rain falls; typically consists of the roof and gutters of a
building. For potable use of rainwater, metal, clay and cementitious roving material is best.

e Conveyance: the network of pipes that carries rainwater from the collection site to a cistern;
collection can be accomplished using gravity.

e Roof washing/filtering: the screen or filter system that catches and removes the first-flush of
larger contaminants and debris from the conveyance system before entering the storage tank.

e Storage: cisterns or tank where water is stored. Precast concrete tanks, polyethylene tanks,
polypropylene lined galvanized steel tanks, flexible water bladders, and fibre glass tanks are
some available options. (74)

e Treatment/purification: treatment depends on the intended use of the rainwater. Water
intended for potable use would be pumped from the cistern to the purification system and then
distributed. For non-potable uses, no treatment is required. A purification system includes:



http://www.melbournewater.com/content/library/wsud/mw_wsud_brochure.pdf

o 1) Filtration: in-line or multi-cartridge, activated charcoal, reverse osmosis, mixed
media, or slow sand.

o 2) Disinfection: boiling or distilling, chemical treatment, ultraviolet light, ozonization.

o 3) Buffering for pH control: the addition of a neutralizing compound to bring the pH
close to 7. (28, 51)

e Distribution: pumping systems may be required for the distribution of collected rainwater. In
most cases it requires pumping the water into a pressure vessel. Generally, water requires one
pound per square inch of pressure for every 2.31 feet of lift; most plumbing fixtures require 20
pounds per square inch to operate efficiently. (51)

I Benefits of rainwater harvesting

Of the numerous benefits provided by rainwater harvesting, the most often cited advantages include:

e Reducing demand on municipal water supplies.

e Increasing the availability of supplies for use in off peak times of droughts and water bans.

e Performing flood control while reducing erosion by managing storm drainage load.

e Reducing energy use. Technologies can accommodate various environments and can be built to
meet almost any requirements.

e Operating and maintaining these systems is inexpensive and does not demand much labour. (62)

I Costs of rainwater harvesting ’

No single cost estimate can be given for the construction of a rainwater harvesting system. The price of
each system will vary depending on the complexity of the design. In most cases retrofitting a roof would
be the most costly component followed by purchasing a cistern or tank.

Rainwater harvesting in Victoria, British Columbia

The Capital Regional District of (CRD) Victoria, British Columbia (BC), claims that rainwater harvesting
is typically most cost effective where:

e Regional annual precipitation is more than 900 mm/year
e Complex treatment and distribution systems are unnecessary (decreases capital costs)
e Available roof surface accommodates catchment infrastructure

In Victoria, BC, the cost of collecting and using rainwater can vary between $1.50 to $2.00/m>. This
amount decreases when the aforementioned elements are present in conjunction with one and
other." In terms of cost benefit, a roof in the Greater Victoria Area particular geographical location,
with a catchment area of 200m’, would receive approximately 120-240m’ of rainwater to
supplement municipal water source. (28)
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Specially marked piping
must be dedicated to
non-potable
distribution systems.
The standard for non-
potable piping systems
in Canada is CSA B128.
(28)

Reuse & redistribution: on-site
treatment facility

Depending on the industrial park, water is
provided from municipal distribution systems,
wells (groundwater), and surface water.
Wastewater (facility wastewater) and storm
water can be collected, treated, and potentially
reused for in-house operations.

Decentralized wastewater management (DWM)
is defined as “the collection, treatment, and
reuse of wastewater at or near the point of
waste generation”. (6) Depending on the type of
operational activities, a decentralized facility
may be a feasible means of managing
wastewater from a cluster of commercial and
industrial facilities. The collection and treatment
of wastewater from many facilities in an
industrial park is known as a clustered
decentralized wastewater treatment. The more
companies within the park that use the park’s
wastewater system, the cheaper the system will
be for everyone. (6)

Constructing a DWM system has the benefit of
being customized to the needs of a specific site.
The style of wastewater management systems
range from individual on-site systems to satellite
treatment systems connected to a central
system. As stated in Water Reuse: Issues,

Technologies, and Applications, “depending on
the site characteristics, system design, and type
of the application, different approaches are
used to implement management and
maintenance”. (6) For example, if discharge
from industrial facilities is high in problematic
constituents, such as metals, salts, and
hazardous trace organic compounds, the
treatment system can be designed accordingly
as opposed to taxing a central municipal facility
which potentially may not have the capacity to
deal with the effluent discharge. An additional
benefit is in the reduced size and extent of
collection pipes associated with being
connected to the municipal system; this is
particularly relevant for industrial parks located
in outlaying areas.

With an on-site treatment system the potential
to re-circulate and reuse treated water within
the park exists as an opportunity for park
occupants to capitalize on. The wastewater from
individual commercial buildings and industrial
facilities can be managed in keeping with closed
loop system principles. Given current
regulations on water reuse, if this water supply
is to be used as a resource, consultants or
design engineers should be enlisted from the
onset so as to select a process to meet
regulatory, reliability and performance criteria.

(6)

I Dual plumbing:

An important component of on-site treatment redistribution systems is the dual distribution system. Its

function is to facilitate keeping the potable water supply separate from the non-potable supply. Dual

plumbing is defined as, “separate plumbing systems used to supply potable and reclaimed water from the

points of connection from the respective distribution systems to the points of use”. (6) In essence, a dual

distribution system allows for the replacement of potable water with non-potable water thereby

conserving freshwater resources.

Typically, dual distribution systems are one of two types. The first consists of constructing a system where

wastewater is processed at the municipal wastewater treatment plant/on-site wastewater treatment




distribution systems one should consider:

industrial);

facility and then redistributed to facilities. The second involves small-scale individual systems that reclaim
and treat a facilities wastewater (See the in-house section: Greywater). (5) Dual plumbing systems should
be considered during the planning and design stages of a new development; retrofitting can be costly and
economically unfeasible. Requirement specifications for the installation of these systems are typically
outlined in municipal plumbing codes and provincial building codes. (5)

According to T. Asano in Water Reuse: Issues, Technologies, and Applications, when planning for dual

e Determining the type of application (in the case of industrial parks it would be commercial or

e Developing a schematic that meets the terms of local and provincial building codes; and
e Ensuring that applicable health and safety legislations are abided by. (6)

Storm water management

Once rainwater hits the ground it becomes
referred to as storm water. Urban storm water
consist of rainwater and snow melt that either
filters into the ground or runs off a landscape
into storm drains, streams, lakes, rivers, etc..
(44) The conventional method of managing
storm water is to “direct it to a gutter or a pit,
down the pipe and into the drain”. (42) The
collection of storm water for reuse has been
known to take place, but for the most part, best
management practices consist of collecting for
the purpose of increasing infiltration into
underlying soil.

25% shaliow y 21% shallow
infiltration Infitration
o 5% deep X 21% deep
i infiltration @ infiltration
Natural Ground Cover 10%-20% Impervious Surface

20% shatiow 10% shallow
infiltration Infitration

5% devy

L 15% deep | P
& Infiltration ~ infiltration

35%-50% Iimpervious Surface T5%-100% Impervious Surface

Source:
http://www.nrcs.usda.gov/technical/stream_restorati
on/Images/scrhimage/chap3/fig3-21.jpg

The initial construction of an industrial park
determines the infrastructure that will dictate
how water will flow onsite. Urban developments
can significantly impact water resources. The
disturbance of land for the sake of development
can change the local hydrological cycle,
increases the pollutant levels in surface runoff,
and increases water treatment costs to
businesses and residents of a municipality alike.
In a natural system, most rain and snowmelt
filter into the ground, and only once the ground
is saturated is surface runoff produced.
Typically, trees and vegetated landscape both
intercept and absorb rainfall; plant life is
sustained, groundwater recharge maximized,
and erosion minimized. Having sufficient soil
moisture provided by rainwater means a
decrease in the amount of water required for
uses such as landscaping. (51)

Where development has taken place, for
example, cleared, graded and compacted sites,
natural processes get disrupted. (41) The
impermeable surfaces which are characteristic
of industrial parks such as roof tops, parking
lots, sidewalks, roads, etc., decrease the amount
of exposed soil thereby increasing runoff
velocities which, in turn, increases erosion,
flooding, and contaminant levels within runoff.
The regulation of discharges into the storm
water conveyance system falls under the
jurisdiction of individual municipalities. (30)

The quality of runoff water, which ultimately
flows into a neighbouring body of water or a
storm sewer, becomes contaminated with

accumulated trash, oil and rubber from cars,
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fertilizers and pesticides from lawns, and
sediments from roadways and sidewalks. (41) As
previously mentioned this can increase
treatment costs to local consumers and also
disrupt watershed resources. With increased
pollution comes a decrease in potential
freshwater supplies which further compounds
the water scarcity problem.

To some, the question of why manage storm
water at all comes to mind. Storm water
management practices for an industrial park
would help control runoff through the use of
non-structural and/or structural techniques.
(41) There are numerous ways to capture and
maintain storm water on site, many of which
mimic natural process. (51) The general idea is
that storm water is more likely to seep into
underlying soil if its velocity is reduced and it
comes into contact with a permeable surface.
The best storm water management practices
appear to be:

Storage controls (51) store storm water for brief
periods and then release it at a controlled rate.
For example:

e  Green-roofs
e Porous pavement

Infiltration controls (51) encourage drainage
into the underlying soil thereby restoring the
hydrological cycle. For example:

e Infiltration trenches

e Swales

e Vegetated filter strips
e Rain gardens

e  Other considerations: microbasins,
French drains, curb and road grading
designs

End-of-pipe controls (51) are treatments used
at the end of the drain pipe, after the water has
been released. For example:

e Wet ponds
e Wetlands
e DryPonds

|Storage controls

I Green roofs

Green roofs are by no means a new concept. In
Europe, this idea has been in practice since the
1960s. The highest density of green roofs is in
Germany, where, as of 2001, approximately 14
percent of all flat roofs were green, equivalent
to 13.5 million m”. (22, 76) This is in large part
attributed to implementation of federal
legislation, regional government incentives, and
continual research on the matter. There is an
increasing trend in North America to invest in
green roof research and development, and
create storm water management plans that
include green roof policies. (22) The cities of
Toronto and Vancouver have been pioneers on
this front; each count more than 600 green
roofs.

I What is a green roof?

In its simplest form, a green roof is “a
conventional roof that is covered with a layer of
vegetation”. (34) Put differently, it is a “building
whose roof is either partially or completely
covered in plants”. (64) Green roofs are also
known as eco-roofs, vegetated roofs, and living
roofs. Additional definitions require “that a
green roof must be a stable living ecosystem
that [can] make the urban environment more
liveable, efficient and sustainable”. (64)
Common to all definitions a green roof is the
minimum requirements of a flat or low-sloped
roof able to carry the weight of vegetation and
associated infrastructure. (34)



|Green roofs |

I Considerations ‘

The design details of green roofs are typically tailored to each roof structure. With that being said, each
system will have:

e Asynthetic, high quality water proof membrane;
e \Vegetation;
e  Growing medium; and

e Filter layer, drainage layer, and root resistance layer. (34)

Vegetative Layer

Growing Medium

Drainage, Aeration, Water

Storage and Root Barrier \
Insulation Layer

Roofing Membrane :
Structural Support

I Intensive or extensive

Considerations for a green roof can occur during the design phase of a building or as a retrofit to an
already existing one. (22) Two categories of green roof systems exist: intensive and extensive. They differ
on plant materials and planed usage for the roof area. According to the Green Roof Research Program at
Michigan State University,

“intensive green roofs use a wide variety of plant species that may include trees and shrubs,
require deeper substrate layers, are generally limited to flat roofs, require intense maintenance,
and are often park-like areas accessible to the general public. In contrast, extensive roofs are
limited to herbs, grasses, mosses, and drought tolerant succulents such as Sedum, and can be
sustained in a substrate layer as shallow as 3.5 cm (1.5 in), require minimal maintenance, and are
generally not accessible to the public”. (54)

I Systems ‘ e Complete systems: All the different

With respect to infrastructure, three types of components, including roof membrane,

systems exist. The Toronto based research are incorporated into building

network Green Roofs for Healthy Cities, lists infrastructure; all roof components are

these systems as: designed to support vegetation growth.
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e Modular systems: Trays of vegetation

in a growing medium that are placed

on the existing roof to achieve For both the modular and pre-cultivated

systems drainage mats, root barriers and
complete coverage.
waterproof membranes must also be installed

e  Pre-cultivated systems: Blankets of as required

vegetation consisting of a growing
medium and plants are rolled onto the
existing roofing system. (22)*

I Benefits

Previously the cost of constructing and maintaining a green roof was cited as the major deterrent to its
implementation. With technological advances this concern has been mitigated to some extent. Today,
multiple benefits from installing a green roof have been identified, including cost savings. Additional
benefits include:

e Reduce heating and cooling (by evaporative cooling) loads on a building;
e The soil and plants on green roofs help to insulate a building for sound;
e  Filter pollutants and carbon dioxide out of the air;

e Increase roof life span;

e Reduce storm water runoff.

e  Filter pollutants and heavy metals out of rainwater. (22,54, 34)

I Costs

The range of prices for a green roof depend on the square footage to be covered, the physical ability of a
building to have a green roof installed, the type of green roof system, and the type of plants chosen. For a
designed and installed roof system the estimated prices range from 5 to 10 dollars per square foot. In
2006, Queen’s University in Kingston, Ontario, considered installing a green roof on one of the campus’
buildings and thus completed a feasibility study. The results indicated that the roof would cost $70,000 to
construct, install and maintain. Prior to the installation, the average annual energy use for cooling was
calculated to be 90,000kWh; a green roof was estimated to reduce this amount by 15%. Cost savings in
energy and water are expected to be incurred from the implementation of a best water management
practice. (54)

Green Roof from Toronto

Source:
http://www.ec.qgc.ca/EnviroZine/English/issues/09/feature4 _e.cfm
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Pervious pavement

“Porous asphalt pavements are increasingly in
demand because they offer public works
officials the opportunity to minimize impervious
surfaces, reduce peak and total volume of
runoff, improve groundwater recharge and
manage storm water in an environmentally
friendly way.” (10)

In most cases, natural surfaces in industrial
parks will become increasing covered with
impermeable surfaces such as roads, sidewalks,
driveways, and buildings. Undoubtedly, the
storm water runoff is impacted by the presence
of these surfaces. Typically, rain and snowmelt
run off of these surfaces, making their way into
storm drains. Meanwhile, pollutants and
particulate matter are picked up on the way
putting additional pressure on municipal water
treatment plant. (61) Most impervious surfaces
are related to automobile usage; therefore,
runoff is subject to amassing pollutants that are
associated with automobile usage. Construction
or expansion of an industrial estate often alters
natural systems. However, by decreasing the
amount of impermeable surfaces and using
permeable or porous surfaces wherever paving
is required we can mitigate this impact and
assist the natural water cycle. (45) An additional
consideration is the implementation of storm
water impact fees for all impervious areas.
Government agencies are increasingly looking to
fee schedules to help mitigate the impact of
increased runoff. With this information in mind,
pre-emptively addressing this issue before it
becomes a bigger concern makes good business
sense.

I What is permeable paving?

Permeable paving is defined as “a surface layer
that allows rainfall to percolate into an
underlying reservoir base where rainfall is either
infiltrated to underlying soils or removed by a
subsurface drain”. (45) Rephrased, permeable
pavement temporarily stores storm water as it
filters in to lower-lying soil. This aids in the
restoration of natural eco-system infiltration
processes and alleviates the additional stress

put on watercourses by increased rainwater
flow. Depending on the type of pervious
pavement used, water evaporation levels will
also increase, thus further contributing to the
restoration of the natural hydrological cycle.
Furthermore, pollutants are separated out from
the rainwater as it filters through the various
levels media and into the underlying soil. This
allows for the replenishment of groundwater,
improvement of water quality, and the
reduction of expenses to be paid for storm
water management may eliminate the need for
a retention basin. (10)
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“Scientific studies
have linked high
levels of impervious
surfaces to water
quality degradation.
Two thirds of the
impervious surfaces
in developed
communities are in
the form of pavement
related to automobile
usage. Any design
that uses alternatives
to reduce impervious
pavement is a
positive step towards
improving the quality
of a community's
water resource.” (52)




Considerations

Porous Pavement

The various components of a pervious pavement system
consist of:

1. Stone Layer: Uppermost layer consisting of paving
stones spaced with a grass or gravel matrix.

2. Bedding Layer: Compacted crushed gravel or brick
aggregate meant to cushion and stabilize the paving
stonelayer. Part of the purification process occurs

at this level.

3. Base Layer: Large stone fragments create the base Source: ,
layer where suspended particulate matter is http://www.melbournewater.com.au/content/li
removed brary/wsud/water sensitive _urban_design.pdf

4. Subgrade: Subsurface soil of the area.(61)

According to the Greater Vancouver Regional District, the main types of permeable pavements frequently
used are:

e  Concrete modular interlocking pavers

e  Porous asphalt or porous concrete

e Concrete or plastic grid structures (to be filled with gravel on top of an engineered aggregate
material, or to be filled with a sand/soil mixture on top of an aggregate/topsoil mix).(70)

I Benefits

The Homeowner’s Guide to Rainwater goes on to describe the environmental benefits of having a
pervious paved area as:

e Restoring hydrologic cycle components

e  Filtering and removing contaminants from percolating runoff

e Decreasing the need for detention ponds; pervious pavement is a substitute for detention ponds
(68)

e Decreasing storm water management costs (more cost effective than maintaining detention
ponds, skimmers, pumps, drainage pipes, and other storm water management systems)

e Reducing the potential for flooding which may over-load sewers and sewage treatment plants.

I Costs

Porous asphalt is similarly priced when compared to conventional asphalt. The primary difference in the
cost comes from the different underlying stone bed upon which the porous asphalt rests. These costs are
off-set by the reduced amount of piping, inlets and landscape reforms that are often required by
conventional asphalt. When all things are considered, porous pavement is often the more economically
sound decision costing approximately 2,000-2,500 per parking space for parking aisles and storm water
management.(70) Where climatic conditions allow, park managers should assess the appropriateness of
porous pavement in reducing storm water flows
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|I"ﬁltrati0n controls water pollution, flooding, and diminished
groundwater. (40) A common application of

Infiltration controls, are additional mechanisms infiltration controls are around parking lots and

by which impacts from storm water runoff can roadways where pollutants build up on the

be mitigated. These processes use various forms paved surfaces and are subsequently washed

of vegetation and landscape structures to filter away by rain. These practices tend to be

water pollutants and slow runoff before it relatively inexpensive to implement and play an

enters a watercourse or storm sewer. They important part in the overall best management

allow for some of the storm water to soak into of water entering an industrial park’s

the ground, and reduce the overall volume of boundaries.

runoff as opposed to having it flow into storm
drains and surface waters which causes erosion,

I Benefits of infiltration control methods

e  Cost effective to install and easily maintained

e Increases the longevity of municipal water circulation infrastructure; alleviates pressure put on
municipal sewer systems and wastewater treatment plants from increased runoff volume

e Divert wastewater from potentially sensitive areas while preventing flooding and erosion

e  Function well as standalone practices as well as in conjunction with other practices as part of a
more comprehensive wastewater management strategy

e  Filter pollutants from cars, roads, sidewalks, roofs etc.

e Aesthetic appeal and added value to property landscaping (63)

I Infiltration trenches

Infiltration trenches “are stone-filled (golf ball size) excavations where storm water runoff collects and
then infiltrates into the ground.” (44) In backfilling an excavated trench with stones a narrow
underground chamber is created between the stones

Clean Stone

and underlying soil. Storm water resides and then vl Filter (1-2m)
filters through the bottom of the trench into the a. j
surrounding soil. (24) In filtering through the stone
layer, water quality enhancement occurs via the
removal of fine sediments and associated pollutants.
(11) For this practice to be effective they should only

be considered in areas where the soil is significantly

porous to drain the trench storm water with a

SandFilter
relatively short time period. (44) This practice works (15:30c)

best when used in conjunction with other infiltration techniques such as swales. These help to remove the
large sediments which have the potential to clog the trench and impede infiltration. (11)
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“The plants
provide oxygen
and carbon for
water treatment.
The roots offer
attachment sites
for naturally-
occurring
microbes which
consume the
available oxygen
while breaking
down
contaminants. The
plants themselves
also take up
pollutants and
treat them
through
phytoremediation

”

I Swales

Swales are shallow, wide conduits, gently
sloped so as to mimic conventional storm
water conveyance and piping systems.
They have also been described as “open
ditches” that are typically lined with — —
landscaping materials such as turf grass or
native vegetation. No matter the type of
landscape material, the structure helps to Yoterule tabeic
reduce peak flow rates; some of the flow 1
is likely to infiltrate into the ground,

reducing overall runoff volume. (40) In

short, the storm water filters through the

soil bed and into an underdrain - typically
consisting of a perforated pipe - which directs
the filtered water into the conventional

sewer system. (31) It is suggested that the
slope should be as small as possible to increase
retention time and reduce velocities. (40) The
swale implementation is equally feasible during
the design phase of a new development as it is
to a retrofit an existing development. (40) If
properly designed, the practice of using swales
can assist in the reduction of the size and
hence the cost of downstream control

facilities.

Grass Swale/ Bloretention Trench
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Source:
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I Vegetated filter strips

brary/wsud/water_sensitive_urban_design.pdf

Vegetated filter strips are areas of planted indigenous vegetation typically situated between a high runoff
area and a receiving body of water. This particular structural storm water management technique may
not be applicable to all industrial parks; it should, however, be considered by those that are adjacent to a

body of water. The strip area is engineered and

Source Area

constructed to mitigate runoff through settling, Vegetative Strip

filtration, absorption and infiltration processes.

Slo e

(59) In addition to the aforementioned benefits

of these storm water practices, this mechanism
provides localized erosion protection; because of
the typical location of filter strips, the vegetation
covers soil with a high erosion potential. (59)
Moreover, they can serve as a habitat for wildlife
which may help to restore natural ecosystem functions. In designing the strip, considerations should be
made for the type of pollutants the vegetation is likely to receive, soil characteristics, slope steepness, and
climatic conditions. Selected plants should be indigenous with a “dense top-growth to provide good,
uniform soil cover, and a fibrous root system for stability.” (59) Park designers and managers can require
infiltration controls when roads and properties are developed.
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I Rain gardens

A rain garden is similar to a regular garden with a few minor adjustments. Rain gardens make use of
channelled rainwater so as to decrease the potable water demand for landscaping purposes. Individually,
these landscape structures have a layer of mulch and planting soil with an underdrain to divert excess
water and prevent flooding. Typically, native vegetation is used for these landscapes; as a result, rain
gardens function as an infiltration mechanism while also providing an additional aesthetic benefit and
habitat for native fauna.

Considerations for plant choice include selecting flora that is:
1. Tolerant of both flooding and dry conditions

2. Sprawling in nature rather than clumped

3. Perennial rather than annual

4. Characterized by fibrous root systems (53)

|Storm & waste water treatments |

naturally-occurring biological, chemical, and

I Wetlands ‘ physical processes, are capable of naturally
remediating contaminants in wastewater”. (27)
Wetlands are increasingly being recognized for A constructed wetland is designed to mimic
the eco-system services they provide. Of their nature in order to perform the same function as
multiple functions, stock has been put in their that of a natural one. In most cases a
ability to treat wastewaters and mediate the constructed wetland will consist of multiple
impacts of storm water runoff. Constructed shallow rectangular plots of vegetation (cattails,
wetlands are being labelled an eco-technology. reeds, and rushes are common choices), water,
They are seen as a socially commendable and and sand or gravel. The design of a constructed
economically feasible alternative to wetland is meant to slow incoming water to the
conventional wastewater treatment systems. point that the manufactured ecosystem will be
Cost savings are directly attributable to able to bio-remediate it. This is echoed by
decreased energy consumption. As well, the Melbourne, Australia’s Water Sensitive Urban
natural eco-system is energy self-sufficient. Design Unit: “Natural filters such as vegetation
With relatively low construction and are placed in the wetland to retain pollutants,
maintenance costs wetlands are considered to treating the waters prior to them entering a
be a best practice among water management natural creek, river or the ocean”. (13)(43)

strategies. There are currently thousands of

wetlands throughout the world that are used for I Wetlands and industrial parks

receiving and treating municipal effluent,
industrial and commercial wastewaters, and

storm water runoff. (13) Wetlands have been hailed as among the more

effective storm water management practices.
I What is a constructed wetland? ‘ Runoff, particularly from industrial catchments,
has been a significant contributor to the

According to the engineering and environmental degradation of the receiving water ecosystems.
consulting firm Conestoga-Rovers and
Associates (CRA), “natural wetlands, such as
marshes, swamps, and bogs, are systems that
support vegetation in saturated soil conditions. neighbouring waterways. Water management

The plants, along with a combination of practices are needed in industrial parks to

(43) This can be compounded by untreated
industrial effluent being dumped into
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“A wet pond is a
retention basin
designed to
temporarily store
collected storm
water runoff and
release it at a
controlled rate”.
(44)

mitigate potential negative impacts on
surrounding systems. Effluent discharge
standards are federally, as well as typically
regionally, legislated. Industrial park wastewater
treatment plants can receive a variety of
wastewater from a mix of industries such as
chemical manufacturing, steel production, and
food processing, to name a few. Forecasting
predicts that the current regulations are likely to
become increasingly strict. With this in mind, it

impact of wastewater and storm water runoff.
(13) Properly constructed and maintained
engineered wetlands have high removal rates of
pollutants from runoff and wastewater. (23) The
presence of a wetland in an industrial park is an
example of a “built-in environmental mitigation
mechanism”. What’s more, having a wetland as
part of an industrial park’s water management
strategies may attract firms looking to locate
themselves within an industrial estate that

would be wise to consider alternative practices practices sustainable water management. (32)

such as the installation of wetlands to lessen the

| Wetlands

I Considerations

Constructed wetlands are typically one of two types:

¢ Free water surface system or surface systems:
These systems are designed to mimic a natural

Treatment Pond/Wetland*

wetland. They have standing water at the surface
where water flows over a bed surface and is filtered
through dense aquatic vegetation. Surface systems
are well suited for large scale projects such as

municipal wastewater treatment.

e Subsurface flow systems: Usually these systems are
lined basins with no visible standing water. . Iore  Ioce
Wastewater is intended to flow through a gravel
medium beneath the emergent aquatic vegetation. (23)(43)

Source: http://www.melbournewater.com.au/content/library/wsud/water sensitive _urban design.pdf

Selection of the optimal design parameters -plant species, type of media, required retention time- all
need to be considered when choosing the most appropriate type of constructed wetland. (13)

I Benefits

e  Treats storm water runoff

e Decreases peak storm water flow surges

e Reduces storm water runoff volume

e  Contributes to local flood control

e Contributes to improved quality of local surface waterways

e Provides an aesthetic benefit to residential, commercial, and/or industrial sites
e  Enhances available wildlife habitat

e  Mitigates soil erosion (12)
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I Cost and maintenance

Assigning an estimated cost for a constructed wetland is not readily feasible. The size (excavation
required), type, infrastructure media, plant selection etc. all factor into the total cost. This price will vary
according to the schematics of each individual project. According to the Canadian Housing and Mortgage
Corporation the “costs incurred for storm water wetlands include those for permitting, design,
construction and maintenance ... this includes costs for clearing and grubbing, staking and planting.” (39)
As a general rule of thumb, maintenance costs are approximately two percent per year of the
construction cost.” (39) For the sake of giving a rough cost estimate, Natural Systems International state,
“depending on water quality and winter temperatures, wetlands should average between % to 1 sq. ft.
per gallon of water treated per day. Cost per acre is between $22,000 and $50,000 for surface flow
wetlands. (56)

Burnside wetland case study

By utilizing modern wetland engineering techniques Burnside has been able to accomplish many
goals. Primarily, it has been able to treat leachate from the old on-site landfill. The leachate from the
13.4 acre landfill site had been leaking into the nearby Wright’s Creek. By developing an engineered
wetland, many of the harmful chemicals are settled out or absorbed by the natural vegetation of the
wetland. Furthermore, this manner of treatment has meant that there does not need to be an
expensive traditional water treatment plant. One of the other added benefits has been the
restoration of Wright’s Creek and the surrounding eco-systems. Not only does the wetland itself add
to the natural beauty of the park, but Wright’s Creek’s ecosystem has experienced a resurgence, and
is again able to flourish. Wright’s Creek has added to the aesthetics of the park, and thus added to
the enjoyment of Burnside’s employees.

2- Wet ponds

A wet pond is a retention “basin designed to commercial and industrial buildings. (21) The
temporarily store collected storm water runoff City of Ottawa claims that “wet ponds are the
and release it at a controlled rate”. (55) Similar most common end-of-pipe storm water facility
to most storm water management techniques, used in Ontario.” (21) Wet ponds have the
benefits of a wet pond include water quality ability to capture and treat all storm sewer
enhancement, erosion control and flooding discharges such as wet weather storm water
control. Across Canada multiple city websites runoff, snowmelt, industrial spills, and illegal
indicated that wet ponds are characteristic of discharges.
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| Wet ponds

I Considerations

A wet pond is a permanent pool of water with a
relatively constant influx and release of storm water. Sedmeni Farbay
In a storm event, incoming storm water causes the Hatural Stone

Facad Inlet

pond water to overflow. This new water is then

stored in the pond until the next storm; water levels

are meant to rise and fall between events. An inlet
connected to a conveyance structure directs water

into the pond. A sediment fore bay slows the storm
water before it enters the main pond. Storm water
becomes diluted upon entering the retention area.

With a high retention time, a greater amount of
pollutants are removed via the settling process. The

size of the pond influences water quality; a larger

pond fosters better water quality. (71) In detaining the
water, the release rate into local water bodies or
municipal sewer systems is slowed. Outflow is controlled
and limited by having an opening at the lowest point of the structure. The size of the opening determines
the release rate which should be consistent with storm sewer/ receiving water body’s capacity to
accommodate storm water. Some large facilities will have the capacity to install monitoring systems and
regulating systems to control outflow. (21)

Source:
http.//www.ene.gov.on.ca/envision/gp/4329e_4.htm

Wet ponds have the capacity to restore natural cycling and colonize a healthy aquatic ecosystem. (55) The
practice of retaining water promotes water infiltration into the surrounding soil, also promoting
evaporation, which, in turn, restores components of the hydrological cycle. Also, wetlands can potentially
be developed as part of a storm water pond’s design. Using both these practices simultaneously enhances
storm water management benefits while increasing the aesthetic appeal of a landscape. (44) One example
of a wet pond, known as an enhanced wet pond, is illustrated above. An enhanced wet pond is
distinguished from a simple wet pond by the existence of a fore bay designed as an additional trap to

incoming sediment.

I Costs

When contemplating the installation of a wet pond, considerations need to made for the one-time capital
and installation costs as well as maintenance costs. According to the Canadian Mortgage and Housing
Corporation retention ponds are one of the more expensive options for storm water best management
practices. In terms of cost estimates, a 2,000 m> wet pond is expected to have construction costs of about
$50,000 and annual maintenance cost of approximately $2,000. (25)

|Dry ponds |

A dry pond is similar to the wet pond only when released. The main function of a dry pond is to

it runs dry after draining its effluent load. Also, restore the natural runoff rate that existed

they differ in their ability to treat runoff; a dry before development occurred. The temporary

pond does not have the same capacity as a wet pond slowly the release of storm water into

pond to improve water quality before water is




sewer drains and/or waterways: it mimicking
the natural runoff rate and quality before
development occurred.

Ma n a g sections

This section illustrates the various means in
which industrial park managers can take steps
to create a more sustainable industrial park. As
can be seen there are a number of measures
that can be put in place. However, it is easier for
an industrial park manager to implement these
procedures in the planning stages of future
industrial parks rather than attempting to
retrofit older parks. Both options are possible,

however, retrofitting is usually a more costly
endeavor. That being said, retrofitting can still
be cost effective and the environmental benefits
and sustainable use of resources can help
maintain the social license to operate. It is with
these things in mind, that industrial managers
should think about when designing the next
generation of industrial parks. Steps taken early
can pay off much larger returns in the future. By
designing your park to include or require
measures such as green roofs, vegetated swales
or wetlands, your park will offer a competitive
advantage over other parks without those
features, and will be more prepared for the
future.
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2. Industry Manufacturing /Processing Level

Industrial park

Manufacturing/
Procesing Level

Industrial Park

Level Facility Level

Stormwate Alternative Oanzigctlr?;fn Alternative
Management Sources Sources

Practices

Alternative
Sources

Harvesting Devices

Rainwater }: . :{ Plumbing
ooling Tower

Condensate Equipement

“Monitoring the Recovery Cooling

amount of water

Equipement

Rinsing and
Washing

used can provide

: Water Reuse
baseline

information on
quantities of
overall company
water use, the
seasonal and
hourly patterns of
water use, and
the quantities and
quality of water
use in individual
processes.
Baseline
information on
water use can be
used to set goals
and to develop
specific water use

efficiency

measured.” (39)

“Options to conserve water range from fixing leaks to process redesign. Redesign may include process

changes that require less water or installation of systems to reuse and recycle water.”

IYou can't manage Ww

measure

I Water footprint

The axiom “you can’t manage what you don’t
measure” is particularly relevant to sustainable
water management. “Footprinting” has become
known as the practice of measuring how much
of a specific natural resource an individual,
nation, business, etc., uses for their daily
activities. It is a concept that has been gaining
popularity over the past decade. Today, water
footprinting “has started to receive recognition
as a useful indicator of water use.” (48)
According to Arheny Howkstra in the article
Water neutral: reducing and offsetting the
impacts of water footprints, “The WBCSD (2006)
expects that in due time governments will ask
large businesses to account for their water
footprints.” (49) In calculating an overall water

hat footpriot,lhusimjesgenvvill be better informed on

where to improve their operations for the
purpose of conserving water. The idea is to
encourage no net consumption of water; this is
achieved by investing in water-saving
technology, water conservation and reuse best
management practices. (48)

A business’ water footprint is defined as “the
total volume of freshwater that is used directly
or indirectly to run and support a business” (49).
Direct use includes a business’ manufacturing,
processing, and facility operating practices,
while indirect use includes the water use of a
producer’s supply chain. (49) With respect to
sustainable water management within an
industrial park, measuring and accessing the
operational water footprint is of primary
importance. This requires a business to account
for all of the freshwater directly used within its
facility. (49) The metrics of a business’ water



footprint is expressed in terms of volume of
fresh water used per year. (49)

Valuable Resources

Water footprinting resources and water audit
resources:

Water Footprint Network
Website: http://www.waterfootprint.org

H,0 Conserve
Website: http://www.h2oconserve.org

World Business Council for Sustainable
Development
Website: http://www.wbcsd.org

I Metering

With metered billing a customer is more likely
to consider implementing best water
management practices because they pay for all
the water their facility consumes.

Water flows and metering rates, by
province/territory and municipal population

Billing according to water usage is increasingly
more commonplace across Canada. According
to the City of Calgary,

“Cities including Edmonton, Regina,
and Winnipeg are 100 per cent
universally metered, and there are
cities, such as Toronto, that are in the
process of implementing universal
water metering. Some other cities, such
as Montreal, Burnaby, and Kamloops,
are not metered. The trend across
North America is towards universal
water metering.” (14)

Metering of the commercial and industrial
sector has become a fairly regular practice.
According to the results of the Municipal Water
Use and Pricing survey conducted by
Environment Canada, of the 542 municipalities
that responded to the survey, 83% of serviced
businesses were equipped with water meters.
(35) Installing a meter is one of the most
effective ways of increasing the visibility of
water use. (46) Moreover, billing according to
usage has been hailed as the most effective
ways of encouraging water conservation. (2)

Provinces/Territory Percentage of
Business Clients that
are Metered

Nfld. 47.4

P.E.I. 100.0

N.S. 99.4

N.B. 89.5

Que. 32.8

Ont. 98.4

Man. 98.6

Sask. 99.6

Alba. 98.9

B.C. 93.9

Y.T. 100.0

N.W.T. n/a

Nun. 20.0

Source: Values derived from the 2001 Municipal
Water Use Database, Sustainable Water Use Branch,
Environment Canada.

The examination of meters for the purpose of
identifying defective devices (meter repair and
replacement) is a simple procedure that all
business can adopt. The result is a reduction in
the volume of unaccounted-for-water. The
repair and replacement of meters typically
translates into a decrease in water demand and
increase in revenues to the business. (4)

Metering and water conservation is particularly
important in light of the trend to meter and bill
return flow to sewer systems, which is above all
an important consideration for the industrial
sector. Charging for wastewater treatment has
been shown to increase greater water savings at
the industrial facility level. The increasing
number of municipalities applying wastewater
disposal surcharges to water bills lends to the
business case for the implementation of best
water management. (36)
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The price range for metering from residential
size to industrial is roughly between $40 and
$2000. Installation costs vary from
approximately $180 to $800+ per meter. Large
scale facilities with greater water flow
requirements should bear in mind the type of
meter required by their facility tends to be very
accurate during high flows and far less sensitive
during low flows. Water usage records may be
inaccurate due to low flow sensitivities.
Additional devices can be purchased to correct
for this inexactness. (3)

I Leaks

Municipal water use, 2004

N\

“ Residential

& Commercial/industrial

Lezkage

Source:
http://www.ec.gc.ca/water/images/manage/effic/a6
f2e.htm)

According to Environment Canada’s Municipal
Water Use and Pricing survey 13% of water
distributed for residential, commercial and
industrial use is lost to leaks. In performing a
facility water audit infrastructures with leaky
faucets, worn fittings and cracked pipes can be
more easily identified. With time, tightly sealed
pipes and fittings tend to degrade and seals can
fail resulting in leaks. Moreover heavily
corroded pipes and deteriorating joints are
prone to leakage. Implementing a leak detection
monitoring program is a cost-effective way of
conserving water; an effective program should
take into account all water using infrastructure
including meters, water distribution lines,
connections for plumbing fixtures, appliances,
and landscape irrigation systems. (41) According
to the Halifax Regional Municipality to check for
leaks:

e  Turn off all fixtures so no water is being
used anywhere

e Check the position of the meter dial
e Wait for about 30 minutes
e  Recheck the meter

If there has been no change in the meter
measurement, no leak is present. Conversely
the opposite is true; if the measurement has
changes, a leak is present. (50)

Industrial water use: efficient water
management

With respect to the management of water,
Environment Canada, has outlined the various
water efficient applications that can be used by
the industrial sector. The structural and
operational practices that should be considered
are listed below.

Structural:

e metering

e water recycling systems

e wastewater re-use

e flow control devices

e  distribution system pressure reduction

e water saving devices (efficient fixtures,
appliances and retrofits)

e drought resistant landscaping
(xeriscaping)

e efficient sprinkling/irrigation
technology

e new process technologies

e plant improvements (37)

Operational:

e |eak detection and repair

e water use restrictions

e elimination of combined sanitary/storm
sewers to reduce loadings on sewage
treatment plants plant improvement
(37)
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Cooling and heating, cleaning, rising,
and in-process reuse

In addition to an industrial park, as a whole,
managing incoming and outgoing water
resources, each facility within park boundaries
can assume responsibility to use water supplies
as efficiently as possible. Industry profits can be
maximized by incorporating
manufacturing/processing sustainable water
management practices while simultaneous
encouraging environmental stewardship. For
the most part the greatest opportunity exists
with technological modification and/ or
retrofitting, or where efficient process
mechanisms can be built into facility design. In
many cases capital investment will be required
which may act as a deterrent for some
businesses. Some of the discussed
recommended practices are cost free while
others will have a feasible return on investment
and therefore the payback period should be
attractive. (37)

accomplished by having a management strategy
in conjunction with constantly monitoring
process efficiency. The result is efficient use of
water and a reduction in waste; this can
promote cost savings by reducing end-of-pipe
treatment loads. (37)

Potentially feasible water
conservation alternatives

The practices most often identified for
economically and technologically feasible water
savings include:

e Reuse of cooling water for other facility
practices and operations

e Reduce or eliminate the practice of once
through cooling water

e  Control cooling tower blow down

e Employ efficient equipment rinsing options

e Seek unconventional alternative sources of
water (rainwater harvesting and
condensate recovery)

e Reduce in-house water consumption with
water saving fixtures

e Raise employee awareness about water
conservation practices

Individual business should be asking themselves the following questions to prompt discussions on how to go

about using water more efficiently.

e  What are the existing sources of water available to the site? Do they meet quality and quantity demands?

Do novel sources exist that should be further researched (recycling, reuse)?

e  What quantity and quality of water is necessary for individual unit operations?

e Is pre-treatment required for any of the operations? Has the most efficient method available been

implemented? Are there practices or alternative equipment better suited and more cost effective? Can
lower grade water be used as a replacement?

e Isthe recovery of materials and/ or water from processing streams possible?

e Have the demand peaks been identified and can they be avoided or reduced? Are they likely to change in

the future?

With respect to water use on site, a logical
approach is to consider the quality and quantity
of water entering the facility, its use within the
plant, and any point(s) of escape and discharge.
(37) The recycling and reuse of water can be
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“The use of cooling
towers represents
the largest reuse
of water in
industrial and
commercial
applications”.(58)



British Columbia, in
their Code of
Practice for the
Municipal Sewage
Regulation, “has
included guidance
for the use of
reclaimed water in
construction and
industrial uses,
including aggregate
washing, concrete
making, equipment
washing, cooling
towers, stack
scrubbing, boiler
feed, and process
water”. (40)

Cooling towers the exchange of sensible heat; by design, this

» . system uses a substantial amount of water. (58)
The use of cooling towers represents the o )
L . For many facilities, cooling towers represent the
largest reuse of water in industrial and ] )
. o single largest opportunity for the
commercial applications”. (58) ] i o ]
implementation of water efficient practices. (8)

Cooling towers are considered to be an energy- o ) )

. . . Water efficiency is enhanced when the optimal
efficient and cost-effective mechanism for ] ]
. . balance between evaporation, drift, blow

removing excess heat from a variety of . s
. . . . down/bleed off, and input makeup is struck.
industrial processes such as air conditioning and ) i )
. Focusing cooling-tower conservation efforts on

other heat-exchange processes. (66) Cooling

. . . . the blow down-makeup synergy can lead to the
primarily occurs in a tower by evaporation and ) o

saving of significant volumes of water. (66)

The largest single use
of water by industry is
for cooling in thermal

power generation. steam to atmosphere to fall
as rain in another region
within months

cooling tower

Cooling water

e water returned
to river or lake
for reuse within
days

Source: http://www.wbcsd.org/web/publications/Water_facts_and_trends.pdf
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I Considerations

Cooling tower sustainable water management practices include:

Install a timer so that the cooling tower is only working when needed.

Increase cooling cycles. Cycle of concentration is used as a parameter to evaluate cooling tower
operations. It is the ratio of the concentration of dissolved solids (conductivity) in the blowdown
water compared to the makeup water. The physical or chemical treatment of circulating cooling
tower water can be adjusted so as to increase the cycles of concentration thereby minimizing
blowdown water quantity and reduce water make-up demand.

Use a conductivity control that will allow for the continuous bleeding and refilling of water. This
leads to increased consistency in chemical levels thereby increasing efficiency.

Reduce drift by installing baffles or drift eliminators. (66)

Assess the feasibility of connecting once-through units to the cooling tower system. Water
exiting the unit can serve as an input for cooling tower make-up water. Sometimes water from
other in-house equipment can be re-used with little or no pre-treatment.

Consider a closed-loop cooling tower which reduces evaporation and can save several thousand

litres of water.

Retrofit options and alternative operating practices include (for more information additional resources

are provided):

e Non-chemical cooling towers and water conditioning systems

e Automated chemical feed system

e Alternative water treatment processes (eg. ozonation or ionization) to reduce water and

chemical use

e  Water softening system for make-up water when hardness is an issue

e Sidestream filtration system to filter out sediments which allows the system to operate more

efficiently and use less water and less chemicals

The savings from implementing these considerations range from reducing water and sewer costs and

decreasing energy demands to diminishing the quantity of chemicals needed to treat both incoming and

discharged water.” (8)

Equipment cooling

A common practice is to cool small heat
generating equipment with “once through”
systems. This practice is the opposite of
efficient. Water is only used once before it is
discharged to the municipal sewer systems. The
North Carolina Department of Environment and
Natural Resource’s report,

Water Efficiency Manual for Commercial,
Industrial and Institutional Facilities list various
pieces of equipment that may use “once-
through” cooling:

e Vacuum pumps

e Air compressors

e Condensers

e  Hydraulic equipment
e Rectifiers

e Degreasers
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As stated by the
City of Calgary,
according to a
Water Services
commercial audit:
if a Calgary office
tower increased
cooling cycles from
2.5 to 4, water-
make up could be
reduced by 40%.
(19)

e  X-ray processors e Air conditioners
e  Welders

I Equipment cooling solutions or alternatives to this practice include:

e Diverting “once-through” cooling water for other in-house needs such as other equipment — ex:
compressors, rinsing, washing (except for final rinse), landscaping, and other non-potable water
requirements. (8)

e Connect “once-through” systems to cooling-tower infrastructure so as to use water as a make-up
water input
o As stated by the City of Calgary, according to a Water Services commercial audit: connecting
single-pass systems to the cooling tower system had the potential to reduce a company’s water
demands by 50%. (19)

e  Retrofit with closed loop cooling systems
e Connect several single-pass systems in series
o Asstated by the City of Calgary, according to a Water Services commercial audit: connecting six
single-pass systems in series had the potential to reduce a company’s water use by 83% annually

with a two week payback period. (19)

e Install a device (shut-off valve, controller) to turn the system on only when it is needed

Equipment rinsing and cleaning

total water use. (8) Traditional single flow

For some industry sectors, cleaning process rinsing systems, consisting of one or more
equipment is the largest user of water. This is separate rinse tanks, uses fresh water in each
particularly true for the food, beverage and tank which is drained and discarded after one
pharmaceutical sectors where rinsing and use. This uses more water than required, which
cleaning can account for more than 50-70% of results in excessive water bills and increased

wastewater treatment costs. (8)

Of the water management practices listed as best practices, the following are relatively easy to
implement where some have no associated costs and simply require a change in business practices.

e Investigate the feasibility of counter-current rinsing. It is considered as one of the more efficient
equipment rinsing methods. Potable quality water is supplied to the last rinse tank, farthest from the
process tank. When tank overflow occurs during the rinsing process the water is recuperated and re-
circulated into the first rinse tank. The highest quality water is reserved for the final rinse. (57)

e Change operational procedures to allow multiple pieces of equipment to be cleaned at the same
time.




e Use the rinse water from one process as input for other non-potable requirements (ex: feed water,
landscaping, etc.).

e  Reduce in-house water consumption with water saving fixtures

e Raise employee awareness about water conservation practices

I Alternative water sources feasibly. Moreover many operational

procedures can be updated to allow for the use

Industrial facilities may profit from considering
. . of non-potable water as feed water. The
researching alternative water sources as ) ) )
. . benefits of using an alternative water source
opposed to consuming municipal water ) . .
. range from ensuring available water supplies,
supplied. Many possess the means (technology

reducing the impact on freshwater ecosystems,

or surface area) to make recuperating and/or )
. and monetary savings.
collecting water

I Suggested alternatives include:

e Rainwater harvesting

e Condensate recovery. Condensed steam (condensate) from air conditioners, refrigeration systems,
etc. supplies an alternative source of water relatively free of minerals and solids. In light of its heat
content, condensate is a suitable input for boiler feed water. Well designed systems would reclaim
condensate and re-circulated back to a de-aerator, a boiler feed tank, or use it in another process

e  Re-using wastewater from “once-through” cooling systems

e  Re-using reverse-osmosis systems reject water (ex: MIT Re-using cooling tower blow down water

e Using warmed cooling water as a heat supply for other uses (19)

Ma n a g eections s

Managers of manufacturing businesses can Water should be used the same as any other
make relatively huge gains by refining their aspect of your business, as efficiently as
processes. By sub-metering your processes, and possible. You expect your employees to be
determining where water is used most, you’ll be efficient, you look for energy efficient ways of
able to reduce water in areas that are most doing things, and now your business should be
wasteful. Introducing ‘closed loop’ systems to thinking the same about water. By using water
replace ‘once through’ systems can save efficiently, you business will save money and
companies extensive amounts of water. For too become more sustainable, both of which will
long managers have seen water as a cheap, help enable your business to have long-term
abundant resource and have used it wastefully. success.

52




3. In-House Water Efficiency
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As demonstrated in the previous module,
sustainable water management can happen at
the industrial parks level and the facility
manufacturing/processing level. Often
overlooked is the opportunity to reduce water
consumption by improving domestic water
systems in commercial and industrial facilities.
(58) Indeed, by targeting the operational
practices that consume large amounts of water,
a substantial reduction in water use can be
achieved. But large-scale retrofits may not
always be feasible.

Many small improvements can be achieved by
focusing efforts on plumbing fixtures such as
toilets, urinals, sink faucets, and shower heads.
Park managers should encourage installation or
retrofitting of these more efficient devices.
Cumulatively, a change in smaller domestic
devices can result in sizable water and cost
savings. On average, each employee’s daily

Plumbing
Devices

’ Toilets

’ Urinals

’ Showers

’ Faucets |

domestic water use demands for
commercial/industrial facilities hovers around
133 litres (or 35 gal) per day. Cities such as
Calgary have taken an initiative on the water
conservation front and amended by-laws to
“require all new homes and commercial
construction, including renovations that require
a plumbing permit to have low water use
fixtures in place.” (16). As of August 1, 2009
communities such as Airdrie, Okotoks and
Cochrane will also adopt the by-law.

Of the changes that can be made the most
common and feasible include (58):

e Installation of domestic devices that
conserve water
o Toilets
o Urinals
o Showerheads
o Faucets
e Installation of gray water reuse systems



Toilets

On average Canada’s daily freshwater domestic
use per capita is 329 litres (87 gal); 99 (26 gal) of
which are allotted to flushing toilets. That is
roughly equivalent to 11 buckets worth of water
literally flushed down the drain. In commercial
or industrial facilities gravity flush and flush
valve toilets will often be found on-site. In a new
facility, modern water efficient toilets can be
incorporated into the design. Retrofit options

also exist for the traditional style toilets; most
options are available for less than $20. (58) In
1996 the Ontario Building Code mandated new
constructions to have 6-litre toilets. The City of
Vancouver has similar requirements where as
the rest of British Columbia does not. Even
though it is not obligatory, installing water
saving toilets saves both money and water. (26)

Multiple cities and
municipalities across
Canada are offering
subsidized toilet
replacement
programs.
www.toiletrebate.com

r N\

I Toilet replacement

e  Ultra flow flush toilets

o Usesix litres (1.5 gal) of water per flush compared to earlier 13.2 litre (3.5 gal) toilets

and the archaic 18+ litre (4.7 gal) toilets. This can result in a 30% reduction of in-house

facility water use. A decrease in water use is accompanied by cost savings. With less

wastewater being generated a reduction in the combined water/sewer bill may be

achieved.
e Dual flush system

o Dual-flush toilet technology allows the user to select a short flush (three litres) for liquid

waste or long flush for solid waste (six litres). (26)

Dual-flush European toilet

ELFlush

3LFlush

Source: http://engineering.dartmouth.edu/~cushman/courses/engs44/water.pdf

e Ultra low flow foaming toilets

o Use approximately 30z of water and a foam solution to flush
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I Toilet retrofit for gravity flush toilets

Gravity flush toilets are most often found in medium-to-light use business applications. The retrofits are
typically easy to install and should be checked on a regular basis.
e Toilet dams
o Flexible inserts placed in the toilet tank minimizing the amount of water used per flush
o Typically saves approximately 5 litres (1.3 gal) per flush

e  Early closure flapper valve
o The flapper is the rubber or plastic piece that closes the hole (flush valve) upon flushing.
With an early closure flapper 6 litres (1.5 gal) are used as opposed to 13 litres (3.4) . (73)

e Displacement devices

o Displace flush water; the tank will fill with a reduced overall quantity of water. Inflated
bags or filled bottles can be used. Approximately 3 litres (0.8 gal) per flush can be saved.

Displacement

Source: http://www.p2pays.org/ref/01/00692.pdf

Urinals

could be upwards of 9,880 litres (2,600 gal) per

By choosing to install low-flush urinals .
) ) ) o ) year. Of the urinals currently on the market,

commercial and industrial facilities are showing . . .

o . relatively new technologies promoting water

initiative to use water efficiently. On average a . . .

. . . . conservation are available such as, high

male will use a urinal twice a day while at work. .

efficiency and waterless/water free/no flush

Depending on the type of urinal, with 260 .
urinals. (18)

working days in a year, water consumption
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I Urinal replacement

e High efficiency urinal

o

A high efficiency urinal is defined as a plumbing fixture that flushes at 2 litres (0.5 gal)

per flush or less. (2) Standard urinals use 3.8 litres (1 gal) per flush.

e  Waterless urinals

o

Waterless urinals use close to 100%
less water than any other urinal
(conventional or low flush); they
require no water hook up. Water would
only be used for the occasional rinse
down. Incorporating this technology
into new construction makes cost
saving sense because a water line is not
needed.

I Urinal retrofit

e Sensor-based flushing retrofit

o

In 2007, the University of Calgary
reduced their water use 89 percent.
This substantial decrease in demand
was achieved by retrofitting campus
urinals with motion sensor controllers.
Water savings of this magnitude
translated into a cost saving of
approximately $3 700. The payback
period for this project was less than a
year. (17)

Sealant
Liquid

- |

To the drain

Source: http://engineering.dartmouth.edu/~cushman/courses/engs44/water.pdf

Showers

Even though showers do not typically contribute

significantly to commercial and industrial facility

demands, they are an area where inexpensive

and relatively easy water conserving
modifications can be made.

I Low-flow showerheads

e The average flow rate for conventional showerheads is between 15 to 20 litres (3.9 to 5.25 gal)

per minute. (38) Current trends indicate that emerging standards require a flow rate of no more

than 9.5 litres (2.5 gal) per minute. Plumbing codes across Canada are being amended so that in
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The Water and Sewer
Utility of Charlottetown,
Prince Edward Island, has
a conservation program
in place where rebates
are offered “to metered
customers in the
business and industrial
sectors that replace
bathroom fixtures with
waterless urinals” The
incentive to install a
waterless fixture is a
$100 crediton a
business’ water bill for
each urinal replaced. It is
estimated that
businesses may reap
savings of more than
$107 annually for each
no-flush urinal. (20)
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the near future efficient shower heads will likely be the only available type of showerhead sold
nationwide. (38)

I Shower-flow restrictors

e  Flow restrictors can be inserted inside the shower head to reduce the water flow rate. They are
quite inexpensive and installation is straightforward.

Showerhead
Flow Restrictor
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Source: http://www.p2pays.org/ref/01/00692.pdf

I Shut-off valves

o  Cut-off buttons stop the flow of water while lathering; the flow rate and temperature
are the same when the flow is turned back on. (38)

Faucets

to wasteful use of water resources.
Outdated faucets can have flow rates that range

Furthermore, assuming a rate of one drop per
from roughly 11 -19 litres (2.9 — 5 gal) per

second, a leaking faucet has the potential to
waste roughly 3,400 litres (894 gal) a year. (75)
Canadian Standard Association (CSA) approved
facets will have flow rates engraved directly on
the fixture. (38)

minute. Behavioural practices such as leaving
the water running while washing equipment,
washing your hands, or during food preparation
all contribute

IFaucet aerators Faucet aerator

These fittings are to be affixed to faucets and add

air to the water flow while reducing the water @
Faucet —_—

flow. (58) They can reduce the flow rate by 25-

50%. A word of caution, aerators are not typically upper washer -

recommended for utility rooms where a large fower washer -
quantity of water would be needed in a short —
period of time. (38)

asrator

Source: http://www.p2pays.org/ref/01/00692.pdf
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However, they are recommended for commercial and industrial facility washrooms and employee

kitchen fixtures. Standard faucet aerators have flow rates that will allow flow rates of 1.9 to 3.8 litres
(0.5 — 1 gal) per minute with the same force of spray as conventional faucet flow. If a higher flow rate
is required 7.6 to 15.1 litres (2-4 gal) per minute exist. The cost of these fittings varies between $5-

$10. (58)

I Replacement (faucet and water control system)

e  Automatic shutoff (water flow stops with the release of the faucet fixtures)

e Metered shutoff (once initiated, water flows for a pre-set time)

o  “No-touch” infrared sensors (sensors activate water flow and turn off flow when it is not needed)

Grey water reuse systems

Grey water is a facility’s wastewater from
operations such as drained baths, showers,
washing machines, and hand-washing sinks.
Toilet waste, sink waste, and dishwasher waste
and other processes whose wastewater contains
heavy loads of organic material and caustic
additives (also known as black water) are
excluded. Characteristically, the quality of grey
water is lower than potable water, but higher
than black water or water from sewage systems.
(7) Recirculation and reuse of facility

Source:

http://engineering.dartmouth.edu/~cushman/courses
/engs44/water.pdf

grey water is typically suitable for flushing
toilets and landscape irrigation. Wastewater
recovery and distribution systems vary in

complexity. In some cases grey water is simply
distributed to landscape vegetation via
subsurface trenches, and in other cases dual
plumbing and filtration/purification systems are
required.

The Canadian legislation that should be
reviewed before implementing these systems
include:

e Guidelines for Canadian Drinking
Water Quality (Health Canada, 1996)

e Guidelines for Canadian Recreational
Water Quality (Health and Welfare
Canada, 1992)

e National Plumbing Code of Canada
(National Research Council Canada)

Additionally, municipal by-laws should be
consulted.

Grey water systems are similar to conventional
water systems. However, there are two
fundamental differences in the design:

1) Special requirements in plumbing
codes and local regulations are
established that apply strictly to the
reclaimed water systems and
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“Regulations for
rainwater and
greywater reuse
vary between

jurisdictions. Many

require specific
water quality
parameters or
treatment levels.
Most require that
pipes carrying
harvested or
recycled water be
clearly marked and
cross-connections
must be avoided.”
(25)

2) Additional safeguards need to be
provided to ensure there is no misuse,
either intentional or unintentional, of
the reclaimed water occasioned by
improper design and operation.

Source:
http://engineering.dartmouth.edu/~cushman/courses
/engs44/water.pdf

“Piping systems for the use of reclaimed water
for commercial and residential buildings are
covered generally by various regulations
including plumbing codes.” (6)

Ma n a g eections s

This section demonstrates that every business is
capable of saving money, no matter how small.
Even simply replacing the seemingly more
insignificant features of a building such as toilets
and taps can result in long term savings. As
well, looking at even the smallest details such as
these, will demonstrate the importance of
environmental impact minimization to your
employees as well as the public. Furthermore,
these smaller in-house systems can be a smaller
investment with big water savings. This section
demonstrates that managers need to be looking
at every aspect of their business in order to
create savings through water efficiency.
Everywhere water is going down the drain, so is
money, and it can almost always be reduced.
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Conclusion

As has been demonstrated early in this report
the amount of easily attainable freshwater
supplies are diminishing across the world. It is
generally expected that the remaining supplies
will face increasing pressure as populations and
standards of living increase globally.

Furthermore, climate change is expected to
wreak havoc on the current sources by changing
the timing and form of precipitation. These
factors will inevitably lead to an increased
demand while there are decreasing supplies
available. As with any commodity, the price of
water is expected to rise with this shift towards
a demand heavy supply chain. Hence, it is in the
best interest of companies to invest in water
efficiency as was illustrated by the case studies
demonstrating large savings for companies who
made the investment.

Although reducing water use can come with
investment costs, often these costs are offset by
water savings or other related savings, such as
reducing infrastructure. There is also a plethora
of options available for companies looking to
reduce the amount of water they use. As has
been discussed, these water savings can be
created by improving efficiency, using water
with a slightly reduced quality which can be
obtained from various sources, as well as the
treatment of wastewater on site.

The best way companies can reduce their
demand for freshwater is to make their
manufacturing processes and buildings more
water efficient. By creating more efficient
processes, a company will reduce the amount of
additional measures it will need to do in order
to obtain sustainable water practices. These can
be accomplished, by shifting operations towards
a closed loop water system. Often this occurs by
re-designing the manufacturing process, but can
also be as simple as cascading one-time water

use through to other phases of the
manufacturing process, such as cooling or
cleaning. Businesses can also look outside the
manufacturing aspect of their building in order
to reduce their water use. Older models of
toilets and faucets can be exceedingly wasteful
and can be replaced with high efficiency models
for a relatively low cost. However, water use
can often only be reduced to a certain point,
after which companies should attempt to
minimize the amount of water drawn from
nature or the municipality by retrieving their
water from alternative sources.

Once companies have made their buildings and
processes as efficient as they can be, they
should begin to consider where they are
drawing their water from. Often the source is
either from the local municipality after it has
been cleaned and become potable, other times
it is from a well, lake or other natural source in
the area. Water obtained from the municipality
requires a great deal of energy to produce, as
well there are often leaks in the infrastructure,
thus as it travels through the pipes there can be
excessive waste water. Wells, lakes and other
sources are often more limited supplies than
municipal supplies and thus if overused can dry
up. Itisimportant then that companies look to
other sources for their water. Grey water and
rainwater systems can be put into place to
accomplish this. Grey water systems which rely
on used water from sinks and other non-toxic
processes can be hooked up to toilets or
irrigation systems and reduce the use of new
water for these purposes, while at the same
time minimizing wastewater. Rainwater
systems can take many forms, but often is
collected from slanted roofs or green roofs.
Again, this water can be collected and used as
needed for toilets and irrigation, however, it
may also have use within the manufacturing
process as it is generally a fairly clean source of
water.
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Lastly, companies can reduce their water
footprint by minimizing the amount of
wastewater which goes into the system to be
treated. In many areas, this is a service that is
paid for by companies depending on how much
wastewater is put back into the system. Thus by
reducing the amount of water put into the
system companies can save money. Instead of
going into a drain, water can be sent into an
engineered wetland that will remove otherwise
harmful organics and some other pollutants
before the water is returned to the water cycle.
Wetlands can also add to the natural appeal of
the park. Companies and/or entire industrial
parks may also want to establish an on-site
water treatment plant, which would then
reduce the amount of water treated at
municipal facilities, which often use costly and
energy intensive means. By treating water on-
site using the methods discussed in this report,
energy could be saved and water kept in the
local area. Again, companies can also take
smaller steps such as placing swales at the end
of paved parking lots, or using permeable
pavement in order to allow runoff the
opportunity to soak into the ground water
before entering the water cycle again. This
process allows for water to be cooled and
cleaned before going into local rivers, lakes or

streams.

This report is intended to be a guide to help
companies and industrial parks to reduce their
water footprint and increase their overall
sustainability into the future. If every company
makes the effort and investments to reduce
their water use, the businesses and industrial
parks may be able to sustain themselves and
their water sources. Additionally, any
investments made now will pay back substantial
dividends in the parched world of the future.
Furthermore, by reducing their water footprint,
industries will be seen as positive citizens within
communities, thus extending their social license

to operate. One thing is certain, by doing
nothing, companies will face extra difficulties in
the future as rising water prices increasingly cut
into profit margins, and companies are met with
increasing adversity from communities fighting
to protect their local water supplies. Thus, it is
up to each individual company and industrial
park to determine their own future, one of long-
term sustainability and increased profits or one
of reduced profits and a struggle for survival.
Which future will you choose?
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