Water Use and Treatment in the

Pulp and Paper Industry

The purpose of this brief is to provide our customers and stakeholders with an overview and update on water
management in the pulp and paper industry. Paper buyers can use this information to make informed decisions

regarding suppliers and claims about their environmental performance. They may also choose to use the systems
and tools discussed below for achieving company-specific goals related to responsible water management.

The information provided herein is based on Sappi’s knowledge and expertise and is supported by many of the

studies included in the reference section.
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Overview

As large industrial users of water, the pulp and paper industry
has long managed water in the context of a regulatory environ-
ment. In other words, all mills in North America must use and
treat water in accordance with environmental permits. However,
the industry is now collectively moving beyond water quality to
better understand quantity and the environmental impacts of
water use. Sappi and other industry participants are committed
to better understanding our impacts and we have identified

the evaluation of water footprinting tools and water disclosure
as a key initiative. While access to water is an issue of global
concern it is critical to recognize local, site-specific resources.
Herein we provide an overview on water usage in the pulp and
paper industry and offer reflections on the driving forces for and
barriers to change.

®

The Global Water Issue

Water issues have been identified as the most serious sustain-
ability challenges facing the planet, partly due to the impacts of
climate change (1, 2). Less than 1% of the world’s water is easily
accessible fresh water and increasing population, urbanization,
per capita demand, and pollution damage to supplies will put
even greater pressure on these limited resources (3). Today,
roughly 20% of the world’s population (1.2 billion people) live in
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areas of physical water scarcity, while nearly another 25% live

in areas where governments lack the technical capacity, funding,
or infrastructure to meet basic human and environmental water
needs (4). Freshwater availability in different areas of the globe
has been mapped by the WBCSD?(3) and shows the following
general pattern:

= Qverall, North and South America, Europe and Russia are
identified as areas with little or no water scarcity®.

= Areas of physical water scarcity® include a portion of the U.S.
southwest and south-central areas, the border of Northern
Africa, large portions of Asia and southeast Australia.

= Most of central Africa is affected by economic water scarcity®.

®

The Status of Water in North America

A 2010 study on the effects of global warming on water supply
and demand in the contiguous United States (5) has found
that more than 1,100 counties — one-third of all counties in the
lower 48 — will face higher risks of water shortages by 2050

as a result of global warming. These areas include parts of
Arizona, Arkansas, California, Colorado, Florida, Idaho, Kansas,
Mississippi, Montana, Nebraska, Nevada, New Mexico, Okla-
homa, and Texas. Water sustainability in the Great Plains and
Southwest United States is at extreme risk. The study points
out that the three categories of water use with the greatest
demand are agricultural use, power plant cooling, and public
supply. In the United States, industrial® water use makes up
4% of total water withdrawals (Figure 1). Thermoelectric power
(49%), irrigation (31%) and public supply (11%) make up a
total of 91% of the water withdrawals in the U.S. (6).

Sappi’s U.S. manufacturing operations are located in regions
of little or no water scarcity (Maine and Minnesota).

Figure 1
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An Overview of Water Initiatives

Water initiatives can be broadly classified into the following
three categories (7):

1. Water footprinting — as promoted by the Water Footprint
Network (8). Water footprinting is a process that looks at the
direct and indirect water use of any system a user wants to
examine. Examples include individual product footprints,
corporate, community, and even national water footprints.

2. Water Sustainability and Stewardship — as demonstrated
by the Alliance for Water Stewardship (9) and the Global Water
Roundtable (10). Initiating international cooperation for develop-
ment of a water stewardship standard and regional and local
initiatives to enable stakeholders to achieve their facility or
watershed level targets.

3. Disclosure and Risk Management — as demonstrated by the
Water Disclosure initiative launched by the Carbon Disclosure
Project (11). Driving increased awareness and understanding of
the environmental and business impacts of water use by provid-
ing a consistent vehicle for widespread reporting of water usage
and associated risks.

Water footprinting is increasingly referenced in literature and the
marketplace. Simply stated, a water footprint is the amount of
water needed for a product, service or business, including
supply chain needs. Much like when documenting carbon foot-
prints, there is a need to define scope and boundaries of these
types of measurements to help clarify results. A recent study on
the water footprint of paper manufactured at a non-integrated
fine paper mill in Germany (13) concluded that about 99% of

the water footprint originated from the raw material supply chain
and the remaining 1% from the paper mill production processes.

A summary of the key water stewardship initiatives since 2006
was compiled by the World Business Council for Sustainable
Development and the International Union for Conservation of
Nature (12). While the guide is not an exhaustive overview, it
can help businesses identify which initiatives might best suit
their needs. Several publications are available on the business
risks of water scarcity and the tools available to identify and
minimize risks (11,14,15,16).

a. World Business Council on Sustainable Development.

b. Abundant water resources relative to use. Less than 25% of water
from rivers withdrawn for human purposes.

c. Water resources development is approaching or has exceeded
sustainable limits. More than 75% of river flows are withdrawn for
agriculture, industry and domestic purposes (accounting for recycling
of return flows).

d. Human, institutional and financial capital limit access to water even
though water in nature is locally available to meet human demands. Water
resources are abundant relative to water use, with less than 25% of water
from rivers withdrawn for human purposes, but malnutrition exists.

e. Includes water used in manufacturing and producing commodities,
such as food, paper, chemicals, refined petroleum, wood products,
and primary metals.
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®

Water Use in the Pulp
and Paper Industry

Pulp and paper operations are highly dependent on the use and
responsible management of water resources. Water is used in all
major process stages, including raw materials preparation (e.g.,
wood chip washing), pulp washing and screening, and paper
machines (e.g., pulp slurry dilution and fabric showers). Water is
also used, for process cooling, materials transport, equipment
cleaning, general facilities operations, and to generate steam for
use in processes and on-site power generation (13). There are
important definitions to note regarding the use and fate of water
at pulp and paper mills (see Figure 2).

The following terms are commonly used to describe the pulp
and paper industry’s usage of freshwater (18):

= Groundwater: Water held underground in the soil or in
pores and crevices in rock.

= Surface water: Water that is on the earth’s surface, such
as streams, rivers, lakes or reservoirs.

= Water use: The total amount of water used by a facility
for process and cooling needs (generally equivalent to
water intake).

= Water consumption: The portion of water that is removed
from a water source that is not immediately returned to the
water source (ex: water loss due to evaporation and water
leaving with product and solid residuals).

= Effluent (sometimes also called “wastewater”): The water
discharged from a facility, often subcategorized into treated
process effluent and non-contact cooling water effluent.

Figure 3 illustrates in general terms the ways in which water
enters and leaves a manufacturing operation.

The U.S. forest products industry withdraws the majority of its
water from surface water sources and 14% from groundwater
sources (19). Although the industry is a large user of freshwater,

it consumes a small amount of the water that it uses. A study by
NCASI" on the water profile of the U.S. forest products industry
concluded that 88% of the water used is returned directly to sur-
face waters following treatment; about 11% is converted to water
vapor and emitted during the manufacturing process; and 1% is
imparted to products or solid residuals (19,20). In addition, there
have been significant industry performance improvements which
have resulted in a 69% reduction in the average treated effluent
flow volume at U.S. pulp and paper mills since 1959 (21). Over
the past three decades, the quality of effluents has improved
dramatically through in-process measures and ongoing refine-
ment of wastewater treatment operations (22). As a result, several

Figure 2

= Treated process effluent: Water that has come into
contact with process materials, and thus has a certain
degree of contamination from process materials.
Process effluent is usually treated mechanically and
biologically to remove organic material.

= Non-contact cooling water effluent: Water that is used
for cooling duty that does not come into direct contact with
process water but is usually of a higher temperature than
the water entering a mill.

= Evaporative losses: Water that evaporates to the
atmosphere, and eventually returns to the earth as rain.

When discussing water, the type of water use should
be clearly defined. For example: intake, discharge,
evaporation, consumption.

Figure 3
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extensive studies on treated effluents show that there are few or
no concerns regarding the compatibility of these effluents with
healthy aquatic systems (19).

Between 2007 and 2011, Sappi reduced its specific water
intake by nearly 15% and our performance data indicates that
over 95% of our water intake is discharged back to the receiving
environment (Figure 4).

The bulk of the consumed water is presumed to be lost to the
atmosphere through evaporation. Both the water intake and
discharge numbers include non-contact cooling water.

Figure 4
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The Importance of Our Forests

Intake Discharge

Forests act to process precipitation into high quality surface
waters (20). The NCASI water profile study reports that 67 %
of freshwater in the U.S. originates from forests (54% from
timberland) and therefore society and industry have a shared
interest in maintaining forests and the water resource benefits
of forested land. Forest management can help minimize
impacts to surface and groundwater by the use of Best
Management Practices, including forest regrowth. Water
inputs for the manufacture of forest products equal about
0.4% of the surface and groundwater yield from timberland
in the U.S. and forest management generally has small and
short-term impacts on water resources (19).

®

Water Treatment

Water used in the pulp and paper-making process requires
treatment prior to discharge to any receiving waters. Effluent
treatment is typically needed to meet environmental regulations
and minimize environmental impacts to aquatic ecosystems.
Some of the historical impacts of pulp and paper mill effluents
have included oxygen depletion of receiving waters, solids
settling on the bottom of lakes, rivers or marine areas, bioac-
cumulation of persistent organic chemicals in the aquatic food
web, and eutrophication (increased algal growth) due to effluent
loading of phosphorus and nitrogen (24). The characteristics of
the untreated process effluent depend largely on the type of

pulp and paper products manufactured at the mill site (25, 26),
for example:

= Bleached and unbleached kraft pulp
= Pulp using the CTMP process (integrated or non-integrated mills)
= Integrated mechanical pulp and paper mills

= Recycled fiber paper mills (with and without de-inking,
or tissue mills)

In the U.S., the final treated mill effluent must meet state and
federal regulations (27, 28, 29) which include limits on water
intake and effluent quality parameters. Water and effluent testing
is conducted routinely by laboratories at mill sites, as well as by
specialized private laboratories. Figure 5 below lists some

Figure 5

= 5-day biochemical oxygen demand (BODS5): The amount
of dissolved oxygen consumed in five days by biological
processes breaking down organic matter. The test is used
to infer the general degree of organic loading of the effluent.

Total suspended solids (TSS): TSS is a measure of the
settleable and non-settleable solids in wastewater.

Chemical oxygen demand (COD): A measurement of
the overall pollutant load in terms of chemically oxidizable
(degradable) solids. Unlike BOD, COD measurements
are taken by chemical oxidation in controlled standard-
ized conditions.

Chlorinated organics: This includes several classes of
chemicals such as chlorinated phenolic compounds,
dioxins and furans, to name a few. AOX (adsorbable
organic halogens) is a common measurement which
regroups many of the chlorinated organic compounds
contained in effluent produced during the bleaching of
pulp. Certain chlorinated organics, such as polychlorinated
dibenzo dioxins and polychlorinated dibenzo furans
(PCDFs) are a concern due to their toxicity, persistence
and bio-accumulative properties.

Flow: This is typically the volume of treated effluent dis-
charged to a receiving environment. In many cases mills
also measure the volume of water intake and cooling water.

Temperature and pH: These are standard measurements.
pH is an indication of the acidity or alkalinity of an effluent.

Metals (ex: copper, zinc, nickel, cadmium,

chromium, lead, mercury): Heavy metals are often
measured in effluents depending on applicable regulations.
Metals can cause toxicity to aquatic organisms and some,
like mercury, can bio-accumulate in the food chain.

Phosphorus and nitrogen: Phosphorus and nitrogen are
both naturally occurring elements, but they are also key
elements found in fertilizer. An increase of these elements
in the aquatic environment can lead to nuisance growth of
aquatic plants and oxygen depletion of receiving waters
(i-e., eutrophication).
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common parameters measured in pulp and paper mill effluents.
Pulp and paper effluent treatment methods depend largely on
the limits imposed by environmental regulations and can vary by
location. In North America, mills typically operate primary and
secondary (or biological) treatment systems, and, in some cases,
tertiary treatment to achieve desirable levels of effluent quality.

Pulp and paper mill effluent treatment typically includes the
following components (Figure 6):

= Primary effluent treatment. This may consist of neutralization,
screening, sedimentation, and flotation/hydro-cycloning to
remove suspended solids. Many mills operate primary clari-
fiers that can remove up to 95% of settleable solids in the
process effluent.

= Biological/secondary treatment. This stage significantly
reduces the organic content and toxicity of the effluent due
to active biodegradation by microorganisms (i.e., bacteria,
protozoans) living in the treatment plant and using the
effluent as a source of food (carbon). The most commonly
used biological treatment systems in the pulp and paper industry
are Aerated Stabilization Basins (ASB) and Activated Sludge
Treatment (AST). A key feature of these systems is aeration by
surface or submerged aerators, and the addition of nutrients
(nitrogen, phosphorus) to maintain a healthy population of mi-
croorganisms. ASB and AST systems typically reduce
BOD5 by over 80% and COD by 50% to 90%.

= Tertiary treatment. This involves chemical precipitation to remove
certain chemicals, reduce toxicity, suspended solids, and color.

Solids collected in the various treatment stages are typically
dewatered and used as a fuel for energy production, and in some
cases fibers and coating materials may be re-used or recycled
back into the mill process.

Depending on local regulations, cooling water can either be
discharged without treatment, or may require some form of
treatment and/or monitoring (ex: flow and temperature) prior to
discharge. Storm water (i.e., from roofs, parking lots, yards) and
sanitary effluent from mill sites make up a relatively small portion

of water used and are typically collected and treated to meet envi-
ronmental regulations prior to being returned to receiving waters.

7.1 Best Practices

The benefits of reducing water use at pulp and paper mill sites
include less overall chemical and energy use, lower fuel costs,
reduced wastewater discharges, reduced water treatment costs
and a cleaner effluent discharge, sometimes due to higher
retention time in the effluent treatment plant. Water efficiency
measures are usually grouped into two major categories: 1)
general and facilities water management (i.e., goals, targets, audits,
good housekeeping), and 2) process strategies (i.e., upgrading
equipment, optimizing water re-use, reducing losses) (17).

Energy savings are closely linked to water reduction given that
pulp and paper mills heat water to produce hot water and steam
for cooking wood chips, pulp washing, transporting pulp, drying
paper and other applications. The key production and control
practices that will lead to water reduction, improved effluent
quality, energy savings and regulatory compliance at pulp and
paper mills include the following (17, 25, 26, 30):

= Dry (instead of wet) debarking processes.

= Recycling and re-use of certain process streams and cooling
water, including optimizing shower water use and improving
white water quality.

= Minimizing solids losses for coated paper production
(including use of coating recovery systems).

= Water conservation measures in the mill (e.g., vacuum pump
seal water)

= Preventing and controlling spills of black liquor in the manufacture
of kraft pulp.

= Using elemental chlorine-free bleaching systems.

= Reducing the use of bleaching chemicals (and energy) by
extended cooking and oxygen delignification.

Figure 6
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Some of the preceeding practices can result in water and/or
energy savings of hundreds of thousands to millions of
dollars per year per mill site (17). The age of installed
equipment has a significant influence on the water efficiency
of a mill. Mills that have newer or recently upgraded equipment
are generally the most water efficient, while mills with older,
more water intensive equipment are typically the least water
efficient (31). Additional references are available on water
reduction within the pulp and paper industry (17,30).

One of the key challenges for pulp and paper mills is the fact
that recycling of process water (instead of freshwater use) is
limited by the accumulation of dissolved matter from wood and
other raw materials entering the process. Some of the problems
associated with contaminant accumulation are deposition and
scaling, foaming, corrosion, stream dead load, and degradation
of the end product quality parameters. While strategies for
controlling these contaminants can be developed, the degree
to which further water reduction can be achieved becomes a
site-specific challenge (21).

Drivers and Barriers to Change

The main drivers for responsible water management are
regulations, the marketplace and drought (7). In addition to
effluent regulations, water use regulations are now emerging
such as the EPA cooling water intake structures rule (Clean
Water Act Section 316b) and the Great Lakes — St. Lawrence
River Basin Water Resources Compact (7).

Marketplace drivers include systems and tools used by
companies for improving water management and reporting
performance. The following are examples of some well-
known initiatives:

= Alliance for Water Stewardship (9)

= Carbon Disclosure Project — Water Disclosure (11)
= Ceres Aqua Gauge (32)

= Global Water Roundtable (10)

= Global Water Tool (WBCSD) (33)

= UN CEO Water Mandate (34)

= Water Footprint Network (8)

Drought is a third driver for change and can have serious
implications on industrial sites and their receiving environments,
including mill shutdowns for periods of days (7).

The barriers for change related to water management are
economic, social and technical, such as new capital investments
needed, regulatory uncertainties, the risks associated with new

methods and a lack of breakthrough innovations, to name a few (35).

O)

Summary

Water scarcity is a rapidly growing global concern that will
influence water resource management in most regions of
the world, including parts of North America. Access to water
resources is becoming more controlled, especially for industrial
water users. Best practices and tools in the realm of water
footprinting and disclosure are developing and now being used
by an increasing number of companies to identify and manage
business risks related to water.

The North American pulp and paper industry is highly regulated
with respect to water use and effluent quality. Environmental
regulations establish a minimum baseline that companies
must meet in order to prevent negative environmental impacts.
The age of the technology in use at mill sites is a key factor
influencing environmental performance, water and energy use.
Implementation of best practices cuts water use and improves
effluent quality through cleaner production processes and
pollution prevention measures, which can yield both economic
and environmental benefits. Improved water management is
often directly linked to reduced energy use and lower green-
house gas emissions.

Although the manufacture of pulp and paper is water-use
intensive relative to most other industries, the amount of
water consumed (i.e., evaporated or exported with products
or residuals) represents a small fraction of the overall water
used. Approximately 88% of the water used by the U.S. forest
products industry is returned to surface waters following treat-
ment. There have been significant improvements in both water
use and effluent quality in the U.S. pulp and paper industry.
While environmental effects of treated effluents are sometimes
observed, aquatic communities are usually not altered by well-
treated mill effluents. In North America, most surface waters
are derived from forested areas. Forest management can
affect water quality and the use of forestry best management
practices greatly minimizes harmful effects (19, 20).
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We invite you to share your thoughts so that we can all benefit
from innovative thinking and best practices. For questions and
comments on this document, please email us at eQ@sappi.com.
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