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ABSTRACT

The U.S. pulp and paper industry—defined in thisedgg Guide as facilities engaged in the
manufacture of pulp, paper, and paperboard—consorers$7 billion worth of purchased fuels and
electricity per year. Energy efficiency improverhenan important way to reduce these costs and to
increase predictable earnings, especially in tiafdsgh energy price volatility. There are a vayiet
opportunities available at individual plants in theS. pulp and paper industry to reduce energy
consumption in a cost-effective manner. This Epé3gide discusses energy efficiency practices and
energy-efficient technologies that can be impleménat the component, process, facility, and
organizational levels. This Energy Guide beginthwin overview of the trends, structure, and energy
consumption characteristics of the U.S. pulp amaepandustry, along with descriptions of the major
process technologies used within the industry. tNaxvide variety of energy efficiency measures
applicable to pulp and paper mills are describédany measure descriptions include expected
savings in energy and energy-related costs, whiehbased on case study data from real-world
applications in pulp and paper mills and relatedustries worldwide. Typical measure payback
periods and references to further information iae thchnical literature are also provided, when
available. Given the importance of water use ilp @nd paper mills, a summary of basic measures
for improving plant-level water efficiency is alpoovided. The information in this Energy Guide is
intended to help energy and plant managers in ti$ pulp and paper industry reduce energy and
water consumption in a cost-effective manner whit@intaining the quality of products
manufactured. Further research on the economialt ofeasures—as well as on their applicability to
different production practices—is needed to asess cost effectiveness at individual plants.
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1 Introduction

As U.S. manufacturers face an increasingly competienvironment, they seek out
opportunities to reduce production costs withowgatiwely affecting the yield or the quality
of their finished products. The volatility of engrgrices in today’s marketplace can also
negatively affect predictable earnings. The chakenf maintaining high product quality
while simultaneously reducing production costs cften be met through investments in
energy efficiency, which can include the purchakerergy efficient technologies and the
implementation of plant-wide energy efficiency frees. Energy efficient technologies can
often offer additional benefits, such as qualitypmovement, increased production, and
increased process efficiency, all of which can leagroductivity gains. Energy efficiency is
also an important component of a company’s overalironmental strategy, because energy
efficiency improvements can lead to reductionsrnmssions of greenhouse gases and other
important air pollutants. Investments in energyicedhcy are therefore a sound business
strategy in today's manufacturing environment.

ENERGY STAR is a voluntary program operated by the U.S. Envitental Protection
Agency (EPA) in coordination with the U.S. Departrhef Energy (DOE). The primary
purpose of the ENERGY STAR program is to help Uh8ustry improve its competitiveness
through increased energy efficiency and reducedr@amwental impact. ENERGY STAR
stresses the need for strong and strategic cogpaaergy management programs and
provides a host of energy management tools antegtes to help companies implement
such programs. This Energy Guide reports on reBeamducted to support the U.S. EPA’s
ENERGY STAR Pulp and Paper Focus, which works with the. gip and paper industry
to develop resources and reduce information barfa@renergy efficiency improvement. For
further information on ENERGYSTAR and its available tools for facilitating corpte
energy management practices, visit http://www.eysay.gov/

1.1 Purpose of this Energy Guide

This Energy Guide provides an overview of availatbleasures for energy efficiency in the
U.S. pulp and paper industry. It is designedddress the interests of a wide audience: from
beginning energy engineers and analysts to seasem&dy managers and experts in the
pulp and paper industry.

Given the importance and rising costs of water assaurce in pulp and paper production,

this Energy Guide also provides information on bagsroven measures for improving plant-

level water efficiency. Moreover, water efficienicgprovement can also reduce energy use
for water heating, treatment, and pumping.

The U.S. pulp and paper industry—defined in thierfgy Guide as facilities engaged in the
manufacture of pulp, paper and paperboard—is awitapt industry from both an economic
and an energy use perspective. In 2006, the indgsterated nearly $79 billion in product
shipments and employed around 139,000 people Wirechearly 600 mills. The industry

spent roughly $7.5 billion on purchased fuels aledtecity in 2006; around $4.7 billion of

this was for purchased fuels and around $2.8 hiltd this was for purchased electricity.
Because the costs of electricity and natural gasiaing rapidly in the United States, energy



efficiency improvements are becoming an increagingportant focus area in the U.S. pulp
and paper industry for managing costs and maimgioompetitiveness.

1.2 Organization of this Energy Guide

This Energy Guide begins with an overview of thentts, structure, and production
characteristics of the U.S. pulp and paper industr¢€hapter 2. A description of the main
production processes employed in pulp and papeufaeture is provided in Chapter 3. In
Chapter 4, the use of energy in the U.S. pulp amepindustry is discussed along with an
overview of the main end uses of energy in typptdp and paper mills.

Chapters 5 through 17 describe many available mesdar improving energy efficiency in
the U.S. pulp and paper industry, with a focus oergy-efficient technologies and practices
that have been successfully demonstrated in figsilib the United States and abroad.

Although new energy-efficient technologies are digved continuously (see for example
Martin et al. 2000), this Energy Guide focuses prifg on those technologies and practices
that were both proven and currently commerciallpilable at the time of this writing.
However, because emerging technologies can oftag ah important role in reducing
industrial energy use, Chapter 18 offers a briedroeew of selected promising emerging
energy-efficient technologies of relevance to pagd paper making.

Given that the U.S. pulp and paper industry marniufas a wide variety of products and
employs a diversity of production methods, it ipoasible to address every possible end use
of energy within the industry. This Energy Guiderefore focuses on only the most
important end uses of energy in U.S. pulp and papks.

In recognition of the importance of water as a vese in pulp and paper mills—as well as
the rising costs of water—this Energy Guide offarformation on basic measures for
improving plant-level water efficiency in Chapted. Many of the water efficiency strategies
discussed in Chapter 19 can lead to energy saemgell.

The material in the Energy Guide was compiled prilpafrom publicly available
information sources and communications with expertendustrial energy efficiency and
pulp and paper mill operations. A full biblioghap of the information sources used in
developing this Energy Guide is provided in therefces section.

Lastly, this Energy Guide also includes severakagires that contain useful information on
available energy management tools, information uess, incentive programs at the state
and national levels, and summary tables of additiemergy and water efficiency measures
obtained from several in-depth resources that iereraged in the development of this
Energy Guide.

Table 1.1 provides a summary of some key U.S. pulg paper industry economic and
energy use data that are presented in this EnengleG



Table 1.1: Key economic and energy use data forehJ.S. pulp and paper industry

NAICS Code Value of Product Shipments (2006)

32211 Pulp mills $5.6 billion

322121 Paper (except newsprint) mills $46.6 billion

322122 Newsprint mills $4.1 billion

32213 Paperboard mills $22.6 billion
Total $78.8 hillion

NAICS Code Employment (2006)

32211 Pulp mills 7,394

322121 Paper (except newsprint) mills 88,141

322122 Newsprint mills 5,521

32213 Paperboard mills 37,700
Total 138,756

NAICS Code Number of Establishments (2006)

32211 Pulp mills 44

322121 Paper (except newsprint) mills 325

322122 Newsprint mills 23

32213 Paperboard mills 205
Total 597

NAICS Code Electricity Expenditures (2006)

32211 Pulp mills $0.1 billion

32212 Paper mills $1.7 billion

32213 Paperboard mills $1.0 billion
Total $2.8 billion

NAICS Code Electricity Use (Purchases + Generated — Sold) (26D

32211 Pulp mills 5.7 TWh

32212 Paper mills 52.2 TWh

32213 Paperboard mills 31.8 TWh
Total 89.7 TWh

NAICS Code Fuel Expenditures (2006)

32211 Pulp mills $0.3 billion

32212 Paper mills $2.6 billion

32213 Paperboard mills $1.8 billion
Total $4.7 billion

Top 5 States for Pulp and Paper Industry Value of Bipments (2006)

(1) Wisconsin, (2) Alabama, (3) Pennsylvania, (€p@ia, (5) South Carolina




2 The U.S. Paper and Pulp Industry

The U.S. pulp and paper industry is comprised oddlprimary types of producers: (1) pulp
mills, which manufacture pulp from wood and otheatemials (such as wastepaper); (2)
paper mills, which manufacture paper from wood palpd other fiber pulp; and (3)

paperboard mills, which manufacture paperboard yotsdfrom wood pulp and other fiber

pulp.

The North America Industry Classification SystemA(NS) codes associated with these
three industry sub-sectors are summarized in Talllealong with some of the key products
that are manufactured by each sub-sector. Therpapesub-sector (NAICS 32212) is

further subdivided into paper mills that make newgp(NAICS 322122) and paper mills

that manufacture all other paper products (NAIC3122).

Table 2.1: NAICS codes and key products of the U.pulp and paper industry
NAICS Code | Sub-sector description Key products
32211 Pulp mills Deinked recovered paper,
groundwood pulp, pulp
manufacturing (i.e., chemical,
mechanical, or semichemical
processes)

32212 Paper mills

322121 Paper (except newsprint) mills Bond paper, boolepagigarette
paper, diapers, facial tissues,
napkins, sanitary paper, office
paper, writing paper, paper towel

[72)

322122| Newsprint mills Groundwood paper products (e.
publication and printing paper,
tablet stock, wallpaper base),
newsprint

32213 Paperboard mills Binder’s board, cardboardkst
container board, folding boxboar
stock, milk carton board

©Q

=

The scope of this Energy Guide is limited to thel®8 industry sub-sectors listed in Table
2.1, which represent the most energy-intensivesadbors of the U.S. paper manufacturing
industry (NAICS 322). The less energy-intensivenated paper products sub-sector
(NAICS 3222), which comprises establishments priltpangaged in converting paper or
paperboard without manufacturing paper or papethaanot covered in this Energy Guide.



2.1 Economic Trends

In 2006, the U.S. pulp and paper industry generagzatly $79 billion in product shipments,
or around 1.6% of the total value of product shiptaef the U.S. manufacturing sector as a
whole (U.S. Census Bureau 2008a). This number ifrarp around $70 billion in product
shipments in 1997 (U.S. Census Bureau 2002). &h (iee., inflation adjusted) dollars,
however, the economic output of U.S. pulp, paped, @aperboard mills declined by roughly
10% between 1997 and 2006, as depicted in Figark 2.

Figure 2.1 Trends in industry value of product shipgnents and employment, 1997-2006
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Sources: U.S. Census Bureau (2008a, 2008}y, 2D03a, 2002)

Also shown in Figure 2.1 is a decline in total iatty employment over roughly the same
period. In 2006, the industry employed around A39,people directly, down from around

188,000 employees in 1998 (U.S Census Bureau 2008hgse recent declines in shipments
and employment might be explained in part by magdet economic pressures facing the
U.S. pulp and paper industry. Such pressures declimcreasing consolidation, strong

competition from imports, rising labor costs, arsing energy costs.

Figure 2.2 depicts the trends in value of prodbgtreents by sub-sector of the U.S. pulp and
paper industry between 1997 and 2006, in 1997 oll&he paper (excluding newsprint)
mill sub-sector is the largest economic contributothe industry by a significant margin,
and accounts for roughly 60% of industry value mdduct shipments. The newsprint mill
sub-sector is the smallest economic contributazpating for only roughly 5% of product
shipments. In real dollars, the value of prodbgpments in all four industry sub-sectors has

! value of shipments data in Figure 2.1 were adile inflation using producer price index data foe U.S.
pulp and paper industry from the U.S. Bureau ofdrefitatistics (2008).



declined since 1997. The largest decline in prodag@ments (a decline of roughly 35%)
was seen in the newsprint mills sub-sector.

Figure 2.2: U.S. pulp and paper industry value of ppduct
shipments by sub-sector, 1997-2006
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Sources: U.S. Census Bureau (2008a, 22053a)

2.2 Sub-Sector Overviews

2.2.1 Pulp mills (NAICS 32211)

Pulp mills are primarily engaged in manufacturingppwithout manufacturing paper or

paperboard. The pulp is made by separating ce#éuibers from other components in wood
using chemical, semi-chemical, or mechanical pgigmocesses. Pulp is also commonly
manufactured using recovered wastepaper as a ra@riata Less commonly, pulp can also
be manufactured from other fibrous materials sushused or recycled rags, linters, scrap
paper, and straw.

Pulp mills produce what is often referred to as tke& pulp,” which is pulp that is sold on
the open market for the production of paper at gpdacilities. Only around 15% of the
pulp currently produced in the United States is katupulp (Li et al. 2004). Thus, the
majority of U.S. pulp production occurs at integdammills that produce both pulp and paper
products

In 2006, there were 44 pulp mills in operation he tUnited States. These pulp mills
employed around 7,400 people directly and generabedhly $5.6 billion in product
shipments (U.S. Census Bureau 2008a, 2008b). uilpenpill sub-sector currently accounts



for around 5% of industry employment and around @$oindustry value of product
shipments (U.S. Census Bureau 2008a).

Major North American producers of market pulp idduWeyerhaeuser, Tembec, Canfor,
AbitibiBowater, and Daishowa-Marubeni (Sweet 2008apnymous 2005a).

2.2.2 Paper mills (NAICS 32212)

Paper mills are engaged in the manufacture of pajpeilucts from pulp. An integrated paper
mill is one that manufactures its own pulp in hqusawvever, paper mills may also purchase
market pulp. Some paper mills may also converptyger that they make into final products
(e.g., boxes or bags). Paper mills are furthessdied by the U.S. Census Bureau as
newsprint mills (NAICS 322122) and paper mills timadke all other paper types (NAICS

322121).

2.2.2.1 Newsprint mills (NAICS 322122)

Newsprint mills are paper mills whose productionlimited to newsprint and uncoated
groundwood paper from pulp. Newsprint mills reprasthe smallest sub-sector of the U.S.
pulp and paper industry. In 2006, there were 28spent mills in operation in the United
States with a total employment of around 5,500 (C8nsus Bureau 2008b). With an
annual value of product shipments of around $4lliobj newsprint mills account for
roughly 5% of U.S. pulp and paper mill shipmentsSCensus Bureau 2008a).

Newsprint production is highly consolidated, withlypa few companies accounting for the
majority of North American production (MacKenzie (). Major North American
producers include AbitibiBowater, SP Newsprint,r&tBnso, and Catalyst (Sweet 2009a).

2.2.2.2 Paper (except newsprint) mills (NAICS 322121)

Paper mills that make all other paper types besiaggsprint and uncoated groundwood
sheet are classified as paper (except newsprifi§. mPaper mills of this type represent the
largest sub-sector of the U.S. pulp and paper tngdry a significant margin. There were
325 such paper mills in operation in the Unitedi€dtan 2006, with a total employment of
over 88,000 and $46.6 billion in product shipmefuisS. Census Bureau 2008a, 2008b).
This industry sub-sector accounts for roughly 6(%otal industry employment and product
shipments, and nearly 55% of its operating mills.

Paper (except newsprint) mills manufacture a widaety of products, including paper for
books and cigarettes, writing paper, office papapkins, paper towels, tissues, sanitary
paper, and diapers. Major North American produdershis industry sub-sector include
International Paper, MeadWestvaco, Smurfit-StonesorGia Pacific, Kimberly-Clark,
Procter & Gamble, Domtar, NewPage, and White Biraper (Anonymous 2005b, 2006;
Deking 2002; Mies 2003; Sweet 2009a).



2.2.3 Paperboard mills (NAICS 32213)

Paperboard mills are primarily engaged in the mactufre of paperboard from pulp. Major

paperboard products produced in the United Statdade cardboard stock, container board,
Kraft liner board, and milk carton board. Many pdmard mills manufacture their own

pulp, but some may purchase market pulp. Papetbwogis are the second largest sub-
sector in the U.S. pulp and paper industry.

There were 205 paperboard mills in operation in Wmited States in 2006 (U.S. Census
Bureau 2008b). Nearly 38,000 people were emplagedese mills, which generated around
$23 billion in product shipments (U.S. Census Bure&®08a). Major North American
producers include Smurfit-Stone, International Papemple-Inland, Packaging Corporation
of America, and Caraustar (Sweet 2009a).

2.3 Pulp and Paper Processing Trends

Virgin wood is used to manufacture a variety ofgsuin the United States, most importantly
chemical wood pulp, mechanical wood pulp, semi-dbahwood pulp, and dissolving wood
pulp. Total U.S. production of wood pulp increasemn 40 million tons (Mt) in 1976 to 56
Mt in 2006; however, current U.S. wood pulp products around 15% lower than its 1994
peak of 66 Mt (FAOSTAT 2007).

In 1976, chemical pulping accounted for 78% of Uwod pulp production, while
mechanical and other pulping accounted for 10% k2%, respectively. While total wood
pulp production has increased significantly sin®&@l, the composition of U.S. wood pulp
production has changed little. Today, chemical dv@alp production has become more
dominant and comprises nearly 85% of U.S. wood puipduction, while mechanical
pulping now represents only around 8% of production

In addition to the various types of wood pulp, nemr@d paper is used as a raw material in
producing paper products. Recovered paper useeithited States pulp and paper industry
has grown from 14 Mt in 1976 to nearly 47 Mt in BO@& growth of more than 200%)
(FAOSTAT 2007).

Figure 2.2 depicts the trends in the productionpaper and paperboard products in the
United States between 1976 and 2006 (FAOSTAT 200R)inting and writing paper,
wrapping and packaging paper, and paperboard atbuor around 80% of total U.S.
production by mass in 2006. The remaining productwas made up by newsprint,
household and sanitary paper, and paper and padrhot elsewhere specified (NES). The
NES category is a catch-all that includes Kraftggaponstruction paper, blotting paper, filter
paper, and other miscellaneous paper types.

Figure 2.2 also shows that U.S. production of ajpgr products has increased significantly
over the past 30 years. However, U.S. productes fluctuated between 84 Mt and 88 Mt
since 1999. The most significant growth in protrctsince 1976 occurred in the printing
and writing paper and household and sanitary pegtgories, which both grew by around
80%.



Newsprint production peaked at nearly 7 Mt in 200, has since decreased by 30% (to 4.7
Mt in 2006). This steep reduction in newsprintdarction can be explained in part by a
continued decline in newsprint consumption by Lh8wspapers, which are experiencing
steady declines in advertising revenues and relaige(Garcia 2008).

Figure 2.3: U.S. paper and paperboard product prodction, 1976 -2006

m#
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Source: FAOSTAT 2007

The United States has several advantages overettteof the world market, including a
highly skilled work force, a large domestic markethd an efficient transportation

infrastructure (U.S. EPA 2002). As a result, th& Lpulp and paper industry is a significant
exporter of market pulp and paper products. In62@Be United States exported 6 Mt of
pulp (11% of U.S. pulp production) and around 10 dfltpaper and paperboard products
(11% of U.S. paper and paperboard production) (FAOIS2007). Major export markets

for pulp are Japan, ltaly, Germany, Mexico and EeaflU.S. EPA 2002). Major export

markets for paper and paperboard products are @amdexico, Japan, and China (U.S.
Census Bureau 2008c).

The United States is also a major importer of @rd paper products. Figure 2.4 depicts the
trends in U.S. imports of pulp and paper produsts @ercentage of apparent consumption
over the period 1976 to 2066.Since 1976, the United States has steadily isebats
imports of printing and writing paper to meet dotitesemand. Currently, nearly 30% of
U.S. printing and writing paper demand is met bpants. Domestic demand for newsprint
is also largely met by imports, although the impode of imports has declined slightly in
recent years. The U.S pulp and paper industrysfagmnificant competition from countries

2 Apparent consumption is defined as U.S. produqtios imports minus exports.



such as Brazil, Chile, and Indonesia, which haveleno pulp facilities, fast-growing trees,
and lower labor costs (U.S. EPA 2002). Latin Aroani and European countries also are
adding papermaking capacity, which may increasemmgompetition in the future.

Figure 2.4: U.S. pulp and paper imports as a peregage of apparent consumption,
1976 to 2006

+ &

*&

) & .\\_,/' el

(&

— %

(W(-$ #3
R

Source: FAOSTAT 2007
2.4 Industry Structure and Characteristics

Table 2.2 illustrates the geographical concentnatd the U.S. pulp and paper industry.
Listed are the top ten U.S. States based on induatue of shipments in 2006, along with
the number of employees and establishments in stk (U.S. Census Bureau 2008a,
2008b). Wisconsin ranked first by a significant guarin all the three categories. As of
2006, Wisconsin accounted for 10% of U.S. valustopments, 11% of U.S. employment,
and 10% of U.S. establishments in the pulp andmpagdestry.

The geographical distribution of U.S. pulp and papdls varies according to the type of
mill. As there are large variations in the prodoticapacities of individual mills, the total
number of establishments in a state might not tieevell to its level of economic activity,
as can be observed in Table 2.2.

10



Table 2.2: Top ten states in the U.S. pulp and pap industry

by value of shipments, 2006
2006 Value of Number of Number of
State Shipments éggg Employees éggﬁ Establishments éggg
($1,000) in 2006 in 2006
Wisconsin 7,665,959 1 14,319 1 57 1
Alabama 6,449,731 2 9,154 2 22 9
Pennsylvania 5,383,703 3 5,927 6 28 5
Georgia 5,226,589 4 7,977 3 27 6
South Carolina 4,010,302 5 5,790 7 14 14
Louisiana 3,940,684 6 5,124 9 13 16
Washington 3,927,506 7 6,783 4 19 12
Maine 2,746,503 8 6,101 5 12 20
Oregon 2,664,831 9 3,983 15 13 18
Arkansas 2,634,474 10 4,438 12 11 21

Sources: U.S. Census Bureau (2008a, 2008b)

Pulp mills are located in regions of the United t&awhere trees are harvested from
abundant forests or tree farms. More than 70%.8f \Wood pulp capacity is located in the
South Atlantic and South Central regions, closthéosource of wood fibers (Kincaid 1998).
Other key pulp mill locations include the Northwesibrtheast, and North Central regions
(U.S. EPA 2002). Pulp mills that process recycldxrf are generally located near large
population centers, which are key sources of wagtep

Paper and paperboard mills are more widely disteidbu In general, they are located near
pulping operations and/or close to large populatc@mters where final consumers are
located. Over 50% of paper and paperboard millsl@ated in the Northeast and North
Central regions, close to final consumers (Kind488).

Pulp and paper are commodities and therefore tpages are vulnerable to global
competition. In order to maintain market shararnnincreasingly competitive global market,
U.S. pulp and paper companies have undergone #icagin number of acquisitions and
mergers in recent years. For example, between 48872002 at least 12 important mergers
occurred with a combined value of around $55 hill{).S. EPA 2002). Table 2.3 illustrates
the high level of consolidation of today’s U.S. paind paper industry. In all four industry
sub-sectors, the four largest companies accourdtfi@ast half of industry shipments.

Table 2.3: U.S. pulp and paper industry consolidabn, 2002

Percentage of 2002 Value of Industry
Sub-sector NAICS Shipments Accounted for by:

Code 4 Largest 8 Largest 20 Largest
Companies | Companies | Companies

Pulp mills 32211 61% 88% N7A

Paper (except newsprint) mills 322121 53% 70% 85%
Newsprint mills 322122 54% 78% 100%
Paperboard mills 32213 49% 68% 88%

Source: U.S. Census Bureau (2001)
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3 Overview of Pulp, Paper and Paperboard Processing &thods

The pulp and paper industry converts fibrous ravenms into pulp, paper, and paperboard
products. Pulp mills manufacture only pulp, whishhen sold and transported to paper and
paperboard mills. A paper and paperboard mill paschase pulp or manufacture its own

pulp in house; in the latter case, such mills aferred to as integrated mills.

The major processes employed in the pulp and paphrstry include raw materials

preparation, pulping (chemical, semi-chemical, na@atael, and waste paper), bleaching,
chemical recovery, pulp drying, and paper makifgs Thapter provides a brief overview of
each major process.

Figure 3.1 provides a flow diagram of these proegsand their use of fuels, steam, and
electricity.

Figure 3.1: Schematic of major pulp and paper manfacturing processes

Source: Martin et al. (2000)
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3.1 Raw Materials Preparation

Wood is the primary source of fiber in the prodoctiof paper products, and is typically
delivered to the mill in the form of logs or wooligs. Both softwoods and hardwoods are
used in the production of wood pulp. The primamggesses used to convert logs into a size
and shape suitable for pulping are size reductiebarking, chipping, and screening. Wood
chips are normally free of bark and are often anilgjected to screening (U.S. DOE 2005a).

Logs typically arrive at the mill on trucks or raiérs. For ease of handling, large logs are
sometimes sent to a slasher deck for size reduptionto debarking.

Debarkers are used to remove bark from logs poi@htpping, since bark is a contaminant in
the pulping process. Commonly, bark is removednflogs by placing them in a large
rotating steel drum, where the logs rub against amether and the bark is removed by
friction (Saltman 1978). In some cases, hydradéibarkers are used, in which high-pressure
water jets blast bark from the surface of the |ldgowever, hydraulic debarkers are more
energy-intensive than mechanical debarkers; th&yraquire the bark to be pressed before it
can be used as a fuel (Martin et al. 2000) as ageltostly wastewater treatment (U.S. EPA
2002). As aresult, hydraulic debarkers are bphmased out of operation in the United States
(U.S. DOE 2005a).

After debarking, the logs are sent to a chippingmrae (most commonly a radial chipper).
These machines produce wood chips of a consisiest and shape to maximize the
efficiency of the pulping process. The optimalesaf wood chip depends on the species of
wood and method of pulping to be employed (e.gemubal or mechanical) (U.S. DOE
2005a).

Wood chips are then passed over a series of uilgratireens to remove chips that are either
oversized or undersized. Chips that are too smaflier called “fines”—are subsequently
burned as hog fuel to generate steam. Chips teatoa large are typically recovered for
further size reduction. The chips are then trartspoto the pulping stage using belt
conveyors (Martin et al. 2000).

Wood provides roughly 72% of the fiber used forgrgproduction in the United States. The
majority of remaining fiber (i.e., secondary fib@mes from waste paper and paperboard
(U.S. DOE 2005a). According to the American Forasti Paper Association (AF&PA),
approximately 80% of U.S. pulp and paper manufactuuse some secondary fiber in the
production of pulp, and around 40% of U.S. mills/rexclusively on secondary fibers to
produce pulp (AF&PA 1999a, U.S. EPA 2002).

Because waste paper products can contain inks twed contaminants, they are often used
as pulping feedstock for low-purity paper and papard products, such as corrugating paper
used to produce corrugated cardboard (U.S. EPA )2002owever, deinking and other
contaminant removal technologies exist that alltve tJ.S. pulp and paper industry to
recycle waste paper products into high-quality pamel paperboard. The use of waste paper
products as raw materials for pulping is discussdtie next section.
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3.2 Pulping

The primary goals of pulping are to free fibersvood from the lignin that binds these fibers
together, and then to suspend the fibers in waier & slurry suitable for paper making.
Typical North American wood consists of around 66%846 cellulose and hemicelluloses,
which are the key fibrous ingredients in paper. Thmaining materials mass consists
primarily of lignin, with small amounts of extrae#is (e.g., terpenes) and ash (U.S. DOE
2005a; Biermann 1996). Pulp with longer fibers &t lignin will generally produce the
strongest papers with the greatest resistanceing.ag

The three main processes for producing wood puk raechanical pulping, chemical
pulping, and semi-chemical pulping. Of these, Knaft chemical pulping process accounts
for the majority of U.S. wood pulp production todégincaid 1998). Also significant is
recycled or secondary fiber pulping, which is pnilyaa mechanical pulping process with
heat and chemicals added for contaminant remowvhpaper dissolution (U.S. EPA 2002).

The type of pulping process that is employed depemd a number of different factors,
including the wood source (hardwood or softwoobg tesired pulp properties (e.g., fiber
length, strength, and purity), and the paper prtedte be manufactured (e.g., newsprint,
packaging, or writing paper). Table 3.1 summaritess major attributes of each pulping
process. Each of these processes is discussélg batow.

Table 3.1: Summary of pulping process characteristis

Primary Yield (mass of
Pulpin Fiber ulp/mass of . .
Pro?:egs Separation grigri)nal fiber Pulp Properties Typical Products
Mechanism source)
Mechanical| Mechanical | High (85-95%) Short, weak, Newsprint, magazines,
energy lignin not removed | unstable, high books, container board
opacity fibers; good
print quality
Chemical Chemicals and Lower (45-50% for | Long, strong, stable| Kraft: bags, wrapping,
heat bleachable/bleachedfibers linerboard, newsprint
pulp; 70% for
brown papers) Sulfite: fine paper, tissue,
glassine, newsprint
Semi- Combination | Intermediate (55- | “Intermediate” pulp | Corrugated board, food
chemical of chemical 85%) properties packaging, newsprint,
and magazines
mechanical
treatments
Recycled Mechanical | Depends on waste | Mixture of fiber Newsprint, writing paper,
energy with paper source. Up ta grades; properties | tissue, packaging
some heat and 95% for waste depend on waste
chemicals packaging and as | paper source
low as 60% for
waste hygienic
papers.

Source: Adapted from U.S. DOE 2005a
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3.2.1 Mechanical Pulping

Mechanical pulping is the oldest form of pulpinglhe process employs mechanical energy
to weaken and separate fibers from wood and wasgterpfeedstock via a grinding action.
The advantage to mechanical pulping is that it pced much higher yields than chemical
pulping processes (up to 95%). However, becauseptbcess does not dissolve lignin, the
fiber strength and age resistance of the resupulp are low (U.S. DOE 2005a). The
weakness of the resulting pulp is compounded byféioe that the mechanical grinding
process also produces shorter fibers (Kincaid 19989 a result, most mechanical pulp is
used for lower grade papers such as newsprint, zivegm and catalogues (Biermann 1996).
Mechanical pulping also requires more raw matesateening to remove contaminants such
as dirt, shive§,and knots than chemical pulping processes (U.S RAD5a).

As of 2006, mechanical pulp accounted for rough¥g 8f U.S. wood pulp production
(FAOSTAT 2007). There are four primary types of cm@nical pulping: (1) stone
groundwood pulping, (2) refiner mechanical pulpi(®), thermomechanical pulping, and (4)
chemi-thermomechanical pulping.

Stone groundwood pulping (SGW§ the oldest and least energy-intensive mechhnica
pulping process (Martin et al. 2000). In the SGYdcess, small logs are ground against
artificial bonded stones made of silicon carbidalominum oxide grits. These stones can be
submerged (pit grinding) or sprayed with water ¢éefx them cool while maintaining grinding
performance and fiber quality. The advantage of S8V process is its very high yield.
However, the fibers produced by the SGW processbmawery short and often must be
combined with expensive chemical fibers to be girenough to pass through the paper
machine and subsequent coating and printing presess

Refiner mechanical pulping (RMKeeps the high yield advantages of the SGW process
while producing somewhat longer fibers with greastrength. The RMP process was
introduced to allow the use of wood feedstock otimean logs, such as wood scraps and
sawdust from lumber mills (U.S. DOE 2005a). Woeedstock is ground between two
grooved discs. The RMP process produces longerstmodger fibers that permit lighter
weight paper to be used for printing and resuthore print media per ton of feedstock.

In thethermomechanical pulping (TMP)yocess, wood chips are first steamed to softemth
before being ground in the same manner as the Ridéegs. The TMP process generates
the highest grade mechanical pulp but is also h aigergy intensity process due to its steam
use. This process can also produce a darker patgg more costly to bleach (Martin et al.
2000). Despite these drawbacks, TMP is the mashoon mechanical process in use today.

Chemi-thermomechanical pulping (CTMR)volves the application of chemicals to wood
chips prior to refiner pulping. The process beguith an impregnation of sodium sulfite and
chelating agents. The mixture is then preheatedd@®130 °C and ground in the refiner. The
chemical pre-treatment of wood chips allows fosldestructive separation of fibers from the
feedstock, resulting in longer fibers, higher filmentent, and far fewer shives. The CTMP

* Shives are small bundles of fibers that are niby &eparated in the pulping operation.
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process also produces more flexible fibers (whicbvigde higher sheet density, burst
strength, and tensile strength) and higher pulghbness than the TMP process. Its primary
drawback, like TMP, is that it is a high energyemsity process (Martin et al. 2000).

3.2.2 Chemical Pulping

Chemical pulping is by far the most common methbgroducing wood pulp in the United

States. As of 2006, nearly 85% of U.S. wood pulps weaoduced by chemical pulping

processes (FAOSTAT 2007). Chemical pulping procehsee low yields (see Table 3.1) but
generate pulp with strong and stable fibers fohltgality products such as office paper.

Chemical pulping separates the fibers in wood feettsby dissolving the lignin bonds that
hold these fibers together, often at elevated teatpees and pressures. There are two
primary forms of chemical pulping: (1) the Kraftr(sulfate) pulping process, and (2) the
sulfite pulping process. According to the Ameridarest and Paper Association (AF&PA),
around 98% of today’'s U.S. chemical pulping capacises the Kraft process (AF&PA
2002).

In theKraft pulping processwood chips are first steamed to soften them aridrte out any
trapped air. The wood chips are then combined aitinghly alkaline solution — called white
liguor — which contains sodium hydroxide (NaOH),dasodium sulfide (N&5). These
ingredients are pressurized and cooked at 160-1#0&digester over several hours, which
allows the liquid to permeate the wood chips andsalve most of the non-fibrous
constituents in the wood.

There are two primary types of digesters— batclestgys and continuous digesters—which
cook wood chips on batch and continuous basesec#sgply. Batch digesters offer lower
capital costs and more product flexibility (U.S. B0 Continuous digesters are more space
efficient and less labor intensive; because thayseeprocess steam, they are also more
energy efficient (U.S. DOE 2005a; Biermann 1996).

After digestion, hot pulp and spent liquor are desged into low-pressure blow tanks, which
separate the wood chips into fibers. The spentolicgand its dissolved contaminants—
referred to as “black liquor—are washed away aedt4o the chemical recovery process
(discussed later in this section) for use as bdiet and to regenerate white liquor. The
resulting Kraft pulp is dark brown and can be usedhake unbleached cardboard products
and grocery bags. For Kraft pulp that is usednabite products, the next step in the process
is the bleaching phase.

The sulfite pulping processs used on a much smaller scale in the UnitedeStaand
accounts for around two percent of U.S. chemicédpipg capacity (AF&PA 2002). The
sulfite process uses a mixture of sulfurous acigS®) and bisulfate ion (HS£) as its
solvent, which is produced by burning sulfur anding the resulting gases with a basic
solution (U.S. DOE 2005a; Martin et al 2000). Sanito the Kraft pulping process, the
sulfite process allows the pulping chemicals toréesed for energy recovery and solvent
regeneration.
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Kraft and sulfite pulping processes can be usqur@duce similar types of paper. However,
the Kraft process dominates U.S. chemical pulp pecodn due to several key advantages
over the sulfite process. Such advantages indlsdepplicability to a wider variety of tree
species, its superior fiber strength, its abildytdlerate wood contaminants, its high lignin
removal rates (up to 90%), and the high efficien€yts chemical recovery process (U.S.
EPA 2002; U.S. DOE 2005a). In contrast, the sulitecess produces a pulp with shorter
fiber length and its chemical recovery processédficient. As a result, the sulfite process is
mostly used for specialty product applications saslvery smooth papers (Elaahi and Lowitt
1988).

Extended delignification and oxygen delignificatiare two process modifications that can
be employed to reduce the lignin content of chehpa#p even further. Both methods can
reduce the amount of chemicals required during lleaching phase, while extended
delignification can also reduce cooking liquor aamgtion by 5-10% (U.S. DOE 2005a).

3.2.3 Semi-Chemical Pulping

Semi-chemical pulping uses a combination of chelhaca mechanical pulping processes
whereby wood chips are subjected to a mild chemilogéstion process before they are
mechanically pulped. This pulping method is prifyansed for hardwoods, which have short
narrow fibers that can be used to make a smoodlesser, and more opaque sheet of paper
(Martin et al. 2000). The major differences betwsemi-chemical and chemical digestion
processes are that semi-chemical digestion usesrltemperatures, more dilute cooking
liquors, and shorter cooking times (U.S. EPA 2002&mi-chemical pulping processes
generate a pulp yield higher than chemical pulpiragzesses due to higher lignin content, but
lower than the yields achievable with mechanicdpimg. Approximately 6% of U.S. wood
pulp production is from semi-chemical pulping prees (U.S. EPA 2002).

3.2.4 Recycled/Secondary Fiber Pulping

As discussed in Chapter 2, the use of recoveredrpfeedstock in the U.S. pulp and paper
industry has grown significantly over the last Zass. According to the AF&PA, nearly 200
U.S. mills rely exclusively on recovered paper pafp production, and roughly 80% of U.S.
mills use recovered paper in some fashion (AF&PA1J0 The main types of recovered
paper include post-consumer (or “old”) corrugatacdboard (OCC) boxes, newspapers, and
miscellaneous mixed papers such as office papearliNhalf of recovered paper fiber is in
the form of OCC (U.S. DOE 2005a).

The typical process for generating pulp from recedeaper feedstock involves blending the
feedstock with water in a large tank. Pulping cluas and heat are sometimes added to the
process to aid in the production of a fibrous $its.S. EPA 2002). Large contaminants and
contaminants that float are removed from the slwityy a ragger mechanism, while heavy
objects such as nuts and bolts exit the procesa efaute at the lower end of the pulping tank
(Martin et al. 2000; Biermann 1996). Inks and otfieer contaminants can be removed
during the process using chemical surfactants. cbnebined application of heat, dissolution
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of chemical bonds, and mechanical shear actiondibs fibers and produces a pulp with
desired properties and consistency (U.S. EPA 2002).

Producing pulp from recycled and secondary fibggsctally requires less energy than
mechanical or chemical pulping processes. Howekierenergy intensity of the process can
vary significantly depending on the extent and $ypécontamination and final pulp yields.
Moreover, the availability of recycled and secondéber inputs is also an issue, since
supplies can fluctuate over time. Still, modermtaminant removal techniques have made
recycled pulp a competitive option for many typdspaper, excluding only the highest
grades of papers for which long fiber length iseesisl (Martin et al. 2000).

3.3 Chemical Recovery

The primary purpose of the chemical recovery precgdo recover pulping chemicals from
spent cooking liquor (i.e., black liquor) for reusesubsequent pulping processes. Chemical
recovery allows a mill to regenerate pulping chesicat a rate of up to 98% (U.S. EPA
2002), which significantly reduces the costs ofcpased process chemicals. An added
benefit is that chemical recovery allows a millgenerate a significant portion of its steam
requirements by combusting the pulp residue coethin black liquor as part of the refining
process.

The chemical recovery process for Kraft pulpingsssts of four key stages: (1) black liquor
concentration, (2) black liquor combustion (recgvéoiler), (3) recausticizing, and (4)
calcining (lime burning).

Black liquor concentrations the process of evaporating water from blackdigto increase
its solids content, which makes the recovery baslembustion process far more efficient.
Most mills employ multiple effect evaporators tacentrate black liquor using indirect heat
from steam. Some mills may also use direct con¢aeporators, which use the exhaust
gases from the recovery boiler to drive up thelfs@ids concentration. Evaporation is the
single largest use of steam in the production afiKpulp. Multiple effect evaporators can
maximize the efficiency of this steam use; the aokseven effects is currently considered
industry best practice (Ackel 2009). Further, mo€lthis steam can be reused in the form of
condensate or hot water in other facility applisasi (U.S. DOE 2005a).

After concentration, black liquor will typically ka a fuel value between 6,000 Btu/lb and
7,000 Btu/lb (Biermann 1996). It is then combusite@ recovery boilerto produce steam
for mill process heating applications and/or elettyr generation. During combustion,
organic constituents burn to generate useful héglewhe inorganic process chemicals are
reduced to a molten smelt. This smelt is removethfthe bottom of the boiler for further
refining in the recausticizing stage (U.S. DOE 28)05 Recovery boilers typically have a
thermal efficiency of around 65%; steam generatigmcally increases by 2% for each 5%
increase in solids content above 65% (Gullichse9919mook 1992).

In the recausticizingprocess, the smelt from the recovery boiler ist fiméxed with weak
white liqguor to form an intermediate solution knowas green liquor. This green liquor
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consists mostly of sodium carbonate {8@s) and sodium sulfide (N&). The green liquor
is then recausticized by adding calcium hydroxi@gQ@H), under controlled temperature and
agitation. The recausticizing process convertsstitium carbonate in the green liquor into
sodium hydroxide (NaOH) and a calcium carbonateC@ precipitate. The calcium
carbonate precipitate—also known as lime mud—is tremoved, leaving behind white
liquor (i.e., NaOH and N&) that can be reused in the pulping process.

The lime mud is then sent to tlalcining process, where it is heated in a kiln to produce
lime (CaO) with carbon dioxide (Gas a by-product. The lime is then dissolved atex
to produce the calcium hydroxide Ca(Qlhat is used in the mill's recausticizing process.

3.4 Bleaching

Raw pulp can range in color from brown to creme ttughe remaining lignin that was not
removed during the pulping process. For paperymsdfor which brightness and resistance
to color reversion are important, such as office pnnting paper, the pulp must be whitened
by a bleaching process prior to the paper makirgs@h According to the AF&PA, around
50% of the pulp produced in the United States isathhed pulp (U.S. EPA 2002).
Unbleached pulp is typically used to make prodisctsh as corrugated boxes and grocery
bags for which brightness is not required.

Bleaching can be defined as any process that cladlynaiters pulp to increase its brightness
(U.S. EPA 2002). The pulping process (i.e., chahae mechanical) is a major driver of the
type of bleaching that is required. Mechanical aeeni-chemical pulping process will
generate pulps with high lignin content, which rnegs a chemical-intensive bleaching
process to decolorize the remaining lignin. Theabhing process for chemical pulps—
which have low lignin content—focuses on the remhafaremaining lignin from the pulp
(U.S. DOE 2005a; .U.S. EPA 2002).

Mechanical pulp is often bleached using hydrogeroxyide and/or sodium hydrosulfite.

Bleaching chemicals can be added into the mechgmitaing process, or added to the pulp
in multi-stage reactions which occur in a seriespost-pulping bleaching towers. The
number of bleaching reactions employed dependsi@iightness requirements of the final
paper product.

The bleaching of chemical pulp comprises multipéges that alternate between washing the
pulp and treating it with chemicals in bleachingvéos (U.S. DOE 2005a). In the past,
elemental chlorine was commonly used as a bleachggmt in this process. Increasingly
stringent effluent limitations have led to the amiop of elemental chlorine free (ECF)
bleaching processes at most U.S. pulp and papds. miToday, over 95% of bleached
chemical pulp production in the United States US€$ processes (AF&PA 2005). The
totally chlorine free (TCF) process eliminates tlee of chlorine altogether. As of 2001,
TCF processes accounted for roughly 1% of U.S chied pulp production (U.S. EPA 2002).

The specific chemicals that are applied in bleagtprocesses for chemical pulp, and the
number of stages, vary by mill and depend on a mundf factors including local
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environmental regulations, costs, and desired pubperties (U.S. DOE 2005a). The most
common chemicals employed in ECF and TCF processethe United States are
summarized in Table 3.2, along with a descriptibtheir primary purpose.

Table 3.2: Common ECF and TCF bleaching chemicals
Bleaching Chemical

Primary Purpose

Chemical Formula

Chlorine ClO; An oxidizer that selectively destroys lignin withtg
dioxide extensive damage to pulp fibers

Ozone Q A chlorine free oxidizer used to destroy lignihess

selective to lignin than chlorine compounds, andsimu
be used in low charges to prevent pulp strength los
Hypochlorite| HCIO, An oxidizer used to destroy lignin that is typigalised
NaOCl, for sulfite pulps. Hypochlorite is being phased due
Ca(OCly |to increasing environmental concerns related| to
chloroform formation.

Sodium NaOH An alkali that is mixed with oxidized pulp asttam to

hydroxide displace lignin that was made soluble during oxatat
so that lignin can be extracted from the pulp.

Oxygen Q Used under pressure in combination with an altali
enhance lignin extraction

Hydrogen H.0, Can be used to bleach lignin fibers in mechanpcép

peroxide or as a delignification agent for chemical pulp|to

reinforce alkaline extraction
Source: Adapted from U.S. EPA 2002 and U.S. DOKB&00

3.5 Pulp Drying

In situations where pulping and papermaking openatiare not located at the same facility,
or when a temporary imbalance between pulp prodacind paper machine requirements
exists, pulp is dried to reduce its moisture conte@®n average, market pulp is dried to
around 10% water before being shipped to a papkr e process for re-pulping of dried
pulp at a paper mill is similar to that employed palping recovered paper. Pulp drying is
energy intensive (about 4.2 MMBtu of steam perdbpulp) (Martin et al. 2000) and is not
essential to the papermaking process. Thus, ggnif energy savings are realized by co-
locating pulping and paper making operations atfandity.

3.6 Papermaking
The papermaking process can be divided into theséclkstages: (1) stock preparation, (2)

“wet end” processing where sheet formation occarg] (3) “dry end” processing where
sheets are dried and finished.
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The purpose of stock preparation is to processpthlp into a homogenous slurry with
properties suitable for introduction into the papschine. Stock preparation involves the
following processes: mechanical homogenization afpp dispersion in water, fiber
declustering, introduction of wet additives, blarmgliand contaminant screening (U.S. DOE
2005a, U.S. EPA 2002). The purpose of wet additiseto provide the final paper product
with specific desirable properties (such as colwd sater repellence) and to improve the
quality and efficiency of the paper making process.

The slurry is then fed into the so-called wet ehthe papermaking machine where a paper
web (i.e., sheet) is formed. Fourdrinier machiaesthe most common type of papermaking
machines in use today. In a Fourdrinier machihe,dlurry first enters a headbox, which
creates a uniform layer of slurry and deposits ltyer onto a moving fabric (also called wire
or forming fabric). This fabric forms the fibenstdo a continuous web while allowing water
removal via gravity and the application of vacuurassure.

Once the fibers have been sufficiently dewatered ttiney begin to bond to form paper, they
move on to the press section of the paper mackiees the paper is pressed to remove
water, which promotes further bonding between 8béss it moves through the press section,
the paper is supported by rolls and press fabricglwabsorb water from the sheet at the
press nips. The bonded and dewatered sheet therquts to the so-called dry end of the
paper machine for further drying and finishing @tiems. The press section has historically
been the target of many energy efficiency improveisién papermaking, because the drier
the paper is leaving the press section, the lesiggrt consumes in the drying section.

Dry end processes include drying, calendering, r@ading. In the drying section, steam
heated rollers compress and further dry the sheeugh evaporation, which facilitates
additional bonding of fibers. The drying secti@pmresents the largest user of energy in the
papermaking stage. In the middle of this sectsotiné size press, which can apply coating to
the paper. The size press must be placed so thatagper can continue drying after coating
because the coating itself must dry as well. Téet step is calendering, which involves a
series of carefully spaced rollers that controlttiiekness and smoothness of the final paper.
After calendering, the finished paper is wound darge reel for storage and transportation.
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4 Energy Use in the U.S. Pulp and Paper Industry

Energy use represents a significant cost to the pu$ and paper industry. In 2006, the
industry spent roughly $7.5 billion on purchasedlguand electricity (U.S. Census Bureau
2008a). Around $4.7 billion of this was for purskd fuels and around $2.8 billion of this
was for purchased electricity. Energy costs aizeable fraction of operating costs, equal to
roughly 20% of the industry’s total cost of matésim 2006.

The U.S. pulp and paper industry is also amonddatgest energy consuming industries in
the United States. As of 2006, the industry (NAIBZ1) accounted for over 8% of the
purchased fuels and over 9% of the electricity aomgion of the entire U.S. manufacturing
sector (U.S. Census Bureau 2008a). Moreover, psezhfuels represent less than half of the
fuels consumed by U.S. pulp and paper mills, smaeh on-site thermal energy and electric
power are produced using waste wood and bark iog,fuel) and spent cooking chemicals
(i.e., black liquor) (U.S. EPA 2002; U.S. DOE 20p5a

Electricity is used throughout the typical pulp graper mill to power motors and machine
drives, conveyors, and pumps, as well as buildipgrations such as lighting and ventilation
systems.  The largest use of fuels is in boilerggénerate steam for use in pulping,
evaporation, papermaking, and other operationaclB8liquor is the dominant fuel for boilers
in the pulp and paper industry, followed by hogl faled natural gas, and to a lesser extent,
coal (EEA 2005). Natural gas and oil are typicalbed in lime kilns (U.S. DOE 2005a).

4.1 Energy Costs

Figure 4.1 plots the costs of purchased electriaitg fuels in the U.S. pulp and paper
industry over the period 1997 to 2006 (U.S. Ceraugau 2008a, 2006, 2003b). While the
total cost of purchased electricity remained fastgady over this period, the total cost of
purchased fuels increased by around 50% (in nordiolédrs). Natural gas accounts for over
one-half of the fuel purchased by the U.S. pulp pader industry, with coal and fuel oil
comprising most of the remaining fuel purchasesS(LIDOE 2007a). The steep rise in
purchased fuel cost may therefore be explainedam Ipy the similarly steep rise in U.S.
industrial natural gas prices that occurred oversame period ($3.59 per 1009ift 1997
versus $7.86 per 1000ft3 in 2006) (U.S. DOE 2008a).

The data in Figure 4.1 demonstrate the negativeao@ impacts that energy price volatility

can have on the U.S. pulp and paper industry. &bes also underscore the importance of
energy efficiency as a means of reducing the imgigssusceptibility to rising energy prices.
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Figure 4.1: Cost of purchased fuels and electrigitin the U.S. pulp and paper industry,
1997 to 2006
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Source: U.S. Census Bureau (20088622003b)

The paper (except newsprint) mills sub-sector (N&I822121) is the largest purchaser of
energy in the industry, accounting for roughly 4%%the industry’s purchased electricity

and fuel costs (U.S. Census Bureau 2004). Pagetbuills (NAICS 32213) are the next

largest purchasers of energy, accounting for arot®fd of the industry’s purchased fuel

costs and around 35% of its purchased electricisyc

As of 2002, the U.S. pulp and paper industry wasléngest self-generator of electricity in

the U.S. manufacturing sector (U.S. DOE 2007a)usTlthe electricity purchases illustrated
in Figure 4.1 represent only a portion of the iridus electricity use. In 2002, the industry

generated over 50 billion kwh of electricity onesitvhich accounted for around 40% of total
industrial on-site electricity generation in theitdd States (U.S. DOE 2007a). Figure 4.2
illustrates the trends in electricity consumed &.Upulp and paper mills from purchased and
self-generated sources over the period 1997 to .20@n average over this period the

industry met around 40% of its annual electricigeds through self-generation.

Additional information on the use of combined haatl power systems in the U.S. pulp and
paper industry is provided in Chapter 8.

® The quantity “electricity generated minus soldtials the total amount of electricity generated ib@®inus
the amount of electricity sold or transferred fffrsite consumption.
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Figure 4.2: U.S. pulp and paper industry electridy consumption by source,
1997 to 2006
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Source: U.S. Census Bureau (20086622004, 2003b)

4.2 Energy Consumption and End Uses

Table 4.1 summarizes estimates of the total enesgyof the U.S. pulp and paper industry as
of 2002, which is the latest year for which dethiledustry fuel use data are available from
the U.S. Department of Energy (U.S. DOE 2007a).2002, the industry consumed over

2,200 trillion British thermal units (TBtus) of emyy, which accounted for around 14% of all

the fuel consumed by the U.S. manufacturing seciidie data in Table 4.1 are ranked in
order of fuel type use importance from left to tigh

It can be seen that two by-products of the pulp jayger production process—black liquor
and hog fuel (i.e., wood and bark)—meet over 50%thed industry’s annual energy
requirements. The use of these by-products as feighificantly reduces the industry’s
dependence on purchased fossil fuels and elegirgith the added benefits of reduced raw
material costs (i.e., avoided pulping chemical pases) and reduced waste generation.
Natural gas and coal comprise the majority of #maining fuel used by the industry.

® The data in Table 4.1 were derived from 2002 ME@8les 3.2, 3.5, 3.6, and 7.7 (U.S. DOE 2007a)e Th
“Other” field presented here includes an estim&ddBtu of waste gas and waste materials, 4 TBitoké and
breeze, 1 TBtu of LPG and NGL, 58 TBtu of purchastém, and 69 TBtu of other non-specified fuelEQ%
defines net electricity as follows: “Net electriciis obtained by summing purchases, transfers i a
generation from noncombustible renewable resount@syus quantities sold and transferred out. It doefs
include electricity inputs from onsite cogeneratargeneration from combustible fuels becauseéhatgy has
already been included as generating fuel (for exeygmal).” Data in italics were withheld in the®OMECS
but estimated for 2002 using 1998 MECS fuel usa @dtS. DOE 2001a) for specific U.S. pulp and pagudr-
sectors.
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Table 4.1: Energy use of the U.S. pulp and paper dustry in 2002 (TBtu)

NAICS Black | Natural | Wood Net Residual | Distillate
Code Sub-Sector | Total Liquor | Gas |& Bark Coal Electricity o]] o]] Other
32211 | Pulp mills 224 140 24 33| 1 5 5 5 11
Paper (except
322121 |newsprint) 1,002 | 336 206 114 139 78 47 4 78
mills
322122 mﬁ;’;’Sp””t 94 | o9 16 14 | 11| 38 7
32213 mf;erboard 907 | 335 | 188 158 | 83 56 34 4 49
Total| 2,227 | 820 434 319 234 177 93 13 138
% of Total 37% | 19% | 14% |[11%| 8% 4% 1% 6%

Source: Adapted from U.S. DOE (2007a, 2001a)

Black liquor, hog fuel, coal, and residual oils ased exclusively as boiler fuels to generate
power and to produce steam for use in various pglpind papermaking processes (Jacobs
and IPST 2006). Black liquor is combusted in aovecy boiler, which is designed for the
dual purpose of generating steam and recovering@mic smelt for regeneration into white
liquor. Because of the low heat contents of blkgior and hog fuel, the efficiencies of
boilers that combust these fuels are around 65%.(DOE 2005a). Natural gas is also used
as a boiler fuel, but it is also used in significgoantities for direct process heating in lime
kilns and in limited drying applications (e.g., tog and tissue drying) (Jacobs and IPST
2006).

Table 4.2 provides an estimated breakdown of tastry’s use of fuels in terms of the final
form of end use energy that is provided within s{iLe., electricity, steam, and direct fuel).
The data in Table 4.2 were derived from the fuel data in Table 4.1 and an industry-level
energy use model developed by Jacobs Engineeriogp&Gnd the Institute of Paper Science
and Technology at the Georgia Institute of Techgpl@acobs and IPST 2006). The data in
Table 4.2 suggest that of the 2,051 TBtu of comblestfuels (i.e., all but net electricity)
used by the industry in 2002, only around 7% (1®8tu} was for direct process use. The
remaining 1,917 TBtu of fuels were combusted inldssito generate 1,287 TBtu of net
steam output. Of the net steam output, ultimately 166 TBtu (4&/H) of electricity and
1,026 TBtu of process steam were generated foiruteility processes and systefits.In
other words, of the 1,917 Btu of fuels combustedailers, around 725 TBtu of energy
losses occurred in the generation and distribudfagiectricity and process steam.

" Net boiler output is the amount of useful steamegated after taking into consideration boiler aéincy
losses and use of steam by parasitic uses sudilasdeaning and auxiliary systems.

8 These calculations take into consideration eleatrgeneration, conversion, and transformationesser
electricity and steam system distribution losseg.(@adiation and leaks) for steam. The “otheategory in
Table 4.2 is a simplified composite of several udlPG, waste gas, and other fuels) that are mddele
separately in the Jacobs and IPST (2006) model.

° For more details on the industry end use modsdl tis derive these results, the reader is refear€hapter 4
in Jacobs and IPST (2006).
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Table 4.2: End use energy breakdown of the U.S. guland paper industry, 2002 (TBtu)
Sl Nl 100 | |ty SO Ot 70
Industry total use 820 434 319 | 234 177 93 13 138 2,227
Direct fuel 130 4 134
Boiler fuel 820 304 319 | 234 93 9 138 1,917
Boiler efficiency 64% 87% 69% | 86% 86% 86% 69%
Parasitic loads 12% 3% 7% 9% 4% 3% 4%
Net boiler output 464 256 206 | 184 77 8 91 1,287
% to power generation 19% 5% 19% | 19% 19% 0% 3%
Electrical system losses15% 15% 15%| 15% 2% 15% 15% 15%
Electricity 76 11 34 30 173 13 0 2 339
Process steam output 375 244 166 149 62 8 89 1,092
Steam system losses| 6% 6% 6% | 6% 6% 6% 6%
Process steam 352 229 156 | 14d 58 7 83 1,026

Source: derived from Table 4.1 and Jacobs and 128T6)

Table 4.2 also shows that process steam is byhé&targest end use of energy in the U.S.
pulp and paper industry. The next largest endofigmergy is electricity. An estimated 339

TBtu of electricity (99 TWh) (purchased and selfigeted) were consumed by the industry
in 2002. Nearly 90% of this electricity use isriltitable to motor-driven systems, while

around 8% is attributable to facility lighting ameating, ventilation, and air conditioning

(HVAC) systems (U.S. DOE 2007a). Figure 4.3 presichn estimated breakdown of the
electricity used by motor-driven systems in the .Up8Ip and paper industry. These data
suggest that pumps, fans, and materials processinigment account for the majority (over

70%) of motor-driven systems electricity use intyy@cal U.S. mill (U.S. DOE 2002a).

Energy efficiency initiatives that are targetedextucing steam system losses and improving
the efficiency of process steam using equipmenttlaeeefore likely to reap the greatest
savings in a typical U.S. mill. Electrical energfficiency initiatives targeted at pumps, fans,
and equipment drives are also likely to generagaifitant energy savings. Furthermore,
since a significant fraction of the industry’s dfesty is self-generated, efficiency
improvements to electricity using systems may é&sal to reductions in facility boiler fuel
demand and/or increased electricity exports togtice Energy efficiency measures for each
of these key end use areas are offered in latgrtersof this Energy Guide.
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Figure 4.3: Breakdown of U.S. pulp and paper indust motor-system electricity use by

application
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Source: U.S. DOE (2002a)

Jacobs and IPST (2006) estimated the uses of s&antricity, and direct fuels by major
process stage in the manufacture of pulp and pap#re United States in 2002. These
estimates are summarized in Figure 4.4 for pulpufenturing and Figure 4.5 for paper
manufacturing?®

Figure 4.4 shows that evaporation, cooking (whiotludes digestion through washing for
chemical pulps), and chemical preparation are dhgekt total consumers of energy in U.S.
pulp manufacturing. Steam is used in significqnantities for nearly every process, but
most notably in the evaporation, cooking, and bieag processes for process heat. The sole
use of direct fuel is the chemicals preparatiorcess (i.e., in the lime kiln).

The amount and type of energy used in pulping sanalely by pulping process. Kraft
pulping relies heavily on steam, with some direml fuse in the chemical recovery process.
Mechanical (SGW) and TMP rely mostly on electricityjacobs and IPST (2006) estimates
that Kraft pulps require in total (i.e., steam,c#lieity, and direct fuel) 10-12 million Btu
(MMBtu) per ton, mechanical and TMP pulps requinetotal 10-11 MMBtu per ton, and
recycled pulps require in total around 1-4 MMBtu fmn. Of the total steam, electricity, and
direct fuel used in U.S. pulp manufacturing, Knadilp production accounts for nearly 80%
(Jacobs and IPST 2006).

It can be seen in Figure 4.5 that drying is bytfer most energy intensive step associated
with paper manufacturing, accounting for roughhoithirds of total papermaking energy
use. Wet end operations in Figure 4.5 include sfmelparation through forming; dry end
operations include calendering through windingS.Upapermaking requires in total between
around 6-9 MMBtu per ton in integrated mills, degieigy on the paper grade.

9 The data in Figures 4.4 and 4.5 do not includeetiergy losses associated with on-site steam awttielty
production, which are estimated to have totaledidor25 TBtu in 2002.
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Figure 4.4: Energy use of U.S. pulp manufacturing ¥ end use energy type in 2002
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Source: Jacobs and IPST (2006)

Figure 4.5: Energy use of U.S. paper manufacturingy end use energy type in 2002
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Source: Jacobs and IPST (2006)
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4.3 Energy-Related Greenhouse Gas Emissions

The greenhouse gas (GHG) emissions associatecpulphand paper mill operations can be
attributed to: (1) the combustion of on-site fugl®) the off-site generation of steam and
electricity that are purchased by or transferre ithe mill; and (3) non-energy related
emissions sources such as by-product carbon diof@®) emissions from lime kiln
chemical reactions and methane emissions from waste treatment. Of these mill
emissions sources, energy-related GHG emissiors, (hose arising from on-site fuel
combustion and energy purchases/transfers) ararbthé most significant (NCASI 2008).
Greenhouse gas emissions associated with on-siteusiion of black liquor, hog fuel, and
other biomass energy sources are generally trestethrbon neutral and are typically not
counted in energy-related GHG emissions inventarigsill operations (NCASI 2005).

Based on the fuel input data in Table 4.1, it isgilde to roughly estimate the energy-related
GHG emissions associated with pulp and paper mpérations in the United States using the
energy source-specific GHG emission factors listedable 4.3. The emission factors for
fuels in Table 4.3 account for the g@missions arising from fuel combustion, but do not
take into account the G&missions associated with the production of thHesks and their
distribution to the mill. The emission factor foet electricity use is based on the national
grid average C@emissions associated with electricity generatiothe United States (U.S.
DOE 2008b).

Table 4.3: Carbon dioxide emission factors for U.Suels and electricity
Metric tons of

Fuels CO, per TBtu
Distillate fuel 73,276
Residual fuel 78,951
Natural gas 52,346
Coal (U.S. average) 97,701
Coke 102,209
LPG 63,124
Purchased steam (U.S. average| 86,850
- Metric tons of
Net Electricity CO, per TBiu
U.S. average grid generation 178,300

$or1 Adapted from U.S. DOE (2008b)

Figure 4.6 plots the estimated energy-related GHggons of U.S. pulp and paper mills in
2002, based on the data in Tables 4.1 and 4.3al €oergy-related GHG emissions in 2002
are estimated at around 94 million metric tons @h @quivalents (Tg C&). Note that the
emissions associated with electricity use in Figli@ are limited to emissions due to net
electricity use only (see definition in Footnote B)e emissions associated with electricity
that is self-generated from non carbon-neutral agstible fuels are included in the
emissions attributable to those fuels.

Figure 4.6 shows that natural gas, purchased el¢gtiand coal are the major energy-related

GHG emissions sources of U.S. pulp and paper milsmbined, these three energy sources
accounted for over 80% of the industry’s energgted GHG emissions in 2002. As
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expected, the top two energy-using sub-sectors—p@peept newsprint) mills (NAICS
322121) and paperboard mills (NAICS 32213)—accdontthe vast majority of energy-
related GHG emissions. These two sub-sectorauated for nearly 82 Tg of energy-related
CO, emissions, or roughly 87% of the industry’s tata2002*

Figure 4.6: Estimated energy-related GHG emissionsf the U.S. pulp and paper
industry, 2002
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Figure 4.6 also shows that while coal only accodoisl1% of the industry’s total energy
inputs (see Table 4.1), its use generates aroufd &Sthe industry’s energy-related GHG
emissions due to its high carbon content per urehergy (see Table 4.3). Improvements to
the energy efficiency of U.S. pulp and paper malsd the corresponding reductions in fuel
use, can clearly lead to significant reductionthtindustry’s energy-related GHG emissions
(especially when coal use is reduced).

™1n a 2008 report by the NCASI, the total energgterl GHG emissions of U.S. pulp and paper mills wa
estimated at around 83 Tg CO2e in 2004 (NCASI 2008)addition to a difference in the analysis yéas.,
2002 versus 2004), the NCASI results differ frora thsults in Figure 4.6 in the underlying data sesirthat
were used to estimate quantities and types of arinebconsumption. The results in NCASI (2008) hesed
on U.S. mill survey data compiled by the Americamdst and Paper Association, while the resultsgure 4.6
are based on national-level data provided publighithe U.S. Department of Energy (DOE). The 2003.U
DOE data are used to derive GHG emissions estiniatégs Energy Guide to maintain consistency witha
fuel use information in Section 4.2. However, thader is referred to the NCASI (2008) report fomare
recent and alternative analysis of energy-relatelG@missions.
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The estimates in Figure 4.6 do not include GHG simis arising from non-energy related
sources (i.e., lime kiln chemical reactihand methane emissions from mill wastewater
treatment). Furthermore, the estimates do notudelenergy-related GHG emissions
associated with transporting raw materials andsfied products. A spreadsheet tool has
been developed by the National Council for Air @itleam Improvement (NCASI) that
allows pulp and paper mills to generate comprelenGHG emissions inventories based on
their specific operating conditions (NCASI 2005).

2 Miner and Upton (2002) discusses how the vast ritgjof CO, emissions arising from lime kiln chemical
reactions is of biomass origin and should therefaebe counted in pulp and paper industry GHG sionis
inventories.
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5 Energy Efficiency Improvement Opportunities

Many opportunities exist within the U.S. pulp andppr industry to reduce energy
consumption while maintaining or enhancing produasti Ideally, energy efficiency
opportunities should be pursued in a coordinatstifen at multiple levels within a facility.
At the component and equipment level, energy efficy can be improved through regular
preventative maintenance, proper equipment loadntoperation, and replacement of older
components and equipment with higher efficiency el®de.g., high efficiency motors)
whenever feasible. At the process level, processral and optimization can be pursued to
ensure that production operations are running aiimman efficiency. At the facility level,
the efficiency of space lighting and ventilatiomdae improved while total facility energy
inputs can be minimized through process integratidmere feasible. Lastly, at the level of
the organization, energy management systems shmultoinplemented to ensure a strong
corporate framework exists for energy monitorirgggeét setting, employee involvement, and
continuous improvement.

The remaining chapters in this Energy Guide discasaumber of significant energy
efficiency measures applicable to pulp and papeédamgaat the component, process, facility,
and organizational levels. This focus of this EjyeGuide is on energy efficiency measures
that are proven, cost effective, and availableifgslementation today. Whenever possible,
measure descriptions include case studies of putp paper mills that have successfully
implemented the measure, both in the United Statdsabroad. Many case studies include
energy and cost savings data as well as typicastmvent payback periods. For measures
where data are not available for pulp and papédsnihis Energy Guide presents case study
data from other similar industries. Lastly, for shaneasures references to the technical
literature and online resources are provided, whambe consulted for further information.

At individual pulp and paper mills, the actual pagk period and savings associated with a
given measure will vary depending on facility atties, configuration, size, location, and
operating characteristics. Thus, the values predeimt this Energy Guide are offered as
guidelines.  Further research on the economics lloine@asures—as well on as their
applicability to different production practices—iseded to assess their cost effectiveness at
individual plants. It is particularly important tpuantify and consider the impacts of energy
efficiency improvements on production efficiencipspduct quality, materials use, labor and
maintenance requirements, and water use to ensateetonomic and energy savings
benefits are realized at the facility level.

This Energy Guide also presents a brief overviewselbcted emerging energy-efficient
technologies. An emerging technology is definedras that has recently been developed or
commercialized and holds promise for reducing enarge in the U.S. pulp and paper
industry in the near future.

While the focus of this Energy Guide is on enerdficiency improvement measures, a

chapter on basic measures for water efficiency utp @nd paper mills is also provided.
Water is a critical input in the pulping processdas becoming an increasingly expensive
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and scarce resource in the United States. Wateéngsacan also lead to energy savings
through reduced demand for water heating, treatnagigt pumping services.

To enable easy access to information, this Enenggésis organized into chapters that focus
on specific areas of opportunity for energy andewatfficiency:

Chapters 6 through 13 are focused on cross-cuttimgrgy efficiency measures,
which are defined as energy efficiency measure$ #na applicable across all
manufacturing industries. Table 5.1 summarizesctioss-cutting energy efficiency
measures presented in this Energy Guide and tipeatsge chapters in which the
measure descriptions appear.

Chapters 14 to 17 present a variety of energyieffcy measures that are applicable
to specific process stages in the manufacture ¢f pnd paper, including raw
material preparation, chemical and mechanical pglpichemical recover, and
papermaking. These process-specific energy effigieneasures are summarized in
Table 5.2.

Chapter 18 provides an overview of selected, promigmerging energy efficient
technologies applicable to the pulp and paper inmgusThese measures are
summarized in Table 5.3. An emerging technologgafined as a technology that
was recently developed or commercialized withdittk no market penetration in the
pulp and paper industry at the time of this writing

Chapter 19 discusses some basic measures for @ftéency in the pulp and paper
industry. While this Energy Guide is primarily fead on energy efficiency
measures, water is a critical resource throughbbuhdustry sub-sectors that should
be used wisely in the face of increasing water gsriand scarcity. The water
efficiency measures presented in this Energy Gardesummarized in Table 5.4.

Appendices A-D contain useful information on avaldaenergy management tools,
information resources, and incentive programseasthte and national levels.

Pulp and paper manufacturing in the United Stat@smature, energy-intensive industry. As
such, there is a wide body of information availateindustry best practices, technologies,
and research for energy and water efficiency. ollbws that this Energy Guide could not

include all possible energy and water efficiencyamges that might be applicable to an
individual mill. However, several excellent resces exist that can offer the reader more
details and rationale for a number of the measdessribed in this Energy Guide, as well as
for measures that are not included in this Energyd& Appendix E contains summary

information from several additional resources tteat be considered by mill personnel when
researching and evaluating energy and water efitggi@nprovement projects.
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Table 5.1: Summary of cross-cutting measures prested in this Energy Guide

Energy Management Programs and Systems (Chapter 6)

Energy management programs

Energy teams

Energy monitoring and control systems

Steam Systems (Chapter 7)

Boilers

Boiler process control

Boiler maintenance

Reduction of flue gas quantities

Minimizing blowdo

Reduction of excess air

Blow down steam recovery

Improved boiler insulation

Flue gas heat recovery

Condensate return

Burner replacement

Steam Distribution Systems

Steam distribution controls

Steam trap maintenance

Improved insulation

Steam trap monitoring

Insulation maintenance

Leak repair

Steam trap improvement

Flash steam recovery

Process Integration

Combined Heat and Power Systems (Chapter 8)

Combined cycle

STIG turbines

Replacement of pressure reducing valves

Operadindsnaintenance

Motor System

s (Chapter 9)

Motor management plan

Adjustable-speed drives (ASDs

Strategic motor selection

Power factor correction

Maintenance

Minimizing voltage unbalance

Properly sized motors

Pump Systems (Chapter 10)

Pump system maintenance

Avoiding throttling valves

Pump system monitoring

Replacement of belt drives

Pump demand reduction

Proper pipe sizing

Controls

Precision casting, surface coating or polishing

High-efficiency pumps

Sealings

Properly sized pumps

Curtailing leakages throughrelnce reduction

Multiple pumps for variable loads

Adjustable-speleides (ASDs)

Impeller trimming

Fans (Chapter 11)

Maintenance

High efficiency belts (cog belts)

Properly sized fans

Duct leakage repair

ASDs and improved control

Compressed Air Systems (Chapter 12)

System improvements

Improved load management

Maintenance

Pressure drop minimization

Monitoring

Inlet air temperature reduction

Leak reduction

Controls

Turning off unnecessary compressed air

Propergdspipe diameter

Modification of system in lieu of increased pressu

I Heat recovery

Replacement by alternative sources

Natural gasergjiven compressors

Lighting (Chapter 13)

Lighting controls

Replacement of mercury lamps

Exit signs

HID voltage reduction

Electronic ballasts

High-intensity fluorescent ligh

Replacement of T-12 tubes with T-8 tubes

Dayligiptin
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Table 5.2: Summary of process-specific energy affency measures presented in this

Energy

Guide

Raw Material Preparation (Chapter 14)

Cradle debarkers

Automatic chip handling and séngen

Replace pneumatic chip conveyors with belt
conveyors

Bar-type chip screening

Use secondary heat instead of steam in debarkin

ip c@nditioning

Chemical Pulping (Chapter 15)

Pulping

Use of pulping aids to increase yield

Digester ioyement

Optimize the dilution factor control

Digester bldhash heat recovery

Continuous digester control system

Bleaching

Heat recovery from bleach plant effluents

Chloniexide (CIQ) heat exchange

Improved brownstock washing

Chemical

Recovery

Lime kiln oxygen enrichment

Improved composite wif@ recovery boiler

Lime kiln modification

Recovery boiler depositioronitoring

Lime kiln electrostatic precipitation

Quaternary iajection

Black liquor solids concentration

Mechanical Pulping (Chapter 16)

Refiner improvements

Increased use of recycle pulp

Refiner optimization for overall energy use

Heaoneery from de-inking plant

Pressurized groundwood

Fractionation of recyclbdrf

Continuous repulping

Thermopulping

Efficient repulping rotors

RTS pulping

Drum pulpers

Heat recovery in TMP

Papermaking

(Chapter 17)

Advanced dryer controls

Waste heat recovery

Control of dew point

Paper machine vacuum systetimigation

Optimization of water removal in forming and
pressing

Shoe (extended nip) press

Reduction of blowthrough losses

Gap forming

Reduction air requirements

CondeBelt drying

Optimizing pocket ventilation temperature

Air imgament drying

Table 5.3: Summary of emerging energy-efficient thnologies discussed in this

Energy

Guide

Emerging Energy-Efficient Technologies (Chapter 18)

Black liquor gasification

Biotreatment

Magnetically coupled ASDs

Electrohydraulic contaamnhremoval

Laser-ultrasonic web stiffness sensor

Lateral gator

Steam cycle washer for unbleached pulp

Multipoyeditechnology

Microwaving logs

Direct green liquor utilization lping

Gas-fired paper dryer

Impulse drying

Advanced fibrous fillers
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Table 5.4: Summary of water efficiency measures psented in this Energy Guide

Basic Water Efficiency Measures (Chapter 19)

General and Facilities Water Efficiency Measures

Strategic water management program

Once-througlingoeater reuse

Good housekeeping

Minimizing hose water use

Cooling towers

Use of water efficient building fixes

Reducing cooling tower bleed-off

Process Water Savings

Dry debarking

Direct white water reuse

Optimizing shower water use

Mechanical pump seals

Water efficient bleaching

Chemi (belt) washer

Improving white water quality

Carbon dioxide browstsk washing

Vacuum pump seal water conservation
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6 Energy Management Programs and Systems
6.1 A Strategic Energy Management Program

One of the most successful and cost-effective waydring about energy efficiency
improvements is to fundamentally change how enasgynanaged by implementing an
organization-wide energy management program.

Continuous improvements to energy efficiency tylycaonly occur when a strong
organizational commitment exits. A sound energyaggment program is required to create
a foundation for positive change and to providedgace for managing energy throughout an
organization. Energy management programs help teurenthat energy efficiency
improvements do not just happen on a one-time bdmis rather are identified and
implemented in an ongoing process of continuousravgment. Without the backing of a
sound energy management program, energy efficienpyovements might not reach their
full potential due to lack of a systems perspecéind/or proper maintenance and follow-up.

In companies without a clear program in place, oymities for improvement may be known

but may not be promoted or implemented becausegainizational barriers. These barriers
may include a lack of communication among plantppar understanding of how to create
support for an energy efficiency project, limitedainces, poor accountability for measures,
or organizational inertia to changes from the stajuo. Even when energy is a significant
cost, many companies still lack a strong commitneminprove energy management.

The U.S. EPA, through the ENERGY STAR program, \gofkith leading industrial
manufacturers to identify the basic aspects ofcéiffe energy management prograthdhe
major elements in a strategic energy managemegtamoare depicted in Figure 6.1.

Other environmental management frameworks, suchlS& 14001, can be used to
complement energy management programs to ensuraabirganizational management of
energy. One ENERGY STAR partner noted that usingrgy management programs in
combination with the ISO 14001 program has hadeatgr impact on conserving energy at
its plants than any other strategy.

A successful program in energy management beginth & strong organizational
commitment to continuous improvement of energycedficy. This involves assigning
oversight and management duties to an energy ditegstablishing an energy policy, and
creating a cross-functional energy team (see Seéti®). Steps and procedures are then put
in place to assess performance through regulaewesvof energy data, technical assessments,
and benchmarking. From this assessment, an oagamzis able to develop a baseline of
energy use and set goals for improvement. Perfocemgoals help to shape the development
and implementation of an action plan.

13 Read more about strategic energy managemenipat\utw.energystar.gov/industry.

37



An important aspect for ensuring the success ofattimn plan is the involvement of key

personnel throughout the organization. Personnall &vels should be aware of energy use
and goals for efficiency. Staff should be trainedooth skills and general approaches to
energy efficiency in day-to-day practices. Somengxas of simple tasks employees can do
are outlined in Appendix A. In addition, perforncanresults should be regularly evaluated
and communicated to all personnel, and high achiem¢ should be rewarded and

recognized.

Figure 6.1: Main elements of a strategic energy nmagement program

For example, ENERGY STAR Partner ConAgra Foodsréasgnized outstanding employee
contributions to energy efficiency as part of itsporate Sustainable Development program
since 1993. Each year, several ConAgra produd#ioitities are given a monetary award for
outstanding plant-initiated projects that led toergy savings and other environmental
improvements. The monetary awards are used byptbduction facilities as charitable
donations to their communities for local sustailigbprojects. In addition to providing its
employees with recognition and incentives for ammbus improvement, ConAgra’s
Sustainable Development program has also reduacddyfaperating expenses by over $60
million since 2000 (Pehanich 2005; Halberstadt 2006

Evaluating progress on the action plan involvesguiar review of both energy use data and

the activities carried out as part of the actioanplinformation gathered during the formal
review process helps in setting new performancésgoal action plans, and in revealing best
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practices. Once best practices are establishedydakeof the cross-functional energy team
should be to replicate these practices throughloeitarganization. Establishing a strong
communication program and seeking recognition émoaplishments are also critical steps;
both help to build support and momentum for futacsvities.

A quick assessment of an organization’s effortsitmage energy can be made by comparing
its current energy management program against (dERESY STAR Energy Program
Assessment Matrix provided in Appendix B.

Internal support for a business energy managenregtam is crucial, however, support for
business energy management programs can come fatside® sources as well. Facility

audits can be a particularly effective form of ddes support. For example, the U.S.
Department of Energy (DOE) sponsors 26 Industrildsessment Centers (IACs) at
universities across the United States. These lAfser small and medium sized

manufacturing facilities free assessments of plamergy and waste management
performance and recommend ways to improve effigienSince the early 1980s, IAC

assessments of U.S. pulp and paper mills have iigehtover 6,000 efficiency and

productivity improvement opportunities, with an eage annual savings of around $21,000
and an average simple payback of 1.1 years penmaendation (IAC 2008).

The U.S. DOE sponsors similar audits for large nfacturing plants under itSave Energy
Now program. As of 2009, nearly 1&ave Energy Nowudits were conducted for the U.S
paper industry (NAICS 322) (U.S. DOE 2009). Thedatdlits conducted as of 2006 alone
identified energy saving opportunities totaling 0120 million (Wright et al. 2007).
Appendix D provides additional information on thés® U.S. DOE programs, as well as a
host of other external resources that can aidentitying energy efficiency opportunities.

6.2 Energy Teams

The establishment of an energy team is an impostapttoward solidifying a commitment to
continuous energy efficiency improveméht. The energy team should primarily be
responsible for planning, implementing, benchmagkimonitoring, and evaluating the
organizational energy management program. Howégeduties can also include delivering
training, communicating results, and providing eoypke recognition (U.S. EPA 2006).

In forming an energy team, it is necessary to distathe organizational structure, designate
team members, and specify roles and responsibiliti&enior management needs to perceive
energy management as part of the organization's bosiness activities. Thus, ideally the
energy team leader will be someone at the corpdeatd who is empowered by support
from senior-level management. The energy teamldhalso include members from each
key operational area within an organization an@®enulti-disciplinary as possible to ensure
a diversity of perspectives. It is crucial to @msadequate organizational funding for the

4 For a comprehensive overview of establishing, afirg, and sustaining an effective energy managemen
team, please consult the U.S. EPABaming Up to Save Energyide available atttp://www.energystar.gov/
(U.S. EPA 2006).
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energy team’s activities, preferably as a line itarthe normal budget cycle as opposed to a
special project.

Prior to the launch of an energy team, a seriggah strategy meetings should be held to
consider the key initiatives to pursue as well ageptial pilot projects that could be
showcased at the program’s kickoff. The energytshould then perform facility audits
with key plant personnel at each facility to idgntopportunities for energy efficiency
improvements. As part of the facility audits, #meergy team should look for best practices
in action to help highlight success stories andhtifle areas for inter-plant knowledge
transfer.

A key function of the energy team is to develop hatisms and tools for tracking and
communicating progress and for transferring thevkadge gained through facility audits
across an organization. Examples of such mechanemad tools include best practice
databases, facility benchmarking tools, intranttssiperformance tracking scorecards, and
case studies of successful projects. Corporatggsemmits and employee energy fairs are
also effective means of information exchange anbdrtelogy transfer.

To sustain the energy team and build momentumdoticuous improvement, it is important
that progress results and lessons learned are comwabed regularly to managers and
employees. It is also important that a recognitiad rewards program is put in place.

A checklist of key steps for forming, operating,dasustaining an effective energy
management team is offered in Appendix C.

6.3 Energy Monitoring and Control Systems

The use of energy monitoring and process contrstesys can play an important role in
energy management and in reducing energy use. Hyssems may include sub-metering,
monitoring, and control systems. They can redueetime required to perform complex
tasks, often improve product and data quality aodsistency, and can optimize process
operations.

Typically, energy and cost savings are around 5% ane for many industrial applications of
process control systems. These savings apply totsplaithout updated process control
systems; many pulp and paper mills may already magdern process control systems in
place to improve energy efficiency.

Although energy management systems are alreadylynfilesseminated in various industrial
sectors, the performance of the systems can stilhiproved, which will reduce costs and
increase energy savings further.

Specific energy savings and payback periods foradlvadoption of energy monitoring and

control systems vary greatly from plant to plantd aompany to company. A variety of
process control systems are available for virtually industrial process, and a wide body of
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literature is available assessing control systenmoast industrial sectors. Table 6.1 provides
an overview of classes of process control systems.

Table 6.1. Classification of control systems ang/pical energy efficiency improvement
potentials

Characteristics Typical energy savings

System (%)

Monitoring and Targeting | Dedicated systems for various Typical savings 4-17%,
industries, well established in manyverage 8% , based on

countries and sectors experiences in the UK
Computer Integrated Improvement of overall economics > 2%
Manufacturing (CIM) of process, e.g. stocks, productivity

and energy
Process control Moisture, oxygen and temperature Typically 2-18% savings

control, air flow control
“Knowledge based, fuzzy logic”

Note: The estimated savings are valid for dpeapplications (e.g. lighting energy use). Thergy saving
cannot be added, due to overlap of the syst8mgces: (Caffal 1995, Martin et al. 2000).

Modern control systems are often not solely desigioe energy efficiency, but rather for
improving productivity, product quality, and thdieiency of a production line. Applications
of advanced control and energy management systema &arying development stages and
can be found in all industrial sectors. Controltegss result in reduced downtime, reduced
maintenance costs, reduced processing time, anebis®ed resource and energy efficiency, as
well as improved emissions control. Many modernrgyefficient technologies depend
heavily on precise control of process variables| applications of process control systems
are growing rapidly. Modern process control systesmgst for virtually any industrial
process. Still, large potentials exist to implememitrol systems and more modern systems
enter the market continuously.

Process control systems depend on information afynséages of the processes. A separate
but related and important area is the developmesewsors that are inexpensive to install,
are reliable, and will analyze in real-time. Deyeient aims at the use of optical, ultrasonic,
acoustic, and microwave systems that should bstaggito aggressive environments (e.g.
oxidizing environments in a furnace or chemicalsemical processes) and withstand high
temperatures. Information from the sensors is usezbntrol systems to adapt the process
conditions, based on mathematical (“rule”-based)neural networks and “fuzzy logic”
models of the industrial processes.

Neural network-based control systems have sucdbs&feen used in the cement (kilns),
food (baking), non-ferrous metals (alumina, zim)|p and paper (paper stock, lime kiln),
petroleum refineries (process, site), and stealstrées (electric arc furnaces, rolling mills).
New energy management systems that use artificiedllipence, fuzzy logic (neural
network), or rule-based systems mimic the “bestitaaler, by using monitoring data and
learning from previous experiences.
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Process knowledge based systems (KBS) have bednrugesign and diagnostics, but are
still not widely used in industrial processes. KB&orporates scientific and process
information and applies reasoning processes ams inlthe management strategy. A recent
demonstration project in a sugar beet mill in the Wsing model based predictive control
system demonstrated a 1.2% reduction in energys,cadtile increasing product yield by
almost one percent and reducing off-spec prodooh f£1% to 4%. This system had a simple
payback period of 1.4 years (CADDET 2000a).

Research for advanced sensors and controls ismpgoall sectors, and is funded with both
public and private research funds. Several projesithin U.S. DOE’s Industrial
Technologies Program (ITP) are attempting to dgvehmre advanced control technologies.
Outside the United States, there is much attentiatapan and Europe to the development
and demonstration of advanced controls. Futuressiegdude further development of new
sensors and control systems, demonstrations aneneccial scale, and dissemination of the
benefits of control systems in a wide variety afustrial applications.
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7 Steam Systems

Steam is used in a number of important applicatibnsughout the typical pulp and paper
mill, but by far most significantly in the cookindgyleaching, evaporation, and drying
processes. As discussed in Chapter 4, over 8teanergy consumed by the industry is in
the form of boiler fuel. According to a recentduby the U.S. DOE, the U.S. pulp and
paper industry could reduces it fuel use by 12.8P6l, save 278 TBtu, by implementing best
practice steam system improvement opportunitie$S.(IDOE 2002b¥> Energy efficiency
improvements to steam systems therefore reprekenmbst significant opportunities for
energy savings in pulp and paper mills.

Two primary sources of steam in pulp and paper opkrations are recovery boilers and
power boilers. As discussed in Chapter 3, recobwailers are fired with black liquor to
recover pulping chemicals and produce steam fdrprokcess heating applications, and often
for co-generation of on-site electricity. Powelléxs can be fired with multiple fuels and
operate at high pressures for co-generation of btgbtrical power and steam (U.S. DOE
2005a).

The steam system configuration for each type oliebavill vary by facility, but there is an
overall pattern that many systems follow on thamsteside. Treated cold feed water is fed
into the boiler, where it is heated to form ste&@hemical treatment of the feed water is
required to remove impurities, which would othemvisollect on the boiler walls. Even
though the feed water has been treated, some itigsustill remain and can build up in the
boiler water. As a result, water is periodicallyged from the boiler in a process known as
blow down.

The generated steam travels along the pipes afligtebution system to get to the process
where the heat will be used. Sometimes the steapassed through a pressure reduction
valve if the process requires lower pressure stéssrthe steam is used to heat processes,
and even as it travels through the distributionesysto get there, the steam cools and some is
condensed into hot water. This hot condensaten®ved by a steam trap, which allows
condensate to pass through, but blocks the passhggeam. The condensate can be
recirculated to the boiler, thus recovering somat laed reducing the need for fresh treated
feed water. The recovery of condensate and blowndeil also reduce the costs of boiler
feed water treatment.

In mills that generate on-site electrical powerngscombustion turbines, waste heat is
recovered to generate process steam. Whateeeudd or the source of the steam,
efficiency improvements in steam generation, dstion, and end-use are possible. 1t is

!> This U.S. DOE report, entitleBteam System Opportunity Assessment for the PapPaper, Chemical
Manufacturing, and Petroleum Refining Industriesntains an assessment of the potential savisgsciated
with a number of best practice steam system effaiemeasures. This chapter discusses some of disé m
important measures analyzed in this U.S. DOE repohte reader is referred to the U.S. DOE repariiore
details on specific measures.

% However, systems that supply steam for direcimugeocesses such as digesting and cooking doenoine
condensate return and are therefore generallychgstal intensive (U.S. DOE 2005).
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important to take a system approach in evaluatiegns systems. As a first step, it is
important to identify where and how steam is used.

This chapter describes a number of key opportundieilable for improving steam system

efficiency in a typical industrial plaff. First, energy efficiency measures applicable to
boilers—the heart of most steam systems—are presEht Next, measures that are

applicable to a facility’'s steam distribution netwaare discussed. Finally, this chapter
provides a brief discussion of pinch technology amocess integration as applied to steam
systems. Combined heat and power (CHP) systendismessed in Chapter 8.

In analyzing the opportunities for improving theeayy efficiency of steam systems, a
systems approach, in which both steam demanddnd.uses) and steam supply systems are
optimized, is essential.

7.1 Boiler Energy Efficiency Measures

The boiler energy efficiency measures presenteoMb&cus primarily on improved process

control, reduced heat loss, and improved heat exgo¥n addition to the measures below, it
is important to note that lower pressure boiletays (which might be used in addition to

recovery and power boilers) should be designedirstdlled in a custom configuration that

meets the needs of a particular plant. Often, pegthed boiler packages cannot be fine
tuned to meet the steam generation and distribgtystem requirements unique to any given
plant in the most efficient manner (Ganapathy 1994)

Boiler process control.Flue gas monitors maintain optimum flame tempeeatund monitor
carbon monoxide (CO), oxygen, and smoke. The oxygerient of the exhaust gas is a
combination of excess air (which is deliberatelyraduced to improve safety or reduce
emissions) and air infiltration. By combining anygen monitor with an intake airflow
monitor, it is possible to detect even small leaksmall 1% air infiltration will result in
20% higher oxygen readings. A higher CO or smokeert in the exhaust gas is a sign that
there is insufficient air to complete fuel burningsing a combination of CO and oxygen
readings, it is possible to optimize the fuel/aixtare for high flame temperature (and thus
the best energy efficiency) and lower air pollutamtissions.

" The U.S. DOE’s Industrial Technologies Programvjttes a variety of resources for improving industri
steam system efficiency, which can be consultednfore detailed information on many of the measures
presented in this chapter. The U.S. DOEproving Steam System Performance, A Sourcebodkdastry
(U.S. DOE 2004a) is a particularly helpful resourédso, many tips, tools, and industrial case Esidn steam
system efficiency can be found at the Industriatfirmlogies Program’BestPracticesteam systems website:
http://www1.eere.energy.gov/industry/bestpractistesim.html

18 Additionally, some information related to improgithe efficiency of recovery boilers is offeredGhapter
14.
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Typically, this measure is financially attractivielpfor large boilers, because smaller boilers
often will not make up the initial capital costemsily. Several case studies indicate that the
average payback period for this measure is aroungelars (IAC 2008).

At the Appleton Paper mill in West Carrolton, Ohiloree boilers (two fired by coal, one by
natural gas) produce 250,000 pounds per hour @nstlr several heating and drying
processes. An energy audit of the mill found tiat mill’'s boiler control system did not
provide continuous monitoring or control of combaistair. The audit team recommended
that the mill install a control system to measurgnitor, and control oxygen and carbon
monoxide levels on it coal-fired boilers, giventtiaese boilers operated near full capacity
and would reap the greatest benefits of improvetdtrob This measure was estimated to
save nearly $475,000 in annual energy costs; atvastment cost of $200,000, the payback
period was less than six months (U.S. DOE 2002c).

Reduction of flue gas quantitiesOften excessive flue gas results from leaks inbibidger
and/or in the flue. These leaks can reduce thé¢ thaasferred to the steam and increase
pumping requirements. However, such leaks are adtasily repaired, saving 2% to 5% of
the energy formerly used by the boiler (Galitskylet2005a). This measure differs from flue
gas monitoring in that it consists of a periodipak based on visual inspection. The savings
from this measure and from flue gas monitoringrasecumulative, as they both address the
same losses.

Reduction of excess air.Boilers must be fired with excess air to ensurenglete
combustion and to reduce the presence of carboroxiain the unburned fuel in exhaust
gases. When too much excess air is used to befndnergy is wasted because excessive
heat is transferred to the air rather than to tiears. Air slightly in excess of the ideal
stochiometric fuel-to-air ratio is required for ef and to reduce emissions of nitrogen
oxides (NQ), but approximately 15% excess air (around 3% sxaxygen) is generally
adequate (U.S. DOE 2004a; Ganapathy 1994). Mosstndl boilers already operate at 15%
excess air or lower, and thus this measure maybeotvidely applicable (Zeitz 1997).
However, if a boiler is using too much excess @inmerous industrial case studies indicate
that the payback period for this measure is legs tne year (IAC 2008).

Examples of improvements to reduce excess air diectthanging automatic oxygen control

set points, periodic tuning of single set point tconmechanisms, installing automatic flue

gas monitoring and control, fixing broken bafflasd repairing air leaks into the boiler. The

U.S. DOE estimates that U.S. pulp and paper pleoutd reduce boiler fuel use by around

2.3% through application of this measure (it wasia®ed that this measure would be feasible
at around one-third of U.S. pulp and paper mill$)S; DOE 2002b). The estimated average
payback period for this measure was 5 months.

As part of the U.S DOE’Save Energy Now Progrgran audit was conducted at the Boise
Cascade mill in Jackson, Alabama. This Kraft puip produces around 1,000 tons of paper
per day and uses (among other boilers) a combmaétiel boiler that typically burns green

wood and bark. Combustion tuning of this boiledueed flue gas oxygen concentrations
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from the 8-12% range to the 6- 7% range. The savinggreen wood was reported to be
around $70,000 per year (U.S. DOE 2006a).

Similar benefits were predicted at the West LinpdtaCompany’s coated paper mill in West
Linn, Oregon. A U.S. DOE audit found that by atijug boiler oxygen trim controls to

lower the oxygen levels to between 2.5-3%, boilificiency improvements would save

15,500 MMBtu per year at a cost savings of arouhtBf)00 (U.S DOE 2008c).

Improved insulation. New materials insulate better, and have a lowat bapacity. Savings
of 6-26% can be achieved if this improved insulatie combined with improved heater
circuit controls. This improved control is requiremaintain the output temperature range
of the old firebrick system. As a result of theararc fiber's lower heat capacity the output
temperature is more vulnerable to temperature datains in the heating elements (Caffal
1995). The shell losses of a well-maintained balesuld be less than 1%.

Boiler maintenance. A simple maintenance program to ensure that aihpmments of a
boiler are operating at peak performance can r@sslibstantial savings. In the absence of a
good maintenance system, burners and condensat@ istems can wear or get out of
adjustment. These factors can end up costing astgatem up to 30% of initial efficiency
over two to three years (Galitsky et al. 2005a). &yerage, the energy savings associated
with improved boiler maintenance are estimatedQ#b.1Improved maintenance may also
reduce the emission of criteria air pollutants.

Fouling on the fire side of boiler tubes or scalorgthe water side of boilers should also be
controlled. Fouling and scaling are more of a peabwith coal-fed boilers than natural gas
or oil-fed boilers (boilers that burn solid fuelkd coal should be checked more often as they
have a higher fouling tendency than liquid fuell&a do). Tests reported by CIPEC show
that a fire side soot layer of 0.03 inches (0.8 meduces heat transfer by 9.5%, while a 0.18
inch (4.5 mm) soot layer reduces heat transferd® ¢CIPEC 2001). For water side scaling,
0.04 inches (1 mm) of buildup can increase fuescomption by 2% (CIPEC 2001).

Condensate return.For indirect uses of steam, returning hot condentaboilers for reuse
saves energy and reduces the need for treated beslg water. Typically, fresh feed water
must be treated to remove solids that might accataeuh the boiler; however, returning
condensate to a boiler can substantially reducarnhaunt of purchased chemical required to
accomplish this treatment. The fact that this memsan save substantial energy costs and
purchased chemicals costs often makes buildinguanr@iping system attractive. The U.S.
DOE estimates that this measure can lead to a feB¥ction in boiler fuel use at U.S. pulp
and paper mills, at an average payback periodafral 15 months (U.S. DOE 2002b). In a
specific example, the U.S. DOE reports that a Iagecialty paper plant reduced its boiler
makeup water rate from about 35% of total steandlymtion to less than 20% by returning
additional condensate; annual savings were aro866,800 (U.S. DOE 2004a).

Minimizing boiler blow down. Boiler blow down is important for maintaining jper steam

system water properties, and must be done peribdicaminimize boiler deposit formation.
However, excessive blow down will waste energywedl as water and chemicals. The
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optimum blow down rate depends on a number of faetdncluding the type of boiler and
its water treatment requirements—but typically esdrom 4-8% of the boiler feed water
flow rate (U.S. DOE 2004a). Automatic blow dowrstgms can be installed to optimize
blow down rates. Case studies from the pulp apepadustry suggest that automatic blow
down systems can have a payback period of jushemths (Focus on Energy 2006a).

The U.S. DOE estimates that around 20% of U.S. palp paper mills could improve blow
down practices, which would lead to annual boilezl fsavings of around 1.1% (U.S. DOE
2002b).

Blow down steam recovery.Boiler blow down is important for maintaining pepsteam
system water properties. However, blow down caaltrés significant thermal losses if the
steam is not recovered for beneficial use. Blawml steam is typically low grade, but can
be used for space heating and feed water preheatingddition to energy savings, blow
down steam recovery may reduce the potential faosmn damage in steam system piping.
Examples of blow down steam recovery in the pulg paper industry suggest a payback
period of around 12 to 18 months for this measboes on Energy 2006a).

The U.S. DOE estimates that the installation oftiomous blow down heat recovery systems
is feasible at around 20% of U.S. pulp and papdispand would reduce boiler fuel use by
around 1.2% (U.S. DOE 2002b).

For example, a boiler blow down heat recovery mtopt Augusta Newsprint Company’s
Augusta, Georgia, mill led to significant energydasost savings. An existing boiler blow
down system was modified by installing a plate-&utae heat exchanger and associated
piping to recover energy from the mill's continudailswdown stream from the boiler blow
down flash tank. The project resulted in annualrgynesavings of 14,000 MMBtu, with
annual fuel cost savings of over $30,000. The peoibpayback for this project was about
six months. (U.S. DOE 2002d)

Similarly impressive savings were identified by 8®iCascade at two different mills. At the
company’s mill in International Falls, Minnesotaplant-wide assessment estimated that the
pursuit of blow down heat recovery (as opposedheéocurrent practice of venting blow down
to atmosphere) could save the mill around $370;880year (U.S. DOE 2006b). At the
company’s mill in Jackson, Alabama, it was estirddteat a significant amount of additional
thermal energy could be recovered from the liguahvidown rejected from the flash vessel.
If a second stage of blow-down energy recovery westalled on the remaining boilers,
additional blow down recover energy savings of $Q00 per year were projected (U.S.
DOE 2006a).

Flue gas heat recoveryHeat recovery from flue gas is often the best ofpmaty for heat
recovery in steam systems (CIPEC 2001). Heat friomm das can be used to preheat boiler
feed water in an economizer. While this measuffa@iry common in large boilers, there is
often still room for more heat recovery. The limgifactor for flue gas heat recovery is that
one must ensure that the economizer wall temperatloes not drop below the dew point of
acids contained in the flue gas (such as sulfucid @& sulfur-containing fossil fuels).
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Traditionally, this has been done by keeping thee fjases exiting the economizer at a
temperature significantly above the acid dew pdmfact, the economizer wall temperature
is much more dependent on feed water temperataredh flue gas temperature because of
the high heat transfer coefficient of water. Aseault, it makes more sense to preheat feed
water to close to the acid dew point before it entee economizer. This approach allows the
economizer to be designed so that exiting flueigasst above the acid dew point.

Typically, one percent of fuel use is saved forrgv&°F (25°C) reduction in exhaust gas
temperature (Ganapathy 1994). A conventional ecaremvould result in savings of 2-4%,
while a condensing economizer could result in epesavings of 5-8% (Gardner 2008).
However, the use of condensing economizers isduid boilers using clean fuels due to the
risk of corrosion.

The U.S. DOE estimates that the installation ofdsdieedwater economizers is feasible at
around 19% of U.S. pulp and paper mills, and waalilice boiler fuel use by around 3.5%
(U.S. DOE 2002b).

One important caveat to the use of an economizidraisthe formation of steam on the feed
water side should be carefully avoided to avoidewaammer and boiler damage. Strategies
for avoiding steam formation include supplying feeater constantly, venting steam out of
the economizer, and re-circulating boiler wateotiygh the economizer (CIBO 1997).

Burner replacement. According to a study conducted for the U.S. D@iughly half of the
U.S. industrial boiler population is over 40 yeaitd (EEA 2005). Replacing old burners
with more efficient modern burners can lead to ificgnt energy savings. Energy and cost
savings vary widely based on the condition andiefficy of the burners being replaced. For
example, the payback time for a new burner thatiges a boiler efficiency improvement of
2% will be around one year (U.S. DOE 2004a). le emample from the pulp and paper
industry, replacing circular oil burners with maeticient parallel throat burners with racer
type atomizers had a payback of approximately @a& Focus on Energy 2006a).

The U.S. DOE estimates that upgrading burners teeratficient models or replacing worn
burners can reduce the boiler fuel use of U.S. pumigp paper mills by around 2.4% with a
payback period of around 19 months (U.S. DOE 2002b)

As part of an energy use and energy efficiency dppdies case study of ten different pulp
and paper mills in lllinois, it was shown that imaping boiler combustion efficiency, using
blow down steam energy rather than live steam ebgat makeup feedwater, and installation
of stack economizers could save (on average) o @&09MMBtu and over $50,00 per year
(Chimack et al. 2003).

7.2 Steam Distribution System Energy Efficiency Measure
Steam systems are often quite extensive and camaper contributors to energy losses

within a typical pulp and paper mill. Energy eifiocy improvements to steam distribution
systems are primarily focused on reducing heatkb#sroughout the system and recovering
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useful heat from the system wherever feasible. folh@wing measures describe a number of
key opportunities for saving energy in industriglasn distribution systems.

Steam distribution controls. Steam demand can be interrupted due to changiataiipg
procedures at steam using processes (e.g., paphinaar turbines), or due to operational
failures (e.g., a sheet breakage). This can ledade@umping of excess steam or additional
fuel use for back-up boilers. Modern control systdmave been deployed to better manage a
steam system, reducing the need for back-up stepacity or the need to dump steam.

For example, Aylesford Newsprint Ltd. in the Unit&dngdom implemented a second-

generation control system for their steam systemg¢hvconsisted of three paper machines,
two natural gas-fired gas turbine based combined hed power (CHP) units, one steam
turbine, and a steam accumulator. The system isshkmabed predictive control system to

manage steam loads better. The system resulte®%%@reduction of steam venting and a
70% reduction in fuel use for back up steam germ@ratwith a payback period of less than 6
months (Austin et al. 2008).

Improved insulation. Using more insulating material or using the besulation material
for the application can save energy in steam 8istion systems. Crucial factors in choosing
insulating material include low thermal conductyitimensional stability under temperature
change, resistance to water absorption, and rasest® combustion. Other characteristics of
insulating material may also be important dependinghe application, such as tolerance of
large temperature variations, tolerance of systebmattons, and adequate compressive
strength where the insulation is load bearing (BamhBarth 1994).

Removable insulating pads are commonly used insimi@l facilities for insulating flanges,
valves, expansion joints exchangers, pumps, tusbitemks and other surfaces. Insulating
pads can be easily removed for periodic inspeaiiomaintenance, and replaced as needed.
Insulating pads also contain built-in acousticatrieas to help control noise (U.S. DOE
2004a). The U.S. DOE estimates that the instatlabf removable insulation on valves,
pipes, and fittings can reduce steam system ensgyy 1-3% (U.S. DOE 2006c¢).

Case studies from the U.S. pulp and paper industticate that the payback period for
improved insulation is typically less than one ygAC 2008).

At a Georgia-Pacific mill in Madison, Georgia, 1066et of saturated steam lines to the
dryer were uninsulated. This led to significansdes of energy and process steam
temperature and pressure. The addition of insulatoluced this heat loss and maintained
the process temperature throughout the lines. dlitiad to adding insulation, the mill also
replaced 70 steam traps, which resulted in a 1@¥ease in condensate return. Total energy
savings amounted to about 63,000 MMBtu at a cosinga of over $138,000. With
implementation costs of $69,280, the payback peni@s only six months (U.S. DOE
1999a).

As part of a plant-wide energy assessment at Boaseade’s Jackson, Alabama mill, it was
estimated that the repair of insulation could léadnnual energy savings of $80,000 at a
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repair cost of around $25,000. The payback forlatgn repair was around 4 months (U.S.
DOE 2006a).

Insulation maintenance It is often found that after heat distributions®ms have
undergone some form of repair, the insulation it neplaced. In addition, some types of
insulation can become brittle or rot over time. Asresult, a regular inspection and
maintenance system for insulation can also saveggiigeitz 1997).

The U.S. DOE estimates that (as of 2002) roughly ¢faU.S. pulp and paper mills could
significantly benefit from insulation improvemerasd installation, and that these mills could
reduce their boiler fuel use anywhere from 3% t86010 such improvements were pursued
(U.S. DOE 2002b).

As part of an energy use and energy efficiency dppdies case study of ten different pulp
and paper mills in lllinois, it was shown that fhg or improving insulation on pipes and
valves could save (on average) over 3,600 MMBtu@ret $12,00 per year (Chimack et al.
2003).

Steam trap improvement. Using modern thermostatic element steam traps rednce
energy use while also improving reliability. Theimafficiency advantages offered by these
traps are that they open when the temperaturerysclese to that of saturated steam (within
4°F or 2C), purge non-condensable gases after each opemigigare open on startup to
allow a fast steam system warm-up. These traps lase the advantage of being highly
reliable and useable for a wide variety of steaasgures (Alesson 1995).

A new steam trap design is the venturi orifice steeap, which is better suited for varying
loads than traditional mechanical steam traps (@ar®008). A mill owned by Smurfit
Kappa in Europe changed 25 steam traps to the ymwan a coating battery, which resulted
in energy costs savings of nearly $200,000 withagbpck period of 2.5 months. Other
projects saved 11% on steam demand in preheatezrahdorrugator rolls (10 steam traps),
and a 30% savings on a flute machine (Gardner 2008)

Steam trap maintenance A simple program of checking steam traps to enthatthey are
operating properly can save significant amountemérgy for very little money. In the
absence of a steam trap maintenance programcdansnon to find up to 15% to 20% of
steam traps malfunctioning in a steam distribusgstem (Jaber 2005). Annual failure rates
are estimated at 10% or more (Gardner 2008). Ergagiyngs for a regular system of steam
trap checks and follow-up maintenance is consessigtiestimated at 10% (Jones 1997;
Bloss et al. 1997). Several industrial case studiuggest that investments for repair or
replacement steam traps are very low, resulting payback period of only a few months or
less (IAC 2008).

A plant-wide assessment at Boise Cascade’s midleRidder, Louisiana found opportunities
for repairing failed steam traps that could sawerttill about $31,000 in fuel use and about
$3,900 in water use annually. The annual energingawere estimated at 1,262 MMBtu of
natural gas and 12,168 MMBtu of other fuels. Therested costs to implement this measure
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were between roughly $7,400 and $12,400, whichigsph payback period of well under a
year (U.S. DOE 2006d).

Steam trap monitoring. Attaching automated monitors to steam traps irjuation with a
maintenance program can save even more energy uvitkignificant added cost. This
measure is an improvement over steam trap maintenalone, because it gives quicker
notice of steam trap failure and can detect whesteam trap is not performing at peak
efficiency. Employing steam trap monitoring hasrbestimated to provide an additional 5%
in energy savings compared to steam trap maintenalonie, at a payback period of around
one year (Galitsky et al. 2005a). Systems thathte to implement steam trap maintenance
are also likely to be able to implement automatanitoring.

Leak repair. As with steam traps, steam distribution pipingwueks often have leaks that

can go undetected without a program of regulardospn and maintenance. The U.S. DOE
estimates that repairing leaks in U.S. pulp andepapill steam distribution systems could

lead to fuel savings of around 2% (U.S. DOE 20026ase studies of U.S. pulp and paper
mills in the IAC database suggest a payback peioodhis measure of less than one year
(IAC 2008).

A plant-wide assessment at Boise Cascade’s midleRidder, Louisiana found opportunities
for repairing steam leaks around paper machindsctinad result in annual fuel and water
cost savings of about $20,000 with a payback afirdmne to 1.5 years (U.S. DOE 2006d)

Flash steam recovery.When a steam trap purges condensate from a pias$steam
distribution system to ambient pressure, flash rstea produced. As with flash steam
produced by boiler blow down, steam trap flash mtean be recovered and used for low
grade facility applications, such as space heatrrfged water preheating (Johnston 1995).

The potential for this measure is site dependenitsacost effectiveness depends on whether
or not areas where low-grade heat is useful argtéolcclose to steam traps. Where feasible,
this measure can be easy to implement and cancsmsiderable energy. In an example
from the food industry, an analysis of a U.S. based processing facility predicted that the
installation of a flash steam recovery system usedeed water preheating would save the
plant around $29,000 in fuel costs annually at gbpek period of less than 1.8 years
(lordanova et al. 2000). Based on the reductiohaiter fuel use, it was further estimated
that the plant’s carbon emissions would be redigeti73 tons per year.

7.3 Process Integration

Process integration can be an effective systemsiggaition approach to improve the energy
efficiency of complex industrial facilities. Prosemtegration is an analytical approach that
can be used to optimize the selection and/or nuadiin of processing steps, and of
interconnections and interactions within the precegth the goal of minimizing resource

use (CETC 2003). Developed in the early 1970s;g8® integration is now an established
methodology for improving the energy efficiency obntinuous industrial processes
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(Linnhoff et al. 1992; CADDET 1993). Pinch anal/ss one of the most widely used
process integration techniques.

Pinch analysis. Pinch analysis takes a systematic approach toifgieigt and correcting the
performance limiting constraint (or pinch) in anyamufacturing process system. It was
developed originally in response to the “energgistiand the need to reduce steam and fuel
consumption in oil refineries and chemical plantoptimizing the design of heat exchanger
networks. Since then, the pinch analysis approaes heen extended to resource
conservation in general, whether the resource pgatatime, labor, electrical power, water,
or a specific chemical species such as hydrogen.

The critical innovation in applying pinch analysigas the development of “composite
curves” for heating and cooling, which represer tverall thermal energy demand and
availability profiles for the process as a wholeh&i these two curves are drawn on a
temperature-enthalpy graph, they reveal the lonaifdhe process pinch (the point of closest
temperature approach), and the minimum thermodyn&eating and cooling requirements.
These are called the energy targets. The pinchysisaimethodology involves first
identifying the targets and then following a sysi#im procedure for designing heat
exchanger networks to achieve these targets. Ttwp approach temperature at the pinch
is determined by balancing capital and energy ttise¢o achieve the desired payback. The
procedure applies equally well to new designs atradfits of existing plants.

The analytical approach to pinch analysis has eshdocumented in the literature (Smith
1995; Shenoy 1994). Energy savings potential upingh analysis far exceeds that from
well-known conventional techniques such as heaivwery from boiler flue gas, insulation,
and steam trap management. For example, NatusdurRee Canada estimates that pinch
analyses can lead to energy savings of 10-35%eipdiip and paper industry (CETC 2003).

Since the U.S. pulp and paper industry relies egawi water, pinch analyses that are aimed
at optimizing both energy and water use are ideadveral case studies of the successful
application of pinch analysis by pulp and paper panies are discussed below.

At the Smurfit-Stone integrated pulp and paper milLa Tugue, Quebec, Canada, a process
integration analysis of the mill's energy and wadgstems identified several heat recovery
and wastewater reduction options. Pinch analysis wsed to develop “hot” and “cold”
composite curves for the entire mill. In additibm identifying all thermodynamically
possible synergies between hot and cold systenes,pthch analysis also pinpointed
inappropriate heat exchanges and ways to improlleheat recovery. A total of 12 projects
were deemed feasible from this analysis, which vestamated to lead to a 15% reduction in
the mill's total fuel use. Additional benefits lnded the reduction in mill effluent. The
payback period of these improvements was estinatedly ten months (CETC 2002).

At a Tembec pulp mill in Skookumchuck, Canada, acpss integration study identified
water and energy efficiency opportunities that &emion feed water preheating measures
and cooling tower hot water streams displacemeéite priority projects were identified that
would reduce energy consumption while also redupgayice the use of fresh water by 10%.
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Capital expenditures for these projects were estichat around $1.8 million, but the return
on investment is expected to take only a littlerawee year (CIPEC 2008)

Georgia-Pacific has also identified significant igyesavings opportunities by using pinch
analysis. At the company’s mill in Crossett, Arkas, three heat recovery projects were
identified that could reduce annual costs by al$du8 million and annual natural gas use by
1,845,000 MMBtu (U.S. DOE 2003a). The overalllpagk for these projects was estimated
to be less than one year. At the company’s papkimPalatka, Florida, a pinch analysis
identified eight projects that could offer signdit savings. It was estimated that annual
steam savings of 718,972 MMBtu and annual natumal gpavings of 10,483 MMBtu would
be possible, with an overall payback period of ahbR.75 years (U.S. DOE 2002e).
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8 Combined Heat and Power (CHP) Systems

As discussed in Chapter 4, the U.S. pulp and piolrstry is the largest self-generator of
electricity in the U.S. manufacturing sector (UBOE 2007a). The combination of

significant and steady process steam demand, megite electricity demand, high annual

operating hours, and on-site generated fuels (veqd waste and black liquor) has made
CHP an operationally and financially attractiveioptfor many mills around the country.

The benefits of CHP are significant and well docoted (see for example Shipley et al.
2008). Pulp and paper mills benefit from improvemvpr quality and reliability, greater

energy cost stability, and, possibly, increasecmeres from the export of excess electrical
power to the grid® CHP systems are significantly more efficient tistandard power plants,

because they take advantage of waste heat thaualy lost in central power generating
systems and also reduce electricity transmissigsel® Thus, society also benefits from
CHP in the form of reduced grid demand, reduceg®@llution, and reduced GHG emissions.

CHP systems in the pulp and paper industry arecéylyi designed with a mill’s thermal
energy demand in mind, as well as the supply steanperatures and pressures that are
required by key mill processes. Thus, electricalv@r generation is a secondary benefit.
Many mills will import supplementary electricitydim the grid as needed, but best practice
mills may be able to meet all on-site electricalvpo demand through self generation (Ackel
2009). CHP systems can also be used to diregtlg chechanical equipment such as pumps
and air compressors.

Major industrial CHP “prime mover” technologies linde steam turbines, gas turbines,
reciprocating engines, and fuel cells (U.S. EPA&O000f these, steam and gas turbines
dominate in U.S. pulp and paper mill applicatiofsgure 8.1 summarizes the installed CHP
technologies, and their respective fuel sourcegressed by estimated share of total installed
electrical power capacity as of early 2009 (EEA®GH

Traditional boiler and steam turbine systems ardabythe most common, and account for
nearly 70% of current installed CHP capacity. Aswn in Figure 8.1, around half of these
boiler-based systems are fired by on-site fueks,(by black liguor and hog fuel) and the
other half are fired by purchased fuels (i.e., bgplcnatural gas, and other fuels). These
systems generally produce much more steam thatrieligc and as a result do not typically

generate enough electricity to meet a mill's tetaktricity demand (NCASI 2009).

CHP systems based on natural gas-fired combusirtames account for around 30% of the
total installed CHP capacity. Roughly two-third§ these turbine-based systems use

¥ The cost benefits of power export to the grid wiipend on the regulation in the state where tHeisni
located. Not all states allow wheeling of powee.(sales of power directly to another customergutire grid
for transport) while the regulations may also difféth respect to the tariff structure for powelesato the grid
operator.

20 Other CHP technologies made up less than 1% tdlied CHP capacity in the U.S. pulp and paper stigu
(EEA 2009), and are therefore excluded from thysiie.
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combined cycles, which augment a primary gas terlipstem with a secondary, steam
based turbine system for improved power generati@ombustion turbine systems produce
more electricity per unit of heat than boiler anebsn turbine systems, and can often meet a
mill’s total electricity demand (NCASI 2009).

From a fuels perspective, Figure 8.1 shows thatrad@ne-third of the current CHP capacity
in the U.S. pulp and paper industry is fired bynhéss-based energy sources.

Figure 8.1: Installed CHP Capacity in the U.S. Pul@and Paper Industry by CHP
Technology and Fuel Source, 2009

i 05 $89

a7

Source: Derived from EEA (2009)

Despite the benefits of CHP systems— and their syicead use in the U.S. pulp and paper
industry—much potential for CHP remains. Recertadaiggest that the current installed
CHP capacity only captures between 25%-40% ofeblkrtically-feasible market for CHP in
U.S. pulp and paper mills (Bryson et al. 2001; Kdinch et.al. 1999). There are a number of
barriers that may account for this untapped paéntiThese barriers include high capital
investment costs, the complexity of the CHP propmielopment process, complexities in
permitting, and knowledge barriers related to tedbgy selection, operation, and
performance characterization (see for example Bklind Weingarden 2006).

However, there are a number of resources availableelp U.S. pulp and paper mills
overcome such barriers. For example, the U.S. EPBbmbined Heat and Power
Partnership provides information on CHP technolbggics, guidance for streamlining CHP
projects, information on federal and state poli@ed incentives, CHP feasibility assessment
tools, and a database of funding resouftedhe U.S. DOE’s CHP Regional Application

2L For more information, visit the CHP Partnershigbsite athttp://www.epa.gov/chp/
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Centers provides educational assistance and pigpecific support in eight different U.S.
regions, including project development and scregtools, technical assistance and training,
information regarding issues related to permittimijities, and siting, and case stud?és.

The configuration, economics, and performance 6H® system will depend highly on site-
specific conditions. However, a common goal i€hoose a CHP system that will provide
the greatest combined thermal and electrical eneffigiency at the lowest life-cycle cost
for meeting a given thermal energy requiremenb dd so, detailed, site-specific energy and
cost analyses are required. Mill personnel ar@@maged to elicit technical support (e.qg.,
from the U.S. EPA and DOE resources mentioned m phevious paragraph) when
conducting such analyses.

There are a variety of applications and configorai of CHP systems. As such, CHP
systems represent a complex topic. In order todpeise, this chapter discusses only a few
measures related to CHP system efficiency. Forompecehensive overview of CHP
technologies and systems considerations, the réadeflerred to Oland (2004).

Combined cycle. Conventional co-generation in the pulp and papeéustry is based on
back-pressure steam turbines fed by a mill's pcamet recovery boilers, as evident in Figure
8.1. An increasing number of mills are employiggs turbine-based combined cycle
systems, which offer the advantages of reducecemiissions, faster start-up times, low
noise, and improved electrical generation efficieat full loads (Oland 2004; U.S. EPA
2008). Combined cycle systems utilize the wasiat from the gas turbine, which can be
used to generate steam in a heat recovery steaprajen (HRSG) or to preheat boiler
combustion air or feed water. Steam from the HR8Goiler is used to drive a steam
turbine, thereby generating additional electricavpr.

An important limitation of combined cycle systenssthat part-load operation will reduce
overall system efficiency. Combined cycle systamesalso likely to have lower availability
(77%-85%) compared to boiler and steam turbineesyst (90%-95%). Further, poor
maintenance and intermittent operations will negdy affect availability, reliability, and
service life (Oland 2004).

In 1999, the SP Newsprint in pulp and paper milNewberg, Oregon initiated a project to
install a gas turbine combined cycle system. A gesl of the project was to ensure the
financial viability of the mill in the face of shaly rising electricity prices. Prior to the
project, the mill generated 20 MW of electrical povbased on two boilers fired by hog fuel,
sludge, and natural gas. On average, the millhased 84 MW of power. At a cost of $75
million, the mill installed a 92 MW gas-fired powplant consisting of two natural gas-fired
turbines with HRSGs to provide steam for additiopaiver and process applications. The
system allowed SP Newsprint to increase the powgpub of its existing steam turbines,
which led to a total generating capacity of 130 M\WWhe reported availability of the gas

22 For more information on the eight U.S. DOE CHRyigeal Application Centers, visit:
http://www.eere.energy.gov/de/chp/chp_applications/
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turbines was over 95%. The mill is now able td 88F25 MW of excess power on the
wholesale market (EEA 2005).

Replacement of pressure reducing valvesIn many steam systems, high-pressure steam
produced by boilers is reduced in pressure foroysdifferent processes. Often this pressure
reduction is accomplished through a pressure ramuctalve (PRV). A PRV does not
recover the energy embodied in the pressure dropeMer, this energy could be recovered
in the form of mechanical or electrical power faneficial use in a mill.  For example, a
mechanical steam drive turbine can be used in pdd@ PRV to replace an electric motor
based drive, such as the drive for boiler feed watenps (Kaufmann 2009).

To generate electrical power, a PRV could be regldny a micro-scale backpressure steam
turbine. Several manufacturers produce these terbats, such as Turbosteam (previously
owned by Trigen) and Dresser-Rand. The potentialapplication will depend on mill-
specific conditions; however, applications of thechnology have been commercially
demonstrated for various installations. The investts of a typical turbine set are estimated
at 600 $/kWe, with operation and maintenance catsds011 $/kWh (Neelis et al. 2008).

In an energy efficiency assessment of a 3M fadititiiutchinson, Minnesota, the installation
of a steam turbine to replace a PRV was identifiec project that could save 3.1 GWh of
electricity per year. Capital costs for the projaere estimated at $604,034 and avoided
first year energy expenses were estimated at $38319.S. DOE 2003b).

Steam injected gas turbines. Gas turbines of this type—also known as STIG orrghe
cycle turbines—boost power production and reduce M@issions by injecting steam into
the combustion chamber of the turbine. A repoaédantage of a STIG turbine is that part-
load performance deteriorates at a slower rate wittuced load compared to a combined
cycle (Maunsbach et al. 2001). In a combined ¢yeheen gas turbine efficiency drops under
partial loading, more waste heat is supplied tostieam turbine. While this increases steam
turbine electrical output, the overall power efflacy of the combined cycle system is
reduced (Oland 2004). For mills that experierloetfiations in steam demand, a STIG
turbine can improve electrical power generatiorirduthe periods of partial turbine loading.

The size of typical STIGs starts around 5 M\&nd is currently scaled up to sizes of 125
MW. STIG turbines have been installed at over 5€&ssivorldwide, and are found in various
industries and applications, especially in Japath Barope. Energy savings and payback
period will depend on the local circumstances (agrmal demand patterns and power sales
conditions). No pulp and paper industry case stdiould be found. For an analytical
treatment, the reader is referred to MaunsbacH. 2@01) for results of a simulation of
STIG versus combined cycle systems under variogsatipg assumptions in Swedish pulp
and paper mills.
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Performance and maintenance Like other critical mill processes, CHP systemguire
regular performance monitoring and maintenancensu that they are operating in the
most energy efficient manner possible.

The efficiency of the steam turbine is determingdHhe inlet steam pressure and temperature
as well as the outlet pressure. The higher the adtthe steam inlet pressure to the steam exit
pressure, and the higher the steam inlet temperatue more power it will produce per unit
of steam mass flow (EEA 2008). As a result, ptgygrators should make sure that the steam
inlet temperature and pressure are as close toptm®um values for a given turbine design
as possible. For example, an 18°F decrease imsielet temperature will reduce the
efficiency of the steam turbine by 1.1% (Patel atath 2000). Additionally, operators
should also monitor and maintain the outlet pressdirback pressure turbines, as efficiency
losses will occur if this pressure gets too higklonitoring and maintaining proper feed
water and steam chemistry are also critical foridimg corrosion and erosion problems
(Oland 2004).

A key variable governing the efficiency of gas inds is the inlet air temperature. Power
and efficiency are increased at low air inlet terapges, whereas high inlet air temperatures
lead to power and efficiency reductions. Optioasconsider for cooling inlet air include
refrigeration cooling (in which a compressor or@psion chiller cools inlet air via a heat
exchanger and cooling fluid) and evaporative caplwhich uses a spray of water directly
into the inlet air stream) (EEA 2008). Each cogloption has advantages and drawbacks,
however, which should be explored to determineféasibility of this measure on a site-
specific basis.

Gas turbines that operate on a cyclic basis, oveabated capacity for extended periods, will
require greater maintenance compared to gas twhivat are steadily operated at the rated
load (Oland 2004). Reportedly, cycling every hoijples maintenance costs versus a turbine
that operates for intervals of 1,000 hours or n{&tA 2008). Thus, ensuring consistency in
steam demand is also an important operating cordide.

In addition to the performance optimization opti@m®ve, routine maintenance is critical for
reliable and efficient CHP system operations. Mahthe steam system maintenance tips in
Chapter 7 apply to the steam circuit of a CHP systelt must be noted that major
maintenance of turbines (e.g., a turbine overhabBuld only be performed by trained
turbine repair specialists. However, there aremlrer of routine maintenance tasks that can
be performed by mill personnel to ensure that hebiare operating at peak performance.
Typical measures include (EEA 2008; Oland 2004; kitidra 2006; Swagelok 2009):

vibration measurements to detect worn bearingerspaind damaged blade tips;
inspection of auxiliaries such as lubricating-aihgps, coolers and oil strainers;
inspection and verification of equipment alignment;

checking safety devices such as the operation @fspeed controls;
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replacement of filter elements;
inspection of steam piping supports to check fonage due to torque or vibration;

for gas turbines: inspection of the combustion fathfuel nozzle cleanliness and
wear, along with the integrity of other hot gashpadmponents;

for steam turbines: dislodging of water solid defsoby applying manual removal

techniques, cracking the deposits by shutting tineirte off and allowing it to cool,
and washing the turbine with water while it is ring
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9 Motor Systems

It was shown in Chapter 4 that motor-driven systeans by far the most significant
consumer of electrical energy in a typical U.S.ppahd paper mill. As of 2002, motor-
driven systems accounted for around 90% of alldleetricity used by the U.S. pulp and
paper industry. Figure 4.3 indicated that pumpasf and materials processing equipment
account for the majority (over 70%) of motor-driveystems electricity use in the typical
U.S. mill. Other important uses of electricity pulp and paper manufacturing include
materials handling systems (e.g., conveyors) antpbcessed air systems.

Efficiency improvements to motor-driven systems therefore lead to significant energy
savings in most pulp and paper mills. The U.S. D&8Emates (as of 2002) that efficiency
improvements to basic components of motor-drivestesys in the U.S. pulp and paper
industry could lead to electricity savings of 14%S%. DOE 2002a).

This chapter presents a number of energy efficiemeasures available for motors in
industrial applicationd® Additional measures that are specific to pumm@ssf and
compressed air systems are offered in later cheptehis Energy Guide.

When considering energy efficiency improvementsatdacility’s motor systems, it is
important to take a “systems approach.” A systepa@ach strives to optimize the energy
efficiency of entire motor systems (i.e., motorgyes, driven equipment such as pumps,
fans, and compressors, and controls), not jusettegy efficiency of motors as individual
components. A systems approach analyzes botm#rgyesupply and energy demand sides
of motor systems as well as how these sides irtépagptimize total system performance,
which includes not only energy use but also sysiptime and productivity.

A systems approach typically involves the followstgps. First, all applications of motors in
a facility should be located and identified. Setadie conditions and specifications of each
motor should be documented to provide a currentesys inventory. Third, the needs and the
actual use of the motor systems should be asséssdatermine whether or not motors are
properly sized and also how well each motor mdetseeds of its driven equipment. Fourth,
information on potential repairs and upgrades ® iiotor systems should be collected,
including the economic costs and benefits of im@etimg repairs and upgrades to enable
the energy efficiency improvement decision-makingcess. Finally, if upgrades are
pursued, the performance of the upgraded motoesystshould be monitored to determine
the actual costs savings (SCE 2003).

% The U.S. DOE’s Industrial Technologies Progranvittes a variety of resources for improving theaéfincy

of industrial motor systems, which can be consuftedmore detailed information on many of the measu
presented in this chapter. For a collection dd,tipols, and industrial case studies on industniaior system
efficiency, visit the Industrial Technologies Pragrs BestPracticesMotors, Pumps, and Fans website at:
http://www1.eere.energy.gov/industry/bestpractisgstems.html The Motor Decisions Matt&f Campaign
also provides a number of excellent resources fanproving motor system efficiency
(http://www.motorsmatter.orly/
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The motor system energy efficiency measures beddat important aspects of this systems
approach, including matching motor speeds and |gager motor sizing, and upgrading
system components.

Motor management plan.A motor management plan is an essential part dam@t’p energy
management strategy. Having a motor managememtimplplace can help companies realize
long-term motor system energy savings and will enghat motor failures are handled in a
quick and cost effective manner. The Motor Decisidatter™ Campaign suggests the
following key elements for a sound motor managemé&nt (MDM 2007):

Creation of a motor survey and tracking program.

Development of guidelines for proactive repair/aegl decisions.

Preparation for motor failure by creating a spamesntory.

Development of a purchasing specification.

Development of a repair specification.

Development and implementation of a predictive prelentive maintenance
program.

The Motor Decisions Matt&f' Campaign’sMotor Planning Kitcontains further details on
each of these elements (MDM 2007).

Strategic motor selection. Several factors are important when selecting somancluding
motor speed, horsepower, enclosure type, tempergdting, efficiency level, and quality of
power supply. When selecting and purchasing a matgs also critical to consider the life-
cycle costs of that motor rather than just itsahpurchase and installation costs. Up to 95%
of a motor’s costs can be attributed to the enérgpnsumes over its lifetime, while only
around 5% of a motor’'s costs are typically attdoutto its purchase, installation, and
maintenance (MDM 2007). Life cycle costing (LC&)an accounting framework that allows
one to calculate the total costs of ownership fifeignt investment options, which leads to a
more sound evaluation of competing options in m@ichasing and repair or replacement
decisions. A specific LCC guide has been develdpegump systems (Fenning et al. 2001),
which also provides an introduction to LCC for nraggstems.

The selection of energy-efficient motors can beiraportant strategy for reducing motor

system life-cycle costs. Energy-efficient motoesiuce energy losses through improved
design, better materials, tighter tolerances, androved manufacturing techniques. With
proper installation, energy-efficient motors casoalun cooler (which may help reduce facility
heating loads) and have higher service factorgdobearing life, longer insulation life, and

less vibration.

To be considered energy efficient in the Unitedt€dtaa motor must meet performance
criteria published by the National Electrical Maacturers Association (NEMA). The
Consortium for Energy Efficiency (CEE) has desdilitiee evolution of standards for energy-
efficient motors in the United States, which isgfel for understanding “efficient” motor
nomenclature (CEE 2007):

61



- NEMA Energy Efficient (NEMA EE)was developed in the mid-1980s to define the
term “energy efficient” in the marketplace for m&o NEMA Standards
Publication No. MG-1 (Revision 3), Table 12-11 def efficiency levels for a
range of different motors (NEMA 2002).

- The Energy Policy Act of 1992 (EPACT) required thmany commonly used
motors comply with NEMA “energy efficient” rating$ offered for sale in the
United States.

-In 1996, the CEE Premium Efficiency Criteria spieefion was designed to
promote motors with higher efficiency levels thaRACT required, for the same
classes of motors covered by EPACT. The CEE efiy levels specified were
generally two NEMA efficiency bands (Table 12-10NEMA MG-1 Revision 3)
above those required by EPACT.

.In 2001, the NEMA Premiufh Efficiency Electric Motor specification was
developed to address confusion with respect to wbastituted the most efficient
motors available in the market. This specificatiees developed by NEMA, CEE,
and other stakeholders, and was adapted from the X926 criteria. It currently
serves as the benchmark for premium energy effigiestors. NEMA Premiuffi
also denotes a brand name for motors which meetsitecification. Specifically,
this specification covers motors with the followiagributes:

Speed: 2, 4, and 6 pole

Size: 1-500 horsepower (hp)

Design: NEMA A and B

Enclosure type: open and closed

Voltage: low and medium voltage

Class: general, definite, and special purpose

The choice of installing a premium efficiency mogirongly depends on motor operating
conditions and the life cycle costs associated i investment. In general, premium
efficiency motors are most economically attractibden replacing motors with annual
operation exceeding 2,000 hours/year. Howevdtware tools such as MotorMaster+ (see
Appendix D) can help identify attractive applicaigsoof premium efficiency motors based on
the specific conditions at a given plant.

Sometimes, even replacing an operating motor wipnemium efficiency model may have a
low payback period. According to data from the fmpDevelopment Association, the
upgrade to high-efficiency motors, as compared dtons that achieve the minimum efficiency
as specified by EPACT, can have paybacks of lems #% months for 50 hp motors (CDA
2001). Payback times will vary based on size, l@ador, running time, local energy costs,
and available rebates and/or incentives (see Appdfid Given the quick payback time, it
usually makes sense to by the most efficient metailable (U.S. DOE and CAC 2003).
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NEMA and other organizations have created the MPexcisions Mattef! campaign to help
industrial and commercial customers evaluate thetor repair and replacement options,
promote cost-effective applications of NEMA Premfumotors and “best practice” repair, and
support the development of motor management pleftsgdmotors fail.

At Mohawk Paper Mills, a manufacturer of speciajtade papers near Albany, New York,
energy efficient motors were an important part dcdtiategy to reduce electricity costs and
remain competitive. By replacing its electric nrstavith premium-efficiency motors, the
company was able to reduce its consumption ofredégtper ton of paper by 3.5% (New York
Energy Smart 2008). Additionally, by taking ad\eaye of state-sponsored energy efficiency
incentives available for the purchase of premiufitiehcy motors, Mohawk reduced the
payback period associated with the upgrade tatesstwo years.

In some cases, it may be cost-effective to rewmeasting energy efficient motor, instead of
purchasing a new motor. As a rule of thumb, whevninéing costs exceed 60% of the costs of
a new motor, purchasing the new motor may be eibetioice (MDM 2007). When
rewinding a motor, it is important to choose a ma®ervice center that follows best practice
motor rewinding standards in order to minimize pbogd efficiency losses. An ANSI-
approved recommended best practice standard has difsged by the Electric Apparatus
Service Association (EASA) for the repair and redimg of motors (EASA 2006). When best
rewinding practices are implemented, efficiencyséss are typically less than 0.5% to 1%
(EASA 2003). However, poor quality rewinds mayutesn larger efficiency losses. It is
therefore important to inquire whether the motawvise center follows EASA best practice
standards (EASA 2006).

Maintenance. The purposes of motor maintenance are to prolonpmfife and to foresee a
motor failure. Motor maintenance measures can liegoazed as either preventative or
predictive. Preventative measures, the purposehafiwis to prevent unexpected downtime of
motors, include electrical consideration, voltaggalance minimization, load consideration,
and motor ventilation, alignment, and Ilubricatiomhe purpose of predictive motor
maintenance is to observe ongoing motor temperatilveation, and other operating data to
identify when it becomes necessary to overhauleptace a motor before failure occurs
(Barnish et al. 1997). The savings associated anitlongoing motor maintenance program are
significant, and could range from 2% to 30% of ltatetor system energy use (Efficiency
Partnership 2004).

Properly sized motors. Motors that are sized inappropriately result in egessary energy
losses. Where peak loads on driven equipment caedoeed, motor size can also be reduced.
Replacing oversized motors with properly sized msotaves, on average for U.S. industry,
1.2% of total motor system electricity consumpt{@hS. DOE 2002a). Higher savings can
often be realized for smaller motors and individualor systems.

To determine the proper motor size, the followirgtadare needed: load on the motor,
operating efficiency of the motor at that load poihe full-load speed of the motor to be
replaced, and the full-load speed of the replacémmetor. The U.S. DOE’s BestPractices
program provides a fact sheet that can assistdisidas regarding replacement of oversized
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and under loaded motors (U.S. DOE 1996). Additignesoftware packages such as
MotorMaster+ (see Appendix D) can aid in properanstlection.

Adjustable speed drives (ASDs}? Adjustable-speed drives better match speed to load
requirements for motor operations, and therefoseiienthat motor energy use is optimized to a
given application. Adjustable-speed drive systemes affered by many suppliers and are
available worldwide. Worrell et al. (1997) provide overview of savings achieved with ASDs
in a wide array of applications; typical energyiags are shown to vary between 7% and 60%.
Industrial case studies from the IAC database siggat the payback period associated with
the installation of ASDs in a number of differepiplcations ranges between roughly one and
three years (IAC 2008).

The Augusta Newsprint mill (part of a joint partsieip between Abitibi Consolidated and
the Woodbridge Company, Ltd.) manufactures over,@@D metric tons of standard
newsprint each year from southern pine and recyeédspaper and magazines. As part of
an energy efficiency review of the mill's boiler stsgm, the company found an ideal
application of an ASD to save energy and improJv@abdity. The boiler’s re-circulation
scrubber was equipped with a 1,100 rpm pump; howekies pump was being driven by a
fixed-speed 1,800 rpm motor such that the operatoutd only adjust the flow of the pump
by using an inefficient sheave. The company ifedalh magnetic drive ASD in this
application to better match motor size with flonguegements, with the added benefit of
providing operators with more efficient control oymmp flow. The new motor reportedly
delivered annual cost and energy savings of ab&@0® and 114 MWh, respectively (U.S.
DOE 2002f).

Power factor correction. Inductive loads like transformers, electric mot@isd HID lighting
may cause a low power factor. A low power factoymesult in increased power consumption,
and hence increased electricity costs. The povatorf@an be corrected by minimizing idling
of electric motors (a motor that is turned off cam&s no energy), replacing motors with
premium-efficient motors (see above), and inst@ltapacitors in the AC circuit to reduce the
magnitude of reactive power in the system.

A mill’'s power factor can also be corrected witle thse of large horsepower synchronous
motors. Such motors are typically used on refinarngl on around 20% of paper machine
vacuum systems. Higher speed synchronous moto0 (28d 1800 rpm) can be used to
replace induction motors where gear reducers a@ tasbring drive speeds down to the lower
speeds required for most vacuum pumps (Sweet 2009a)

Minimizing voltage unbalances.A voltage unbalance degrades the performance lasrtess

the life of three-phase motors. A voltage unbalacaeses a current unbalance, which will
result in torque pulsations, increased vibratiod amechanical stress, increased losses, and
motor overheating, which can reduce the life of ataris winding insulation. Voltage

24 Several terms are used in practice to describetarmsystem that permits a mechanical load to bedrat
variable speeds, including adjustable speed d(&&8s), variable speed drives (VSDs), adjustalaeudency
drives (AFDs), and variable frequency drives (VED$he term ASD is used throughout this Energy @ dat
consistency.
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unbalances may be caused by faulty operation ofepdactor correction equipment, an
unbalanced transformer bank, or an open circhitiule of thumb is that the voltage unbalance
at the motor terminals should not exceed 1%. Eael% unbalance will reduce motor
efficiency at part load operation, while a 2.5% alabce will reduce motor efficiency at full
load operation.

For a 100 hp motor operating 8,000 hours per yeaorrection of the voltage unbalance from
2.5% to 1% will result in electricity savings o690 kWh or almost $500 at an electricity rate
of $0.05/kwh (U.S. DOE 2005b).

By regularly monitoring the voltages at the motnntinal and through regular thermographic
inspections of motors, voltage unbalances may éutiited. It is also recommended to verify
that single-phase loads are uniformly distributed & install ground fault indicators as
required. Another indicator that a voltage unbedamay be a problem is 120 Hz vibration,
which should prompt an immediate check of voltagktce (U.S. DOE 2005b). The typical
payback period for voltage controller installatimm lightly loaded motors in the United States
is 2.6 years (IAC 2008).
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10 Pumps

As indicated in Chapter 4, pumps account for thigdst share (over 30%) of motor-driven

system electricity use in the U.S. pulp and papédustry. Significant amounts of energy are
required in the typical mill to pressurize and ulete water, process chemicals, and pulping
slurries as part of the pulp and paper making m®ceAs a result, energy efficiency

improvements to pumps can lead to significant @@t savings in the U.S. pulp and paper

industry. According to the U.S. DOE, basic pumptesn improvements in U.S. pulp and

paper mills could save over 6,300 GWh of electyipier year (U.S. DOE 2002a).

It is important to note that initial costs are omlyfraction of the life cycle costs of a pump
system. Energy costs, and sometimes operationsmaadtenance costs, are much more
important in the lifetime costs of a pump system.general, for a pump system with a
lifetime of 20 years, the initial capital coststbé pump and motor make up merely 2.5% of
the total costs (Best Practice Programme 1998)ebdipg on the pump application, energy
costs may make up about 95% of the lifetime coktseopump. Hence, the initial choice of a
pump system should be highly dependent on energlycomsiderations rather than on initial
Ccosts.

Optimization of the design of a new pumping systshould focus on optimizing the
lifecycle costs. Hodgson and Walters (2002) dissadtsvare developed for this purpose and
discuss several case studies in which they shaye lerductions in energy use and lifetime
costs of a complete pumping system. Typically, saiclapproach will lead to energy savings
of 10-17%.

Pumping systems consist of a pump, a driver, pipygiems, and controls (such as ASDs or
throttles). There are two main ways to increasegpsystem efficiency, aside from reducing
use. These are reducing the friction in dynamic psystems (not applicable to static or
"lifting" systems) or upgrading/adjusting the systeso that it draws closer to the best
efficiency point on the pump curve (Hovstadius 2002orrect sizing of pipes, surface
coating or polishing and ASDs, for example, mayucedthe friction loss, increasing energy
efficiency. Correctly sizing the pump and choodimg most efficient pump for the applicable
system will push the system closer to the bestcieficy point on the pump curve.
Furthermore, pump systems are part of motor systants thus the general “systems
approach” to energy efficiency described in Chaptéar motors applies to pump systems as
well.

Some of the most significant energy efficiency nuees applicable to pump system
components and to pump systems as a whole arelsisbelow?

% The U.S. DOE’s Industrial Technologies Progranvittes a variety of resources for improving theaéfincy
of industrial pumps, which can be consulted for endetailed information on many of the measuresentesl
in this chapter. The U.S. DOEImproving Pumping System Performance: A Sourcelfookndustryis a
particularly helpful resource (U.S. DOE 2006e).r Bacollection of tips, tools, and industrial catadies on
industrial pump efficiency, visit the Industrial drenologies Program’BestPracticedMotors, Pumps, and Fans
website athttp://www1.eere.energy.gov/industry/bestpractegstems.html

66



Pump system maintenancelnadequate maintenance can lower pump systemiegfty,
cause pumps to wear out more quickly, and increasmping energy costs. The
implementation of a pump system maintenance progvdinmelp to avoid these problems by
keeping pumps running optimally. Furthermore, invaib pump system maintenance can
lead to pump system energy savings of anywhere g@nto 7% (U.S. DOE 2002a). A solid
pump system maintenance program will generallyuidel the following tasks (U.S. DOE
2006e€; U.S. DOE 2002a):

Replacement of worn impellers, especially in caustisemi-solid applications.
Bearing inspection and repair.
Bearing lubrication replacement, on an annual origenual basis.

Inspection and replacement of packing seals. AllWevéeakage from packing seals is
usually between 2 to 60 drops per minute.

Inspection and replacement of mechanical sealswalble leakage is typically 1 to 4
drops per minute.

Wear ring and impeller replacement. Pump efficiedegrades by 1% to 6% for
impellers less than the maximum diameter and witheiased wear ring clearances.

Checking of pump/motor alignment.
Inspection of motor condition, including the motanding insulation.

Pump system monitoring.Monitoring in conjunction with operations and maimance can
be used to detect problems and determine solutmoseate a more efficient pump system.
Monitoring can determine clearances that need hestdl, indicate blockage, impeller
damage, inadequate suction, operation outside rprefes, clogged or gas-filled pumps or
pipes, or worn out pumps. Monitoring should include

Specific energy consumption, i.e. electricity ussy¥frate (Hovstadius 2007)

Wear monitoring

Vibration analyses

Pressure and flow monitoring

Current or power monitoring

Differential head and temperature rise across thengp (also known as
thermodynamic monitoring)

Distribution system inspection for scaling or cantaant build-up

Pump demand reduction.An important component of the systems approach meitimize

pump demand by better matching pump requirementsntb use loads. Two effective
strategies for reducing pump demand are the udwldling tanks and the elimination of
bypass loops. Holding tanks can be used to ecuplimp flows over a production cycle,
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which can allow for more efficient operation of ppsnat reduced speeds and lead to energy
savings of 10% to 20% (U.S. DOE 2002a). Holdingksaand can also reduce the need to
add pump capacity. The elimination of bypass loapd other unnecessary flows can also
lead to energy savings of 10% to 20% (U.S. DOE aP020ther effective strategies for
reducing pump demand include lowering processcspaissures, minimizing elevation rises
in the piping system, and lowering spray nozzl@ekies.

Controls. Control systems can increase the energy efficiei@ pump system by shutting
off pumps automatically when demand is reduced,atternatively, by putting pumps on
standby at reduced loads until demand increases.

In 2000, Cisco Systems upgraded the controls dioutstain pumps so that pumps would be
turned off automatically during periods of peakctieal system demand. A wireless control
system was able to control all pumps simultaneofrsi;m one location. The project saved
$32,000 and 400,000 kWh annually, representingvinga of 61.5% in the total energy
consumption of the fountain pumps (CEC 2002). Witkotal cost of $29,000, the simple
payback period was 11 months. In addition to enesgyings, the project reduced
maintenance costs and increased the pump systemijsneent life.

High-efficiency pumps. It has been estimated that up to 16% of pumps & insU.S.
industry are more than 20 years old (U.S. DOE 2D0Zansidering that a pump’s efficiency
may degrade by 10% to 25% over the course offésthe replacement of aging pumps can
lead to significant energy savings. The instalatiof newer, higher-efficiency pumps
typically leads to pump system energy savings ott@%0% (Elliott 1994).

A number of high-efficiency pumps are available $pecific pressure head and flow rate
capacity requirements. Choosing the right pumpno$i@ves both operating costs and capital
costs. For a given duty, selecting a pump thas rainthe highest speed suitable for the
application will generally result in a more effinteselection as well as the lowest initial cost
(U.S. DOE 2001b).

Properly sized pumps.Pumps that are oversized for a particular appbcatonsume more
energy than is truly necessary (see also “avoidimgttling valves” below). Replacing
oversized pumps with pumps that are properly scaatdoften reduce the electricity use of a
pumping system by 15% to 25% (U.S. DOE 2002a). Whmak loads can be reduced
through improvements to pump system design or tiperde.g., via the use of holding
tanks), pump size can also be reduced. If a pungpasiatically oversized, often its speed
can be reduced with gear or belt drives or a slepeed motor. The typical payback period
for the above strategies can be less than ong(@editsky et al. 2005a).

At the Augusta Newsprint mill in Augusta, Georganew paper machine cleaner system
was installed, which required a significantly lowkered pressure than previously. The
previous system was fed by a 1,250-horsepower impapy fan pump motor. Engineers at
the Augusta mill replaced this motor with an 8004tmomary fan pump motor, reducing
power consumption and delivering annual electrisdyings of 2,450 MWh per year. With
investment costs of $123,500, the payback pericgl Wamonths (U.S. DOE 20029).
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Multiple pumps for variable loads. The use of multiple pumps installed in parallel bana
cost-effective and energy-efficient solution fompgu systems with variable loads. Parallel
pumps offer redundancy and increased reliabilityg a&an often reduce pump system
electricity use by 10% to 30% for highly variabteadls (U.S. DOE 2002a). Parallel pump
arrangements often consist of a large pump, whpdraies during periods of peak demand,
and a small pump (or “pony” pump), which operateglar normal, more steady-state
conditions. Because the pony pump is sized fomabsystem operation, this configuration
operates more efficiently than a system that reies large pump to handle loads far below
its optimum capacity.

For example, one case study of a Finnish pulp apepplant indicated that by installing a
pony pump in parallel with an existing larger putogcirculate water from a paper machine
into two tanks, electricity cost savings of $36,50€r year were realized with a simple
payback period of just 6 months (Hydraulic Insgtand Europump 2001).

In another example, the bleach plant at a BoisePajl in Wallula, Washington, depended
on a 150 hp pump to meet a variety of process reounts. However, at times of peak
demand this pump could not always provide adeqcapacity for production. An energy
assessment recommended splitting the system byatedj a 50 hp pump to low-head
applications and using the existing pump for higladh applications. Both pumps were also
upgraded with ASDs. The project resulted in anmemargy savings of almost 500,000 kWh,
and annual costs savings of around $15,000 (edégtdosts). Additionally, the new system
also eliminated suction recirculation and cavitatgroblems that plagued the old system,
and reduced the mill’'s annual maintenance cost$%§00 because pump bearings an and
check valves didn’'t have to be replaced as offEme payback period for this project was 4.2
years (U.S. DOE 2006f).

Adjustable-speed drives (ASDs).ASDs better match speed to load requirementpuorps
where, as for motors, energy use is approximatelpgrtional to the cube of the flow rate
Hence, small reductions in flow rates that are propnal to pump speed may vyield large
energy savings for friction dominated pump systehliewever, in static head dominated
systems the energy use might increase when usiigsAfSthe speed is turned down too
much. New installations may result in short paybpekiods. In addition, the installation of
ASDs improves overall productivity, control and guat quality, and reduces wear on
equipment, thereby reducing future maintenancescost

According to inventory data collected by Xenerg99&), 82% of pumps in U.S. industry
have no load modulation feature (or ASD). Similarbeing able to adjust load in motor
systems, including modulation features with pungestimated to save between 20% and

% This equation applies to dynamic systems onlyte8ys that solely consist of lifting (static headteyns)
will accrue no benefits from (but will often actlyabecome more inefficient) ASDs because pump iefficy
usually drops when speed is reduced in such syst&mareful choice of operating points can to saxgent
overcome this problem Similarly, systems with mstagic head will accrue fewer benefits than systdrasare
largely dynamic (friction) systems. More carefulatdations must be performed to determine actuakbts, if
any, for these systems.

69



50% of pump energy consumption, at relatively shmmiyback periods, depending on
application, pump size, load and load variationnemgy 1998; Best Practice Programme
1996a). The savings depend strongly on the systewec As a rough rule of thumb, unless
the pump curves are exceptionally flat, a 10% r&guh in flow should produce pump

savings of 20% and 20% regulation should producénga of 40% (Best Practice

Programme 1996).

For example, Daishowa America installed two ASDghe effluent pumping system at its

paper mill in Port Angeles, Washington due to clwenaintenance issues and rising energy
costs. The project reportedly resulted in annaairgs of $32,000 in energy costs and
700,000 kilowatt-hours (kWh) in electricity. Theopect also eliminated problems that led to
excessive maintenance costs and resulted in amnaiatenance savings of $10,000 (U.S.
DOE 2002h).

In another example, Neenah Paper (Wisconsin) rebeeergy use in its wastewater
treatment plant by installing ASDs on the plangsadion blowers as part of a treatment plant
optimization project. The project led to annuakmyy savings of 1.47 GWh and annual
energy cost savings of approximately $95,000. Btienated simple payback time was under
two years, after accounting for an energy efficierimancial incentive from its utility
provider (Wroblewski 2009).

Impeller trimming. Impeller trimming refers to the process of reducenry impeller’s
diameter via machining, which will reduce the eryeagded by the pump to the system fluid.
According to the U.S. DOE (2006¢€), one should atgrsirimming an impeller when any of
the following conditions occur:

Many system bypass valves are open, indicating ¢xaess flow is available to
system equipment.

Excessive throttling is needed to control flow tgh the system or process.
High levels of noise or vibration indicate excessilow.
A pump is operating far from its design point.

Trimming an impeller is slightly less effective thauying a smaller impeller from the pump
manufacturer, but can be useful when an impelléheanext smaller available size would be
too small for the given pump load. The energymsgwiassociated with impeller trimming are
dependent upon pump power, system flow, and sybtad, but are roughly proportional to
the cube of the diameter reduction (U.S. DOE 2006&h additional benefit of impeller
trimming is a decrease in pump operating and miaamtee costs. Care has to be taken when
an impeller is trimmed or the speed is changedabthe new operating point does not end
up in an area where the pump efficiency is low.

At the Augusta Newsprint mill in Augusta, Georgeagineers reduced excess pressure being
developed in the mill's de-inking modules by puming size-optimized pump impellers.
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Previously, a mill-wide evaluation of inefficientumping applications found that the

impellers used in the de-inking module fan inletmps were not the optimum size. The
impellers produced excess pressure that requined &ad control valves to dissipate, leading
to significant operating inefficiencies. After tallation of the smaller impellers, the mill

realized annual cost and electricity savings ofual®$9,550, and 2,080 MWh, respectively.
The total cost of the project was about $12,008ulteng in a payback period of just two

months (U.S.-DOE 2002g).

Avoiding throttling valves. Throttling valves and bypass loops are indicaiohoversized
pumps as well as the inability of the pump systesigh to accommodate load variations
efficiently, and should always be avoided (Tutteretval. 2000). Surveys in the Finnish
paper industry found that the average pumpingieffcy was 40%, with 10% of the pumps
running below 10% efficiency. The large inefficiegs were mainly due to throttling of
pumps. In one recent mill (constructed in 2000) dkerage valve opening was found to be
24%, with the largest valve opening 46% (Ericssod8). The reasons for the throttling were
generally an over-sized pump because they wergrkasifor maximum capacity (often for
the future), process variations, changed processigmle safe calculations, and the
“engineering factor.” Pump demand reduction, cdatrampeller trimming, and multiple
pump strategies (all previously discussed in tléstisn) should always be more energy-
efficient flow management strategies than thragtiralves. For example, several industrial
case studies from the IAC database suggest thiaicespent of throttling systems with ASDs
will save energy with a payback period of only @.B-years (IAC 2008).

A Swedish pulp mill discovered that at 850 kWh fmar of pulp, its energy consumption was
far too high. Variable speed control of pumps, diag oversized pump motors to better
match required loads, and making changes in pipeuta reduced the pulp mill's energy
consumption to 635 kWh per ton pulp. The paybadkodeof the investment was about 12
months. Other reported benefits were improved puodigess control and less maintenance by
soft starting (ABB 2007).

Replacement of belt drives. Most pumps are directly driven. Howevenyentory data
suggests 4% of pumps have V-belt drives (Xener@81L9Standard V-belts tend to stretch,
slip, bend and compress, which lead to a lossfafi@icy. Replacing standard V-belts with
cog belts can save energy and money, even asofitrdtris even better to replace the pump
by a direct driven system, resulting in increasadrgys of up to 8% and payback periods as
short as 6 months (Studebaker 2007).

Proper pipe sizing. Pipes that are too small for the required flowoeity can significantly
increase the amount of energy required for pumgmgyuch the same way that drinking a
beverage through a small straw requires a greateuat of suction. Where possible, pipe
diameters can be increased to reduce pumping emeggyrements, but the energy savings
due to increased pipe diameters must be balancddimdreased costs for piping system
components. A life-cycle costing approach is recmnded to ensure positive economic
benefits when energy savings, increased matersscand installation costs are considered.
Increasing pipe diameters will likely only be castective during greater pump system
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retrofit projects. The U.S. DOE estimates typicalustrial energy savings in the 5% to 20%
range for this measure (U.S. DOE 2002a).

Precision castings, surface coatings or polishingThe use of castings, coatings, or
polishing reduces pump surface roughness thatrim tocreases energy efficiency. It may
also help maintain efficiency over time. This measis more effective on smaller pumps.
One case study in the steel industry analyzedrthestiment in surface coating on the mill
supply pumps (350 kW pumps). They determined thataidditional cost of coating, $1200,
would be paid back in 5 months by energy saving$23#00 (or 36 MWh, 2%) per year
(Hydraulic Institute and Europump 2001). Energyisgy for coating pump surfaces are
estimated to be 2 to 3% over uncoated pumps (Basti®e Programme 1998).

Sealings. Seal failure accounts for up to 70% of pump fasguia many applications
(Hydraulic Institute and Europump 2001). The sepliarrangements on pumps will
contribute to the power absorbed. Often the usgasfbarrier seals, balanced seals, and no-
contacting labyrinth seals decrease seal losses.

Curtailing leakage through clearance reduction.Internal leakage losses are a result of
differential pressure across the clearance betwleenmpeller suction and pressure sides.
The larger the clearance, the greater is the iatdéeakage causing inefficiencies. The normal
clearance in new pumps ranges from 0.35 to 1.0 614 to 0.04 in.) (Hydraulic Institute
and Europump 2001). With wider clearances, thedgakincreases almost linearly with the
clearance. For example, a clearance of 5 mm (O 2latreases the efficiency by 7 to 15% in
closed impellers and by 10 to 22% in semi-open llape Abrasive liquids and slurries,
even rainwater, can affect the pump efficiency.ngsrery hard construction materials (such
as high chromium steel) can reduce the wear rate.
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11 Fan Systems

Figure 4.3 indicated that fan systems are resptmnéio roughly 20% of all motor-driven
system electricity consumption in the U.S. pulp @ager industry. Typical applications of
fans in a pulp and paper mill include boiler anchaice applications and facility ventilation.

As in other motor applications, considerable opypaties exist to upgrade the performance
and improve the energy efficiency of fan systentr fans in particular, concern about
failure or underperformance have led to many faasd@ oversized for their particular
application (U.S. DOE 2003c). Oversized fans do operate at optimal efficiency and
therefore waste energy. However, the efficienoiefan systems vary considerably across
impeller types.

The U.S. DOE estimates that basic fan system inggn@nts could save the U.S. pulp and
paper industry around 1,100 GWh of electricity pear (U.S. DOE 2002a). A few common
energy efficiency measures for industrial fans dad systems are discussed befdw.
Additionally, a number of measures that are appleao motors (Chapter 9) are also
applicable to fan systems.

Maintenance As for most energy using systems, a proper maamtee program for fans can
improve system performance, reduce downtime, mizennepair costs, and increase system
reliability. The U.S. DOE recommends establishengegular maintenance program for fan
systems, with intervals based on manufacturer revemalations and experience with fans in
similar applications (U.S. DOE 2003c). Additioryallthe U.S. DOE recommends the
following important elements of an effective farstgm maintenance program (U.S. DOE
2003c):

Belt inspection In belt-driven fans, belts are usually the musintenance-intensive
part of the fan assembly. Belts wear over time eauu lose tension, which reduces
their ability to transmit power efficiently. Belspection and tightening should be
performed on a regular basis, especially for |dages because the potential size of
the power loss.

Fan cleaning Many fans experience a significant loss in ep@ffjciency due to the
buildup of contaminants on blade surfaces. Sugld lup can create imbalance
problems that can reduce performance and contritaufgemature wear of system
components. Fans that operate in particulate-lamehigh-moisture airstreams are
particularly vulnerable and are therefore recomnedrtd be cleaned regularly.

#The U.S. DOE’s Industrial Technologies Progranvittes a variety of resources for improving theaéfincy

of industrial fan systems, which can be consulted rhore detailed information on many of the measure
presented in this chapter. The U.S. DOBproving Fan System Performance: A Sourcebooknftustryis a
particularly helpful resource (U.S. DOE 2003b). Focollection of tips, tools, and industrial casedgées on
industrial motor system efficiency, visit the Inthiesd Technologies ProgramBestPracticesMotors, Pumps,
and Fans website dittp://www1.eere.energy.gov/industry/bestpractsestems.html
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Leak inspection and repairLeakage in a fan duct system will decrease theuswtnof
air that is delivered to the desired end use, whiah significantly reduce the
efficiency of the fan system. Ductwork should bspected on a regular basis and
leaks should be repaired as soon as possibleysteras with inaccessible ductwork,
the use of temporary pressurization equipment edarchine if the integrity of the
system is adequate.

Bearing lubrication.Worn bearings can lead to premature fan failusewell as
create unsatisfactory noise levels. Fan bearingsldhbe monitored and lubricated
frequently based on manufacturer recommendations.

Motor replacement. Eventually, all fan motors will wear and will ngige repair or
replacement. The decision to repair or replacananiotor should be based on a life
cycle costs analysis, as described in Chapter 9.

Properly sized fans. Conservative engineering practices often resuthe installation of
fans that exceed system requirements. Such oedrsans lead to higher capital costs,
higher maintenance costs, and higher energy chats fans that are properly sized for the
job (U.S. DOE 2003c). However, other options mayrmee cost effective than replacing an
oversized fan with a smaller fan (U.S. DOE 2002&ther options include (U.S. DOE
2003c):

Decreasing fan speed using different motor and gheave sizes (may require
downsizing the motor)

Installing an ASD or multiple-speed motor (see bglo

Using an axial fan with controllable pitch blades

At a Louisiana Pacific Corporation board mill in fhahawk, Wisconsin, a fan system
optimization project was pursued to resize andamplfans to better meet airflow and
pressure requirements. The previous system wgmally relocated from Colorado, where

thinner high elevation air required greater fanespe This system had to be modified with
dampers on the combustion air, dryer, and scrufaimer when it was installed in Wisconsin.
The new fan system led to electricity savings ajw®.5 million kWh per year, with annual

cost savings of around $85,000. With investmestsof $44,000, the payback period was
only around 6 months (U.S. DOE 1999b).

Adjustable speed drives (ASDs) and improved contrel Significant energy savings can be
achieved by installing adjustable speed drivesams.f Savings may vary between 14% and
49% when retrofitting fans with ASDs (U.S. DOE 2ap2

In an example from the chemicals industry, an enefficiency assessment of the Anaheim,
California site of Neville Chemical Company (U.SOB 2003d) found that fan motors in a
cooling tower ran continuously throughout the ydaspite the variable heat load resulting
from the batch operations on the site. Installiagiable speed drives on these fan motors
(costs $9,103) could save 69.7 MWh of electriciéy pear with a payback time of 1.7 year.
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A similar project at the Knoxville, Tennessee, plah Rohm and Haas would reduce the
electric load of the cooling tower by approximat®@£6 (U.S. DOE 2003e).

Adjustable speed drives can also help to reduceggransumption in combustion air fans
in steam boilers. At a fertilizer plant of PCS Mgen Inc. in Augusta, Georgia, the
installation of a variable speed fan eliminateddbaeration of excess steam during low load
periods, resulting in annual energy savings of 0&,4MBtu annually (cost savings of
$420,000) with a payback time of only 2 months (ID®E 2005c).

High efficiency belts (cog belts)Belts make up a variable, but significant portidrin@ fan
system in many plants. It is estimated that abalftdf the fan systems use standard V-belts,
and about two-thirds of these could be replacedmioye efficient cog belts (U.S. DOE
2002a). Standard V-belts tend to stretch, slip,dband compress, which lead to a loss of
efficiency. Replacing standard V-belts with cogtbelan save energy and money, even as a
retrofit. Cog belts run cooler, last longer, requiess maintenance and have an efficiency
that is about 2% higher than standard V-belts. dalppayback periods will vary from less
than one year to three years.

Duct leakage repair. Duct leakage can waste significant amounts of ggnén fan and
ventilation systems. Measures for reducing duakdge include installing duct insulation
and performing regular duct inspection and maimeaaincluding ongoing leak detection
and repair. For example, according to studies &wrence Berkeley National Laboratory,
repairing duct leaks in industrial and commerciphces could reduce HVAC energy
consumption by up to 30% (Galitsky et al. 2005a).

Because system leakage can have a significant inopad@an system operating costs, the U.S.
DOE recommends considering the type of duct,itigriess and quality of the fittings,

joints assembly techniques, and the sealing remeinés for duct installation as part of the
fan system design process as proactive leak prievemeasures (U.S. DOE 2003c).
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12 Compressed Air Systems

Compressed air generally represents one of the mefficient uses of energy in U.S.

industry due to poor system efficiency. Typicalthe efficiency of a compressed air
system—ifrom compressed air generation to end userhsaround 10% (U.S. DOE and

CAC 2003). Because of this inefficiency, if com@es air is used, it should be of minimum
guantity for the shortest possible time; it shoalsbo be constantly monitored and weighed
against potential alternatives.

Many opportunities to reduce energy consumptioncampressed air systems are not
prohibitively expensive; payback periods for sonpeians can be extremely short. Energy
savings from compressed air system improvementsraage from 20% to 50% of total
system electricity consumption (McKane et al. 1998) properly managed compressed air
system can also reduce maintenance, decrease dwyrticrease production throughput,
and improve product quality.

Compressed air systems consist of a supply sidéchwimcludes compressors and air
treatment, and a demand side, which includes digtan and storage systems and end-use
equipment. According to the U.S. DOE, a properhynaged supply side will result in clean,
dry, stable air being delivered at the appropriatessure in a dependable, cost-effective
manner. A properly managed demand side minimizesenar and uses compressed air for
appropriate applications (U.S. DOE 2003c).

Common energy efficiency measures for industrighpessed air systems are discussed
below.?® Additionally, a number of measures that are iapple to motors (Chapter 9) are
also applicable to compressed air systems.

System improvements.Adding additional compressors should be considerdg after a
complete system evaluation. In many cases, conghess system efficiency can be
managed and reconfigured to operate more effigiemtithout purchasing additional
compressors. System improvements utilize many ef éhergy efficiency measures for
compressors discussed below. Compressed air syséewce providers offer integrated
services both for system assessments and for anggstem maintenance needs, alleviating
the need to contact several separate firms. The p@zssed Air Challen§e
(http://www.compressedairchallenge.pgfers extensive training on the systems approach
technical publications, and free web-based guidémcselecting the right integrated service
provider. Also provided are guidelines for walkethgh evaluations, system assessments,
and fully instrumented system audits (CAC 2002).

% The U.S. DOE’s Industrial Technologies Progranvittes a variety of resources for improving theaéfincy

of industrial compressed air systems, which carcdresulted for more detailed information on manytted
measures presented in this chapter. The U.S. DOEoving Compressed Air System Performance: A
Sourcebook for Industrg a particularly helpful resource (U.S. DOE 2003Eor a collection of tips, tools, and
industrial case studies on industrial pump efficigrvisit the Industrial Technologies PrograrBsstPractices
Compressed Air website dtttp://www1.eere.energy.gov/industry/bestpractio@sipressed_air.html
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In an example of a successful system evaluatiogjegroWeyerhaeuser implemented a
project that increased the efficiency of the comapeel air system at its Coburg, Oregon
sawmill in 2000. In addition to improving the pemihance of the compressed air system, the
U.S. DOE reports that this project yielded impotrtanergy savings and enabled the mill to
increase production without reconfiguring or addp@duction equipment. The systems
evaluation included preparing schematics to profie system, and taking baseline
measurements of flow rate, power usage, and peeskawels to assess the system’s
performance. The evaluation discovered a numberomgortunities for improvement,
including leaks in excess of 25% of the compressedoad, ineffective condensate traps,
inefficient compressor controls, and a defectiveing board in the dryer. A number of
opportunities were pursued, including the instadlabf a new multiple compressor network
control system. The project saved the mill $55,00@nnual energy costs and 1.3 million
kWh in annual electricity use (U.S. DOE 2004b). Btwrer, using the Coburg’s facility as a
model, Weyerhaeuser commissioned similar evalusteomd improvements of compressed
air systems at six other company plants and millee aggregate savings in electricity and
energy costs resulting from these additional ptsjeeere 6.8 million kWh and $250,000,
respectively (U.S. DOE 2004b).

Maintenance. Inadequate maintenance can lower compressioniezfig and increase air
leakage or pressure variability, as well as leadntweased operating temperatures, poor
moisture control, and excessive contamination. éwmed maintenance will reduce these
problems and save energy. Proper maintenance exling following (U.S. DOE and CAC
2003; Scales and McCulloch 2007):

Ongoing filter inspection and maintenan&ocked filters increase the pressure drop
across the filter, which wastes system energy.nBpecting and periodically cleaning
filters, filter pressure drops may be minimizedxifg improperly operating filters
will also prevent contaminants from entering intqu@ment, which can cause
premature wear. Generally, when pressure dropsedx2esi to 3 psi, particulate and
lubricant removal elements should be replaced. uRedfilter cleaning and
replacement has been projected to reduce comprassggstem energy consumption
by around 2% (Radgen and Blaustein 2001).

Keeping compressor motors properly lubricated aleéiced Poor motor cooling can
increase motor temperature and winding resistasbertening motor life and
increasing energy consumption. Compressor lubrisaotild be changed every 2 to
18 months and periodically checked to make sureithia at the proper level. In
addition, proper compressor motor lubrication wétluce corrosion and degradation
of the system.

Inspection of fans and water punfps peak performance.

Inspection of drain trap$o ensure that they are not stuck in either thenamr closed
position and are clean. Some users leave autoe@iensate traps partially open at
all times to allow for constant draining. This pgree wastes substantial energy and
should never be undertaken. Instead, simple presduven valves should be
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employed. Malfunctioning traps should be cleaned @paired instead of left open.
Some auto drains, such as float switch or eledtradrains, do not waste air.
Inspecting and maintaining drains typically hasaglqack of less than two years (U.S.
DOE 2004c).

Maintaining the cooleron the compressor to ensure that the dryer getdothest
possible inlet temperature (U.S. DOE and CAC 2003).

Compressor belt inspectionVhere belt-driven compressors are used, beltsidhau
checked regularly for wear and adjusted. A good aiflthumb is to adjust them after
every 400 hours of operation.

Replacing air lubricant separatoraccording to specifications or sooner. Rotary
screw compressors generally start with their dritant separators having a 2 psi to
3 psi pressure drop at full load. When the pressiiop increases to 10 psi, the
separator should be changed (U.S. DOE and CAC 2003)

Checking water-cooling systemsgularly for water quality (pH and total dissalve
solids), flow, and temperature. Water-cooling systiliters and heat exchangers
should be cleaned and replaced per the manufastspacifications.

Minimizing compressed air leak throughout the syste

Applications requiring compressed air should dieecked for excessive pressure,
duration, or volumeApplications not requiring maximum system pressshiould be
regulated, either by production line sectioning byr pressure regulators on the
equipment itself. Using more pressure than requirastes energy and can also result
in shorter equipment life and higher maintenancestsco Case studies have
demonstrated that the payback period for this nteasan be shorter than half a year
(IAC 2008).

Monitoring. In addition to proper maintenance, a continuousitodng system can save
significant energy and operating costs in compesse systems. Effective monitoring
systems typically include the following (CADDET 189

Pressure gauges on each receiver or main branelatid differential gauges across
dryers, filters, etc.

Temperature gauges across the compressor andoliaggystem to detect fouling
and blockages.

Flow meters to measure the quantity of air used.
Dew point temperature gauges to monitor the effeoss of air dryers.

Kilowatt-hour meters and hours run meters on thepressor drive.
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Checking of compressed air distribution systemseraféequipment has been
reconfigured to be sure that no air is flowing tmsed equipment or to obsolete parts
of the compressed air distribution system.

Checking for flow restrictions of any type in a &m, such as an obstruction or
roughness, which can unnecessarily raise systematog pressures. As a rule of
thumb, every 2 psi pressure rise resulting fromstasce to flow can increase
compressor energy use by 1% (U.S. DOE and CAC 200i#) highest pressure drops
are usually found at the points of use, includimglersized or leaking hoses, tubes,
disconnects, filters, regulators, valves, nozzles labricators (demand side), as well
as air/lubricant separators, after-coolers, moess@parators, dryers and filters.

Checking for compressed air use outside produdtours.

Leak reduction. Air leaks can be a significant source of wasted@gneA typical industrial
facility that has not been well maintained willdily have a leak rate ranging from 20% to
30% of total compressed air production capacitys(UIDOE and CAC 2003). Overall, a 20%
reduction of annual energy consumption in comprksse systems is projected for fixing
leaks (Radgen and Blaustein 2001).

The magnitude of the energy loss associated wighlkavaries with the size of the hole in the
pipes or equipment. A compressor operating 2,500rshper year at 87 psi with a leak
diameter of 0.02 inches (2 mm) is estimated to 2@ kWh per year; 0.04 inches (1 mm)
to lose 1,100 kWh per year; 0.08 inches (2 mmpse 14,500 kWh per year; and 0.16 in. (4
mm) to lose 11,250 kWh per year (CADDET 1997). Salvpulp and paper industry case
studies suggest that the payback period for ledkateon efforts is generally shorter than
seven months (IAC 2008).

In addition to increased energy consumption, leaks make air-powered equipment less
efficient, shorten equipment life, and lead to #ddal maintenance costs and increased
unscheduled downtime. Leaks also cause an increasenpressor energy and maintenance
costs.

The most common areas for leaks are couplings,shasbes, fittings, pressure regulators,

open condensate traps and shut-off valves, pipgsjodisconnects, and thread sealants. The
best way to detect leaks is to use an ultrasoroasic detector, which can recognize the

high frequency hissing sounds associated witheaikd. Leak detection and repair programs
should be ongoing efforts.

In early 2001, the Augusta Newsprint Company cadatéd two compressed air systems at
its facility in Augusta, Georgia. The project reéedl in a more streamlined system, added
storage capacity, backflow prevention, and the iektion of unused equipment.
Additionally, a number of leaks were discovered &redd. The project resulted in energy
savings of more than 1.8 million kWh per year. L&diknination contributed to more than
40% of the expected savings in energy costs (UGE R002i).
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Turning off unnecessary compressed aitfequipment that is no longer using compressed air
should have the air turned off completely. This bandone using a simple solenoid valve.
Compressed air distribution systems should be atkcwhen equipment has been
reconfigured to ensure that no air is flowing tased equipment or to obsolete parts of the
compressed air distribution system.

Modification of system in lieu of increased presswa. For individual applications that
require a higher pressure, instead of raising theraiing pressure of the whole system,
special equipment modifications should be considieuch as employing a booster,
increasing a cylinder bore, changing gear ratioshanging operation to off peak hours.

Replacement of compressed air by alternative sourse Many operations can be
accomplished more economically and efficiently gsamergy sources other than compressed
air (U.S. DOE 2004d, 2004e). Various options etaseplace compressed air use, including:

Cooling electrical cabinets: air conditioning fasisould be used instead of using
compressed air vortex tubes.

Flowing high-pressure air past an orifice to cremteacuum: a vacuum pump system
should be applied instead of compressed air ventathods.

Cooling, aspirating, agitating, mixing, or packag#ating: use blowers instead of
compressed air.

Cleaning parts or removing debris: brushes, blowersvacuum pump systems
should be used instead of compressed air.

Moving parts: blowers, electric actuators, or hytics should be used instead of
compressed air.

Tools or actuators: electric motors should be a®rsid because they are more
efficient than using compressed air (Howe and Scaf#95). However, it has been
reported that motors can have less precision, shtives, and lack safety compared
to compressed air. In these cases, using compragsedy be a better choice.

Based on numerous industrial case studies, theag@epayback period for replacing
compressed air with other applications is estimatetl months (IAC 2008).

Improved load management. Because of the large amount of energy consumed by
compressors, whether in full operation or not, ipatbad operation should be avoided. For
example, unloaded rotary screw compressors stifwme 15% to 35% of full-load power
while delivering no useful work (U.S. DOE and CAQ03).

Air receivers can be employed near high demandsaiearovide a supply buffer to meet
short-term demand spikes that can exceed normapmm®or capacity. In this way, the
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number of required online compressors may be retuddulti-stage compressors
theoretically operate more efficiently than singtage compressors. Multi-stage compressors
save energy by cooling the air between stagesciegluhe volume and work required to
compress the air. Replacing single-stage compresgibh two-stage compressors typically
provides a payback period of two years or lessefiegjl-Rand 2001). Using multiple smaller
compressors instead of one large compressor can esaargy as well. Large compressors
consume more electricity when they are unloaded timamultiple smaller compressors with
similar overall capacity. An analysis of U.S. casedies shows an average payback period
for optimally sizing compressors of about 1.2 ygak& 2008).

In June 2004, the Canandaigua Wine Company upgrémedompressed air system at its
winery in Lodi, California. Before the project @@y the winery was served by two 125 hp
rotary screw compressors that operated at full loaly during the 3-month fall grape
crushing season. During the rest of the year, kewdhe compressors were operated at
part-load, which wasted energy. The company optedhstall a 75 hp variable-speed
compressor, which could be used to satisfy facdigynand during the off-season while also
providing supplemental power to the two 125 hp sirduring the fall crush season.
Additionally, the company installed a new compressmtrol system, additional storage, and
started a leak reduction campaign. The total gneagings attributable to the upgrade were
estimated at 218,000 kWh per year, saving the cagp@®27,000 annually (U.S. DOE
2005d). The simple payback period was estimatdd?ayears.

Pressure drop minimization. An excessive pressure drop will result in poor &yst
performance and excessive energy consumption. Féswictions of any type in a system,
such as an obstruction or roughness, results ihehigperating pressures than is truly
needed. Resistance to flow increases the driveggrar positive displacement compressors
by 1% of connected power for each 2 psi of difftiedn(U.S. DOE and CAC 2003). The
highest pressure drops are usually found at thetpoi use, including undersized or leaking
hoses, tubes, disconnects, filters, regulatorsjegalnozzles, and lubricators (demand side),
as well as air/lubricant separators on lubricatethry compressors and after-coolers,
moisture separators, dryers, and filters (supplg)si

Minimizing pressure drop requires a systems appraacdesign and maintenance. Air
treatment components should be selected with tvedbpossible pressure drop at specified
maximum operating conditions and best performaMamufacturers’ recommendations for
maintenance should be followed, particularly infétiering and drying equipment, which can
have damaging moisture effects like pipe corrosiéimally, the distance the air travels
through the distribution system should be minimizAddits of U.S. pulp and paper mills
found that the payback period is typically shottem one year for this measure (IAC 2008).

Inlet air temperature reduction. If airflow is kept constant, reducing the inlet air
temperature reduces the energy used by the comprdesmany plants, it is possible to
reduce the inlet air temperature to the compresgoitaking suction from outside the
building. As a rule of thumb, each temperature ctidan of 5F (3°C) will save 1%

compressor energy (CADDET 1997; Parekh 2000). Abpely period of two to five years
has been reported for importing fresh air (CADDEI91). In addition to energy savings,
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compressor capacity is increased when cold air fooiside is used. Industrial case studies
have found an average payback period for impomiuigide air of less than 1.7 years (IAC
2008), but costs can vary significantly dependindaxility layout.

Controls. The primary objectives of compressor control sgigte are to shut off unneeded
compressors and to delay bringing on additional pr@ssors until needed. Energy savings
for sophisticated compressor controls have beearteg at around 12% annually (Radgen
and Blaustein 2001). An excellent review of compogscontrols can be found in
Compressed Air Challen§eBest Practices for Compressed Air SystéBecond Edition)
(Scales and McCulloch 2007). Common control stiagedgor compressed air systems
include:

Start/stop (on/off) controjsin which the compressor motor is turned on or ioff
response to the discharge pressure of the macBitst/stop controls can be used for
applications with very low duty cycles and are &@#ille to reciprocating or rotary
screw compressors. The typical payback for stap/sontrols is one to two years
(CADDET 1997).

Load/unload controls or constant speed controls, which allow the mdtorrun
continuously but unloads the compressor when thehdrge pressure is adequate. In
most cases, unloaded rotary screw compressorsatdiume 15% to 35% of full-load
power while delivering no useful work (U.S. DOE a@AC 2003). Hence,
load/unload controls can be inefficient.

Modulating or throttling controls which allow the output of a compressor to be
varied to meet flow requirements by closing dowa itiiet valve and restricting inlet
air to the compressor. Throttling controls are agapto centrifugal and rotary screw
compressors.

Single master sequencing system contraldich take individual compressor
capacities on-line and off-line in response to rtamed system pressure demand and
shut down any compressors running unnecessarilgteBy controls for multiple
compressors typically offer a higher efficiencyrthadividual compressor controls.

Multi-master controls which are the latest technology in compressedsgstem
control. Multi-master controls are capable of Harydfour or more compressors and
provide both individual compressor control and egstregulation by means of a
network of individual controllers (Martin et al. @0). The controllers share
information, allowing the system to respond morekjy and accurately to demand
changes. One controller acts as the lead, reggl#temwhole operation. This strategy
allows each compressor to function at a level pinatiuces the most efficient overall
operation. The result is a highly controlled systenessure that can be reduced close
to the minimum level required (U.S. DOE and CAC 200According to Nadel et al.
(2002), such advanced compressor controls are gegén deliver energy savings of
about 3.5% where applied.
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In addition to energy savings, the application ofitcols can sometimes eliminate the need
for some existing compressors, allowing extra casgors to be sold or kept for backup.
Alternatively, capacity can be expanded without pfuechase of additional compressors.
Reduced operating pressures will also help redystem maintenance requirements (U.S.
DOE and CAC 2003).

Properly sized pipe diametersincreasing pipe diameters to the greatest sizeiglatsible
and economical for a compressed air system cantbatpnimize pressure losses and leaks,
which reduces system operating pressures and lea@nergy savings. Increasing pipe
diameters typically reduces compressed air systeangg consumption by 3% (Radgen and
Blaustein 2001). Further savings can be real@eensuring other system components (e.g.,
filters, fittings, and hoses) are properly sized.

Heat recovery.As much as 90% of the electrical energy used bipdunstrial air compressor
is converted into heat. In many cases, a heat eegawnit can recover 50% to 90% of this
available thermal energy and apply it to spaceihgaprocess heating, water heating, make-
up air heating, boiler make-up water preheatingl la@at pump applications (Parekh 2000).
It has been estimated that approximately 50,000hBtu of recoverable heat is available for
each 100 cfm of compressor capacity (U.S. DOE ai&@ 2003).

Payback periods are typically less than one yealit§Ry et al. 2005a). For example, a
plant-wide assessment at an Appleton Paper miWast Carrollton, Ohio, estimated that
investments to reclaim heat from air compressorslavbave a payback period of only 0.8
year (U.S. DOE 2002c).

Heat recovery for space heating is not as commdémwater-cooled compressors because an
extra stage of heat exchange is required and tmperature of the available heat is
somewhat low. However, with large water-cooled coespors, recovery efficiencies of 50%
to 60% are typical (U.S. DOE and CAC 2003).

Natural gas engine-driven air compressorsGas engine-driven air compressors can replace
electric compressors with some advantages and \distabes. Gas engine-driven
compressors are more expensive and can have hgdietenance costs, but may have lower
overall operating costs depending on the relatosscof electricity and gas. Variable-speed
capability is standard for gas-fired compressoffering a high efficiency over a wide range
of loads. Heat can be recovered from the enginkejaand exhaust system. However, gas
engine-driven compressors have some drawbacks: rieegd more maintenance, have a
shorter useful life, and sustain a greater likadthof downtime. According to Galitsky et al.
(2005a), gas engine-driven compressors currenttpuat for less than 1% of the total air
compressor market.

Ultra Creative Corporation, a U.S. manufacturerspecialty plastic bags, installed gas
engine-driven compressors in its plant in Brookl\Wew York. The initial costs were
$85,000 each for two 220 hp units and $65,000 fer 85 hp unit. The company reported
savings of $9,000 in monthly utilities (averagin08,000 annually) (Audin 1996).
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Similarly, Nestlé Canada found that its gas engineen air compressor system was a cost
effective option when it was operated properly. e Tdompany’s projected payback period
was estimated as low as 2.6 years with a 75% effidieat recovery system, and as high as
4.2 years without heat recovery (Audin 1996).
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13 Lighting

Facility lighting accounted for around 4% of thealoelectricity use by the U.S. pulp and
paper industry in 2002 (U.S. DOE 2007a). Altholighting is often a small component of
mill energy use, efficiency improvements to liglgtisystems are often easy changes that
offer quick payback periods. Thus, lighting effisCy improvements are often an attractive
area of “low hanging fruit” within many industriahergy management programs.

The lighting efficiency measures discussed belmvagplicable to most workspaces within a
typical pulp and paper facility, including manufachg areas, offices, laboratory spaces, and
warehouses.

Turning off lights in unoccupied areas.An easy and effective measure is to encourage
personnel to turn off lights in unoccupied buildisgaces. An energy management program
that aims to improve the awareness of personnél seigard to energy use can help staff get
in the habit of switching off lights and other eguient when not in use.

Lighting controls. Lights can be shut off during non-working hoursautomatic controls,
such as occupancy sensors that turn off lights vehgpmace becomes unoccupied. Occupancy
sensors can save up to 10% to 20% of facility iighenergy use (Galitsky et al. 2005a).
Numerous case studies throughout the United Ssaiggest that the average payback period
for occupancy sensors is approximately 1 year (2808).

In a case study from the pharmaceutical industriheMerck office and storage building in
Rahway, New Jersey, lighting panels were programioeturn off automatically during
expected periods of building non-use (override dvgs in entrance hallways allowed lights
to be turned on manually during these times, ifde€@. Annual savings amounted to 1,310
MMBtu per year, which corresponded to avoided eypeetpted carbon dioxide (G
emissions of nearly 260 tons per year (Merck 2005).

Manual controls can be used in conjunction witlomaétic controls to save additional energy
in smaller areas. One of the easiest measures iisstall switches to allow occupants to
control lights. Other lighting controls include digit controls for indoor and outdoor lights,

which adjust the intensity of electrical lightingded on the availability of daylight.

An example of energy efficient lighting controlilkistrated by Figure 12.1, which depicts
five rows of overhead lights in a workspace. Dgrthe brightest part of the day, ample
daylight is provided by the window and thus onlywr&€ would need to be turned on. At
times when daylight levels drop, all B rows woulkel toarned on and row C would be turned
off. Only at night or on very dark days would it becessary to have both rows A and B
turned on (Cayless and Marsden 1983). These mettaodalso be used as a control strategy
on a retrofit by adapting the luminaries alreadgsent. (For example, turning on the lighting
in rows farthest away from the windows during thigltest parts of the day, then turning on
additional rows as needed later.)
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Figure 12.1 Lighting placement and controls.
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Exit signs. Energy costs can be reduced by switching fronandescent lamps to light
emitting diodes (LEDs) or radium strips in exitrsigghting. An incandescent exit sign uses
about 40 W, while LED signs may use only about 4A8tW, reducing electricity use by
80% to 90%. A 1998 Lighting Research Center sufeemd that about 80% of exit signs
being sold use LEDs (LRC 2001). The lifetime of dBD exit sign is about 10 years,
compared to 1 year for incandescent signs, whichreduce exit sign maintenance costs
considerably. In addition to exit signs, LEDs amereasingly being used for path marking
and emergency way finding systems. Their long difel cool operation allows them to be
embedded in plastic materials, which makes them sweted for such applications (LRC
2001).

New LED exit signs are inexpensive, with pricesid¢gfly starting at around $20. The U.S.
EPA’'s ENERGY STAR program website (http://www.enestar.goy provides a list of
suppliers of LED exit signs.

Tritium exit signs are an alternative to LED exgrs. Tritium signs are self-luminous and
thus do not require an external power supply. Ttheedised lifetime of these signs is around
10 years and prices typically start at around $d&0sign.

Electronic ballasts. A ballast regulates the amount of electricity reedito start a lighting
fixture and maintain a steady output of light. Elenic ballasts can require 12% to 30% less
power than their magnetic predecessors (Cook 18a8tsky et al. 2005a). New electronic
ballasts have smooth and silent dimming capalslitie addition to longer lives (up to 50%
longer), faster run-up times, and cooler operatltan magnetic ballasts (Eley et al. 1993;
Cook 1998). New electronic ballasts also have aatmnswitch-off capabilities for faulty or
end-of-life lamps.

Replacement of T-12 tubes with T-8 tubedn many industrial facilities, it is common to
find T-12 lighting tubes in use. T-12 lighting tudbare 12/8 inches in diameter (the “T-*
designation refers to a tube’s diameter in term&/8finch increments). T-12 tubes consume
significant amounts of electricity, and also hax¢remely poor efficacy, lamp life, lumen
depreciation, and color rendering index. Becaughisf the maintenance and energy costs of
T-12 tubes are high. T-8 lighting tubes have arouvide the efficacy of T-12 tubes, and can
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last up to 60% longer, which leads to savings imnteaance costs. Typical energy savings
from the replacement of a T-12 lamp by a T-8 lamgaaound 30% (Galitsky et al. 2005a).

Replacement of mercury lights.Where color rendition is critical, metal halidemips can
replace mercury or fluorescent lamps with energyings of up to 50%. Where color
rendition is not critical, high-pressure sodium faroffer energy savings of 50% to 60%
compared to mercury lamps (Price and Ross 1989).

High-intensity discharge (HID) voltage reduction.Reducing lighting system voltage can
also save energy. A Toyota production facility alletd reduced-voltage HID lights and
realized a 30% reduction in lighting energy constiomp (Galitsky et al. 2005a).

Commercial products are available that attach toeatral panel switch (controllable by
computer) and constrict the flow of electricitylighting fixtures, thereby reducing voltage
and saving energy, with an imperceptible loss gifitli Voltage controllers work with both
HID and fluorescent lighting systems and are ab&lérom multiple vendors.

High-intensity fluorescent lights. Traditional HID lighting can be replaced with high-
intensity fluorescent lighting systems, which inmonmate high-efficiency fluorescent lamps,
electronic ballasts, and high-efficacy fixturesttinaaximize output to work areas. These
systems have lower energy consumption, lower ludepreciation over the lifetime of the
lamp, better dimming options, faster startup andtr&e capabilities, better color rendition,
higher pupil lumens ratings, and less glare thaditional HID systems (Martin et al. 2000).

Daylighting. Daylighting involves the efficient use of naturght in order to minimize the
need for artificial lighting in buildings. Increagj levels of daylight within rooms can reduce
electrical lighting loads by up to 70% (CADDET 2QQEA 2000). Unlike conventional
skylights, an efficient daylighting system may pd®s evenly dispersed light without
creating heat gains, which can reduce the needcémling compared to skylights.
Daylighting differs from other energy efficiency asires because its features are integral to
the architecture of a building; therefore, it ispkgd primarily to new buildings and
incorporated at the design stage. However, exisbnddings can sometimes be cost-
effectively refitted with daylighting systems.

Daylighting can be combined with lighting contraécs maximize its benefits. Because of its
variability, daylighting is almost always combinedth artificial lighting to provide the
necessary illumination on cloudy days or after dés&e also Figure 11.1). Daylighting
technologies include properly placed and shadediovus, atria, clerestories, light shelves,
and light ducts. Clerestories, light shelves, agbtlducts can accommodate various angles
of the sun and redirect daylight using walls olaebrs.

More information on daylighting can be found at twesbsite of the Daylighting
Collaborative led by the Energy Center of Wiscor{hittp://www.daylighting.org!
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14 Energy Efficiency Measures for Raw Material Prepardion

The processes associated with raw materials prigparare estimated to consume roughly
10% of the electricity use and 3% of the steamindd.S. pulp manufacturing operations
(see Figure 4.4) (Jacobs and IPST 2006). Thistehgpesents some possible measures for
reducing this energy use.

Cradle debarker. The cradle debarker is designed to remove bark fite-limbed logs in a
manner that reduces debarking energy use by up%o(8.S. DOE 2002j). According to the
U.S. DOE, a cradle debarker works in the followmgnner: Logs are loaded into a long
trough that contains a series of horizontal andicedrconveyor chains, which are oriented at
a slight angle to the path of the logs. The chhihand drop the logs as they move along the
trough; this action loosens and removes bark viapressive and shear forces that are
generated between the logs in the trough (U.S. RO®2j). Additional reported benefits
include less damage to logs leading to a greateddwecovery rate, decreased transportation
costs through elimination of off-site debarkingdagreater process control. The U.S. DOE
reports that the cradle debarker can save a millgg8 ton of wood in debarking costs (U.S.
DOE 2007b).

Replace pneumatic chip conveyors with belt conveysr Two common methods of
transporting wood chips within a mill are pneumatienveyors and mechanical (belt)
conveyors. Of these, belt conveyors are typicadlly hore energy efficient (Martin et al.
2000). An analysis by the National Council for And Steam Improvement (NCASI 2001)
illustrates the possible savings of replacing preisnconveyors with belt conveyors at a
typical mill. For a mill operating at 1,000 tonsrpy, it was assumed that an 18.2 kWh/ton
pneumatic conveyor from the chip pile to screeringld be replaced by a 1 kWh/ton belt
conveyor. The resulting energy savings were estichat 17,200 kwh per day, or $210,000
per year in electricity costs (NCASI 2001). Belnhgeyors can also reduce fine and chip pin
losses, which can improve yield by about 1.6% (Maet al. 2000). However, installation
and maintenance costs associated with belt conseyor be significant.

Use secondary heat instead of steam in debarkingn some parts of the country, logs can
freeze during the winter season and require defigpsprior to debarking operations.
Defrosting is commonly done by steam thawing, hatew sprinklers, or hot ponds (NCASI
2001). When feasible, hot water and/or steam $ar in defrosting can be generated from
waste heat recovered from other sources in the miitcording to an analysis by NCASI
(2001), the typical steam use associated with defrg (northern conditions) is around 0.5
MMBtu per air dried ton (ADT) of pulp. Replacingishsteam use by recovered heat was
estimated to save over $150,000 per year in eneogis (NCASI 2001), although energy
savings will vary based on boiler fuel type andtsoCapital investments were estimated at
$110,000, primarily for piping.

Automatic chip handling and thickness screening.Automated chip handling is based on
the “first in, first out” inventory principle to ni@ain more consistent wood chip aging.
Improved screening processes that allow for a newen size distribution of wood chips

entering the digester will reduce steam consumgpgtiomoth the digester and the evaporator
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in chemical pulping (Elahi and Lowitt 1988). Coméd, automated chip handling and
thickness screening can result in reduced cookmgygy, higher pulp yields, higher by-
product yields, and less chip damage due to hapdliRPublished estimates suggest that
digester yield can be increased by around 5% to {@htch is offset somewhat by raw
material screened out as undersized), which canceedaw materials input (which also
reduced raw materials transportation requiremetd)save hundreds of thousands of dollars
in energy costs per year (Focus on Energy 20044a)is estimated that the return on
investment is about 15% to 20% for this measure.

Bar-type chip screens. The design of a bar screen is different from itinegority of the
installed disc and V-type screens in the UnitedeSta Due to the design, the life-time of a
bar-screen is longer than that of conventionalestseMaintenance costs in bar screens are
lower, and working energy consumed is minimal (8isa1995). Martin et al. (2000)
estimate energy savings from bar-type screen lastais at 0.33 MMBtu/ton chemical pulp,
due to about 2% increase in yield. Operation anchi@@ance cost savings due to improved
yield are estimated at $0.70/ton pulp (Kincaid 1)9@&apital costs required for new bar-type
screens are approximately the same as for otheersicig equipment (EPA 1993).

Chip conditioning. Chip conditioners prepare chips for efficientigieification by making
cracks along their grains, unlike chip slicers tfrattionate chips (Henry, Strakes 1993).
According to Martin et al. (2000), chip conditiogirgenerates fewer fines, achieves an
average reduction of 1.2% in rejects, and requess maintenance than slicing equipment.
Energy savings from replacing chip slicers withpckonditioners have been estimated at
0.19 MMBtu/ton chemical pulp, and savings in opera and maintenance costs from
improved yield have been estimated at $0.40/t cba&npulp (Kincaid 1998; Martin et al.
2000).
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15 Energy Efficiency Measures for Chemical Pulping

As discussed in Chapter 3, the vast majority (8%#6)J.S. wood pulp is produced by

chemical pulping processes. Similarly, Chaptehdwsed that chemical (i.e., Kraft) pulping

and its associated chemical recovery account ®vast majority of steam, electricity, and
direct fuel used by the industry in the manufactfr@ulp. Efficiency improvements to the

chemical pulping process can therefore lead tafsignt energy savings across the industry.
This chapter briefly discusses some of the mostifsignt energy saving measures for Kraft
pulping, bleaching, and chemical recovery.

15.1 Kraft Pulping

Use of pulping aids to increase yieldsAdvanced chemical pulping aids can be added to the
pulping process to increase liquor penetration airmnote more even cooking. This can
increase pulp yields and lead to reduced energguwoption per ton of pulp, reduced raw
material inputs, and improved productivity. Theaaincial viability of this measure is
typically determined by comparing the costs of civats to the projected fiber savings;
some studies have suggested savings of arounde$20mpof bleached pulp after the cost of
chemicals have been considered (Focus on Energya200Anthraquinone compounds are
commonly used as chemical pulping aids, but negrraditives are emerging.

For example, with help of U.S. DOE the applicatmithe chemical ChemStone OAE-11
was investigated. Reportedly, this chemical camjygied at both hardwood and softwood
pulps and also protects fine fibers from over pssogg (U.S. DOE 2008d). It was estimated
that the reduction of cooking time can lead to gpesavings of 125,000 Btu per ton of
processed wood chips. Other reported benefitaded an increase in yield of 2-5% per ton
of wood, reductions in rejected pulp, less use lea¢hing chemicals, and reductions of
sulfur-based emissions. (U.S. DOE 2008d; Ronnessedglenning 2007).

Phosphanate is another emerging chemical pulpihg Breliminary results of a U.S. DOE

project suggested that adding phosphonate to Koafking liquor increases lignin removal,

improves yield and bleached brightness, and coasepulp viscosity (U.S. DOE 2006g9).

Energy savings of phosphanate addition were estunat 8-10%, and yield increases were
estimated at 4-6% (U.S. DOE 2006f). Additional meed benefits were an expected
reduction in pulping chemical use and a correspand@duction in effluent.

Optimize the dilution factor control. Organic solids and spent cooking chemicals can be
washed from the pulp with brownstock, resultingairhigher level of chemical recovery
while minimizing dilution of black liquor. Accordg to NCASI, optimizing the dilution
factor control will lower the average amount of arathat must be evaporated from weak
black liquor, thereby reducing steam consumptionh@ evaporators (NCASI 2001). The
dilution factor can be optimized by controlling ster water flow on the last washing stage
to an optimum level that can be determined by dmrgig the cost of steam, the cost of
bleaching chemicals, the impact on effluent qualagd other process variables (NCASI
2001).
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At an assessment of a Weyerhaeuser pulp and palber bongview, Washington, a project

was identified to improve digester washing and ¢duce the dilution factor. It was

estimated that these improvements would save 2béngaof water per minute, and 310,000
MMbtu of natural gas annually (U.S. DOE 2004e). eTprojected annual cost savings
associated with these measures was $580,000.

Continuous digester control systems. Improving digester performance can significantly
reduce production losses, operating costs, and timeg@nvironmental effects while
increasing paper quantity and quality (U.S. DOE &0)02007c). Control systems can
optimize the process based on key mechanical, dagnand thermal process parameters.
For example, a computer model sponsored by the DCGE allows for material, energy
balance, and diffusion simulations to be calculasdvarious-origin chips pass through a
continuous digester, which can help identify precésiprovements. The model's first
commercial application in a Texas mill allowed teenperature to be reduced in part of the
pulping process, thereby saving 1% of the proceesyy (U.S. DOE 2008d, 2007c).

Batch digester modification. For smaller mills, it may not be operationally e#ént to
switch to larger batch digesters in the digestipgration. Additionally, specialty mills or
mills that need to be able to produce a varietpulp types are less suited for continuous
digesters. There are several approaches to redergyeconsumption in batch digesters,
such as the use of indirect heating and cold biartin et al. 2000).

In indirect heating, cooking liquor is withdrawrnoifn the digester through a center pipe,
pumped through an external heat exchanger, anthegtunto the digester at two separate
locations in the vessel, thereby reducing direetust loads (Martin et al. 2000). Energy
savings are estimated to amount to 3 MMBtu/ton; évav, there are some additional
maintenance costs with this system including maiirig the heat exchangers (Elahi and
Lowitt 1988).

In cold blow systems, hot spent pulping liquor ispthced from the digester contents using
brownstock washer filtrate at the end of the cogkigcle. Heat is thereby recovered from
the spent liquor for heating subsequent cooks,ingatb reduced steam requirements for
heating the digester contents (NCASI 2001). Reos¥ black liquor can be used for
preheating and impregnating incoming wood chip®pbthe heating of other process inputs,
such as white liquor or process water. An analipsi NCASI estimated that for a typical
1,000 ton per day mill, annual energy savings wdaddaround $2 million (NCASI 2001).
However, capital costs for additional equipmers.{iadditional pumps and accumulators for
the recovered black liquor) are quite high for thisasure.

Digester blow/flash heat recovery. In the Kraft chemical pulping process, steam is
produced when hot pulp and cooking liquor is redutteatmospheric pressure at the end of
the cooking cycle. In batch digesters, steam ig&}fy stored as hot water in an accumulator
tank. In continuous digesters, extracted blackdrgflows to a tank where it is flashed
(NCASI 2001). Recovered heat from these processes be used in other facility
applications, such as chip pre-steaming, faciligtex heating, or black liquor evaporation
(NCASI 2001; Focus on Energy 2006a).
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For black liquor evaporation, flash steam from halgester blow (created by flashing from

the hot water accumulator) or black liquor flasbnfr a continuous digester can used for
thermal energy in a multi-stage evaporator. Thisrmhal energy will offset the need for

steam generated by a boiler for black liquor evapon (NCASI 2001).

In chip steaming, the black liquor that is flashedtages from continuous digesters can be
used in two ways. Flash vapor from the first stegeormally used to heat the chips in the

steaming vessel, while the flash vapor of the se®iage can be used instead of live steam
in the chip bin (NCASI 2001). Reportedly, the o$dlash steam in the chip bin been proven

out at several North American mills; however, Ur&ulations state that the vent from the

chip bin has to be collected and treated if flastam is used for chip preheating (NCASI

2001).

A plant-wide energy audit of Georgia-Pacific’'s mii Crossett, Arkansas, recommended
improving blow heat recovery from the mill's tworpHel batch digester lines. At the time
of the audit, a cooling tower was used to removeesx heat from the blow steam
accumulator and a steam heater was used to gereratgater for the bleach plant (U.S.
DOE 2003a). The audit team recommended instalieg heat exchangers and rerouting
water lines such that the cooling tower and steaatdr could be shut down. It was
estimated that this project would save 940,000 M@t fuel, 705,000 MMBtu of natural
gas, and $2,350,000 in costs each year with a payteriod of around one year (U.S. DOE
2003a).

At the Weyerhaeuser pulp and paper mill in Longvi#ashington, the proposed addition of
a digester heat recovery system was expected tdt iesannual natural gas savings of
130,000 MMBtu, leading to $280,000 per year in @astings (U.S. DOE 2004f).

15.2 Bleaching

Heat recovery from bleach plant effluents. Bleach plant effluents can contain a large
amount of heat, which will be wasted if the efflteeare discharged without heat recovery.
Heat exchangers can be installed to recover sorttesofieat for other beneficial uses around
the mill, including hot water heating.

At Georgia-Pacific’s mill in Crossett, Arkansas, andit uncovered an opportunity for
installing heat exchangers to recover heat fromdfieplant effluent for the generation of hot
water for the mill's paper machine. Estimatedrgpesavings were 890,000 MMBtu per
year, with annual cost savings of around $2.4 amilijU.S. DOE 2003a). With an estimated
capital investment of $1.6 million, the expected/mck period was only 0.7 years (U.S.-
DOE 2003a).

Improved brownstock washing. Conventional brownstock washing technology consts

a series of three to four drum washetsere a fiber mat under vacuum pressure is sprayed
with water to dissolve solids. State-of-the-art wag systems replace the vacuum pressure
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units with pressure diffusion or wash presses. séls/stems reportedly remove solids more
efficiently; require less electrigower and/or steam and less bleaching chemicalsti(viat

al. 2000). In particular, wash presses have dstrated improved efficiency and their
adoption is becoming widespread in the industrybliBhed estimates suggest steam savings
associated with state-of-the-art washing systemmraind 9,500 Btu per ton of production,
and electricity savings of around 12 kWh per topriduction (Martin et al. 2000).

Chlorine dioxide (ClO;) heat exchange. Solutions of CIQ are normally chilled to
maximize CIQ concentration prior to use in the bleach plaiktowever, preheating of CKO
before it enters the mixer will reduce steam demanithe bleach plant, and is therefore an
important energy conservation measure (NCASI 200Rje-heating can be accomplished
using secondary heat sources by installing hedtamgers in the Clgfeed circuit.

For example, at a Georgia-Pacific mill in Crossgittkansas, a U.S. DOE sponsored audit
identified an opportunity to pre-heat Gl@sing chiller feed water. The mill operates two
chillers to provide cold water for the Gi@lant; each chiller takes well water at 70F and
chills it down to 45F. A proposed prechiller wouitllize 50F CIQ solution from the bleach
plant to cool the incoming well water while simuléously preheating the CiGolution,
thereby reducing bleach plant steam demand. Amsaahgs in fuel, electricity, and steam
were estimated at $61,000, while capital costs westmated at $124,000 (U.S. DOE
2003a). The payback period of this measure waefibre around 2 years, which is similar
to estimated payback periods elsewhere in thetitee (NCASI 2001).

15.3 Chemical Recovery

Lime kiln oxygen enrichment. Oxygen enrichment is an established technology fo
increasing the efficiency of combustion, and hasnb&dopted in various forms by a number
of industries with high-temperature combustion psses (e.g., glass manufacturing).
Oxygen enrichment of lime kilns can reduce fueluregments by around 7-12% (Focus on
Energy 2006a). Reportedly, capital investmentsofoygen enrichment are low, with only

feed piping, an injection lance, and controls reggii(McCubbin 1996). Payback periods
have been estimated between roughly one and tleas (Focus on Energy 2006a).

Lime kiln modification. Several modifications are possible to reduce ggneonsumption
in lime kilns. High efficiency filters can be iadled to reduce the water content of the kiln
inputs, thereby reducing evaporation energy. Higéféciency refractory insulation brick
can be installed to decrease radiation heat Idssesthe kiln. For example, one published
estimate suggests that newer high-performance ctefsa can lead to lime kiln energy
savings of up to 5% (Focus on Energy 2006a). daatalso be captured from the lime and
from kiln exhaust gases to pre-heat incoming limé eombustion air. Martin et al. (2000)
estimate that the energy savings achievable thrdlglcombined application of the above
measures is around 0.47 MMBtu per ton of productidiurthermore, such improvements
may also improve the rate of recovery of lime frgneen liquor, thus reducing a mill's
requirement for additional purchased lime (Martimle 2000)
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Lime kiln electrostatic precipitators. Electrostatic precipitators can replace wet Soeud
on lime kilns and lead to energy and water saving#ectrostatic precipitators can collect
kiln dust as a dry material, and return it diredtity the kiln feed without unnecessarily
loading the lime mud filter (NCASI 2001). In coms$t, wet scrubbers require effluent
recycling via the lime mud filter and are signifitaconsumers of water (Focus on Energy
2006a). One published estimate suggests thatvienyel% reduction in lime mud feed
moisture content (through the addition of dry dulat)e kiln energy consumption is reduced
by around 46 MMBtu (Focus on Energy 2006a). Anlysis by NCASI suggested
increasing mud dryness from 70% to 75% would reduekeconsumption by 0.4 MMBtu per
ton of lime (NCASI 2001).

Black liquor solids concentration. Black liquor concentrators are designed to incréhse
solids content of black liquor prior to combustiona recovery boiler. Increased solids
content means less water must be evaporated iretioeery boiler, which can increase the
efficiency of steam generation substantially. rEhare two primary types in use today:
submerged tube concentrators and falling film catreg¢ors.

In a submerged tube concentrator, black liquorirsutated in submerged tubes where it is
heated but not evaporated; the liquor is then 8ddb the concentrator vapor space, causing
evaporation (NCASI 2001). An analysis by NCASI gests that for a 1,000 ton per day
pulp plant, increasing the solid content in blaickior from 66% to 80% would lead to fuel
savings of 30 MMBtu/hour, or roughly $550,000 (NAQAZD01). Capital costs of the high
solids concentrator will include concentrator badipiping for liquor and steam supplies,
and pumps (NCASI 2001).

A tube type falling film evaporator effect operammost exactly the same way as a more
traditional rising film effect, except that the tkaliquor flow is reversed. The falling film
effect is more resistant to fouling because thediqgs flowing faster and the bubbles flow in
the opposite direction of the liquor. This resis&arto fouling allows the evaporator to
produce black liquor with considerably higher sslicbntent (up to 70% solids rather than
the traditional 50%), thus eliminating the needddinal concentrator (Nilsson et al. 1995).
Martin et al. (2000) estimate a steam savings @6 WMMBtu per ton of pulp (Elaahi and
Lowitt 1988).

A U.S. pulp and paper mill with 900 ton paper prcitn per day installed a liquor
concentrator to increase its solids content fro®o @8 80%. This increase results in annual
energy savings of about 110,000 MMBtu. Costs sawiage about $900,000/year, leading to
an estimated period of payback of 4 years (Anonys12008)

Improved composite tubes for recovery boilersRecovery boilers consist of tubes that
circulate pressurized water to permit steam geloerat hese tubes are normally made out of
carbon steel, but severe corrosion thinning anégiooal tube failure has led to the search
for more advanced tube alloys. Research sponsgréaebU.S. DOE led to the development
of new weld overlay and co-extruded tubing alloyi$iese advanced alloys make it possible
to use black liquor with higher dry solids contdetading to an increase in boiler thermal
efficiency, as well as to a decrease in the nunobehutdowns. Improved composite tubes
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have been installed in more than 18 Kraft recovmiers in the United States, leading to a
cumulative energy savings of 4.6 TBtu since themmercialization in 1996 (U.S. DOE
2007c).

Recovery boiler deposition monitoring. Better control of deposits on heat transfer s$a
in recovery boilers can lead to higher operatinficiehcies, reduced downtime (due to
avoidance of plugging), and more predictable shutdeschedules. A handheld infrared
inspection system has been developed that cander@arly detection of defective fixtures
(tube leaks or damaged soot blower) and slag faomapreventing impact damage and
enabling cleaning before deposits harden (U.S. 20&7c). The system can reportedly
provide clear images in highly particle-laden boitgeriors, and enable inspection anywhere
in the combustion chamber. As of 2005, 69 uniteevire use in the United States, generating
1.4 TBtu in energy savings since their introduciim2002 (energy savings are attributable to
reduced soot blower steam use) (U.S. DOE 2007c).

Quaternary air injection. According to Focus on Energy (2006a), most recobeiiers in

the United States have three stages of air injectoit utilize the third stage in a limited
fashion. By fully utilizing the third stage anddadlg a fourth air injection port, carry over
and tube fouling can be reduced. This can reduedréquency of recovery boiler washing,
which will lead to energy savings because boilart sfbowns and reheat can be reduced.
Focus on Energy (2006a) estimates that each balerat cycle will consume around 10
MMBLtu at a cost of around $50,000. Capital costsliis measure are estimated at $300,000
to $500,000 (Focus on Energy 2006a).
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16 Energy Efficiency Measures for Mechanical Pulping

Although less common than chemical pulping, medsmpulping operations still account
for around 8% of wood pulp production in the Unittes. Mechanical pulping is also the
primary method used in the manufacture of pulp freeycled and secondary fibers. This
chapter discusses some key energy saving measmregafious aspects of mechanical
pulping operations.

Refiner improvements. Several improvements are possible within the refgextion of a
mill, which can reduce electricitgonsumption in mechanical pulping. For example, a
newsprint mill in Quebec, Canada implementede@iner control strategy to minimize
variations in the freeness of ultra-high-yield galfpulps andsaved 51.3 kWh per ton of
production due to reduced motor load (Tessier.€t397). Another option in refining is the
switch to conical refiners rather than disk refsmeBy decreasing the consistency of pulping
to about 30% from 50%, a 7-15% electricity saviags possible in TMP and RMP processes
(Alami 1997). Martin et al. (2000) estimated aao#licity savings potential of 11% due to
such mechanical refining improvements, at a camitet of around $7.7 per ton of pulp
production.

Refiner optimization for overall energy use Fibers (either from waste paper or virgin pulp)
are refined to optimize fiber properties. Howevegfining also leads to higher water
retention in the fiber, which leads to lower dewsig on the wire and hence increased steam
consumption in the dryer. The increased water tigtercan potentially lead to additional
energy costs of $30-$40 per ton of paper (Westakband Dekker 2006). Hence, in refiner
operation it is important to include water retentio the optimization strategy. Alternatively,

it is important to optimize the refiner effect oteam consumption by improved pulp
selection.

Pressurized groundwood Pressurized groundwood pulping was first devedope
Scandinavia in the 1970s. In a pressurized groundvgystem, grinding takes place under
compressed air pressure where water temperatarghigmore than 95 °C), thereby allowing
for higher grinding temperatures without steamhiag (Martin et al. 2000). The higher
temperature promotes softening of the lignin, whitiproves fiber separation and reduces
specific energy consumption (NCASI 2001). Théntecal literature claims around 20-36%
saving in electricity compared with atmospheric hetcal pulping processes (Martin et al.
2000; NCASI 2001). So-called super pressurizedimplavood technology—which operates
at higher temperatures and pressures than presgsugioundwood technology—provides
better smoothness and opacity of paper (EPA 1993).

Continuous repulping. The repulping process for purchased market pulplu@s blending
the dried pulp feedstock with water in a large temkroduce a fibrous slurry. Typically this
is done as a batch process, but converting to tincmus process can lead to energy savings
due to improved process efficiency. Focus on Bné2§06a) estimates that energy savings
of up to 40% are possible, in the form of reduceatpipg motor power requirements. |If the
existing repulper can be retrofitted, capital caats estimated around $100,000 (Focus on
Energy 2006a).
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Efficient repulping rotors. Newer repulper rotor designs have been optimizedgdover
consumption using computational fluid dynamics datians to study the interaction of
rotors with pulping slurries. Reportedly, replagian existing rotor with a new rotor that is
optimized for efficiency can reduce rotor motor semption by anywhere from 10% to 30%
(Focus on Energy 2006a). Payback periods forrtféasure have been estimated at one to
two years (Focus on Energy 2005a).

Wausau Paper installed and tested a new 500 hpeffiigiency repulper rotor in its mill in

Rhinelander, Wisconsin. Reportedly, the high éficy rotor reduced repulping electricity
consumption by 23%, while producing a pulp furrmwgth similar defibering time and fiber
quality as their conventional repulper rotor (FoousEnergy 2005b).

In another example, Canfor's Northwood Kraft Pulpl i Prince George, British Columbia
tested a new high capacity, aerodynamic, variapeed pulping rotor. The design of the
rotor allows operation at lows speeds while stifieetively cleaning the pulper screen
apertures (BC Hydro 2006). Reportedly, the newrrodoluced electricity consumption by
more than 50%, while producing the same or higbenage with similar shive removal
efficiency. Projected annual energy savings anmeaurtb around 3.6 GWh, or about
$193,000 in electricity costs (BC Hydro 2006).

Drum pulpers. Drum pulpers are applicable to mills that gereenatilp from recovered
paper and paperboard products. A drum pulpersergslly a rotating, inclined drum with
baffles that is used to mix recovered fiber soureeder, and (in de-inking applications) de-
inking chemicals. The more gentle mechanical actaf drum depulpers allows
contaminants to remain intact while the paper fibdeed (Focus on Energy 2006a; NCASI
2001). Drum pulpers have lower energy requiremtras conventional mechanical pulpers,
can use less water, and reduce fiber shorteningud~on Energy 2006a; APPW 2004).
However, when drum pulpers are used in brown fiygplications, the rapid wetting of
furnish and the incomplete removal of bailing wo@n reportedly cause problems (APPW
2004). An analysis by NCASI suggests that repanvat type batch pulper with a
continuous drum pulper in de-inking operations pasiuce specific pulping energy by over
25% (NCASI 2001).

Increased use of recycled pulp.The production of recycled pulps consumes, omaaye
significantly less energy than that required todoice mechanical or chemical wood pulps.
According to the AF&PA, nearly 200 U.S. mills radyclusively on recovered paper for pulp
production, and roughly 80% of U.S. mills use remre@d paper in some fashion (U.S EPA
2002). In its collaborative research work with tbeS. DOE, the U.S. pulp and paper
industry is pursuing an increased use of recycléd fo further reduce energy use associated
with virgin pulping processes (Martin et al. 2000jartin et al. (2000) estimate that costs for
the construction of recycled pulp processing cdpacithe United States is around $485 per
ton of pulp; however, depending on the price okwgpaper versus virgin pulp this may
result in up to $73.9 per ton of pulp in operati@m& maintenance cost savings (O’Brien
1996). However, recycled pulp produces sludgedhatpresent a disposal difficulty.
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Heat recovery from de-inking effluent. De-inking effluents are often discharged at
elevated temperatures and represent a possibleesotitow-grade heat recovery in a typical
recycled fiber pulping mill. The installation ok&t exchangers in the effluent circuit can
recover some of this heat for other beneficial usesh as facility water heating.

For example, a U.S. DOE sponsored energy asses$th@tDOE 2004q) at the Blue Heron
Paper Company mill in Oregon City, Oregon, reveatedost-effective opportunity for
effluent heat recovery. The mill produces newdpaimd specialty paper products on three
paper machines, using about 60% recycled fiber fodennewsprint and magazines in its
furnish The mill's combined effluent streams wateapproximately 120°F with a flow rate
of 600 gallons per minute. A proposed heat exceanguld generate warm filtered shower
water for the mill's paper machines, which wouldsef some of the mill's steam demand.
Annual boiler fuel savings of 37,000 MMBtu wereiestted, which would lead to annual
cost savings of $125,000 (U.S. DOE 2004g). Capitats were estimated at $375,000; the
resulting payback period would be around 3 years.

Fractionation of recycled fiber. Andritz (Austria) has tested the potential ofagping the
long fibers and short fibers in a deinking line.isTenables a simplification of the deinking
line (with a capital reduction of 13-22% comparedraditional DIP-lines), and a reduction
electricity by 11-13% and thermal energy of 40% r(H2008). This setup is now being
implemented and tested at the newsprint mill ofdPelPapier in Switzerland.

Thermopulping. Thermopulping is a variation of the TMP process ngbg pulp from the
primary stage refiner isubjected to a high temperature treatment for atdime in a
thermo-mixer and in the subsequeatondary refiner. Temperatures in the primaryestag
below the lignin softening temperaturéhe higher operating pressures in the secondary
refiner reduce the volumetric flow of generatddam. An advantage is that in contrast with
other energy savings technologies this processbednrned on and off as desired by mill
personnel. A drawback is a small brightness los$ arslightreduction in the tear index
(Martin et al. 2000; Miotti 2001). Published estit®s suggest that thermopulping can reduce
specific energy consumption compared to TMP byoupQ% (Miotti 2001; Ola et al 1998).

RTS pulping. RTS stands for short residence time, elevated teatyre, high speed
pulping. In the RTS process, energy consumptioredgiced by increasing the rotational
speed of the primary refiner. This leads to redussidence time, smaller plate gaps, and
higher refining intensity. Chips are subjected levated temperatures for a short residence
time prior to high speed primary stage refining.afith et al. 2000). Temperatures of
approximately 165 °C are used, resulting in a redaan specific energy consumption with
no loss of pulp quality and a one-point brightnesprovement (Cannell 1999; Fergusson
1997; Patrick 1999). Published estimates for thergy savings achievable with RTS
pulping vary. Martin et al. (2000) estimate thafR pulp can be produced with
approximately 15% lower specific energy requireraghain pulp produced with a traditional
refining system. Data from Miotti (2001) suggtsit the specific energy of RTS pulping is
around 20% lower than TMP processes. Focus ongkr{2006a) estimates that the effect of
increasing rotational speed on TMP refiners wiluee energy use by anywhere from 15-
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30%, depending on plate type and refiner mode. oRegly, RTS pulp has slightly higher
strength properties and comparable optical progettd TMP pulps.

Heat recovery in TMP. A vast amount of steam is produced as by-prodfidhermo
mechanical pulping. This low-pressure steam isnoftlentaminated, but most of the energy
can be reclaimed for use in other mill processesutih heat recovery equipment. Heat
recovery options include: (1) mechanical vapor nggression (Tistad and Asklund 1989;
Martin et al 2000) for integrated mills, where ttlean steam generated can be used in the
paper machine dryer section (Martin et al. 200R), direct contact heat exchangers for
generating hot water for use in paper machinesaarbiler makeup water and clean process
steam (Focus on Energy 2006a), (3) reboilers fodyecing clean process steam (NCASI
2001), and (4) other devices such as thermo vagmmmnpression and cyclotherm plus heat
pump systems (Martin et al. 2000; Klass 1999). okdimg to NCASI (2001), TMP heat
recovery is applicable to any mill that uses praged refining and currently does not use
heat recovery (which usually means older mills, dose most modern TMP mills are
designed with heat recovery systems). Focus omggn@006a) estimates that typical heat
recovery systems for pressurized refiners can gémér.1l to 1.9 tons of clean steam at dryer
can pressure per ton of pulp. Payback periods waalgly depending on capital costs, but
can be as low as a few months (Focus on Energya206ASI 2001; Martin et al. 2000).
Martin et al. (2000) estimate average installatiosts of $21 per ton of pulp with significant
increases in operations and maintenance costsardaet al. (1996) report a wide range of
installation costs.
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17 Energy Efficiency Measures for Papermaking

Chapter 4 showed that the papermaking process atcéar about half of the total steam,
electricity, and direct fuel used by the U.S. pall paper industry. In particular, the drying
stage of the paper machine accounts for the vagorityaof thermal energy use in
papermaking. Most energy saving opportunities dapermaking are therefore related to
improving the efficiency of the drying process aedovering its waste heat for beneficial
use. This chapter discusses several key energggsawasures that can help reduce the
energy use of papermakiAy.Combined, such measures for improving the efficyenf
papermaking can add up to big energy and costgavin

For example, one two-machine mill reduced annuargyn costs by $ 1 million by
implementing several paper machine efficiency improents. These improvements
included adjusting dryer differential pressuresréduce steam venting to the condenser,
reducing rewet after the last press, lowering wintier temperatures, modifying the dry end
pulper so one agitator could be shut down whershieet was on the reel, lowering pocket
ventilation supply air temperatures, and upgradmager machine clothing designs. The
costs of implementation amounted to less than US$D0 (Reese 2008].

In another example, Procter & Gamble won a Wisgoidovernor’'s 2008 Pulp and Paper
Energy Efficiency Award for the development of amenergy efficient tissue paper machine
at their Green Bay location (Wroblewski 2009). Tiw paper machine uses 19% less
natural gas and electricity than the most recenilai machine installed in 2004 that makes a
similar paper grade (normalized for production siche differences). The machine design is
customized, and has a blend of commonly acceptstymeractices, including efficient
lighting, premium efficiency motors, and low-NOxrhers, as well as uncommon features
such as cascade heat uses. Reportedly, theapmsv machine will save 20,000 metric tons
of CQO, per year, while reducing other air emissions.

Advanced dryer controls Control systems are a well-known way to optimmecess
variables and thereby reduce energy consumptiamease productivity, and improve the
quality of industrial processes. One example ofoatrol system for dryers is Dryer
Management Systef control software, which reportedly offers advancedtrol of dryer
system set points and process parameters to resteaen use and improve productivity
(Focus on Energy 2006a, 2006b, 2006c; Reese 2@®)eral case studies of this technology
are available in the literature.

Focus on Energy (2006b) describes a pilot of thgeDManagement System software at a
Stora Enso mill in Steven’s Point, Wisconsin. Th#él'snpaper machine was metered to

29 TAPPI (2003)—entitled “TAPPI TIP #0404-63: Papeadfine Energy Conservation"—provides further
recommendations for assessing and optimizing tkeeggruse of paper machines, as well as referencethér
TAPPI publications on energy conservation in thip aund paper industry.

% These energy savings were identified using a pagpsshine energy scorecard system that was developed
under funding by the U.S. DOE. The scorecard sygieovides a comparison to the energy performaiice o
paper machines producing similar grades, and hegugify opportunities to reduce energy consump(ireese
2008). Further information on the paper machirergy scorecard can be found in Appendix D.
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determine energy savings, which were deemed qigitefisant. 4,500 pounds of steam per
hour, which were estimated to lead to $360,000rinual energy cost savings (Focus on
Energy 2006b). Additionally, the company reportediperienced significant improvement
with product quality and throughput. The paybackiquk was estimated at under 3 years
based on energy savings alone (i.e., no considarafiproductivity benefits).

Reese (2005) describes results from another Stosa Estallation of Dryer Management
System software, this time on a Voith lightweigltated machine with two on-machine
coaters. Reportedly, annual savings of $263,00€e vebserved due to reduced energy
consumption, lower maintenance cost, and highedymtion. The reported payback period
was seven months.

Control of dew point. The water vapor dew point (in the dryer hood) deiees the heat
exchange efficiency, but is affected by the setthgentilation fans. The dew point levels in
paper drying hoods should be measured and cordredleoptimize the drying process
(Mulder 2008). Optimizing the operation of the dry®od provides greater quality control,
which leads to a more consistent product.

Optimization of water removal in forming and pressng. Water is removed in three
successive steps in a paper machine in the wiesspand dryer sections. A rule of thumb is
that five times as much energy is required to reen@\pound of water in the press section
compared to removing a pound of water in the fogrsection, and that up to 25 times as
much energy is required to remove a pound of watethe dryer section compared to
removing a pound of water in the forming sectiowést 2009a). Thus, the energy benefits
of removing as much water prior to the dryer sectce self-evident.

Many paper machines operate with less than ideaémn@moval in the forming section.
There are many reasons for this, including equigntiemtations, and inadequate and/or
poorly maintained instrumentation and controls e tow and high vacuum dewatering
elements. On older paper machines, there is @teexcessive quantity of high vacuum
elements which add to the vacuum system operatmgpas well as increasing the forming
fabric drag load and associated drive power (S®8e9a).

An issue is the potential for rewetting of the papfter the wire and press sections, which
increases the energy use in the drying sectiore®els has demonstrated that it is important
to use the right felt for the paper grade produimededuce the amount of rewetting taking
place (Vomhoff 2008). As grades change on a papachine, it is hence important to
optimize the choice of felt. It is also importaatoptimize the geometry of the web path and
the felt paths such that the two are separatedadyg as possible to minimize rewetting
(Rollinson 2008). The “double doctor” approach nheyan effective option for couch rolls
and suction rolls to reduce rewetting when leathregFourdrinier and press nips.

As with the forming section, press optimization ¢eatp to improve water removal prior to
the dryer section. Press water balances will pl@wialuable information which points to
where the sheet water is extracted within the prékswvever, many paper machines lack the
proper equipment required to make water measurepussible from uhle boxes and press
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nips. There are many variables to pressing ane tisenot a single set of parameters to set
up the press for maximum water removal on all gsad®ress nip loadings need to be
maximized within design limits. Also, analysis @l coverings (soft to hard) and surface
patterns (drilled, grooved, and hybrids of thededudd be part of the entire press section
study. Additionally, felt design changes shouldcbasidered and will require some trial and
error as each step in the optimization processaken. Typically, sheet temperature is
reduced as it passes through the press, so effbdsld be made to maintain, or even
increase the sheet temperature as it exits the.prAs 18°F increase in sheet temperature
leaving the press provides a 4% decrease in digans Additionally, higher pressing
temperatures can improve water extraction fromstieet which further reduces dryer steam
requirements. Increasing sheet temperature caacbeved with significantly increasing
press shower water temperature (over 130° F) aadfling steam showers at the uhle boxes,
where the steam is pulled into the felt at the vatslot. Finally, sheet rewetting within the
press should be addressed to be sure it does istt@xis minimized (Sweet 2009a).

Reduction of blowthrough losses Modern high speed paper machines use stationary
siphons. The amount of blow through steam depepds the siphon differential pressure
required for efficient evacuation. The lower thdfatiential pressure, the lower the blow
through steam use. At initial commissioning theszenset at reasonable values. However,
during operation these setpoints may have increasédvere not re-set to the original values
but are only needed in exceptional circumstancéss Tesults in increased blowthrough
steam use, which can be reduced by sticking totiggnal setpoints (Duller 2008).

Reduced air requirements. Air to air heat recovery systems on existing Innaes recover
only about 15% of the energy contained in the hexldaust air (Martin et al. 2000). This
percentage could be increased to 60-70% for masllations with proper maintenance and
extensions of the systems (Maltais —ABB Industdgling, in Martin et al. 2000). Paper
machines with enclosed hoods require about onethalfamount of air per ton of water
evaporated compared to paper machines with a camopys. Enclosing the paper machine
reduces thermal energy demands since a smallemeolaf air is heated. Electricity
requirements in the exhaust fan are also reducdmbiE and Lowitt 1988). Published
estimates suggest steam savings of 0.72 MMBtu@ept paper and electricity savings of
6.3 kWh per ton of paper by installing a closed chend an optimized ventilation system.
Investment costs and operations and maintenansts lcave been reported at $9.5/ton paper
and $0.07/ton paper, respectively (Martin et ab®0

Optimizing pocket ventilation temperature. Mill operators often monitor the operating air
temperature of pocket ventilation systems, but wheoh systems operate at greater air
temperatures than the minimum required for properation, energy can be wasted. Focus
on Energy (2006a) estimates that when the temperafuthe pocket ventilation system can
be decreased to between 180-195F, the overall fusteam can also be decreased by about
1,000 to 2,000 Ib per hour in a typical mill. Pagks are immediate since this measure
involves improved operations and control rathentbapital investments.

Waste heat recovery. In the paper drying process, several opportunigeist to recover

thermal energy from steam and waste heat. Oneraplaced the dryers with stationary
siphons in their paper machine and was able tcesehenergy savings of 0.85 MMBtu/ton
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due to improved drying efficiency, with an operaticost savings of $25,000 ($0.045/ton)
(Morris 1998). A second system used mechanical vegmompression in a pilot facility to
reuse superheated steam into the drying processDégaenter 1997). Steam savings for this
approach were up to 4.7 MMBtu/ton (50%) with aduditl electricity consumption of 160
kWh/ton (Van Deventer 1997). A third system notadthe literature was the use of heat
pump systems to recover waste heat in the dryiogose(Abrahamsson et al. 1997). Martin
et al. (2000) estimates steam energy savings afindrdd.4 MMBtu/ton of paper are
achievable through paper machine heat recovery ingtallation costs of around $18 per
ton of paper. However, the installation of heatoreery systems will lead to more
maintenance since heat exchangers require petehaing.

Heat can also be recovered from the ventilatiomfihe drying section and used for heating
of the facilities (de Beer et al. 1994). For exagp@a mill-wide energy assessment Appleton
Paper’s mill in West Carrollton, Ohio, found thaetrecovery of paper machine vent heat
could be used for heating the plant in winter menth was recommended that cross-flow
heat exchangers be installed to generate hot aplémt heating from recovered heat in the
paper machine vent exhaust gas. The estimated lacostasavings were about $1,000,000.
With investment costs of about $1,500,000, the peltperiod was estimated at only 1.5
years (U.S. DOE 2002c)

For direct-fired air dryer hoods, which are mainiged on tissue and toweling machines,
several opportunities for waste heat recovery eifigrin 2008). Hood exhaust air can be
recovered and used to preheat the air enteringah#&bustion chamber, thereby reducing
hood fuel demand. A cascade system can be emplayedh uses the hood exhaust air to
feed the supply fan of the wet section, which wadluce the fuel demand for wet section
burners. Lastly, an economizer can be installecettaim heat from hood exhaust air and
use it to heat fresh water for high pressure shewethe paper machine felt and wires.

Shoe (extended nip) pressifter paper is formed, it is pressed to removenash water as
possible. Normally, pressing occurs between two lieérs pressed between two rotating
cylinders. Extended nip presses use a large conshwe instead of one of the rotating
cylinders (Martin et al. 2000). The additional $8®|g area adds dwell time in the nip and
allows for greater water extraction (about 5-7% enmater removal) to a level of 35-50%
dryness (Elaahi and Lowitt 1988; Miller Freeman 898ange and Radtke 1996; Sweet
2009a). Greater water extraction leads to decreasedyy requirements in the dryer, which
leads to reductions in steam demand. Furthernredyced dryer loads allow plants to
increase capacity up to 25% in cases where pragudidryer limited (Martin et al. 2000).
Extended nip pressing also increases wet tensilength (Lange and Radtke 1996).
Published estimates for the steam savings achievhiugh the installation of extended nip
presses range from 2% to around 15%, dependingamtugt and plant configuration (Martin
et al. 2000; Focus on Energy 2006a). The apptinatif the X-NIP T shoe press in tissue
plants is estimated to reduce drying energy us&d8% (Baubock and Anzel 2007). Capital
costs have been estimated at $38 per ton of papesigditional maintenance costs have been
estimated at $2.24 per ton of paper (deBeer 4084).
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Paper machine vacuum system optimizationVacuum pumps and a vacuum system exist
on every paper machine. There is approximatelystimae horsepower associated with the
vacuum system as is used to drive the entire pamahine (Sweet 2009a). However,
inefficiencies within the vacuum system increase tlectrical and/or steam energy
requirements of water removal, and therefore reprtesin important energy efficiency
improvement opportunity.

For example, following an audit of 14 paper machioened by a Canadian manufacturer, a
potential of 3.5 MW of electrical power demand abube saved following system
modifications, operational changes, and even refrmfivéome vacuum pumps. The 14 paper
machines had a total of 50,000 horsepower connéctdoe vacuum pump systems and were
operating with a combined demand of 45,000 horsepduy the drive motors. Cost to
achieve the first MW of savings was considered igdhdé with minor piping or operational
changes. Total annual cost savings was approxiyre4€0,000 per year (Sweet 2009a).

The situation of excess vacuum capacity sometimesdsebecause significant operational
changes have occurred since the system was newhwhn impact the performance and
requirements of the vacuum system. Over time, @bsirin furnish, chemistry, headbox
consistency, retention, and forming and press ¢abcan have an effect on the needs and
performance of the vacuum system. In one receangle, a survey of a newly rebuilt paper
machine with a new press found many problems witproper vacuum control and excess
vacuum capacity. Furthermore, there was a totednial of removing 700+ hp from the
vacuum system by removing or slowing down soméeftacuum pumps (Sweet 2009b).

Gap forming. Gap formers are an alternative to the Fourdringgrgp machine. They can be
categorized as blade formers, roll formers, andthialde formers (Kincaid et al. 1998;
Buehler and Guggemos 1995). Gap formers receivastuwhich is injected into the head
box through a gap of air onto a twin wire unit. e furnish passes between the wires,
moisture is removed from the fibers through theewiforming a paper web between the
wires from the pulp (Martin et al. 2000). Rolldades, or vacuums facilitate the removal of
excess water from the web, known as dewateringc@ihet al. 1998). The forming sections
are very short and the formation takes place mactibn of the time it takes for a Fourdrinier
machine (Martin et al. 2000). The gap former pradua paper of equal and uniform quality
at a higher rate of speed. Coupling the former witiress section rebuild or an improvement
in the drying capacity increases production cagdnytas much as 30% (Kincaid et al. 1998;
Paulapuro 1993; Elenz and Schaible 1995). Nevesbkelretrofitting a gap former may
increase retention losses. Energy savings fromfgapers come from reduced electricity
consumption (Kline 1991). The technology also mapriove quality. Published estimates
for electricity savings are around 40 kWh/ton opg@a(Jaccard & Willis 1996). Based on
(AF&PA 1999b) installation costs including the hebhdx for a gap former amount to
approximately $75,750 per inch of width, as oppase#i30,750 for a Fourdrinier with head
box.

CondeBelt drying. The first commercial CondeBelt dryers were insthlie Finland in

1996, and in Korea 1999 (Martin et al. 2000). Im@eBelt drying the paper is dried in a
drying chamber by contact with a continuous hotlsband, heated by either steam or hot
gas. The water from the paper is evaporated bidlae from this metal band. (De Beer et al.
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1998) This drying technique has the potential togletely replace the drying section of a
conventional paper machine, with a drying rate Sifdes higher than conventional steam
drying (Lehtinen 1993 in Martin et al. 2000). HoweyCondeBelt drying is not suited for
high basis weight papers (Martin et al. 2000) aasl $een limited application in the United
States to date (although it is operating in mill€€urope and Korea) (Jacobs and IPST 2006).
Capital costs are considered to be high, althobghsize of the drying area can be reduced.
Martin et al. (2000) estimated savings of 15% i@ast consumption (1.5 MMBtu/ton of
paper) and a slight reduction in electricity conption (20 kWh/ton of paper), with
investment costs of $28/ton paper for retrofitatiations (De Beer 1998).

Air impingement drying . Air impingement drying involves blowing hot aat(300C) in gas
burners at high velocity against the wet paper tshe impingement drying leads to less
steam use and slightly higher electricity use (iagt al. 2000). This technology is mostly
applicable to coating drying, but is also gainimgeptance for general paper drying in place
of traditional steam cylinders (Focus on Energy@&)0 Published estimates suggest that
impingement drying can lead to steam savings o40%- compared to conventional gas-fired
or infrared drying technologies, but with an insea electricity use of up to 5% (Martin et
al. 2000; Focus on Energy 2006a). Given that théasure involves a tradeoff between
thermal and electrical energy use, and the extethitradeoff may vary by installation, it is
important that net energy savings be verified éacdity by facility basis.

105



18 Emerging Energy Efficiency Technologies

Chapters 6 through 17 of this Energy Guide disalissavide range of energy efficiency
opportunities and practices based on commercialbilable technologies. In addition to
these opportunities, there are also a number ofgntetechnologies that hold promise for
improving energy efficiency in the U.S. pulp angeaindustry. (An emerging technology is
defined as a technology that was recently develagedommercialized with little or no

market penetration at the time of this writing.)

New and improved technologies for pulp and papdisrare being developed and evaluated
continuously. Many of these technologies can mleuiot only energy savings, but also
water savings, increased reliability, reduced elmissto water and air, higher paper quality,
and improved productivity.

In this chapter, several promising emerging teobgiels are discussed briefly. Where
possible, information on potential energy savingsmpared to existing technologies and
other technology benefits are provided. However, rfany emerging technologies, such
information is scarce or nonexistent in the literat Thus, the energy savings and other
benefits discussed in this chapter are prelimirstymates. Actual performance will depend
on the facility, the application of the technologynd the existing production equipment with
which the new technology is integrated.

Moreover, only time will tell if these technologiesll prove successful and be adopted on a
wide scale in the U.S. pulp and paper industrywelger, given their promise with respect to
energy savings, it may be worthwhile to monitor thevelopment and adoption of these
technologies for future consideration.

Black liquor gasification. As shown in Chapter 4, black liquor accountsdasignificant
fraction of the fuel consumed by the U.S. pulp pader industry. Kraft mills combust black
liquor in so-called Tomlinson recovery boilers ®cover chemicals and generate process
steam and on-site electricity (via a steam turbing)e efficiency of such boilers is typically
low, around 65-70% (U.S. DOE 2005a; Jacobs and IP®J6). Black liquor gasification
refers to the process of creating a clean synthgass (syngas) from black liquor by
converting its biomass content into a gaseous gneagier. The syngas can be used in
boilers or in combined cycle processes to genemtsite electricity and process steam.

Black liquor gasifiers may be applied as an incnetale addition in chemical recovery
capacity in situations where the recovery boilea igrocess bottleneck (Martin et al. 2000).
There is also increasing interest in using gasifier combined cycle power systems as
replacements for Tomlinson recovery boiler systélnasson et al. 2003), to provide fuel for
lime kilns, and even for transport fuels such axler-Tropsch liquids or hydrogen (Nilsson
et al. 1995; Lienhard and Bierbach 1991).
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The two main types of gasification are low tempamsolid phase and high
temperature/smelt phase. The gasification prodacésel gas that needs to be cleaned to
remove undesired impurities for the power systethtarrecover pulping chemicals.

Low temperature gasification is based on a fluidibed at atmospheric pressure and a
temperature 1290°F (700°C) or lower, below the megltpoint of inorganic salts that
comprise most of the char from black liquor (Marinal 2000b). Sodium carbonate is used
as the bed material and is precipitated out anskec(Worrell, Bode, and de Beer 1997).

High temperature gasification occurs at 360 Ibs(th8 MPa) and above the melting point of
the inorganic salts 1740°F (950°C) or higher, anenaicals are recovered in a smelt. Higher
temperatures lead to higher carbon conversion tateslso may lead to more corrosion in
the reactor vessel (Worrell, Bode, and de Beer 19B7e synthesis gas is water quenched
(producing low-pressure steam) and cleaned befeirgglfired in the turbine. The first fully
commercial high temperature air-blown black liqgasifier plant was installed in 1997 at
Weyerhaeuser in New Bern, North Carolina (Eriksod Brown 1999).

The potential advantages of black liquor gasifamatiare the greater end use flexibility
offered by a gaseous fuel, reduced air pollutantert, and higher electricity-to-heat ratios
in combined cycle systems than standard recoveigrigteam turbine systems (U.S. DOE
2005a). Potential disadvantages of gasificatiomhioed cycle systems include the energy
investments required for achieving sufficient bldicjuor solids concentration (Kaufmann

2009) and higher lime kiln and causticizer loadsd(associated fuel inputs) compared to
Tomlinson systems (Larson et al. 2003). Additignakince combined cycle systems

generate electrical power more efficiently tharmasteturbine based systems, more fuel is
required in the gasification combined cycle systliam in the Tomlinson boiler system to

meet the same level of facility steam demand (Laetoal. 2003). However, this additional

fuel use also results in more available electrifatyfacility use or export to the grid.

At least one study has comprehensively analyzegdiential for black liquor gasification
accompanied by combined cycle electricity genenaibpulp and paper mills in the United
States. Larson et al. (2003) analyzed the varicadeoffs of different gasification and
Tomlinson boiler co-generation systems under differassumptions. The study results
suggest that on a thermodynamic basis, high-effagiefomlinson boiler systems would be
more efficient at generating steam and power tloanrtemperature, mill-scale gasification
systems. However, the study results also suggettatd high-temperature, mill-scale
gasification systems would be more efficient thaghkefficiency Tomlinson boiler systems.

Black liquor gasification technologies and applicas are in continuous states of research
and development. The potential benefits and costblack liquor gasification — both
environmental and economic — are likely to depegtili on the characteristics of individual
installations and will be better understood as tkehnologies and applications are
demonstrated and evaluated over time.
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Magnetically-coupled adjustable-speed drives.Magnetically-coupled adjustable-speed
drives (MC-ASDs) are a new type of ASD, in whicle tbhysical connection between the
motor and the driven load is replaced with a gapaiof Torque is generated by the
interaction of rare-earth magnets on one side efitive with induced magnetic fields on the
other side (NEEA 2008). The amount of torque tramsfl is controlled by varying the air
gap distance between the rotating plates in thenaisly. According to Worrell et al. (2004),

compared to existing ASDs, MC-ASDs have severahathges, including:

A greater tolerance for motor misalignment.

Little impact on power quality.

The ability to be used with regular duty motors{ead of inverters).
Expected lower long term maintenance costs.

Extended motor and equipment lives, due to elinmnabf vibration and wear on
equipment.

One commercially-available model, the MagnaDrigecurrently installed in pump, fan, and
blower installations in the pulp and paper, minifigod processing, and raw materials
processing industries, as well as in irrigationwpogeneration, water treatment, and HVAC
systems (Worrell et al. 2004).

Ponderay Newsprint, in Usk, Washington opted ttalh& MagnaDrive coupling to reduce
wasted energy in the pumping of TMP whitewater t& pulping process and de-inking
system. According to NEEA (2002a), the constamesipppump ran at full capacity during
normal operations, which resulted in cavitation aexicessive vibration leading to
maintenance problems. Further, a bypass valve s 10 maintain constant pressure in the
system when there was no demand for TMP whitewatbrch led to significant energy
waste. A MagnaDrive coupling was installed in typplication instead of an ASD due to its
lower installation and infrastructure costs. Tloaming allowed Ponderay Newsprint to
vary the speed of its pump motor to maintain thgumed pressure but with an energy
demand that was around 60% lower than the formesteat-speed, bypass-valve based
system. Annual energy costs were reduced by ar@i8¢D00, cavitation was eliminated,
and pump vibration was dramatically reduced (NEBAZ3).

In a similar case study, the MagnaDrive was installn a pumping application at a
Daishowa America mill in Port Angeles, Washingtoithe mill had 100 HP 1175 RPM
motors operated in parallel running vertical sipafinps to move wastewater from the main
pump station to a clarifier (NEEA 2002b). Theseo tpumps ran constantly to meet a
maximum flow rate of 7,000 gallons per minute; heere the average demand was only
4,800 gallons per minute, which meant that 2,2dgs per minute was passed through an
energy wasting bypass valve. MagnaDrive couplivgse installed on the two pumps as a
lower-cost alternative compared to ASDs. The Magne couplings allowed the mill to
maintain its 4,800 gallons per minute flow whilelueing electricity demand from 142 to 62
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kW, a savings of 56%. Reportedly, the coupling® abminated damaging vibration and
water hammer, resulting in equipment and maintemacmst savings of approximately
$15,000 per year (NEEA 2002b).

Laser-ultrasonic web stiffness sensor. A new laser-ultrasonic sensor has been developed
by researchers at Lawrence Berkeley National Laborawhich measures a paper's bending
stiffness and shear strength — two hallmarks ofepajpuality — as it speeds through a
production web. Conventionally, a few samples aghefinished roll are analyzed for their
mechanical properties by observing how they bemdhé samples don't meet certain
specifications, the entire roll is recycled intolgpwr sold as an inferior grade. Thus,
manufacturers often over-engineer paper and use pudp than necessary to ensure product
quality (LBNL 2005).

The new laser-ultrasonic sensor measures theseatamponechanical properties in real time,
which can allow paper manufacturers to optimizeahwunt of raw material used to make
paper by running closer to specifications. Repthytethis could save the United States
approximately $200 million in energy costs and $&80ion in fiber costs each year (LBNL
2005).

The technology has been proven in a full-scale mdl, and is currently being evaluated in a
larger pilot study. At the mill scale, it is esated that implementation of this technology
could lead to a 2% decrease in basis weight dukeaa@bility of run closer to specification.
Furthermore, the portion of off-grade paper thastrhe recycled could be reduced by 1%
(which avoids the additional energy necessary pooaess the recycled fiber in the mill). In
total, mill-scale energy savings of 3% have bedimased (Ridgeway 2008).

In general, any sensor that can provide real-tioedity data can help to reduce energy costs
through improved product monitoring and reducedlpod rejection.

Steam cycle washer for unbleached pulp.According to the U.S. DOE, current U.S. pulp
washing equipment has an average age of 45 yea®% QROE 2006h). Thus, significant

energy saving opportunities may exist with the dgwaent and adoption of new, more

efficient pulp washing technologies. The U.S. D®Eponsoring the development of a new
steam cycle washer that is designed to de-watemeasth wood pulp using counter-current
washing, steam, and high-differential pressure.oregly, the technology uses 70-75% less
water than conventional washers because it allbwespulp mat to be washed at a high
consistency of 28-32% (U.S. DOE 2006h). This rssul less energy consumption—up to a
21% decrease in electrical power consumption andoug 40% decrease in fuel use for
unbleached pulp production (U.S. DOE 2006h). Thishnology is currently undergoing

demonstration and commercialization.

Microwaving logs. By microwaving logs, the lignin in the wood cam &oftened leading to
lower energy requirements in the TMP process. Testlts from Scott et al. (2002)
suggested that high-power microwave cooking of cenwml black spruce for TMP could
lead to energy savings of 15%, with the added lieokimproved pulp quality. A tradeoff
is that with microwaving more bleaching may be iegpi to receive the desired paper
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quality; however, increased bleaching costs mayjuséfied by the energy and quality
improvements (Scott at al. 2002). Initial estinsaté capital costs for 20-kW and 50-kW
systems range from $7.5 to $12.5 million (Scotle2002).

Gas-fired paper dryer. In partnership with the U.S. DOE, the Gas Tecbgglinstitute
(GTI) is developing new approach to drying papeait thay significantly increase efficiency.
The gas-fired dryer system uses small dimples atiea for combustion in a cylinder dryer,
which can replace current steam dryers whose ptimitycis limited by drying capacity
(U.S. DOE 2006h). The new technology significantiyses drum temperatures (to over
600°F), thereby increasing drying rates, which gortedly reduce energy use and increase
the throughput of the paper machine by an estimbde2i0% (U.S. DOE 2008d; Chudnovsky
et al. 2004; GTI 2004). A key contributor to inased efficiency is the fact that diffusion
firing allows high levels of heat recovery to praheombustion air (U.S. DOE 2006h).

Advanced fibrous fillers. Mineral fillers are commonly used to replace wodzeffs in the
production of paper products, but filler loadingcigrently limited to roughly 15-20% due to
paper strength and quality requirements (U.S. DOB6). New inorganic fibrous fillers
have been developed that could raise the filleditgglimit to up to 50%, while maintaining
paper strength and quality in many products. Repby, the use of fillers could reduce
energy consumption by 25% and costs by $10 to $0aqm of paper produced (U.S. DOE
2006i). Energy savings are attributable to avoredd pulp production and reduced drying
energy due to an increase in the percentage o pgls in the sheet (Mathur 2006). Mill-
scale production trials of this technology are undsy.

Biotreatment. The treatment of wood chips with a fungus or emey can soften the bonds
in wood, resulting in less energy use in pulpingcesses. Swaney et al. (2003) showed the
results of a pilot project in which the biopulpipgocess for treating wood chips prior to
mechanical pulping was scaled up to a 50 ton, semmercial scale. The economic
advantages of biomechanical pulping derived frowmess effects, including significantly
improved strength properties and significantly et refiner energy requirements (about
33% less energy use for refining) (Swaney et &80320

The physical process begins after the pulpwoodbleas chipped and screened for oversize
chips. At this point the chips are briefly heated1D0 °C to kill off anything that might
compete with the lignin-degrading fungus. The claps then air-cooled and the fungus and
the nutrients are added. The treated chips areegblat a pile for the next 1 to 4 weeks:
climatic and seasonal factors are very importantHe effectiveness of the treatment (Martin
et al. 2000; USDA 1998). The fact that up to 4 veeefkrth of chips must be stored may be a
problem for mill sites with space constraints (Nfaret al. 2000). This technology is
reportedly ready for commercial deployment (Swaaewl. 2003; Scott 2001), but no data
could be found on the extent to which this techgglbas been adopted by U.S. pulp and
paper mills.

Electrohydraulic contaminant removal. Adhesive materials (often called “stickies”) on

secondary fiber feedstock can significantly degrdequality of recycled paper products. A
demonstration project sponsored by the U.S. DOkeateld that a new contaminant removal

110



technology that is based on the principle of etdgtdraulic discharge may remove such
contaminants effectively and in an energy efficienanner. The technology uses the
discharge of sparks in cleaning and screening peaseto enhance the removal efficiency of
stickies in screening and cleaning and to increhse efficiency of flotation deinking
(Banerjee 2005). Trials have been run at seveilld awned by Appleton Papers, Graphics
Packaging, Stora Enso, and Jackson Paper. Bar(068) reports that improved stickies
removal, flotation, and clarification were observéidht could lead to direct energy use
reductions of 10-15% in contaminant removal andruleg equipment.

Lateral corrugator. The lateral currugator holds promise for redudihg fiber use and
energy consumption associated with the manufactuicerrugated boxes. The technology is
being developed and piloted by the Institute ofdPapcience and Technology at Georgia
Tech University (IPST 2008). The lateral currugasodesigned to increase the compression
strength of corrugated containers by aligning theugated flutes with the orientation of the
linerboard fibers (i.e., the paper machine diregtio This change reportedly increases the
compressive strength of corrugated boxes by u®% 8nd may allow manufacturers to use
15% less fiber to produce boxes with the same gtineft).S. DOE 2006j and Schaepe 2008).
Significant energy savings should be possible duethe reductions in raw materials
preparation, pulping, and paperboard making enatigyputable to reduced fiber input.

Multiport dryer. A new multi-port cylinder dryer has been developgdArgonne National
Laboratory that can reportedly increase paper mimlu rates by 50% relative to
conventional dryers and by 20% relative to dryéted with so-called “spoiler bars” (ANL
2006). Conventional steam-filled drying cylindelsvelop condensate on the inside of the
drum, which is a major thermal barrier. The newtirport cylinder dryer uses smaller-sized
ports located in close proximity to the inside aud of the cylinder dryer, which improves
heat transfer by significantly minimizing the condate layer thickness and increasing the
surface temperature of the dryer shell (U.S. DOB6R). This technology is reportedly
being designed for retrofit applications, and isjgcted to cost only 20% as much as the
installation of a new dryer cylinder (ANL 2006). h& multi-port dryer is currently
undergoing pilot demonstration (U.S. DOE 2007d).

Directed green liquor utilization pulping. This technology is based on the use of green
liquor for pretreatment of wood chips prior to pafp Green liquor is naturally rich in
hydrosulfide ions, which can accelerate pulpindie Tise of green liquor in this manner has
been demonstrated in pulp mills in Finland and regoortedly increase pulp yields, produce
higher fiber strength, reduce digester alkali detnby as much as 50 percent, offload the
lime kiln by up to 30 percent, provide higher pblpachability, and reduce energy use by up
to 25 percent (U.S. DOE 2007e; Lucia 2005). As26006, this technology was being
demonstrated at Evergreen Pulp, in Samoa, Caldorand was expected to be
commercialized shortly (Lucia 2008).

Impulse drying. Impulse drying may lower the moisture contenthe paper web entering
the drying section by up to 38%, thereby signifibatowering the energy required in the
paper machine’s drying stage (U.S. DOE 1999c). ulsgdrying involves pressing the paper
between one very hot rotating roll (150-500°C) anstatic concave press with a very short
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contact time. The pressure is about 10 times highar that in press and CondeBelt drying
(De Beer 1998; Boerner and Orloff 1994). Potehti@nergy savings can be significant. De
Beer (1998) estimates potential savings in dryitegrs consumption of 50-75%. Another
description of impulse drying claims energy savinfjabout 18-20% or 2 MMBtu per ton of

paper (Lockie 1998). Electricity requirements dor@ase however, by 5-10%. (De Beer
1998). Other reported benefits of this technologylude reduced capital costs, increased
machine productivity, improved strength, reduceakifiuse, and increased recycled fiber
content allowed for any given paper strength (Mtamt al. 2000; U.S. DOE 1999c).

However, current results from pilot operations sHiomited energy efficiency improvements

when compared to state-of-the-art efficient papexcmmes. Hence, further research is
needed to realize the promises of impulse drying.
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19 Water Efficiency Opportunities in the U.S. Pulp andPaper Industry

The pulp and paper industry is among the largekistrial process water users in the United
States (U.S. DOC 2000). Water is used in sigmticuantities in all major process stages of
pulp and paper manufacture, from raw materials gnagpn (e.g., wood chip washing) to
pulp washing and screening to the paper machigg, f@bric showers). Large amounts of
water are also used to generate steam for useoaegses and on-site power generation, for
process cooling, for materials transport, for eqept cleaning, and for general facilities
operations. Water is therefore a resource thasisritical as energy in the pulp and paper
making process, and one that accounts for consitkeoperating costs.

Water efficiency is an important strategy for redgcthe use of water and its associated
costs. Although the U.S. pulp and paper industy $ignificantly reduced its water use—
from an average of 26,700 gallons per ton of produd975 to an estimated 16,000 gallons
per ton of product in 1995 (Bryant et al. 1996)—ayppnities still exist to reduce the use of
water in the typical U.S. mill. For example, Gleiet al. (2003) estimate that California’s
pulp and paper mills could reduce water use byrat@®% through process improvements.

Water use is also closely tied to energy use ip puid paper mills. Energy is required to
pressurize, circulate, filter, heat, and treat walteoughout the mill. Thus, in addition to

reducing water use, many water efficiency improvetsecan have the added benefit of
reducing energy consumption and related fuel castproved water efficiency can also lead
to reduced wastewater discharges and reduced watdment costs, as well as reduced
demands on local freshwater sources and wastewaatment plants.

However, it is important for individual mills to eluate water efficiency projects holistically,
to ensure that other operational variables (ergergy use, product quality, water treatment
considerations, and operating costs) are not negdat@ffected by reductions in water use.

This chapter starts with an overview of the wateg and major water end uses of the U.S.
pulp and paper industry. Next, select opportusitae water efficiency in a typical pulp and
paper mill are discussed. Wherever possible, eafags to literature and online resources are
provided for further information on individual meass and on the topic of industrial water
efficiency in general.

19.1 Water Use in Pulp and Paper Manufacturing

As of 1995, the North American pulp and paper imnguis estimated to use around 16,000
gallons of freshwater per ton of product produd@d/ént et al. 1996). However, the water

use of an individual mill is highly dependent upthie processes it employs (e.g., recycled
fiber versus Kraft pulping), the products it prodsc(e.g., bleached versus unbleached
products), its installed equipment, and its watet anergy efficiency practices. Figure 17.1

summarizes data from a comprehensive analysis ofhNamerican pulp and paper mill
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water use (as of 1995), which show that water nsensity varies widely based on mill
process and product characterisfics.

Figure 17.1: Mean water use intensity of the NorttAmerican pulp and paper mills by

type of mill
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Source: Bryant et al. (1996)

The vast majority of water in a typical mill is alsen process applications such as pulping,
bleaching, and paper machine operations. Publisksttmates suggest that process
applications account for around 90% of water usa iypical mill, while boiler water use
accounts for around 5% and cooling and other usesuat for the remainder (Gleick et al.

31 More recent data are available from several phbtisinformation sources. However, these dataiauitet

in their scope and detail compared to the 1995 fdata Bryant et al. (1996), which are based on 600S. and
Canadian mills and cover 11 different product categ. For example, recent sustainability repoftpaper
companies suggest a range of between 7,000 to@g4ldns per ton of production, but these datdiarited

to a small subset of companies (Weyerhaeuser, Zi0vaEnso, 2007 and Georgia-Pacific, 2007). &leial.
(2003) estimate the total water use of pulp mplsper mills, and paperboard mills in California2®00, but
these data are not disaggregated by product/prégessand are not normalized to production outBetveral
sources (U.S. DOE 2005a; Simko 2004) report estisnaf water use intensities for specific procegses,
debarking, mechanical pulping, and chemical pulplmg not at the mill level. Several sources pdeviecent
estimates of mill and process water use in Eurbpethe extent to which these data are applicablg. . mills

is not clear. For example, Carpentier (2001) estid® an overall water use intensity of around 9,200
gallons/ton for European operations. Envirowisg0@ reports water use intensities ranging fronuado2,000

to over 30,000 gallons per ton for six differenbgmct categories, but these data are for U.K. pulpp paper
mills. Lastly, a European Commission (2001) repgudvides benchmark water use rates for various uni
processes. However, given their applicability t&Umills, the Bryant et al. (1996) data were ulserk as the
most comprehensive estimates of overall water ifferehces between mill types, with the caveatd thay
are over a decade old at the time of this writind ahould be interpreted as illustrative of diffezes between
mill types.
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2003; Bryant et al. 1996). Table 17.1 providesriafbsummary of water use by major
process step in the manufacture of pulp and pdapes.values of water intensity listed in
Table 17.1 are estimates based on available da&ever, these values can vary widely from
mill to mill. Bryant et al. (1996) note that thgeaof installed equipment has a significant
influence on the water efficiency of a mill. Milkhat have newer or recently upgraded
equipment are generally the most water efficienhilev mills with older, more water
intensive equipment are typically the least watBcient (Bryant et al. 1996).

Table 17.1: Main uses of water by pulp and paper grcess stage
Process Stage Main Uses of Water
Raw materials preparation] Water is used in deicimgshing, debarking, and fluming operations.
Deicing and/or washing can consume around 100-30l0rg per ton of
wood debarked. Wet drum and hydraulic debarkinghods are most
water intensive, but are being phased out of uskerUnited States as the
industry moves toward dry processing techniqueset @tum debarker
often use reclaimed process water, while hydraddigarkers typically us
fresh water. The estimated water intensity of hutlc debarkers range
from 2,500-6,000 gallons per ton of wood debarked.
Pulping Water is used in large quantities in botchanical and chemical pulping
operations. Chemical pulping is typically more @vaintensive thar
mechanical pulping. The water intensity of mecbahpulping has bee
estimated at 5,000-7,000 gallons per ton of pulater is used in
mechanical pulping to aid in fiber separation, toduce the pulp slurry,
and to aid in contaminant removal in recycled pipduction. Estimate
for the water intensity of chemical pulping arehégh as around 30,00
gallons per ton of pulp, due primarily to large amts of water used i
pulp washing (to remove cooking chemicals and fignyproducts) ang
pulp screening operations. The water intensitpulp washing depend
heavily on the washing technology employed.
Chemical recovery Water is primarily used in limednwashing, in the washing of dregs
from green liquor clarification, and in the disdaly of lime and greer
liquor.
Bleaching The bleach plant is typically by far tlergest user of water in th
manufacture of bleached paper products (see FIu). The water us
of bleach plants varies widely based on bleacha@ahriiques and wate
efficiency practices, but can be as high as ara28000 gallons per ai
dry ton and as low as around 2,500 gallons pedmirton (for ozone
bleaching processes). The major uses of watertypiaal bleach plan
are washer showers (to remove dissolved solids d&twbleaching
stages), hydraulic doctors and wire showers (toiraiolulp discharge an
drainage), brownstock dilution, chemical makeupd adirect stean
injection.
Papermaking Water is used in the paper machineddupe the low consistency pulp
(~1% pulp) slurry that comprises the initial papeb, for showers that
clean and condition machine fabrics and rolls, &dvacuum pump
sealing applications. U.S. paper machines have lestimated to use
roughly 3,000-8,000 gallons of freshwater per ton.
Sources: Adapted from U.S. EPA (2002), U.S. DOB%2]) Biermann (1996), Bryant et al. (1996), StBreso
(2004), and P2Pays (2008)
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Figure 17.2 provides a breakdown of water use lbggss area for a typical integrated Kraft
bleached paper mill. It can be seen in Figure 17aR the bleach plant represents the most
significant use of water, followed by water usethe paper machine. Together, these two
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process areas account for around two-thirds of mase in the typical integrated Kraft

bleached paper mill. The next largest users oémaate Kraft pulping and its associated pulp
washing and screening processes. Water efficiempyovements to these high water
intensity process areas can thus lead to signifieavings.

Figure 17.2: Water use by process area in a typitategrated
Kraft bleached paper mill
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Source: Bryant et al. (1996)

Surface waters are by far the most significant s@wf freshwater for North American pulp
and paper mills. Rivers and lakes account for mdouhree-quarters of freshwater
withdrawals, with wells, municipal sources, and etxsupply (i.e., water use from multiple
sources not further specified) accounting for graainder (Bryant et al. 1996).

19.2 Pulp and Paper Manufacturing Water Efficiency Measues

The water efficiency measures discussed in thigptelhaare grouped into two major
categories, depending on their general area oficaiylity: (1) general and facilities water
management practices, and (2) process stratedMsle there are many opportunities for
water efficiency in the typical pulp and paper ihis chapter focuses primarily on
measures drawn from publicly-available sources.téWefficiency audits at individual mills
are recommended and may discover additional oppitigs. Wherever possible, references
to literature and online resources are providedddher information on individual measures
and on the topic of industrial water efficiencygeneral.
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19.2.1 General and Facilities Water Efficiency

Strategic water management program. Similar to a strategic energy management program
(discussed in Chapter 6), a strategic, organizatiole water management program can be
one of the most successful and cost-effective wiaysoring about sustainable water
efficiency improvements. Strategic water managenpeagrams help to ensure that water
efficiency improvements do not just happen on atime basis, but rather are continuously
identified and implemented in an ongoing processooftinuous improvement. In addition to
reducing water use and its related costs, otheeflierof strategic water management can
include improvements in security of mill water slypfwhich can be a significant issue for
mills in drought-affected areas), and better retaghips with regulators, employees, and
members of the public through the demonstratiosugtainable mill water use policies.

Establishing and maintaining a successful industwater management program generally
involves the following key steps (NCDENR 1998; NHBR001; CDWR 1994; Envirowise
1998, 2002; Farlow 1996):

1) Establish commitment and goal§oals for water savings should be qualitative and
included in statements of commitment and compamwra@mmental policies. These
goals should be communicated to all key stakehsldeA commitment of staff,
budget, and resources should be established aiutiset of the water management
program to ensure success.

2) Line up support and resourcelternal and external staff and resources shbeld
identified and secured, including a water prograanager, with buy in from senior
level management. Many of the recommendationg$tablishing an Energy Team
(see Chapter 6) are applicable at this stage. Refiplities should be clearly defined
and communicated so that water management accdlitytais clear. Water
management goals should be fully integrated inistiexg energy and environmental
management systems. Additionally, adequate trgirshould be provided and
continuously evaluated to that ensure that goodtioes are reinforced.

3) Conduct a water auditA facility water audit should be performed to nti€y and
document all sources and end uses of water, daihoorly water consumption rates
for all end uses, and water efficiency practiceealy in place. Performance
indicators (e.g., specific water consumption) sbobké developed and tracked to
identify trends in water use and to measure preg@ger time. Performance
indicators should be communicated to all stakehsldéa staff meetings, notice-
boards, newsletters, annual reports, and otherane@ihe installation of sub-meters
to monitor the end uses of water can greatly aithenaccuracy of water audits and
subsequent performance monitoriig.

%2 Although sub-metering can greatly aid a mill's #ing and performance tracking programs, the ussubf
meters is still fairly limited across the globalpand paper industry. For example, a survey bfmsetering in
mills in the UK found that only 37% of mills meterevater use for production processes and 48% diétmuw
how much water was used in production (Envirowi862). This survey further found that the worst matg
penetration was for washdown, which is processvitich water use can vary dramatically.
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4) Identify water management opportunitieBased on the results of the audit,
opportunities for the elimination, reduction, aedise of water applicable to each end
use should be identified. This process shouldubhelan assessment of potential
recycled water use (e.g., minimum quality, watduxge, and flow rate requirements)
by end use throughout the mill to identify opporties for water reuse (e.g., white
water reuse). The identification and pursuit oftewamanagement opportunities
should occur regularly such that a culture of cumius water efficiency
improvement is institutionalized. Where appromjahodeling techniques (e.g., mill
water balance simulation) can be used to set tw@rgetd evaluate specific
opportunities before implementation. Furthermdre,reduce risk mills can also
consider running trials before making full-scal@ges to mill operations.

5) Prepare an action plan and implementation schedGlest-benefit analyses on all
identified opportunities can be performed to detearthe most practical ways for
meeting the established goals for water efficienddn action plan with specific
goals, timelines, and staff responsibilities fortevaefficiency updates should be
established to implement all feasible opportunities

6) Track results and publicize successBgogress toward established water efficiency
goals should be tracked and publicized as a mehrsghlighting successes and
educating personnel on water efficiency. Succesbeslld be acknowledged and
awarded on a regular basis.

Good housekeeping.A general housekeeping program for facility watgstems can ensure
that water supplies and end uses continue to apatabptimal efficiency and that potential
maintenance issues are identified and addresseapiso In general, good housekeeping for
water efficiency involves the following actions (Erowise 1998, 2002; NCDNER 1998):

Inspection of all water connections, piping, hosedyes, and meters regularly for
leaks, with prompt repair of leaks when found.

Inspection and replacement of faulty valves anah{s.
Switching off water sprays and hoses when not @ us
Measuring and optimizing process flow rates.
Keeping spray nozzles free of dirt and scale.

Installing water meters on equipment to better Enatonitoring and reduction of
water consumption.

Implementing process controls, shielding, and moito reduce spills of fibers and
chemicals, which can require significant amounte/affer for cleanup.
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Disconnecting or removing redundant pipework.

A case study of Weyerhaeuser’s Flint River mill,Gglethorpe, Georgia, demonstrates the
water and cost savings benefits of aggressive watgragement. According to the Georgia
Department of Natural Resources (2007), mill pengbplaced a high priority on reducing
water use and launched a comprehensive initiabvenprove water efficiency. Actions
included forming a water reduction team to raiser@ness, installing flow measurement
devices and control valves, resizing and replasimgver nozzles, installing reclamation and
reuse systems for cooling water, installing autamgatshutoff valves in wood yard
applications, and instituting a leak repair progr&dADNR 2007). During the first six
months of this initiative, the use of fresh watesswreportedly lowered by about 500,000
gallon per day. It was further estimated that ifvediter conservation projects identified by
the team were completed, future mill water usagé v lowered by about 33% from its
previous level (from 11.5 million gallons per day .5 million gallons per day) (Business
Wire 2001 and GADNR 2007)

Results of two case studies from the United Kingdomher demonstrate the significant
water use and cost savings achievable through wegravater management and good
housekeeping practices.

The Inveresk Caldwells Mill in Fife, Scotland, praes graphic papers, including security
papers which use significant quantities of freshewa Greater attention to reducing carbon
emissions led the mill to more closely monitor wilities, including water use. A detailed
assessment of water metering data revealed to staff that water use had increased
significantly over a recent two-year period, whield to the discovery of an underground
leak in one of the mill's water mains. The leaksvestimated to be wasting roughly 300,000
cubic meters of water per year (79 million galloas)a cost of around £140,000 per year
($210,000 in 2002 dollars). Since identifying thak, the mill has continued to save money
through monitoring projects and launched work vétlocal water company to test a water
metering system that monitors water consumptionigoously (Envirowise 2002).

At a BPB Paperboard Davidson Mill in Aberdeen, &oat, an environmental management
system (EMS) was implemented in 1998 that inclutleel explicit goal of wastewater
reduction. The mill produces around 250,000 tagrsyear using mostly recycled fiber. Mill
wastewater reduction targets associated with theSHEMsulted in a number of water
reduction projects, including a gravity strainerctarify and recycle wet end water for use in
paper machine showers, recycling of starch emafsdnd starch cooking waters, a water
pressure control system for paper machine pumpptimize seal water use, and improved
spray nozzle maintenance. In total, such measetkged specific water use by 16%, from
around 1,350 gallons per air dry ton to around @,§allons per air dry ton (Envirowise
2002).

Cooling towers. Once-through cooling systems can be replaced biingptowers, which
continuously recycle cooling water and lead to sicgnt water savings. The U.S. DOE
(2006m) estimates that to remove the same heat twee-through cooling systems can use
as much as 40 times more water than a cooling téuparated at 5 cycles of concentration).
In a cooling tower, circulating warm water is puta contact with an air flow, which
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evaporates some of the water. The heat lost byoraion cools the remaining water, which
can then be recirculated as a cooling medium.

The U.S. DOE (2006n) offers the following guidebnéor operating cooling towers at
optimal water efficiency:

Consider using acid treatment (e.g., sulfuric arodsic acid), where appropriate.
Acids can improve water efficiency by controllingage buildup created from mineral
deposits.

Install a sidestream filtration system that is cosgxl of a rapid sand filter or high-
efficiency cartridge filter to cleanse the watehe$e systems enable the cooling
tower to operate more efficiently with less wated @hemicals.

Consider alternative water treatment options sushozonation or ionization, to
reduce water and chemical usage.

Install automated chemical feed systems on largdirgp tower systems (over 100
tons). The automated feed system should contr@dedéf by conductivity and add
chemicals based on makeup water flow. Automatedhatad feed systems minimize
water and chemical use while optimizing control iagi scale, corrosion and
biological growth.

Reducing cooling tower bleed-off.Cooling tower “bleed-off” refers to water that is
periodically drained from the cooling tower baso grevent the accumulation of solids.
Bleed-off volumes can often be reduced by allowiigher concentrations of suspended and
dissolved solids in the circulating water, whiclvesa water. The challenge is to find the
optimal balance between bleed-off and makeup waircentrations (i.e., the concentration
ratio) without forming scales. The water savingsaziated with this measure can be as high
as 20% (Galitsky et al. 2005b).

In an example from the food industry, Ventura CalaBiant, a manufacturer of citrus oils
and frozen citrus juice concentrates in Venturar@puCalifornia, was able to increase the
concentration ratios of its cooling towers and @rapive coolers such that bleed-off water
volumes were reduced by 50%. The water savings ataduo almost 5,200 gallons per day,
saving the company $6,940 per year in water cd3BWR 1994). With capital costs of
$5,000, the simple payback period was estimatedoaind seven months.

Once-through cooling water reuse. In applications where once-through cooling
replacement isn’t feasible, it may be possible dflect cooling water in storage tanks for
reuse in process applications (such as shower waiéns measure involves the installation
of additional pipes, pumps, and tanks to the exdartated by where cooling water is used in
a mill in relation to its suitable process applicas. Additionally, the higher temperature of
used cooling water can be an advantage in someestapplications (Envirowise 1998).
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Minimizing hose water use. When hoses are used for cleaning and rinsingiGgigins
within the mill, proper management can lead to ificgmt water savings. All applications of
hoses should be assessed, and, where feasibBm#ilest possible diameter hoses should be
installed. Small diameter hoses provide a low fldwgh pressure condition, which can
reduce the volume of water required for a giveR (h®m and Associates 1998). Additional
strategies for minimizing hose water use in pulg paper mills include fitting all hoses with
triggers to ensure that they cannot be left runrandeaking when unattended; installing
high-pressure, low-volume systems; and reviewimggrtbed for hoses in individual locations
(Envirowise 1998).

Use of water efficient building fixtures. For building fixtures such as toilets, showers] an
faucets, water efficient designs can be installeat tead to significant water savings. For
example, low-flow toilets typically require only 6lL.gallons per flush, compared to 3.5
gallons per flush required for standard toilets l{{Sley et al. 2005b). Additional options
include low-flow shower heads, aerating faucetl;desing faucets, and proximity sensing
faucets that turn on and off automaticaffy. Aithough the water savings achievable through
such measures will be much smaller than the savhmgsmight be realized through process
improvements, these measures are highly visibfgaot personnel and can help reinforce a
corporate culture of continuous water managemedtaicommitment to water efficiency
improvement.

19.2.2 Process-Related Water Efficiency Measures

Dry debarking. Many mills are moving away from wet debarkingthoels (i.e., wet drum
debarkers or hydraulic debarkers), which requirgdamounts of water to remove bark from
logs and can result in high effluent generatiom.cdantrast, in dry debarking process water is
used only for log washing and de-icing (as needaddl it is recirculated with minimum
generation of wastewater and water pollutants (Bema Commission 2001). Additionally,
dry debarking generates bark with lower water aotptehich means that less water must be
evaporated when it is combusted as hog fuel. Aliogrto a study by the European
Commission (2001), wet debarkers generate betw88nald 2,600 gallons of wastewater
per ton of pulp, while dry debarkers will only geate between 130 and 660 gallons of
wastewater per ton of pulp. When a wet debarkysgesn is converted to a dry system, the
costs of equipment and installation (as of 1999%ehheen estimated at $4-6 million
(European Commission 2001).

Optimizing shower water use. Paper machine showers represent one of the laggdsises

of freshwater in a typical paper mill. It has besstimated that even well designed showers
can require 2,600 gallons of water per ton of pobd{Envirowise 1998). The UK'’s
Environmental Technology Best Practice Programmienates that, for shower systems that
haven't been designed to optimize water use, tikeofishower water can be reduced by an
order of magnitude (Envirowise 1998). Actions thegommend to optimize shower water
use include the following:

% For additional information on water-saving fixtarend appliances, visit the U.S. EPA’s WaterSevedssite
at http://www.epa.gov/iowm/water-efficiency/ and thes. DOE’s Federal Energy Management Program Water
Efficiency website at http://www.eere.energy.gonifétechnologies/water_efficiency.cfm.
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adjusting the total number of shower nozzles, thesitions, jet angles, and the
distance between nozzles and the paper machineifelto minimize water use;
varying water temperatures and pressures to deterwinether effective cleaning can
be achieved at lower temperatures and flow rates;

using different types of nozzles that use less nvateh as flat or needle jet;

using sprays intermittently (e.g., for 10 minubesir);

using steam condenser cooling water in showers.

Water efficient bleaching. “Closed cycle bleaching” has been a visionary goilthe
industry for decades; the term refers to bleaclpiriggesses with the recovery and recycling
of all pulping and bleaching process wastewaterG@B07). In the late 1970s, Great Lakes
Forest Products' Kraft mill in Thunder Bay, Canadas the first to implement a closed-
cycle bleaching process, but this mill was repdyteldrced to abandon closed-cycle
operations in 1988 due to poor economics and dpeedtproblems (Bryant et al. 1996).
While closed cycle bleaching operations may notheetpractical, it is possible for bleach
plants that use advanced technologies to operaevary water efficient, near closed-cycle
fashion, with low freshwater use and wastewaterhdigges.

One example of such a system is an ozone systenowgsddoy International Paper (formerly
Union Camp) at its mill in Franklin, Virginia. Treystem reuses ozone and caustic extraction
stage filtrates in a counter current fashion eoistoxygen delignification washers (Bryant et
al. 1996). Reportedly, this is possible becausenezstage filtrate does not contain the
chlorides found in conventional chlorine-based tiestage filtrates. The mill's last bleach
stage uses ClOwith filtrate sent to the sewer; also, a smallgauof the acid-wash stage
prior to the ozone stage is reportedly requiredawotrol calcium scaling. The Franklin mill
has a bleach effluent flow of only 2,500 gallons/tahich (in 1995) was one of the lowest
bleach plant water use or discharge rates in theetdStates.

Improving white water quality. The clarification of white water can lead to sfgant
benefits, including the recovery of fiber for reuseduced suspended solids loads, and the
possibility of re-using clarified water in othercility applications to reduce mill freshwater
demand (see for example the measure “use clanfigigr as vacuum pump seal water”)
(Envirowise 1998). Proven clarification technokeginclude disc and drum filters, inclined
screens, dissolved air flotation, and gravity semttation (European Commission 2001;
Envirowise 1998). The reuse of clarified whitetevafor paper machine showers requires a
high level of clarification and proper shower destg prevent nozzle plugging and/or sheet
defects (Bryant et al. 1998).

Envirowise (1998) describes two case studies froenUWnited Kingdom that highlight the
savings achievable through white water clarificatid=irst, a fine paper mill installed stock

% Envirowise (1998) offers a table of examples ofrehwhite water can typically be used in paper rimch
showers, as well as guidelines published by onépetgnt manufacturer for the limiting solids contefibr
shower duties in paper machines. Such guidelihesld be consulted before considering the use afifidd
water in shower applications.
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thickeners on a number of machines, which, alort improvements to the broke and white
water systems, produced cost savings in recovéoed ¢f more than $1.28 million per year
(in 1995 dollars). Additionally, fresh water consoation reportedly fell by 20%. Second, a
tissue mill installed three dissolved air flotationits to recycle fiber and water from paper
machines and a de-inking plant. The capital coshefsystem was approximately $3 million
(in 1998 dollars), but the resulting fiber and watecovery resulted in a payback period of
only two years. Additionally, effluent suspendealids concentration was significantly

reduced and helped to improve compliance with efftidischarge limits.

An energy and water systems pinch analysis of theyathaeuser mill in Longview,
Washington, identified plant-wide opportunities feusing white water that could amount to
water savings of 1,250 gallons per minute, natgaal savings of 100,000 MMBtu per year,
and cost savings of $220,000 per year (U.S. DOEf00

Vacuum pump seal water conservation. The use of a fresh water supply for vacuum
pump seal water can be minimized by several prowvethods. Since a vacuum system with
a once-through water system can use from 0.5 tori@lln gallons of water per day it is
important to minimize this water consumption. Maygtems are consuming excess water,
up to 25% more, because supply pressures are nbtcamrolled, or necessary valve,
orifices and spray nozzles have been removed on@renaintained. Once the seal water is
better controlled, there are options for reduchmgftow by 50 to 95% (Sweet 2009a).

Water reduction of at least 50% can be possiblecdgcading water from high vacuum

pumps to lower vacuum pumps in the system. Reohgtof 90 to 95% are possible with a
closed-loop system that is controlled for tempeartsolids buildup, and biological growth.

Often a cooling tower is used for maintaining tenapdre in closed loop systems. However,
this introduces an added process for the paper riMell designed systems will have good
pre-separation systems to minimize whitewater camey from the paper machine. Also,

fillers are used to remove fiber and scale. Wateatment can include biocides and
corrosion inhibitors. Some mills have had suce®$ls allowing the vacuum system to heat
incoming water with the seal water system, withcggdeattention to air/water separators.

Some mills have permitted the vacuum pump seal mststem as a non-contact cooling

system where water quality is closely monitoredsddarged seal water is then pumped to
the mill's effluent outfall without treatment (Swe2009a).

For a more comprehensive treatment of seal watatrtrent and conservation, the reader is
referred to Blake and Sweet (2001).

On recent example of a seal water conservationrtyopity relates to a U.S. DOE sponsored
energy assessment (U.S. DOE 2004g) at the BluenHeeper Company mill in Oregon
City, Oregon. The audit revealed an opportunityeoycle 75% of the vacuum pump seal
water from the mill's #4 paper machine. An auddrh recommended to first route this flow
through the mill's #1 paper machine for use as uatpump seal water, then route the water
to the de-ink process water clarifier showers tuoe filtered water usage as well as the net
amount of steam required in the paper mill. Furtiae, the re-circulated vacuum pump seal
water for each paper machine would be used tovatr required for the paper machine. It
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was estimated that these improvements would redéfagent flow by around 1.6 million
gallons per day, with the added benefits of reducedt load discharge and energy cost
reductions (U.S. DOE 2004g).

Direct white water reuse. Where water quality (e.g., microbial counts aotlds content)
is acceptable, white water may be used in genkrat tleaning applications or to lubricate
low-vacuum boxes on the paper machine (Envirowi888L However, this measure
depends highly on the minimum water quality neags$éar the intended end use, which
should be verified before application of this measu

Mechanical pump seals Where feasible, liquid ring seals can be replaogdnechanical
face seals and lip seals to eliminate the use a@fwater. However, replacing water seals
with mechanical seals can increase pump energyduseto increased friction (P2PAYS
2008). An International Paper (formerly Union Cammpll in Savannah, Georgia, reportedly
replaced water lubricated seals with mechanicdsseih a 95% success rate, and claimed
reduced water usage, reduced equipment damageeckdater contamination, and reduced
maintenance time (P2PAYS 2008). In another exantipdeintroduction of mechanical seals
on 70 pumps in a UK tissue mill reduced water camsion by 66,000 gallons per day,
which was an amount equivalent to 1,320 gallongqenf product (Envirowise 1998).

Chemi (belt) washer. As discussed in Table 17.1, pulp washing is on¢heflargest end
uses of water in a typical Kraft pulp and paperl.miA Chemi or belt washer can be
employed to minimize the water usage associatell putip washing, without sacrificing
cleaning ability. This process employs a countgrent washing approach, in which pulp is
washed on a belt with a series of showers usingrpssively cleaner water. Used wash
water is collected and reapplied to the dirty pepering the washing unit for several cycles
until the wash water is saturated with liquor (P35A2008). The saturated wash water is
then sent to a recovery process. At least twosniill Georgia are known to use Chemi
washers (P2PAYS 2008). An analysis by the U.SA Biggests that capital costs (for the
Chemi washer and supporting systems) are arounéb$20million (in 1993 dollars), with
annual operating cost savings (including water emergy savings) of around $4.67 per ton
of pulp and an average payback period of aroungeabs (U.S. EPA 1993).

Carbon dioxide brownstock washing. The injection of CQ@ into the wash water of
brownstock washers reportedly improves pulp dranaghich can enhance washing
efficiency and lead to improved throughput and peduwater usage. One published
estimate suggests that gi@jection in brownstock washing could lead to &dlduction in
wash water use (Focus on Energy 2006a).
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20 Summary and Conclusions

The U.S. pulp and paper industry spent roughly $jilBon on purchased fuels and
electricity in 2006, making energy use a significanst driver for the industry. Energy
efficiency improvement is an important way to regltitese costs and to increase predictable
earnings in the face of ongoing energy price viithati Many companies in the U.S. pulp and
paper producing industry have already acceptedctisdlenge to improve their energy
efficiency and have begun to reap the rewards efgnefficiency investments.

This Energy Guide has summarized a number of ergffgprent technologies and practices
that are cost-effective and available for impleragoh today. Energy efficiency
improvement opportunities have been discussed dhat applicable at the component,
process, facility, and organizational levels. Pmglary estimates of savings in energy and
energy-related costs have been provided for maayggrefficiency measures, based on case
study data from real-world industrial application&dditionally, typical investment payback
periods and references to further information ia téchnical literature have been provided,
when available.

A key first step in any energy improvement initiatiis to establish a focused and strategic
energy management program, as depicted in Figdre An energy management program
will help companies identify and implement enerdfyjceency measures and practices across
and organization and ensure continuous improvement.

Tables 5.1 to 5.3 summarized the energy efficienepsures presented in this Energy Guide.
While the expected savings associated with sonteeoindividual measures in Tables 5.1 to
5.3 may be relatively small, the cumulative effettthese measures across an entire plant
may potentially be quite large. Many of the measun Tables 5.1 to 5.3 have relatively
short payback periods and are therefore attraetbemomic investments on their own merit.
The degree of implementation of these measuresvaiijl by plant and end use; continuous
evaluation of these measures will help to identusther cost savings in ongoing energy
management programs.

In recognition of the importance of water as a vese in the U.S. pulp and paper industry, as
well as its rising costs, this Energy Guide alsovpted information on basic measures for
improving plant-level water efficiency. These maas were summarized in Table 5.4.

For all energy and water efficiency measures ptegem this Energy Guide, individual
plants should pursue further research on the ecmsool the measures, as well as on the
applicability of different measures to their ownique production practices, in order to
assess the feasibility of measure implementation.
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Appendix A: Basic Energy Efficiency Actions for Plant Personnel

Personnel at all levels should be aware of enesgyand organizational goals for energy
efficiency. Staff should be trained in both skdisd general approaches to energy efficiency
in day-to-day practices. In addition, performanesuits should be regularly evaluated and
communicated to all personnel, recognizing highieagment. Some examples of simple
tasks employees can do are outlined below (Cag@b}y

Eliminate unnecessary energy consumption by equipm8witch off motors, fans,

and machines when they are not being used, eslyezidhe end of the working day
or shift, and during breaks, when it does not affgoduction, quality, or safety.

Similarly, turn on equipment no earlier than neededeach the correct settings
(temperature, pressure) at the start time.

Switch off unnecessary lights; rely on daylightimgenever possible.

Use weekend and night setbacks on HVAC in offiaqesomditioned buildings.

Report leaks of water (both process water and dripfaps), steam, and compressed
air. Ensure they are repaired quickly. The besetimcheck for leaks is a quiet time
like the weekend.

Look for unoccupied areas being heated or cooled savitch off heating or cooling.
Check that heating controls are not set too higtooling controls set too low. In this
situation, windows and doors are often left operotwer temperatures instead of
lowering the heating.

Check to make sure the pressure and temperateqgugiment is not set too high.

Prevent drafts from badly fitting seals, windowd atoors, and hence, leakage of
cool or warm air.

Carry out regular maintenance of energy-consumdugpeanent.

Ensure that the insulation on process heating etgnp is effective.
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Appendix B: Guidelines for Energy Management Assessent Matrix

Energy Management Program

Assessment Matrix

Introduction
The U.S. EPA has developed guidelines for establishing and conducting an effective energy
management program based on the successful practices of ENERGY STAR partners.

These guidelines, illustrated in the
graphic, are structured on seven
fundamental management elements
that encompass specific activities.

This assessment matrix is designed to
help organizations and energy
managers compare their energy
management practices to those
outlined in the Guidelines. The full
Guidelines can be viewed on the
ENERGY STAR web site —
http://www.energystar.gov/.

How To Use The Assessment
Matrix

The matrix outlines the key activities
identified in the ENERGY STAR
Guidelines for Energy Management
and three levels of implementation:

No evidence
Most elements
Fully Implemented

1. Print the assessment matrix.

2. Compare your program to the Guidelines by identifying the degree of implementation
that most closely matches your organization's program.

3. Use a highlighter to fill in the cell that best characterizes the level of implementation
of your program. You will now have a visual comparison of your program to the elements of
the ENERGY STAR Guidelines for Energy Management.

4, Identify the steps needed to fully implement the energy management elements and
record these in the Next Steps column.
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Energy Management Program Assessment Matrix

_ Little or no evidence Fully implement  ed Next Steps

Make Commitment to Continuous Improvement
No central corporate
resource Decentralized
management

Corporate or
Energy Director organizational resource

not empowered

Empowered corporate
leader with senior

management support

Energy Team No company energy

network

Informal organization

Active cross-functional
team guiding energy
program

Energy Policy

No formal policy

Referenced in

environmental or other

Formal stand-alone EE
policy endorsed by senior

policies mgmt.
Assess Performance and Opportunities
Gather and Little metering/no ml_e(t)gﬁ‘:lolrtrpaat‘:rlzli?]l / Al facﬂg;enstr;elport for
Track Data tracking g g L :
reporting consolidation/analysis
Some unit measures or All meaningful
Normalize Not addressed weather adjustments adjustments for. corporate
analysis
. . . Standardized corporate
Establish . Various facility- :
3 No baselines . base year and metric
baselines established established
Not addressed or only Some internal Regular internal &
Benchmark same site historical comparisons among external comparisons &
comparisons company sites analyses
Analyze Not addressed Some attempt to |_dent|fy Profiles identifying trends,
and correct spikes peaks, valleys & causes
Technical Reviews by multi-
assessments Not addressed Internal facility reviews
and audits

functional team of

professionals
Set Performance Goals
Determine No quantifiable goals Short_term facility goals or| Short & long term facility
scope nominal corporate goals and corporate goals
Estimate Specific proiects based on Facility & corporate
potential for No process in place Iireﬁted vzncjior roiections defined based on
improvement proj experience
) Specific & quantifiable at
Establish goals Not addressed Loosely defined or

sporadically applied

various organizational

levels
Create Action Plan
Define technical Facility-level Detailed multi-level
steps and Not addressed consideration as targets with timelines to
targets opportunities occur close gaps
Determi ne roles | Not addressed or done |Informal interested person
and resources

on ad hoc basis

competes for funding

Internal/external roles

defined & funding

identified
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Energy Management Program Assessment Matrix

_ Little or no evidence Fully implement  ed Next Steps

Implement Action Plan

Create a All stakeholders are
L Tools targeted for some
communication Not addressed groups used occasionally addressed on regular
plan basis
Raise No promotion of energy | Periodic references to | All levels of organization
awareness efficiency energy initiatives support energy goals

Build capacity

Indirect training only

Some training for key
individuals

Broad training/certification
in technology & best
practices

No or occasional

Threats for non-

Recognition, financial &

Evaluate Progress

Motivate contact with energy performance or periodic erformance incentives
users and staff reminders P
Track and No system for Annual reviews by u %Z%géaéfrg\é:iﬁif‘e d
monitor monitoring progress facilities P

system

Compare usage & costs

plan

Provide internal
recognition

Not addressed

progress

Recognize Achievements

Identify successful
projects

Measure results No reviews Historical comparisons vs. goals, plans,
competitors
. . Revise plan based on
Review action . Informal check on P
No reviews results, feedback &

business factors

Acknowledge
contributions of
individuals, teams,
facilities

Get external
recognition

Not sought

Incidental or vendor
acknowledgement
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Energy Management Program

Assessment Matrix

Interpreting Your Results

Comparing your program to the level of implementation identified in the Matrix should help you
identify the strengths and weaknesses of your program.

The U.S. EPA has observed that organizations fully implementing the practices outlined in the
Guidelines achieve the greatest results. Organizations are encouraged to implement the Guidelines
as fully as possible.

By highlighting the cells of the matrix, you now can easily tell how well balanced your energy program
is across the management elements of the Guidelines. Use this illustration of your energy
management program for discussion with staff and management.

Use the "Next Steps" column of the Matrix to develop a plan of action for improving your energy
management practices.

Resources and Help

ENERGY STAR offers a variety tools and resources to help organizations strengthen their energy
management programs.

Here are some next steps you can take with ENERGY STAR:

1. Read the Guidelines sections for the areas of your program that are not fully implemented.

2. Become an ENERGY STAR Partner, if you are not already.

3. Review ENERGY STAR Tools and Resources.

4. Find more sector-specific energy management information at http://www.energystar.gov/industry.

5. Contact ENERGY STAR for additional resources.
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Appendix C: Teaming Up to Save Energy Checklist

The following checklist can be used as a handyreef®e to key tasks for establishing and
sustaining an effective energy team. For moreiléetanformation on energy teams, consult
the U.S. EPA’sTeaming Up to Save Energyide (U.S. EPA 2006), which is available at
http://www.energystar.gov/.

Energy Director Able to work with all staff levels  from maintenance to engineers to
financial officers. Senior-level person empowered by top
management support

Senior Energy director reports to senior executive or to a senior

Management management council. Senior champion or council prov ides
guidance and support

Energy Team Members from business units, operations/engineering , facilities,
and regions. Energy networks formed. Support servic es (PR, IT,
HR).

Facility Facility managers, electrical personnel. Two  -way information flow

Involvement on goals and opportunities. Facility-based energy t eams with
technical person as site champion.

Partner Consultants, vendors, customers, and joint venture partners.

Involvement Energy savings passed on through lower prices.

Energy Team Separate divisio n and/or centralized leadership. Integrated into

Structure organization’s structure and networks established.

Resources & Energy projects incorporated into normal budget cyc le as line

Responsibilities item. Energy director is empowered to make decision s on projects

affecting energy use. Energy team members have ded icated time
for the energy program.

Management Senior management briefed on benefits, proposed app  roach, and
Briefing potential energy team members.

Planning Energy team met initially to prepare for official launch.

Strategy Energy team met initially to prepare for official | aunch.

Program Launch Organizational kickoff announced energy network, introduced energy
director, unveiled energy policy, and showcased real-world proof.

Energy Team Plans|Work plans, responsibilities, and annual action plan established.

Facility Facility audits and reports conducted. Energy efficiency opportunities
Engagement identified.
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BUILDING CAPACITY

|

Tracking and
Monitoring

Systems established for tracking energy performance and best
practices implementation.

Transferring
Knowledge

Events for informal knowledge transfer, such as energy summits and
energy fairs, implemented.

Raising Awareness

Awareness of energy efficiency created through posters, intranet,
surveys, and competitions.

Formal Training

Participants identified, needs determined, training held. Involvement in
ENERGY STAR Web conferences and meetings encouraged.
Professional development objectives for key team members.

Outsourcing

Use of outside help has been evaluated and policies established.

Cross-Company
Networking

Effective
Communications

Outside company successes sought and internal successes shared.
Information exchanged to learn from experiences of others.

SUSTAINING THE TEAM

|

Awareness of energy efficiency created throughout company. Energy
performance information is published in company reports and
communications.

Recognition and

Internal awards created and implemented. Senior management is

Succession

Rewards involved in providing recognition.
External Credibility for your organization’s energy program achieved. Awards
Recognition from other organizations have added to your company’s competitive

advantage.

MAINTAINING MOMENTUM

I

Built-in plan for continuity established. Energy efficiency integrated into
organizational culture.

Measures of
Success

Sustainability of program and personnel achieved. Continuous
improvement of your organization’s energy performance attained.
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Appendix D: Support Programs for Industrial Energy Efficiency
Improvement

This appendix provides a list of energy efficierscypport available to industry. A brief descriptimin
the program or tool is given, as well as informatimn its target audience and the URL for the
program. Included are federal and state prograbbse the URL to obtain more information from
each of these sources. An attempt was made toderas complete a list as possible; however,
information in this listing may change with the page of time.

Tools for Self-Assessment

Paper Machine Energy Scorecard

Description: The U.S. DOE funded scorecard systasBxcel spreadsheets with a series of
energy-related questions that provides benchmarlang helps identify
opportunities for reducing energy consumption. gpgrerformance targets for
10 different paper grades are included.

Target Group: Pulp and paper mills

Format: MS Excel, available by email at no charge

Contact: Dick Reese and Associates, (771) 448-8002

Steam System Assessment Tool

Description: Software package to evaluate enerdicieficy improvement projects for
steam systems. It includes an economic analysehiiéty.

Target Group: Any industry operating a steam system

Format: Downloadable software package (13.6 MB)

Contact: U.S. Department of Energy

URL.: http://www1.eere.energy.gov/industry/bestpractieefivare.html

Steam System Scoping Tool

Description: Spreadsheet tool for plant managerdentify energy efficiency opportunities
in industrial steam systems.

Target Group: Any industrial steam system operator

Format: Downloadable software (Excel)

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractieefivare.html

3E Plus: Optimization of Insulation of Boiler SteamLines

Description: Downloadable software to determine tlvbeboiler systems can be optimized
through the insulation of boiler steam lines. Tmegpam calculates the most
economical thickness of industrial insulation for variety of operating
conditions. It makes calculations using thermalfgrerance relationships of
generic insulation materials included in the softwa

Target Group: Energy and plant managers

Format: Downloadable software

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractisefyvare.html
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MotorMaster+

Description: Energy-efficient motor selection andrmagement tool, including a catalog of
over 20,000 AC motors. It contains motor inventananagement tools,
maintenance log tracking, efficiency analysis, 8@si evaluation, energy
accounting, and environmental reporting capalslitie

Target Group: Any industry

Format: Downloadable software (can also be ordere@D)
Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractieefvare . html

The 1-2-3 Approach to Motor Management

Description: A step-by-step motor management g@ideé spreadsheet tool that can help
motor service centers, vendors, utilities, enerffigiency organizations, and
others convey the financial benefits of sound matanagement.

Target Group: Any industry

Format: Downloadable Microsoft Excel spreadsheet

Contact: Consortium for Energy Efficiency (CEE)1 79 589-3949
URL: http://www.motorsmatter.org/tools/123approach.html

AirMaster+: Compressed Air System Assessment and Analysis Soéine

Description: Modeling tool that maximizes the afficcy and performance of compressed
air systems through improved operations and maantes practices

Target Group: Any industry operating a compressesyatem

Format: Downloadable software

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractieefivare.html

Fan System Assessment Tool (FSAT)

Description: The Fan System Assessment Tool (FSKElps to quantify the potential
benefits of optimizing a fan system. FSAT calcudatee amount of energy
used by a fan system, determines system efficiearuy,quantifies the savings
potential of an upgraded system.

Target Group: Any user of fans

Format: Downloadable software

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractisefyvare.html
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Combined Heat and Power Application tool (CHP)

Description: The Combined Heat and Power Applicafi@ol (CHP) helps industrial users
evaluate the feasibility of CHP for heating systesush as fuel-fired furnaces,
boilers, ovens, heaters, and heat exchangers.

Target Group: Any industrial heat and electriciseu

Format: Downloadable software

Contact: U.S. Department of Energy

URL.: http://www1.eere.energy.gov/industry/bestpractisefiware. html

Pump System Assessment Tool 2004 (PSAT)

Description: The tool helps industrial users assims efficiency of pumping system
operations. PSAT uses achievable pump performaata flom Hydraulic
Institute standards and motor performance data ftben MotorMaster+
database to calculate potential energy and asedaiast savings.

Target Group: Any industrial pump user

Format: Downloadable software

Contact: U.S. Department of Energy

URL.: http://www1.eere.energy.gov/industry/bestpractseftware.html

Quick Plant Energy Profiler

Description: The Quick Plant Energy Profiler, ori€uPEP, is an online software tool
provided by the U.S. Department of Energy to hetjustrial plant managers in
the United States identify how energy is being pased and consumed at their
plant and also identify potential energy and costirgys. Quick PEP is
designed so that the user can complete a planilepinfabout an hour. The
Quick PEP online tutorial explains what plant imf@tion is needed to
complete a Quick PEP case.

Target Group: Any industrial plant

Format: Online software tool

Contact: U.S. Department of Energy

URL: http://www1.eere.energy.gov/industry/bestpractsefyvare.html

ENERGY STAR Portfolio Manager

Description: Online software tool helps to asséss dnergy performance of buildings by
providing a 1-100 ranking of a building's energyfpemance relative to the
national building market. Measured energy consumnpitorms the basis of the
ranking of performance.

Target Group: Any building user or owner

Format: Online software tool

Contact: U.S. Environmental Protection Agency

URL: http://www.energystar.gov/index.cfm?c=evaluate_ganfince.bus_portfoliomanager
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Assessment and Technical Assistance

Industrial Assessment Centers

Description:

Target Group:

Format:

Contact:
URL:

Small- to medium-sized manufacturiagilities can obtain a free energy and
waste assessment. The audit is performed by aaéamgineering faculty and
students from 30 participating universities in thé&. and assesses the plant’s
performance and recommends ways to improve effigien

Small- to medium-sized manufactufauglities with gross annual sales below
$75 million and fewer than 500 employees at thatée.

A team of engineering faculty and studenssts the plant and prepares a
written report with energy efficiency, waste redoot and productivity
recommendations.

U.S. Department of Energy
http://www1.eere.energy.gov/industry/bestpractiees/html

Save Energy Now Assessments

Description:

Target Group:
Format:
Contact:

URL:

The U.S. DOE conducts plant energyessm®sents to help manufacturing
facilities across the nation identify immediate ogipnities to save energy and
money, primarily by focusing on energy-intensivetsyns, including process
heating, steam, pumps, fans, and compressed air.

Large plants

Online request

U.S. Department of Energy
http://www1.eere.energy.gov/industry/saveenergynow/

Manufacturing Extension Partnership (MEP)

Description:

Target Group:
Format:
Contact:

URL:

MEP is a nationwide network of not-foofit centers in over 400 locations
providing small- and medium-sized manufacturerdwgichnical assistance. A
center provides expertise and services tailorgdeglant, including a focus on
clean production and energy-efficient technology.

Small- and medium-sized plants

Direct contact with local MEP Office

National Institute of Standards and Tetduyg (301) 975-5020
http://www.mep.nist.gov/

Small Business Development Center (SBDC)

Description:

Target Group:
Format:
Contact:

URL:

The U.S Small Business Administrati&BA) administers the Small Business
Development Center Program to provide managemesistasce to small
businesses through 58 local centers. The SBDC &mogrovides counseling,
training and technical assistance in the areas imdn€ial, marketing,
production, organization, engineering and technprablems and feasibility
studies, if a small business cannot afford constdta

Small businesses

Direct contact with local SBDC

Small Business Administration, (800) 8-ASRA
http://www.sba.gov/sbdc/
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ENERGY STAR - Selection and Procurement of Energy-fiicient Products for Business

Description:

Target Group:
Format:
Contact:

URL:

Training

ENERGY STAR
Description:

Target Group:
Format:
Contact:

URL:

ENERGY STAR identifies and labels gyyeefficient office equipment. Look
for products that have earned the ENERGY STAR. Timeet strict energy
efficiency guidelines set by the EPA. Office equént included such items as
computers, copiers, faxes, monitors, multifunctiavices, printers, scanners,
transformers and water coolers.

Any user of labeled equipment.

Website

U.S. Environmental Protection Agency
http://www.energystar.gov/index.cfm?c=business.mdex

As part of ENERGY STAR’s work to protacsuperior energy management
systems, energy managers for the companies thétipare in ENERGY
STAR are offered the opportunity to network witlthet energy managers in
the partnership. The networking meetings are hebathly and focus on a
specific strategic energy management topic to temd strengthen energy
managers in the development and implementation aforate energy
management programs.

Corporate and plant energy managers

Web-based teleconference

Climate Protection Partnerships Divisidh,S. Environmental Protection
Agency
http://www.energystar.gov/

Best Practices Program

Description:

Target Group:
Format:
Contact:

URL:

The U.S. DOE Best Practices Progranviges training and training materials
to support the efforts of the program in efficieniogprovement of utilities
(compressed air, steam) and motor systems (indugdumps). Training is
provided regularly in different regions. One-day roulti-day trainings are
provided for specific elements of the above systeiif®e Best Practices
program also provides training on other industeiaérgy equipment, often in
coordination with conferences.

Technical support staff, energy dadtgmanagers

Various training workshops (one day andtiralzly workshops)

Office of Industrial Technologies, U.S.pagment of Energy
http://www1.eere.energy.gov/industry/bestpracticasiing.html
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Compressed Air Challeng&

Description: The not-for-profit Compressed Air Gaage® develops and provides training
on compressed air system energy efficiency via @var& of sponsoring
organizations in the United States and Canada.e€Thevels of training are
available: (1) Fundamentals (1 day); (2) Advancaddys); and (3) Qualified
Specialist (3-1/2 days plus an exam). Training iserded to support
implementation of an action plan at an industiailfty.

Target Group: Compressed air system managers, @tgmeers

Format: Training workshops

Contact: Compressed Air Challenge: Info@compressgddlenge.org
URL: http://www.compressedairchallenge.org/

Financial Assistance

Below major federal programs are summarized thatvige assistance for energy efficiency
investments. Many states also offer funds or tayebts to assist with energy efficiency projectsg(s
below for State Programs). However, these progr@anschange over time, so it is recommended to
review current policies when making any financialdstment decisions.

Industries of the Future - U.S. Department of Enegy

Description: Collaborative R&D partnerships in nin@tal industries. The partnership
consists of the development of a technology roadfoaghe specific sector
and key technologies, and cost-shared funding séaieh and development
projects in these sectors.

Target Group: Nine selected industries: agricultiminum, chemicals, forest products,
glass, metal casting, mining, petroleum and steel.

Format: Solicitations (by sector or technology)

Contact: U.S. Department of Energy — Office of Isigial Technologies

URL.: http://www.eere.energy.gov/industry/technologieduistries.html

Inventions & Innovations (1&I)

Description: The program provides financial assisgathrough cost-sharing of 1) early
development and establishing technical performanicénnovative energy-
saving ideas and inventions (up to $75,000) angr@otype development or
commercialization of a technology (up to $250,060pjects are performed by
collaborative partnerships and must address inglggecified priorities.

Target Group: Any industry (with a focus on enengensive industries)
Format: Solicitation

Contact: U.S. Department of Energy — Office of Isiaiial Technologies
URL: http://www.eere.energy.gov/inventions/

Small Business Administration (SBA)

Description: The Small Business Administration pde¢ several loan and loan guarantee
programs for investments (including energy-effitipnocess technology) for
small businesses.

Target Group: Small businesses

Format: Direct contact with SBA
Contact: Small Business Administration
URL: http://www.sba.gov/
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State and Local Programs

Many state and local governments have general indasd business development programs that can
be used to assist businesses in assessing or ifigaenergy-efficient process technology or
buildings. Please contact your state and local gowent to determine what tax benefits, funding
grants, or other assistance they may be able tadeg/our organization. This list should not be
considered comprehensive but instead merely a $§ibbuf places to start in the search for project
funding. These programs can change over time} & recommended to review current policies
when making any financial investment decisions.

Database of State Incentives for Renewables & Effency (DSIRE)

Description: DSIRE is a comprehensive source abrimfition on state, local, utility, and
federal incentives and policies that promote refevanergy and energy
efficiency. Established in 1995, DSIRE is an ongommoject of the NC Solar
Center and the Interstate Renewable Energy Codootled by the U.S.
Department of Energy.

Target Group: Any industry

URL: http://www.dsireusa.org/

Summary of Motor and Drive Efficiency Programs by Sate

Description: A report that provides an overviewstdte-level programs that support the use
of NEMA Premium® motors, ASDs, motor managementvises, system
optimization and other energy management strategies

Target Group: Any industry
Contact: Consortium for Energy Efficiency (CEE)1 79 589-3949
URL.: http://www.motorsmatter.org/tools/123approach.html

California — Public Interest Energy Research (PIER)

Description: PIER provides funding for energy affiecy, environmental, and renewable
energy projects in the state of California. Althbuthere is a focus on
electricity, fossil fuel projects are also eligible

Target Group: Targeted industries (e.g. food inikest located in California
Format: Solicitation

Contact: California Energy Commission, (916) 65846

URL.: http://www.energy.ca.gov/pier/funding.html

California — Energy Innovations Small Grant Program (EISG)

Description: The Energy Innovations Small Grant§&) Program provides up to $95,000
for hardware projects and $50,000 for modeling guty to small businesses,
non-profits, individuals and academic institutiotts conduct research that
establishes the feasibility of new, innovative gyerconcepts. Research
projects must target one of the PIER R&D areasres$da California energy
problem and provide a potential benefit to Califarelectric and natural gas

ratepayers.
Target Group: Small businesses, non-profits, imtligls, academic institutions
Format: Solicitation
Contact: California Energy Commission, (619) 59440
URL: http://www.energy.ca.gov/research/innovations/
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California — Savings By Design

Description: Design assistance is available todig owners and to their design teams for
energy-efficient building design. Financial incees are available to owners
when the efficiency of the new building exceeds imum thresholds,
generally 10% better than California’s Title 24 rgtards. The maximum
owner incentive is $150,000 per free-standing lgdor individual meter.
Design team incentives are offered when a buildiegign saves at least 15%.
The maximum design team incentive per project & G30.

Target Group: Nonresidential new construction ojomgenovation projects
Format: Open year round
URL: http://www.savingsbydesign.com/

Indiana — Commercial and Industrial Loan Program

Description: The Indiana Office of Energy Develaprh (OED) Commercial and
Industrial Loan Program provides low-interest lodamdndiana’s industrial
and commercial sectors. This program provides ighndbf $50,000-
$500,000 for projects designed to reduce energguwaption through energy
efficient retrofits. Examples of appropriate teclugy include, but are not
limited to, lighting, energy management systemd]ech, furnaces, boilers,
insulation, windows, and compressed air systemgor b application, an
energy audit must be performed; however, this igmense that may be
added to total project cost for financing.

Target Group: Commercial and industrial compaloeated in Indiana.

Format: Application during specific program windovAdditional rounds as funding
becomes available.

Contact: Indiana Office of Energy Development,q3232-8939

URL: Www.energy.in.gov

lowa — Alternate Energy Revolving Loan Program

Description: The Alternate Energy Revolving Loarogtam (AERLP) was created to
promote the development of renewable energy pramudacilities in the
state.

Target Group: Any potential user of renewable gyer

Format: Proposals under $50,000 are acceptedrgead. Larger proposals are
accepted on a quarterly basis.

Contact: lowa Energy Center, (515) 294-3832

URL: http://www.energy.iastate.edu/Funding/index.htm

New York — Industry Research and Development Progras

Description: The New York State Energy Researche8&opment Agency (NYSERDA)
operates various financial assistance programsNfw York businesses.
Different programs focus on specific topics, indhgd process technology,
combined heat and power, peak load reduction anttalesystems.

Target Group: Industries located in New York

Format: Solicitation

Contact: NYSERDA, (866) NYSERDA

URL: http://www.nyserda.org/programs/Commercial_Indadfiefault.asp?i=2
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Oregon — Energy Trust Production Efficiency Program

Description:

Target Group:
Contact:
URL:

Incentives for energy efficiency pidge are offered for Oregon businesses
that are serviced by either Pacific Power or PodlaGeneral Electric.
Current incentive levels are $0.25/kWh saved upQ% of the project cost.
Lighting incentives are treated differently. Theaxee standard incentive
levels for specific fixture replacements (exp. $3Qire). If a fixture
replacement does not qualify for a standard ingentbut it does save
energy, a custom incentive can be calculated usthiy7/kWh saved up to
35% of the project cost. Premium efficiency matelbates are also offered
at $10/hp from 1 to 200 hp motors. Over 200 he,dlrrent incentive levels
of $0.25/kWh saved up to 60% of the project cost @ed to calculate an
incentive.

Commercial and industrial compameSiegon
Energy Trust of Oregon, (509) 529-8040
www.energytrust.org

Wisconsin — Focus on Energy

Description:

Target Group:
Format:
Contact:

URL.:

Energy advisors offer free servitesdentify and evaluate energy-saving
opportunities, recommend energy efficiency actiodsyelop an energy
management plan for business; and integrate elsnfemtn national and
state programs. It can also provide training.

Industries in Wisconsin
Open year round
Wisconsin Department of AdministratiddQ@) 762-7077
http://focusonenergy.com/
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Appendix E: Additional Information Sources

This Energy Guide leveraged information on measuesghnologies, and best practices for
energy and water efficiency from a wide range obgl resources. As mentioned in Chapter
5, it was not feasible to address all possible ggnand water efficiency measures applicable
to the U.S. pulp and paper industry in this Ene@gyde. Several excellent resources exist
that can offer the reader more details and rateofal a number of the measures described in
this Energy Guide, as well as for measures thahatencluded in this Energy Guide. The
text and tables below highlight important infornoati from three of these additional
resources. These additional resources can bedsoadiin greater depth by mill personnel
when researching and evaluating energy and wdieregicy improvement projects.

Table E.1 summarizes selected best available témimanergy consumption values per
short ton of product (NCASI 2009). These valuesteged on spreadsheet models developed
by Jacobs Engineering and the Institute of Pap@an8e and Technology in support of the
Pulp and Paper Industry Bandwidth Stu@acobs and IPST 2006). The data in Table E.1
can be used as preliminary benchmarks of mill gneanpsumption compared to what may
be possible using best available technologies @edating procedures. Details on the best
available technology assumptions, and data onawesiiable technology energy consumption
for additional processes, may be found in Jacold I®ET (2006) and its associated
spreadsheet models. The values in Table E.1 dhmitreated only as rough benchmarks,
however, given that the unique process configunatituel sources, and product mixes at any
specific mill will affect both its current energy@ and its minimal achievable energy use.
Additional guidance on using the Jacobs and IP®D§P data and spreadsheets to evaluate
mill energy consumption is offered in NCASI (2009).

Table E.2 provides a comprehensive list of energg aarbon saving technology and
operations recommendations from the NCASI repathnologies for Reducing Carbon
Dioxide Emissions: A Resource Manual for Pulp, &apnd Wood Products Manufacturers
(NCASI 2005). The report contains technology dgsions that include: applicability
guidance; an overview of the technology’s impacteaergy use, GHG emissions, and cost;
and sample calculations to illustrate how to estanmthe impacts of each technology on
emissions at an individual facility. While the NGA(2005) report was leveraged in the
development of this Energy Guide, much addition&drimation can be found in the original
report, including descriptions of energy and watkiciency measures that were beyond the
scope of this Energy Guide. Table E.2 also inéatater efficiency measures that may also
lead to energy savings (in italics) (NCASI 2009).

Table E.3 summarizes key water reduction opporsit chemical pulp mills, as presented
in the Paprican monograpiater Use Reduction in the Pulp and Paper Indu@@towne
2001). This monograph contains detailed chaptersammngs strategies applicable to water
purification and treatment, chemical pulping, bldag, mechanical pulping, recycled
pulping, papermaking, and other common mill proesssThe summary in Table E.3 can be
used as checklist of potential water efficiency sugas in conjunction with the information
presented in Chapter 19 of this Energy Guide. Heurtletails on the measures summarized
in Table E.3 are provided in Browne (2001).
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Table E.1: Selected Estimates of Best Available Tiecology Energy Use

Direct
Electricity Steam Fuel
Operation kKWh/t MMBtu/t | MMBtu/t
Pulping Processes
Sulfite 406 7.64 1.8
Kraft, bleached, softwood 363 6.34 1.4
Kraft, bleached, hardwood 347 5.58 1.3
Kraft, unbleached 269 4.66 15
Stone groundwood 2,133 3 0
Thermomechanical pulp 2,088 0.58 0
Semichemical 527 5 1.2
Old corrugated containers 206 0.6 0
Mixed office waste, non-deinked (tissue) 348 0.6 0
Mixed office waste, deinked 472 1.33 0
Old newsprint, deinked 395 1.33 0
Papermaking Processes
Linerboard 472 3.08 0
Recycled board 315 4 0
Bleached folding boxboard and milk 512 341 0.9
Kraft paper 472 3.08 0
Special Industrial 472 3.08 0
Gypsum 315 4 0
Corrugated medium 472 3.08 0
Printing and writing, bristols, bleached packaging 460 4.16 0
Newsprint 328 3.32 0
Groundwood specialties 328 3.96 0
Coated groundwood 555 4.44 0.9
Coated freesheet 500 3.83 0.9
Boxboard, unbleached 355 4.33 0.9
Tissue 669 3.96 1.9
Other paper and boards 467 4 0.4
Market pulp 160 2.53 0
Wastewater and Utilities 82 0.95 0

Sources: Jacobs and IPST (2006); NCASI (2009)
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Table E.2: Technology Options for Reducing Energy e and CQ Emissions

Report

section Opportunity

3.3.1.1 | Replace low pressure boilers and insteblagenerator capacity

3.3.1.2 | Switch power boiler from fossil fuel to web(or build new wood boiler to
utilize available biofuel)

3.3.1.3 | Preheat demineralized water with seconldeay before steam heating

3.3.1.4 | Rebuild or replace low efficiency boilers

3.3.1.5 | Install a steam accumulator to facilitdfecient control of steam header
pressures

3.3.1.6 | Install an ash reinjection system in the fuel boiler

3.3.1.7 | Install a bark press or bark dryer to iaseeutilization of biofuels

3.3.1.8 | Install additional heat recovery systemisditers to lower losses with flue
gases

3.3.1.9 | Implement energy management program tageaurrent and reliable
information on energy use

3.3.1.10| Switch power boiler fuel from coal or oil to natugas

3.3.1.11] Install gas turbine cogeneration system for eleatppower and steam
generation

3.3.2.1 | Replace pneumatic chip conveyors with dmitveyors

3.3.2.2 | Use secondary heat instead of steam inriigiop

3.3.3.1 | Rebuild the mill hot water system to previm separate production and
distribution of warm (120°F) and hot (160°F) water

3.3.3.2 | Install blow heat (batch digesters) orfflasat (continuous digester)
evaporators

3.3.3.3 | Replace conventional batch digesters valth blow systems

3.3.3.4 | Use flash heat in a continuous digestpreébeat chips

3.3.3.5 | Use evaporator condensates on decker sisower

3.3.3.6 | Use two pressure level steaming of batgbsiers to maximize back-pressufe
power generation

3.3.3.7 | Optimize the dilution factor control

3.3.4.1 | Optimize the filtrate recycling concept éptimum chemical and energy use

3.3.4.2 | Preheat ClO2 before it enters the mixer

3.3.4.3 | Use oxygen based chemicals to reduce thefuslO2 (02 or O3
delignification, EP, EOP, etc.)

3.3.5.1 | Eliminate steam use in the wire pit by pmioyg hot water from heat recovery
and/or pulp mill and by reducing water use on trechine

3.3.5.2 | Upgrade press section to enhance watenamo

3.3.5.3 | Enclose the machine hood (if applicable)iastall air-to-air and air-to-wate
heat recovery

3.3.5.4 | Install properly sized white water and l@@ystems to minimize white water
losses during upset conditions

3.3.5.5 | Implement hood exhaust moisture controlsitomize air heating and
maximize heat recovery
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Report
section

Opportunity

3.3.5.6

Implement efficient control systems for thachine steam and condensate
systems to eliminate excessive blow through arahsteenting during
machine breaks

or

3.3.6.1 | Convert recovery boiler to non-direct cohtand implement high solids firing

3.3.6.2 | Perform evaporator boilout with weak bléigkior

3.3.6.3 | Convert evaporation to seven-effect opanginstall additional evaporator
effect)

3.3.6.4 | Install high solids concentrator to maxensteam generation with black liqu

3.3.6.5 | Implement an energy efficient lime kilnm(& mud dryer, mud filter, product
coolers, etc.)

3.3.6.6 | Replace lime kiln scrubber with an eledtatss precipitator

3.3.6.7 | Integrate condensate stripping to evapmrati

3.3.6.8 | Install a methanol rectification and licaetfon system

3.3.6.9 | Install a biofuel gasifier, use low Btu daslime reburning

3.3.7.1 | Implement heat recovery from TMP processtéam and water

3.3.7.2 | Add third refining stage to the TMP plant

3.3.7.3 | Replace the conventional groundwood proagsspressurized groundwood
(PGW) operation

3.3.7.4 | Countercurrent couple paper machine andhaeical pulping white water
systems

3.3.8.1 | Supply waste heat from other process aoe@dsinking plant

3.3.8.2 | Install drum pulpers

3.3.8.3 | Implement closed heat and chemical loop

3.3.9.1 | Optimize integration and utilization of heacovery systems

3.3.9.2 | Implement preventive maintenance procedorggrease equipment
utilization efficiency

3.3.9.3 | Implement optimum spill management proasiur

3.3.9.4 | Maximize recovery and return of steam cosds

3.3.9.5 | Recover wood waste that is going to lahdfil

3.3.9.6 | Install energy measurement, monitoringorépg, and follow-up systems

3.3.9.7 | Convert pump and fan drives to variabledplives

3.3.9.8 | Install advanced process controls

3.3.9.9 | Replace oversized electric motors

3.3.9.10| Use high efficiency lighting

3.3.10.1| Use advanced controls to control the drying process

3.3.10.2] Install heat recovery systems on the drying kilhaast

3.3.10.3] Insulate the kiln and eliminate heat leaks

3.3.10.4| Use heat pump for lumber drying

3.3.10.5| Convert batch kiln to progressive kiln

3.3.10.6| Implement steam load management system

3.3.11.1| Use advanced controls to control the drying process

3.3.11.2| Insulate the dryer and eliminate air and heat leaks

3.3.11.3| Install heat recovery systems on the dryer exhaust
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Report
section

Opportunity

3.3.11.4

Use boiler blowdown in the log vat

3.3.12.1

Measure and control the dryer exhaust moistureecdnd minimize air
heating

3.3.12.2

Recover heat from dryer exhaust

3.3.12.3

Use wood waste as fuel for drying (suspension ing)ni

3.3.13.1

Install heat recovery

3.3.13.2

Preheat drying air with steam

3.3.14.1

Screen flakes before drying; dry fines separately

3.3.14.2

Use advanced controls to optimize the drying preces

3.3.14.3

Use powdered resins

Sources: NCASI (2005, 2009)
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Table E.3: Water Reduction Opportunities in Chemica Pulp Mills

Reuse warm water in recausticizing, e.g., e washing
Reuse cooling water from indirect cooling units

Mill Area Opportunity
Wood and | 1. Collect and reuse water from log cleaning shiewe
Chip 2. Use machine white water for log thawing showers
Preparation | 3. Use mechanical debarkers
4. Use drum debarkers with steam injection
5. Implement good design and maintenance
Digestion 1. Pre-steam chip bin with flash steam
and Brown | 2. Use cold blow pump-out
Stock 3. Use condensate from relief and flash steam
Washing 4. Upgrade to pressurized knotting and screeryatems
5. Increase final washer discharge consistency
6. Improve shower water patterns with modifieddseand nozzles
7. Use excess warm water for pump seals
8. Improve spill recovery
Bleaching 1. Increase washer discharge consistency
2. Improve shower water patterns with modifieddseand nozzles
3. Reuse cooling water from hydraulic drive units
4. Use filtrates on wire cleaning showers
5. Use filtrates on medium consistency pump stgoedgilution
6. Replace water doctors with air doctors
7. Reuse machine white water
8. Implement flow control on washer showers
9. Convert D stage from low to medium consistency
Pulp 1. Substitute fresh water with machine white watkere possible
Machine 2. Collect and reuse cooling water from coolingtsgns
Chemical 1. Increase concentration of CIO2 solution
Preparation | 2. Recirculate CIO2 absorption water on start+ug shut-down
3. Reuse cooling water from indirect condensinigsun
Recovery 1. Collect surface condensing cooling water innwarater tank or heade
Systems 2. Reuse warm water and stripped condensate wnbstock systems
3.
4,
5.

6

Use alkaline liquor in slake scrubbers
Improve spill recovery

Sources: Browne et al. (2001); NCASI (2009)
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