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EXECUTIVE SUMMARY
Many pulp and paper mills operating in the U.S. today were 

built nearly a century ago.  These mills have historically served 

as economic anchors and vital sources of employment for their 

communities, particularly in rural areas.  In recent years changing 

patterns of paper use, increased international competition, and 

natural gas price spikes in the mid-2000s put increasing pressure on 

the industry.  In the past decade hundreds of pulp and paper mills 

have closed nationally and more than one hundred thousand jobs, or 

three in ten, have been lost.  However, amid this consolidation and 

attrition, there have also been success stories that demonstrate an 

emerging model of lower-carbon manufacturing.
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“Energy Efficiency in U.S. Manufacturing: The Case of 
Midwest Pulp and Paper Mills” presents the business 
case for investment in manufacturing sector energy 
efficiency.  In order to provide practical and action-
able information for policymakers, manufacturers, and 
related stakeholders, we focus on energy efficiency 
opportunities in Midwest pulp and paper mills.  As the 
U.S. region with the largest industry share of overall 
economic activity, the Midwest is of central importance 
for industrial energy efficiency and forging a new low-
carbon economy.  Pulp and paper manufacturing is the 
third-largest energy-using manufacturing subsector in 
the U.S.  Energy cost reduction, improved competitive-
ness, and reduced environmental compliance costs 
provide a compelling business case for Midwest pulp 
and paper mills to invest in facility-appropriate energy 
efficiency improvements, as well as energy manage-
ment programs.  The report uses mill-level data to 
assess the energy efficiency of Midwest pulp and paper 
manufacturing and presents technology and policy op-
tions for increasing regional energy productivity.  

As described in Section 2 and Appendix I, Wisconsin 
has the most mills in the Midwest, followed by Michi-
gan and Ohio.  The Midwest has been a focus area of 
World Resources Institute research for several years.  
Earlier WRI publications include the 2007 report en-
titled “Charting the Midwest: An Inventory and Analysis 
of Greenhouse Gas Emissions in America’s Heartland,” 
(Larsen, Damassa, and Levinson 2007) and the 2012 
working paper entitled “Midwest Manufacturing Snap-
shot: Energy Use and Efficiency Policies” (Bradbury 
and Aden 2012).  In 2012 WRI also published an online 
Power Almanac of the American Midwest to visualize 
recent energy use and emissions trends.1 The impacts 
of climate change are already being felt in the U.S. and 
are expected to be amplified with the rise of global 
emissions (USGCRP 2013).  Higher temperatures, ris-
ing sea levels, and more extreme weather highlight the 
pressing need for government and industry to further 
reduce greenhouse gas emissions from all sectors.

ABOUT THIS REPORT
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Midwest mills have numerous energy efficiency 
improvement opportunities 
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Efficiency improvements can reduce carbon 
emissions more than fuel switching in the near term
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A range of proven, market-scale technologies  
is available for improving mills’ efficiency
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Successful pulp and paper mills are investing  
in energy efficiency
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While there is a broad 
range of performance 
among regional pulp 

and paper mills, the less 
efficient facilities could 

save $120 million in 
annual energy costs by 
investing in initiatives 

to meet the industry 
average efficiency level. 
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Introduce a mix of minimum standards  
and “reach” incentives 
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Support CHP utilization through state  
and federal policies
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Develop new regulatory frameworks to promote 
electric utility-manufacturer collaboration
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#".+$0"7#"5-4'%0-4,'-$#'70,5'0(5#"'-*9+#.#;'+"'
59#'8<48'-";'8-8#$',#*50$'=9#"'59#&'-$#'+"5#%$-5#;'
=+59',5-5#'-";'40*-4'<5+4+5&'#()*+#"*&'8$0%$-7,2'

Build on current research to develop geographically 
and sectorally integrated climate policy
?9#'HIJH'37#$+*-"'!"#$%&'@-"<(-*5<$+"%'?#*9B
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%0.#$"7#"5'50'*0";<*5'-',5<;&'0('#"#$%&B+"5#",+.#'
7-"<(-*5<$+"%2''L";#$,5-";+"%'59#'#"#$%&'-";'
#7+,,+0",'8#$(0$7-"*#'0('8<48'-";'8-8#$'7+44,'
*078-$#;'=+59'*9#7+*-4'$#)"#$+#,6'+$0"'-";',5##4'
7+44,6'-";'059#$'#"#$%&B+"5#",+.#',<1,#*50$,'=+44'
9#48'50'+;#"5+(&'59#'70,5'*0,5B#((#*5+.#'-$#-,'(0$' 
804+*&',<880$52''O#%+0"-4';+,8-$+5+#,:,<*9'-,'
59#'0"#'9+%94+%95#;'+"'59+,'$#80$5:"##;'50'1#'
-;;$#,,#;'(0$'"#='804+*+#,'50'1#'804+5+*-44&'(#-,+14#'
-";'#K<+5-14#2

G784#7#"5-5+0"'0('59#'#()*+#"*&'+78$0.#7#"5,'-";'
+""0.-5+0",';#,*$+1#;'+"'59+,'$#80$5'*0<4;'9#48'59#'
8<48'-";'8-8#$',#*50$'$#;<*#'#7+,,+0",'=9+4#'8$#B
,#$.+"%'7-"<(-*5<$+"%'+"'$<$-4'*077<"+5+#,2''?9#'
5<$"-$0<";'0('59#'!<$08#-"'8<48'-";'8-8#$',#*50$'
-";'59#'80,,+1+4+5&'0('40"%B5#$76'40=B*0,5';07#,5+*'
"-5<$-4'%-,'-.-+4-1+4+5&',<%%#,5'59-5'-'*071+"-5+0"'
0('+".#,57#"5,'-";'804+*+#,'5-+40$#;'50'L2M2'@+;=#,5'
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Section 1 

INTRODUCTION
Pulp and paper is the third largest energy-using manufacturing 

subsector in the U.S.  In 2010 this sector accounted for 11 percent 

of total U.S. industrial energy use and 5 percent of industrial 

greenhouse gas (GHG) emissions.  To build a tangible, bottom-up 

understanding of U.S. industrial energy efficiency improvement 

potential, this report focuses on pulp and paper manufacturers 

located in the Midwest.
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-";'$#;<*#'=-5#$'K<-4+5&'-";'=-5#$'-.-+4-1+4+5&'(0$'
80=#$'%#"#$-5+0"'-";'059#$'+";<,5$+-4'<,#,2

E+%<$#'J''j   U.S. Industry Sub-Sector First Use 
of Energy for All Purposes (Fuel and 
Nonfuel), 2010 

Source: U.S. DOE 2013a.
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+"*0$80$-5#;'8$0.+,+0",'($07'59#'M9-9##"Bc0$57-"'
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(<$59#$',5<;&'0('#"#$%&B+"5#",+.#'7-"<(-*5<$+"%'
-";';#.#4087#"5'0('-'E#;#$-4'!"#$%&'@-"-%#7#"5'
-";'i-5-'S044#*5+0"'M5-";-$;2''G"'7-"&'*-,#,6',5-5#'
4-=7->#$,'9-.#'%0"#'(<$59#$2''M+"*#'Jggg6'5=#"5&B
(0<$',5-5#,'9-.#',#5'1+";+"%'#"#$%&'#()*+#"*&'
5-$%#5,6'$#K<+$+"%'#4#*5$+*'-";'"-5<$-4'%-,'<5+4+5+#,'50'
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Research Objectives
?0'9#48'+"(0$7'0"%0+"%'804+*&';#4+1#$-5+0",'-";'50'
-4,0'#"*0<$-%#'%$#-5#$'*0",+;#$-5+0"'0('!!'+".#,5B
7#"5,'1&'L2M2'7-"<(-*5<$+"%'*078-"+#,6'59+,'$#80$5'
(0*<,#,'0"'0"#'#"#$%&B+"5#",+.#',#*50$'+"'-'L2M2'
$#%+0"'59-5'+,'804+5+*-44&6'*<45<$-44&6'-";'#*0"07+*-44&'
%#-$#;'50=-$;'7-"<(-*5<$+"%2''?9+,',5<;&'+,'<"+K<#'
(0$'<,+"%'(-*+4+5&B4#.#4'-"-4&,+,'=+59',5-5#B,8#*+)*'
;#5-+46'84<,'$#8$#,#"5-5+.#'*-,#',5<;+#,'($07';+(B
(#$#"5'*078-"+#,2'?9#'+"5#"5'+,'50'7->#'+";<,5$+-4'
#"#$%&'#()*+#"*&'0880$5<"+5+#,'70$#'.+,+14#'-";'4#,,'
-1,5$-*5'50',5-5#B4#.#4'804+*&7->#$,6'<5+4+5+#,6'1<,+B
"#,,#,6'-";'059#$'+"5#$#,5#;',5->#904;#$,2'

Each year energy losses cost U.S. manufacturers 
billions of dollars and generate millions of metric 
tons of greenhouse gas emissions (Brueske et al. 
2012).  Energy cost savings can be highly valuable for 
boosting near-term profitability, but also as a strategy 
to reduce a facility’s exposure to future price increases.  
This improves a company’s competitiveness, which is 
especially important for energy-intensive manufacturers 
of internationally traded goods such as pulp and paper, 
since competitors may operate newer and more efficient 
plants or have lower costs for labor or energy.    

Lower pollution levels resulting from energy savings 
come with a host of related benefits for the company, 
public health, and the environment.  From the company 
perspective, lower pollution means lower costs for a 
number of reasons.  First, lower pollution often means 
reduced compliance costs associated with current 
environmental regulations.  While helping to manage 
current regulatory compliance, lowering emissions 
enhances a company’s sustainability, which reduces 
legal risk.  Being proactive about reducing emissions 
also limits a company’s exposure to financial, credit 
(Venugopal et al. 2011), and legal risks associated 
with future legislative or regulatory measures to reduce 
greenhouse gas emissions from existing industrial 
sources (Litz et al. 2011).

Finally, many states encourage industrial efficiency 
with financial incentives as a part of their SO2 and 
NOX emissions reduction programs.  When faced with 
energy supply constraints or state policies requiring 
energy efficiency improvements, electric and natural 
gas utilities are increasingly offering demand-response 
and other programs that make efficiency investments 
even more economically attractive to industrial 
customers (Chittum and Nowak 2012). 

Source: NAS 2010.

BOX 1  |   THE BUSINESS CASE FOR  
INDUSTRIAL ENERGY  
EFFICIENCY IN THE U.S.
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Note: This figure shows the value of U.S. international paper trade as defined by Harmonized System code HS 48 (Paper,Paperboard).
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Notes: This figure displays select categories of U.S. paper production as defined by the UN FAO; y-axis not zero-based so as to illustrate production trends.
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In 2010 pulp and paper manufacturing 
accounted for 11 percent of total U.S. 
manufacturing energy use (U.S. DOE 
2013).  According to the American Survey 
of Manufacturers, in economic terms 
this subsector consumed more than $6.6 
billion of electricity and fuels to generate 
value-added worth more than $79 billion 
in the same year (U.S. Census Bureau 
2013).  Table 1 provides a snapshot of 
various metrics for economic and energy-

related activity by the U.S. paper industry, 
which includes manufacturers of pulp, 
paper, paperboard, and “other converted 
paper products.”

Paper is the third highest energy-consum-
ing industry subsector in the United States, 
behind (1) petroleum and coal products 
and (2) chemicals (U.S. DOE/EIA 2013).  
The paper industry accounted for 5 percent 
of industrial CO2 equivalent emissions in 

2010—a lower share than other energy-
intensive manufacturing sectors largely  
due to extensive use of wood-based fuels 
(U.S. DOE/EIA 2012a).  Of the five indus-
tries that consume the most energy in the 
United States, paper manufacturing has the 
second highest electricity intensity behind 
primary metals.8  Within the sector, pulp 
mills, paper mills and paperboard mills 
consume 95% of energy used by the pulp 
and paper sector.

BOX 2  |   A SNAPSHOT OF U.S. PULP AND PAPER MANUFACTURING

 METRIC PULP & 
PAPER PULP MILLS PAPER MILLS PAPERBOARD 

MILLS
CONVERTED 
PAPER PRODUCTS

NAICS Code 322 32211 32212 32213 3222

Value of Shipments  
($ billion)

170 4.5 48 27 91

Cost of Purchased Fuel  
and Electricity ($ billion)

8.1 0.33 3.5 2.8 1.4

Number of employees 351,000 7,000 68,000 35,000 242,000

Electricity Use (Purchases + 
Generation - Sales) (TWh)

98 5 48 32 13

Total Annual Energy Use 
(trillion Btu)i

2,109 249 922* 825 113

Electricity Intensity  
(1000 kWh Electricity 
Purchased + Generated  
per Value Added) (2010)

1.34 2.86 2.04 2.66 0.34

GHG Emissions Intensity** 
(2009) (%)

1.3 1.8 1.9 2.9 N / A

TABLE 1  |  U.S. PULP AND PAPER SECTOR METRICS, 2010

Sources: U.S. Census Bureau 2013. iU.S. DOE/EIA 2013a.

Notes: *This value represents the total energy consumption of NAICS 322121 (paper mills, except newsprint) and NAICS 322122 (newsprint), which consumed 821 trillion 
Btu and 101 trillion Btu, respectively. **Based on the interagency report on the Waxman-Markey proposed legislation in 2009, GHG emissions intensity is defined here as 
the added cost to a sector associated with a carbon price of $20 per ton of CO2e, divided by the sector’s total value of shipments. See: <http://www.epa.gov/climatechange/
EPAactivities/economics/legislativeanalyses.html#interagencyReport>.
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The paper industry generally includes three 
types of mills: pulp mills, paper mills, and 
integrated mills (integrated mills include 
pulping and papermaking operations at one 
facility).  Among these different mill types, a 
range of technologies and processes are used 
for production.  Figure 6 illustrates compo-
nents of the pulp and paper manufacturing 
process, which begins with wood prepara-
tion (i.e., debarking and chipping) and the 

chemical or mechanical pulping processes 
(i.e., grinding/cooking, washing, screening, 
and bleaching).  The pulping process can 
be differentiated between three major types: 
chemical pulping, mechanical pulping, and 
pulp recycling.  Once the pulp is produced it 
is either transferred to an on-site papermak-
ing facility—in integrated mills—or trans-
ported to another facility (i.e. a paper-only or 
recycle mill).  After entering the papermaking 

facility (right side of figure below), the pulp 
is formed, pressed, dried, and calendared to 
create a finished paper product.

In addition to the processes involved in pulp 
and paper manufacturing, the figure below 
shows the final energy intensity of processes 
using Best Available Technologies (Jacobs, et 
al. 2006) and key efficiency technology options. 
The processes involved in pulp and paper 
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manufacturing demand substantial amounts 
of heat: 81 percent of the sector’s energy use 
goes toward heating and cooling systems 
(U.S. EPA 2007).  Water evaporation during 
the drying process constitutes the largest 
energy-consuming process in papermaking 
(U.S. DOE 2005a).  The energy intensity of par-
ticular mills depends primarily on equipment 
configuration, product mix, fuel availability, 
and energy management practices. Previous 

analysis has found that key steps in the paper 
manufacturing process—including paper dry-
ing, paper machine wet end processing, liquor 
evaporation, chemical preparation including 
lime kilns, pulp digesting, bleaching, and other 
processes—could save 28 percent of energy 
use by adopting best available technologies 
(Jacobs et al. 2006). The key efficiency tech-
nology options listed in the figure are further 
described in Appendix V and Section 3 below.

Electricity (MMBtu/ton)

E+%<$#'h''j  Energy Intensity and Efficiency Options for Pulp and Paper Manufacturing Processes

* Jacobs et al. data show that mechanical pulping grinding and refining is electricity intensive; steam energy can be recovered in thermomechanical pulping facilities. 

Notes: The data in this process figure are from the Appendix, Tab H, with BAT data in Jacobs et al. (2006).  Recovery boilers are not included in this figure due to insufficient 
data.  This figure presents published average energy intensity associated with pulping and papermaking process best available technologies.  Electricity consumption data in 
this figure were converted from units of kWh/adt and kWh/mdt to MMBtu/adt and MMBtu/mdt, respectively, using a final energy conversion factor of 1kWh=3,412 Btu.  For 
more information on the energy intensity associated with Midwest mill types and pulping processes, see Appendix I.
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HIJH;Y2''N9#$#-,'59#'8<48'-";'8-8#$',#*50$',9-$#'
0('50Q+*'-+$'#7+,,+0",'+,'K<+5#'9+%9'+"'N+,*0",+"6'+5'
+,'40=#$'+"'F9+0'-";'G44+"0+,';<#'50'59#'8$#,#"*#'0('
059#$'8044<5+0"B+"5#",+.#'7-"<(-*5<$+"%',#*50$,'+"'
590,#',5-5#,2g

C#*-<,#'0('59#+$'8044<5+0"B+"5#",+.#"#,,6'7-"&'
8<48'-";'8-8#$'7-"<(-*5<$#$,',8#";'-',+%"+)*-"5'
80$5+0"'0('59#+$'$#.#"<#'0"'7+5+%-5+"%'#".+$0"B
7#"5-4'+78-*5,2''G"'(-*56'50'*0"(0$7'50',5-5#'-";'
(#;#$-4'$#%<4-5+0",6'59#'8<48'-";'8-8#$',<1,#*50$'
X^3GSM'UHHY',8#";,'70$#'59-"'J'8#$*#"5'0('+5,'
505-4'.-4<#'0(',9+87#"5,'0"'*0784+-"*#6'=9+*9'+,'
70$#'59-"'-"&'059#$'L2M2'7-"<(-*5<$+"%',#*50$2JI  
G"'-;;+5+0"6'70,5'0('59#,#'(-*+4+5+#,'=+44',00"'(-*#'
#7+,,+0",'8#$(0$7-"*#',5-";-$;,'$#K<+$#;'1&'59#'
$#*#"54&')"-4+P#;'C0+4#$'@3S?'$<4#2''f0=#.#$6'
(#;#$-4'-";',5-5#'#".+$0"7#"5-4'$#%<4-5+0",'-$#'
+"*$#-,+"%4&';#,+%"#;'50'$#*0%"+P#'#"#$%&'#()*+#"*&'
-,'*0,5B#((#*5+.#'085+0",'(0$'*0784+-"*#'Xi+#5,*9'
#5'-42'HIJHY2''M07#'(-*+4+5+#,'-$#'-4,0'(<#4',=+5*9+"%'
50'"-5<$-4'%-,'-";'<,+"%'*071+"#;'9#-5'-";'80=#$'
XSfcY'5#*9"040%+#,'50'*0"(0$7'50'59#'C0+4#$'@3S?'
$<4#2''?9$0<%9'59#'-;085+0"'0('1#,5'8$-*5+*#'#"#$%&'
#()*+#"5'5#*9"040%+#,6'8$#.+0<,',5<;+#,'9-.#'(0<";'
59-5'59#'L2M2'8<48'-";'8-8#$',#*50$'*0<4;'*<5'505-4'

E+%<$#'V''j   Midwest Pulp and Paper Mill Purchased Energy Sources, 2010

Source: Fisher International 2013.

Note: purchased energy use does not include energy generated from mill by-products such as back liquor.
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#"#$%&'<,#'1&'0.#$'H`'8#$*#"5'XZ-*01,'#5'-42HIIhYa'
-,,0*+-5#;'(<#4',-.+"%,'=0<4;'1#'*078-$-14#'50'
59#',#*50$A,'505-4'#".+$0"7#"5-4'*0784+-"*#'*0,5,'
XC$-;1<$&'HIJIY2'

Recent Market Trends: Challenges  
and Efficiency Opportunities
M+"*#'59#'JggI,6'7-"&'8<48'-";'8-8#$'(-*+4+5+#,'+"'
59#'L2M2'9-.#'1##"'(0$*#;'50'+;4#'0$'*40,#'-,'-'$#,<45'
0('*9-"%+"%'7-$>#5'*0";+5+0",2''?9#'*0,5'0('(<#4,'
-";'8<$*9-,#;'#4#*5$+*+5&'+"*$#-,#;'Hh'8#$*#"5'
=+59+"'59#'L2M2'8<48'-";'8-8#$',#*50$'1#5=##"'
HIII'-";'HII`6'-5'59#',-7#'5+7#'59-5'*078#5+B
5+0"'+"5#",+)#;'59$0<%9'#Q8-";#;'+"5#$"-5+0"-4'
5$-;#'X,##6'(0$'#Q-784#6'E+%<$#'HY'X^O!b'HIIgY2''

E+%<$#'[''j   Paper Manufacturing Air Toxics 
Emissions Impacts per State, 2010

Source: U.S. EPA 2012d.

Note: States accounting for less than 1 percent of both categories (Indiana, 
Kansas, and Missouri) and states with no paper manufacturing (Nebraska, North 
Dakota, and South Dakota) are not included.
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?9#'9+%9'#"#$%&'+"5#",+5&'0('L2M2'8<48'-";'8-8#$'
8$0;<*5+0"'7->#,'59#',#*50$'*078-$-5+.#4&'.<4"#$B
-14#'50'#"#$%&'8$+*#'+"*$#-,#,2''G"'HIIh6'8<$*9-,#;'
#"#$%&'(0$'9#-5'-";'80=#$'$#8$#,#"5#;'[2]'8#$*#"5'
0('505-4';+$#*5'8$0;<*5+0"'*0,5,'X^O!b'HIIgY2''O+,B
+"%'#"#$%&'*0,5,'-";'059#$'*9-44#"%#,'*0"5$+1<5#;'50'
59#'*40,<$#'0('JI'8#$*#"5'0('@+;=#,5'8<48'-";'8-8#$'
7+44,'1#5=##"'HII`'-";'HIJI'XE+,9#$'G"5#$"-5+0"-4'
HIJUY2JJ''3**0$;+"%'50'59#'S#",<,'C<$#-<6'59#'
"<71#$'0('L2M2'8<48'-";'8-8#$',#*50$'#7840&##,'
;$088#;'1&'UI'8#$*#"56'($07']gJ6III'+"'HIIH'50'
U]h6III'+"'HIJJ'XL2M2'S#",<,'C<$#-<'HIJUY2

3,'8-$5'0('-',5$-5#%&'50',5-&'*078#5+5+.#'X,##'M#*5+0"'
]Y6'L2M2'8<48'-";'8-8#$'7+44,'9-.#'+78$0.#;'59#+$'
#"#$%&'#()*+#"*&'+"'59#'4-,5'HI'&#-$,2''N9#"'#"#$%&'
8$+*#,'$0,#'+"'59#'JggI,6'59#',#*50$'<,#;'#"#$%&'#()B
*+#"*&'+".#,57#"5,'-";'(<#4',=+5*9+"%'($07'8#5$0B
4#<7'(<#4',0<$*#,'50'"-5<$-4'%-,'-";'1+07-,,'-,'-'
7#-",'0('$#;<*+"%'*0,5,'XL2M2'!c3'HIIVY2''3**0$;B
+"%'50'59#'37#$+*-"'E0$#,5'-";'c-8#$'3,,0*+-5+0"'
X3Elc3Y6'7#71#$'*078-"+#,'$#;<*#;'59#'-70<"5'
0('8<$*9-,#;'#"#$%&'<,#'8#$'50"'0('8$0;<*5+0"'1&'J`'
8#$*#"5'1#5=##"'HIII'-";'HIJI'X3E'l'c3'HIJHY2''
E0$'HIHI6'3Elc3'9-,',#5'-'%0-4'0('+78$0.+"%'
8<$*9-,#;'#"#$%&'#()*+#"*&'1&'JI'8#$*#"5'0.#$'59#'
HII`'-.#$-%#'4#.#42

c$0*#,,'*004+"%'-";'9#-5+"%',&,5#7,'*078$+,#'[J'
8#$*#"5'0('59#'8<48'-";'8-8#$'+";<,5$&A,'#"#$%&'<,#'
XL2M2'!c3'HIIVY2''3**0$;+"%'50'59#'!^!OT_'M?3O'
T<+;#'(0$'59#'c<48'-";'c-8#$'G";<,5$&6';$&+"%'+,'
%#"#$-44&'59#'70,5'#"#$%&B+"5#",+.#',5#8'+"'59#'8-8#$'
7-"<(-*5<$+"%'8$0*#,,'X\$-7#$'#5'-42'HIIgY2JH''?9+,'
9-,'4#;'+";<,5$&'50'8<$,<#'-'.-$+#5&'0('#()*+#"*&'7#-B
,<$#,'59-5'$#;<*#'#"#$%&'<,#'-,,0*+-5#;'=+59';$&+"%2''
T+.#"'59#'9+%9'9#-5'-";'#4#*5$+*+5&'$#K<+$#7#"5,'0('
8<48'-";'8-8#$'8$0;<*5+0"6'70$#'#()*+#"5'*071+"#;'
9#-5'-";'80=#$'+,'=+;#4&'<,#;'-";'*0",+;#$#;'-,'-'
5#*9"040%&'085+0"'X,##'M#*5+0"'UY2'

3'*#"5$-4'-;.-"5-%#'0('Sfc'+,'59-5'#"#$%&'*0".#$B
,+0"'#()*+#"*+#,'+"*$#-,#'($07'59#'UU'8#$*#"5:5&8+B
*-4'0('*#"5$-4',5-5+0"'80=#$'84-"5,:50'1#5=##"'`I'
-";'[I'8#$*#"5';#8#";+"%'0"'(<#4'5&8#'-";'Sfc'
#K<+87#"5'*0")%<$-5+0"'XC$0="'#5'-42'HIJJY2''?9#'
8<48'-";'8-8#$',#*50$'9-,'-*9+#.#;'40"%B5#$7'
$#;<*5+0",'+"'#"#$%&'+"5#",+5&'59$0<%9'8$0*#,,'
+78$0.#7#"5,'-";'+"*$#-,#;'<5+4+P-5+0"'0('Sfc'
X^O!b'HIIgY2''b00>+"%'(0$=-$;6'8<14+,9#;'804+*&'
,*#"-$+0,',<%%#,5'59-5'-;;+5+0"-4'Sfc'<5+4+P-5+0"'+"'
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59#'8<48'-";'8-8#$',#*50$'*0<4;'4#-;'50'505-4'#4#*B
5$+*+5&'%#"#$-5+0"'0('-88$0Q+7-5#4&'V`'1+44+0"'>N9'
1&'59#'&#-$'HIU`6'*078-$#;'50'505-4'HIJI'8<48'-";'
8-8#$',#*50$'#4#*5$+*+5&'<,#'0('g['1+44+0"'>N9'X?-14#'
JY'XC$0="'#5'-42'HIJJY2

?9#'-*-;#7+*'-";'5#*9"+*-4'4+5#$-5<$#'8$#,#"5,'-'
$-"%#'0('#,5+7-5#;'$#7-+"+"%'805#"5+-4'(0$'L2M2'
8<48'-";'8-8#$',#*50$'#()*+#"*&'+78$0.#7#"5,2''
?9#'^-5+0"-4'3*-;#7&'0('M*+#"*#,'(0<";'59-5'1&'
-884&+"%'*<$$#"5'8$-*5+*#,'<,#;'1&'59#'70,5'70;#$"'
7+44,6'59#'8<48'-";'8-8#$',#*50$A,'#"#$%&'*0",<78B
5+0"'*0<4;'1#'$#;<*#;'1&'H`'8#$*#"5'=+59'*<$$#"5'
5#*9"040%+#,6'-";'<8'50']J'8#$*#"5'8#";+"%'*0"5+"B
<#;'$#,#-$*9'-";'5#*9"040%&';#.#4087#"5'X^3M'
HIJIY2''3**0$;+"%'50'-"059#$'iF!'#,5+7-5#6'+784#B
7#"5-5+0"'0('*0,5B#((#*5+.#'!!'805#"5+-4'+"'HIHI'
*0<4;'$#;<*#'59#'8<48'-";'8-8#$',#*50$A,'#"#$%&'
*0",<785+0"'1#5=##"'h'-";'UV'8#$*#"5'XC$0="'
#5'-42'HIJJY2''N+59+"'59-5'$-"%#6'@*\+",#&'-";'
S078-"&'#,5+7-5#'59-5'-"'-**#4#$-5+0"'0('-;085+"%'
8$0.#"'5#*9"040%+#,'-";'8$0*#,,'#K<+87#"5'*0<4;'
$#;<*#'59#',#*50$A,'#"#$%&'<,-%#'1&'Hh'8#$*#"5'1&'
HIHI'X@*\+",#&'l'S078-"&'HIIgY2''G"'59#+$',5<;&'
0('59#'L2M2'8<48'-";'8-8#$',#*50$'+"'HIIh6'n<'#5'-42'
XHIJHY'(0<";'5#*9"+*-4')"-4'#"#$%&',-.+"%,'805#"B
5+-4'0('hH'8#$*#"5'-";'*0,5B#((#*5+.#')"-4'#"#$%&'
,-.+"%,'805#"5+-4'0('H`'8#$*#"52''3,';+,*<,,#;'+"'
M#*5+0"'U6'-'$-"%#'0('5#*9"040%+#,'-";'8$0*#,,#,'
*-"'9#48'50'+78$0.#'8<48'-";'8-8#$'7-"<(-*5<$B
+"%'#"#$%&'#()*+#"*&6'+"*4<;+"%')1#$',<1,5+5<5+0"6'
,5#-7'5$-8'7-+"5#"-"*#6'8-8#$7->+"%6'-";'7<45+B
8$0*#,,'+78$0.#7#"5,2

A central advantage 
of CHP is that energy 

conversion efficiencies 
increase from the  

33 percent—typical of 
central station power 
plants—to between 

50 and 80 percent 
depending on fuel type 

and CHP equipment 
configuration.
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Section 2 

SECTOR ASSESSMENT 
WITH EFFICIENCY 
BENCHMARKING AND 
EMISSIONS INVENTORY
This section evaluates the relative energy performance of the 

Midwest pulp and paper sector and estimates potential energy cost 

savings associated with energy efficiency improvements by regional 

mills. Greenhouse gas emissions reductions are also assessed under 

energy efficiency and fuel switching scenarios.
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?9+,'105507B<8'-"-4&,+,'+,'1-,#;'0"'(-*+4+5&B4#.#4'
#"#$%&B<,#'-";'8$0;<*5+0"';-5-'($07'59#'E+,9#$'
;-5-1-,#2''C#"*97-$>+"%'+,'*0";<*5#;'50'-,,#,,'
59#'$#4-5+.#'#"#$%&'+"5#",+5&'0('8<48B0"4&'7+44,'-";'
+"5#%$-5#;'8<48'-";'8-8#$'7+44,'+"'59#'$#%+0"'<,+"%'
-"'!^!OT_'M?3O'!"#$%&'c#$(0$7-"*#'G";+*-50$'
X!cGY'5004'8<14+,9#;'+"'HIJH2

C#"*97-$>+"%'+,'-'=#44B#,5-14+,9#;'7#590;'(0$'
K<-"5+(&+"%'(-*+4+5&6',#*50$6'0$'"-5+0"-4B4#.#4'#"#$%&'
-";'#7+,,+0",'8#$(0$7-"*#2''?9#'7#590;,'+".04.#;'
+"'1#"*97-$>+"%'+";<,5$&'#"#$%&'<,#'-";'#7+,B
,+0",'+".04.#',#.#$-4'*0",+;#$-5+0",'59-5'+"D<#"*#'
)"-4'$#,<45,2''E+.#'>#&'+,,<#,'+"*4<;#';#)"+5+0"'0('
8$0;<*5'0$',#*50$'X,<*9'-,'505-4'8<48'-";'8-8#$'
.#$,<,'7-$>#5'8<48Y6'*-4*<4-5+0"'7#590;,'-";'
10<";-$+#,'X,<*9'-,'=9#59#$'50'+"*4<;#'+";+$#*5'
#7+,,+0",'-,,0*+-5#;'=+59'8<$*9-,#;'#"#$%&Y6'<"+5,'
(0$'"0$7-4+P+"%'59#'1#"*97-$>'X,<*9'-,'50",'0('
0<58<5'0$'.-4<#'-;;#;Y6'1#"*97-$>'-71+5+0"'X,<*9'
-,'-.#$-%#'.#$,<,'1#,5'8$-*5+*#Y6'-";';-5-',0<$*#,'
X,<*9'-,'%0.#$"7#"5',<$.#&,'.#$,<,'+";<,5$&'
-,,0*+-5+0",Y'XM!G'HIJIY2''?9+,',5<;&'<,#,'-'8<14+*4&'
-.-+4-14#'1#"*97-$>+"%'($-7#=0$>'#,5-14+,9#;'1&'
59#'L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XC0&;'
-";'T<0'HIJHY2

C#"*97-$>+"%'8$0.+;#,'-'K<-"5+5-5+.#'1-,+,'(0$'
*078-$-5+.#'-,,#,,7#"5'-";'+;#"5+)*-5+0"'0('
#"#$%&'#()*+#"*&'%-8,2''^<7#$0<,'8<14+*-5+0",'
9-.#'-,,#,,#;'59#'#"#$%&'#()*+#"*&'%-8'-*$0,,'7<4B
5+84#',#*50$,'0('59#'L2M2'#*0"07&'-,'-'=904#'XZ-((#'
-";'M5-.+",'Jgg]a'@*\+",#&'l'S078-"&'HIIga'
^3M'HIJIa'344*055'-";'T$##",50"#'HIJHY6'4-$%#4&'
($07'-"'#*0"07+*'8#$,8#*5+.#2''N+59+"'+";<,5$&6'
-'"<71#$'0('#"%+"##$+"%B-**0<"5+"%',5<;+#,'9-.#'
K<-"5+)#;'59#'#"#$%&'#()*+#"*&'%-8'(0$'8-$5+*<4-$'
,#*50$,'XN0$$#446'c$+*#6'-";'@-$5+"'Jggga'L2M2'
iF!m!G3'HIIVa'F;-'#5'-42'HIJHY2''3,'-"'#*0"07+*'
-";'%#0%$-89+*-4'*#"5#$'0('L2M2'7-"<(-*5<$+"%6'59#'
@+;=#,5'$#%+0"6'-";'+";+.+;<-4'@+;=#,5',5-5#,6'
-4,0'9-.#'1##"'59#',<1/#*5'0('#"#$%&'#()*+#"*&'%-8'
-,,#,,7#"5,'Xb+.+"%,50"6'@-,0"6'-";'O0=#'HIIga'
L2M2'iF!m!G3'HIIg1a'!"#$%&'S#"5#$'0('N+,*0",+"'
HIIga'i#N-94'#5'-42'HIJIY2''S078-$#;'50'8$+0$'8<1B
4+*-5+0",6'59+,'$#80$5'8$0.+;#,'-'<"+K<#4&';#5-+4#;'
-,,#,,7#"5'0('8-8#$',#*50$'#"#$%&'#()*+#"*&'0880$B
5<"+5+#,'59$0<%90<5'59#'@+;=#,52

?-14#'H''j  Midwest Pulp and Paper Mills, 2010

MILL TYPE MILLS ANNUAL  
PRODUCTION (TONS)i

Integrated Mills 20 7,325,000

Pulp-only Mills 5 416,000

Paper-only 
Mills

68 9,003,000

Midwest Total 93 16,744,000

Source: Fisher International 2013.

Notes: Most pulp and paper sector production data are reported in finished short 
tons (FST). Unless labeled otherwise, this report uses FST.
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?0'-4+%"'=+59'-.-+4-14#';-5-'($07'59#'L2M2'TfT'
$#80$5+"%'5004'-";'59#'$#4#-,#'0('59#'HIJI'@-"<(-*B
5<$+"%'!"#$%&'S0",<785+0"'M<$.#&'X@!SMY';-5-B
1-,#'XLM2'iF!m!G3'HIJUY6'59+,',5<;&'1#"*97-$>,'
@+;=#,5'8<48'-";'8-8#$'7+44,'+"'HIJI2''?-14#'H'-";'
E+%<$#'g',90='59#';+,5$+1<5+0"'0('HIJI'@+;=#,5'
7+44,'-";'8$0;<*5+0"'1&'7+44'5&8#2''^05#'59-5'70,5'
@+;=#,5'7+44,';0"A5'8$0;<*#'8<48'0"B,+5#'-";'59#$#B
(0$#'8<$*9-,#'+5'($07'0((,+5#'8$0.+;#$,2''G"5#%$-5#;'
-";'8<48B0"4&'7+44,'-**0<"5#;'(0$']h'8#$*#"5'0('
505-4'@+;=#,5'8$0;<*5+0"'+"'HIJI2'

N+,*0",+"'9-,'70$#'59-"'5=+*#'-,'7-"&'7+44,'-,'
-"&'059#$'@+;=#,5#$"',5-5#2''G"'HIJI6'N+,*0",+"'
7+44,6'7-"&'0('=9+*9'-$#'$#4-5+.#4&',7-446'8$0;<*#;'
"#-$4&'h'7+44+0"'50",'0('8-8#$'8$0;<*5,6'-**0<"5+"%'
(0$'70$#'59-"'-'59+$;'0('@+;=#,5'8-8#$'8$0;<*5+0"2''
3,'+44<,5$-5#;'+"'E+%<$#'g6'59#'@+;=#,5'9-,'-'*07B

8-$-5+.#4&'9+%9',9-$#'0('5+,,<#'-";'50=#46'-,'=#44'-,'
8$+"5+"%'-";'=$+5+"%'8$0;<*5+0"2''@-8'J',90=,'59#'
%#0%$-89+*';+,5$+1<5+0"'0('@+;=#,5'8<48'-";'8-8#$'
7+44,'1&'HIJI'8$0;<*5+0"'-70<"5'-";'.+"5-%#2''G"'
HIJI'59#'-.#$-%#'@+;=#,5'8<48'-";'8-8#$'7+44'=-,'
1<+45'+"'JgHH2''E0$'70$#'+"(0$7-5+0"'0"'59#';+,5$+B
1<5+0"'0('8<48'-";'8-8#$'7+44,'1&',5-5#'=+59+"'59#'
@+;=#,56',##'388#";+Q'G2

E+%<$#'g'+44<,5$-5#,'59#';+,5$+1<5+0"'0('@+;=#,5'
8<48'-";'8-8#$'8$0;<*5+0"'1&',5-5#'-";'7+44'5&8#2''
370"%'59#'(0<$'4-$%#,5'8<48'-";'8-8#$'8$0;<*+"%'
,5-5#,6'+"5#%$-5#;'-";'8<48B0"4&'7+44,'-**0<"5#;'(0$'
]g'8#$*#"5'0('HIJI'8$0;<*5+0"'-";'`U'8#$*#"5'0('
HIJI'505-4'#"#$%&'<,#2''E+%<$#'JI',90=,'59#';+,5$+B
1<5+0"'0('@+;=#,5'8<48'-";'8-8#$'#"#$%&'<,#'1&'
,5-5#'-";'7+44'5&8#2''G"'HIJI'-44'59#'8$0;<*5+0"'+"'
59#',7-44#$').#',5-5#,'=-,'($07'8-8#$B0"4&'7+44,2

@-8'J''j  Midwest Pulp and Paper Mills by Year Built and Production Capacity, 2010

Source: Fisher International 2013.

3,600 - 100,000

ANNUAL
PRODUCTION (FST)

100,000 - 250,000

250,000 - 500,000

500,000 - 1,100,000

VINTAGE

1882 - 1900

1901 - 1940

1941 - 1980

1981 - 1996



WRI.org        24

E+%<$#'g''j   Midwest Paper Production by State, 2010

Source: Fisher International 2013.
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E+%<$#'JI''j   Midwest Pulp and Paper Energy Use by State, 2010

Source: Fisher International 2013.
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*078-$#,'-"'+";+.+;<-4'7+44A,'#"#$%&'8#$(0$7-"*#'
=+59'*078-$-14#'7+44,'59$0<%90<5'59#'L2M2''?9#'
!^!OT_'M?3O'G";<,5$+-4'8$0%$-7'9-,';#.#408#;'
!cG'5004,'(0$'.-$+0<,'7-"<(-*5<$+"%',<1,#*50$,'
1-,#;'0"'*0");#"5+-4'(-*+4+5&B4#.#4'S#",<,';-5-2J]  
G"'0$;#$'50'70.#'1#&0";'59#'0"#B,+P#B)5,B-44' 

1#"*97-$>+"%'-88$0-*9';#,*$+1#;'-10.#6'59#'
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C0Q'UY2''?9+,'!cG'-,,#,,7#"5'*0.#$,'70$#'59-"']I'
8#$*#"5'0('505-4'$#%+0"-4'8-8#$'8$0;<*5+0"'1&'7-,,'
-";'`g'8#$*#"5'0('505-4'#"#$%&'<,#;'1&'59#'@+;=#,5'
8<48'-";'8-8#$'+";<,5$&'+"'HIJI2

?9#'$#,<45,'0('59#'!cG'-"-4&,+,'(0$'59#'H`'8<48'-";'
+"5#%$-5#;'8<48'-";'8-8#$'7+44,'40*-5#;'+"'59#'
@+;=#,5'-$#',90="'+"'E+%<$#'JH2

?9+,'$#80$5A,'!cG'-"-4&,+,')";,'59-5'@+;=#,5'8<48B
0"4&'7+44,'-";'+"5#%$-5#;'8<48'-";'8-8#$'7+44,'-$#'
4#,,'#()*+#"5'59-"'59#'-.#$-%#'L2M2'7+442''?9#'40=#$'
;-,9#;'%$#&'4+"#'+"'E+%<$#'JH'+44<,5$-5#,'59#'-.#$-%#'
@+;=#,5'1#"*97-$>#;'(-*+4+5&'!"#$%&'c#$(0$7-"*#'
M*0$#'X!cMY'0(']h:,4+%954&'1#40='59#'"0$7-4+P#;'
L2M2'-.#$-%#'!cM'0('`I2J`''?9#'<88#$';-,9#;'$#;'
4+"#',90=,'59#'7+"+7<7'!cM',*0$#'$#K<+$#;'(0$'
!^!OT_'M?3O'*#$5+)*-5+0"2''3,'+44<,5$-5#;'1&'59#'
4+%95'$#;'1-$,'+"'E+%<$#'JH6'@+;=#,5'8<48B0"4&'7+44,'
-$#'0.#$-44'4#,,'#()*+#"5'59-"'059#$'L2M2'8<48'7+44,'
-";'9-.#'-"'-.#$-%#'!cM'0('U[2''

E+%<$#'JJ''j   Purchased Energy Intensity of Midwest Paper Production, 2010

Source: Fisher International 2013.
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G('-44'5=#"5&B0"#'0('59#'@+;=#,5'7+44,'1#40='59#'
!^!OT_'M?3O'#()*+#"*&'1#"*97-$>'4+"#'+".#,5#;'+"'
#"#$%&'#()*+#"*&'50'-*9+#.#'59+,'4#.#4'0('8#$(0$7-"*#'
59#&'=0<4;'$#-4+P#'%$0,,'#"#$%&',-.+"%,'0('Uh'5$+44+0"'
C5<'8#$'&#-$'-**0$;+"%'50'$#,<45,'0('59#'!cG'-"-4&,+,2Jh  
370"%'59#,#'7+44,6'+78$0.#7#"5'50'59#'!^!OT_'
M?3O'1#"*97-$>'#()*+#"*&'8#$(0$7-"*#'4#.#4'=0<4;'
$#;<*#'505-4'8<$*9-,#;'#"#$%&'<,#'1&'UI'8#$*#"52''35'
59#'-.#$-%#'@+;=#,5'HIJI'8-8#$',#*50$'8<$*9-,#;'
#"#$%&'*0,5'0('Wh2hgm7+44+0"'C5<'X,##'388#";+Q'GGGY6'
59#,#'#"#$%&',-.+"%,'=0<4;'9-.#',-.#;'@+;=#,5'
8<48B0"4&'7+44,'-";'+"5#%$-5#;'8<48'-";'8-8#$'7+44,'
-88$0Q+7-5#4&'WH]I'7+44+0"'-""<-44&2

F"'59#',5-5#'4#.#46'@+*9+%-"'9-,'59#'4-$%#,5'-70<"5'
0('805#"5+-4'#"#$%&'-";'*0,5',-.+"%,'($07'#()*+#"*&'
+78$0.#7#"5,'59-5'=0<4;'1$+"%'+5,'7+44,'50'59#'
!^!OT_'M?3O'8#$(0$7-"*#'4#.#42''?-14#'U',90=,'
59#'1$#->;0="'0('HIJI',5-5#'4#.#4'!"#$%&'c#$(0$B
7-"*#'M*0$#,'-";'#,5+7-5#;'#"#$%&'-";'*0,5',-.+"%,'
59-5'=0<4;'-**$<#'($07'#()*+#"*&'+78$0.#7#"5,2''

BOX 3  |   NUTS AND BOLTS  
OF THE EPI TOOL

The ENERGY STAR EPI tool normalizes mill energy 
performance by separating pulp and integrated mills.  
Within each mill type, the tool assesses performance 
for a given production mix (such as coated free sheets 
versus tissue or packaging) and production level (such 
as tons per year).  In addition to annual production 
by type, tool inputs include the amount of purchased 
materials (recycled fiber, sodium hydroxide, etc.) and 
annual energy use by fuel.  The primary output of 
the tool is an Energy Performance Score (EPS) that 
rates the particular mill between 1 and 100, where a 
score of 50 is equivalent to the U.S. average.  Another 
output of the tool is the purchased energy that would 
be consumed by that mill if it were at the U.S. average 
(EPS of 50) and if it was considered efficient (EPS  
of at least 75).

E+%<$#'JH''j   Midwest Integrated and Pulp Mill Energy Performance Indicator Assessment, 2010

Sources: WRI Analysis; Fisher International 2013.

Note: Integrated mills are displayed as red bars and pulp-only mills are displayed as light red bars.
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S-$10"'i+0Q+;#'!7+,,+0",'G".#"50$&
?0'K<-"5+(&'59#'#Q5#"5'-";';+,5$+1<5+0"'0('%$##"B
90<,#'%-,'#7+,,+0",'($07'59#'@+;=#,5'8<48'-";'
8-8#$',#*50$6'59+,',5<;&'8$#,#"5,'-"'+".#"50$&'0('
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;#.#408#;'(0$'59#'L2M2'8<48'-";'8-8#$',#*50$'1&'59#'
^-5+0"-4'S0<"*+4'(0$'3+$'-";'M5$#-7'G78$0.#7#"5'
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5<5#'59-5'(0*<,#,'0"'#".+$0"7#"5-4'508+*,'0('+"5#$B
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50'+"*0$80$-5#'$#.+,#;';-5-'($07'59#'HIIh'GcSS'
%<+;#4+"#,'(0$'"-5+0"-4'TfT'+".#"50$+#,2

c<48'-";'8-8#$'7+44,'<,#'-'$-"%#'0('(<#4,6'+"*4<;+"%'
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#7+,,+0",'X($07'0"B,+5#'(0,,+4'(<#4'*071<,5+0"Y6'

?-14#'U''j  Energy and Cost Savings from Mill Efficiency Improvements, 2010

STATE SUBTOTAL NUMBER  
OF MILLS AVERAGE  EPS

POTENTIAL 
ENERGY SAVINGS 
WITH ENERGY 
STAR PERFOR-
MANCE (TRILLION 
BTU/YEAR)

POTENTIAL 
ENERGY COST 
SAVINGS WITH 
ENERGY STAR 
PERFORMANCE  
($ MILLION/YEAR)

Wisconsin 7 62  10 $64 

Minnesota 6 40  11 $73 

Michigan 4 20  13 $84 

Ohio 4 39  3 $18 

Midwest Subtotal 21 46  36 $240

Note: This table covers Midwest integrated or pulp-only mills with a 2010 EPS below 75; other Midwest states only have higher performing mills or paper-only mills.
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59+,'-"-4&,+,2''N9+4#'+";<,5$&'*0",+;#$,'*-$10"';+0QB
+;#'#7+,,+0",'($07'1+0%#"+*',0<$*#,'50'1#'*-$10"'
"#<5$-4'X1#*-<,#'59#&'-$#'0((,#5'1&'59#',#K<#,5$-5+0"'
0('*-$10"';+0Q+;#'+"'$#%#"#$-5+"%'(0$#,5,a'3E'l'
c3'HIJHY6'59+,'$#7-+",'-'7-55#$'0('0"%0+"%';#1-5#'
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=+59'O#"#=-14#'!"#$%&'M5-";-$;,'XO!MY6',<*9'-,'
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E+%<$#'JU''j   Total Midwest State-level Pulp and Paper Mill CO2 Emissions, 2010

Sources: Fisher International 2013; NCASI 2008; IPCC 2006; U.S. DOE 2007; U.S. DOE 2010; U.S. EPA 2010.
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E+%<$#'J]''j   Midwest Pulp and Paper Mill  
Direct and Indirect Carbon  
Emissions Scenarios

Sources: Fisher International 2013; NCASI 2008; IPCC 2006; U.S. DOE/EIA 2007; 
U.S. DOE/EIA 2010; U.S. EPA 2010.

Note: Fuel switching is ideally combined with efficiency improvements;  
however, data are currently insufficient to display the emissions results  
from the combined scenario.
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Section 3 

ENERGY EFFICIENCY 
OPTIONS IN 
PULP AND PAPER 
MANUFACTURING
A range of proven technologies and processes are available to help 

pulp and paper mills reduce their total energy use.  Cost curve 

analysis suggests that Midwest mills could cost-effectively reduce 

their energy intensity by 25%.  Case studies demonstrate that 

leading mills are already using efficiency investments to improve 

their environmental performance and competitiveness.
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MEASURE PROCESS DESCRIPTION
APPLIED FINAL 
ENERGY SAVINGS 
(MMBTU/T)

COST OF CON-
SERVED ENERGY 
(2010$/MMBTU)

Increased use of recycled paper Fiber substitution 3.46 $6.84

Steam trap maintenance Steam production 0.85 < $0.05

Condebelt drying Papermaking  0.80  $29.16

Extended nip press (shoe press) Papermaking  0.61  $12.53

Dry sheet forming Papermaking  0.61  $157.00

Source: Xu, Sathaye, and Kramer 2012.
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;$&+"%';#*$#-,#,'59#'-70<"5'0(',5#-7'"#*#,,-$&'
(0$';$&+"%'4-5#$'+"'59#'8$0*#,,6'$#;<*+"%'59#'84-"5,'
0.#$-44';$&#$'40-;'XL2M2'!c3'HIJIY2

Dry Sheet Forming
i$&',9##5'(0$7+"%'8$0;<*#,'8-8#$'=+590<5'59#'
-;;+5+0"'0('=-5#$2''N+59'59+,'5#*9"040%&'8<48')1#$,'
-$#';+,8#$,#;'59$0<%9'*-$;+"%'X7#*9-"+*-4';+,1<$,#B
7#"5Y'0$'-+$B4-&#$+"%'5#*9"+K<#,2''?9#'-+$B4-&#$+"%'
5#*9"+K<#',<,8#";,')1#$,'+"'-+$'-";',8-&,'$#,+",'0"'
59#',9##56'=9+*9'-$#'59#"'804&7#$+P#;2''N9+4#'59+,'
5#*9"040%&'$#K<+$#,'-;;+5+0"-4'#4#*5$+*+5&'<,#'-";'+,'
*<$$#"54&'70$#'*0,54&'59-"'5$-;+5+0"-4'8-8#$7->+"%'
5#*9"040%+#,6'+5'&+#4;,'0.#$-44'#"#$%&',-.+"%,'Xn<6'
M-59-&#6'-";'\$-7#$'HIJHY2''?9+,'5#*9"040%&'9-,'
1##"';#840&#;'(0$'"0"B=0.#"'8$0;<*5,',<*9'-,'1-1&'
=+8#,a'*077#$*+-4';#840&7#"5'(0$'8-8#$'7-"<(-*B
5<$+"%'=0<4;'$#K<+$#'-;;+5+0"-4'Oli'+".#,57#"52UI

The U.S. pulp and 
paper sector could 

cost-effectively reduce 
its average energy 

intensity by more than 
5 million Btu per metric 

ton of production... 
Many available energy 
efficiency options have 

less than two-year 
payback periods.
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Supplemental Midwest-specific Information  
on Return on Investment
C#&0";',8#*+)*'#"#$%&',-.+"%,'-";'59#'*0,5'0('
*0",#$.#;'#"#$%&6'-"059#$'*0770"'7#5$+*'(0$'
-,,#,,+"%'59#'*0,5'#((#*5+.#"#,,'0('!!'7#-,<$#,'+,'
59#'$#5<$"'0"'+".#,57#"5'XOFGY2''G"'0$;#$'50'%-+"'
(<$59#$'8#$,8#*5+.#'0"'@+;=#,5'8<48'-";'8-8#$',#*B
50$'#"#$%&'#()*+#"*&'0880$5<"+5+#,6'=#'-4,0'8$0.+;#'
*0784#7#"5-$&'OFG'+"(0$7-5+0"'($07'-'HII`'
8<14+*-5+0"'#"5+54#;'dc<48'-";'c-8#$'!"#$%&'C#,5'
c$-*5+*#'T<+;#100>e'8<14+,9#;'1&'59#'N+,*0",+"'
E0*<,'0"'!"#$%&'8$0%$-7'XNE0!'HII`Y2''@+44'7-"B
-%#$,'9-.#'*077<"+*-5#;'50'59#+$'5$-;#'-,,0*+-5+0"6'
59#'37#$+*-"'E0$#,5'l'c-8#$'3,,0*+-5+0"'X3Elc3Y6'
-'8$#(#$#"*#'(0$'!!'8$0/#*5,'=+59'-"'+".#,57#"5'
OFG'0('-5'4#-,5'H`'8#$*#"5:7->+"%'(0$'-'7-Q+7<7'
8-&1-*>'8#$+0;'0('(0<$'&#-$,'XL2M2'!c3''HIIVY2''?9#'
E0*<,'0"'!"#$%&'%<+;#100>'8$#,#"5,')(5&B,#.#"'
#"#$%&'#()*+#"*&'+78$0.#7#"5'085+0",'(0$',#.#"'
7-"<(-*5<$+"%'8$0*#,,'%$0<8,6'+"*4<;+"%'*9#7+*-4'
8<48'7+44,6'7+44B=+;#'7#-,<$#,6'8-8#$'7-*9+"#,6'
,#*0";-$&')1#$'84-"5,6'59#$7-4B7#*9-"+*-4'X%$0<";'
=00;Y'8<48'7+44,6'<5+4+5&'84-"5,6'-";'=00;'&-$;,2''

?-14#'`';+,84-&,'59#'#Q8#*5#;'8-&1-*>'8#$+0;'0(').#'
!!'7#-,<$#,6'=9+*9'9-.#'1##"'#,5+7-5#;'59$0<%9'
*0,5B0(B*0",#$.#;B#"#$%&B-"-4&,+,'50'1#'*0,5B#((#*B
5+.#'1#,5'8$-*5+*#,'Xn<6'M-59-&#6'-";'\$-7#$'HIJHY2''
?9#,#'7#-,<$#,'=#$#'*0.#$#;'1&'1059'59#'N+,*0"B
,+"'E0*<,'0"'!"#$%&'T<+;#100>'-";'59#'bC^b'*0,5'

TECHNOLOGY MIN 
(YEARS)

MAX 
(YEARS)

Use of a Shoe Pressii 2.5 5

Dryer Management 
Systemiii 1 2.5

Heat up Felt Water > 0 1

Compressed Air, Water 
and Steam Leaks 

> 0 1

High Efficiency Motors > 0 1

?-14#'`''j   Estimated Payback Period  
for Pulp and Paper EE Measuresi

Sources: Wisconsin FoE 2005.

Notes:  
i  The $5.00/MMBtu price of energy assumed by FoE in their calculations is 
notably less than the $6.69 baseline energy price for 2010 for the 2012 Midwest 
pulp and paper sector.  Since higher energy prices result in greater monetary 
savings from reduced energy consumption, assuming an energy price of $6.69/
MMBtu would reduce the estimated payback period.

ii The average length of payback period for the Use of a Shoe Press is 3.33 years.
iii The average length of payback period for a Dryer Management System is 1.43 years.
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1&'59#'%<+;#100>2''i<#'50'+5,'(0*<,'0"'N+,*0",+"'
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7+44,'59$0<%90<5'59#'L2M2'50'1#55#$'*078#5#'=+59'59#'
"#Q5'%#"#$-5+0"'0('8<48'-";'8-8#$'7-"<(-*5<$+"%2'

N+59+"'59#'*9#7+*-4'8<48+"%'8$0*#,,6'(0$'#Q-784#6'
14-*>'4+K<0$'%-,+)*-5+0"'9-,'805#"5+-4'50',-.#'
#"#$%&'-,'+78$0.#7#"5,'-$#'7-;#'+"'$#4+-1+4+5&2''
?9#'#".+$0"7#"5-4'-";'#*0"07+*'1#"#)5,'0('14-*>'
4+K<0$'%-,+)*-5+0"'-$#'4+>#4&'50';#8#";'0"'*9-$-*B
5#$+,5+*,'0('+";+.+;<-4'+",5-44-5+0",'-";'=+44'1#'1#55#$'
<";#$,500;'-,'59#'5#*9"040%+#,'-";'-884+*-5+0",'
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1+07-,,'<,#'-";'+78$0.#'8<48'-";'8-8#$'7+44'

*078#5+5+.#"#,,'+,'1+07-,,'*0".#$,+0"'50'(<#4,'-";'
*9#7+*-4,6'8-$5+*<4-$4&'59$0<%9'1+07-,,B+"5#%$-5#;'
%-,+)*-5+0"'=+59'*071+"#;'*&*4#'XCGTSSY'84-"5,2''
T+.#"'59#'-70<"5'0('59#$7-4'#"#$%&'<,#;'(0$'8-8#$'
;$&+"%6'-;;+5+0"-4',-.+"%,'805#"5+-4'+,'-4,0'-.-+4B
-14#'+"'-;.-"*#;'=-5#$'$#70.-4'5#*9"040%+#,2''G"'
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,#K<#,5$-5+0"'XSSMY'5#*9"040%&'50'14-*>'4+K<0$'
%-,+)#$,'-";'CGTSS'<"+5,'*0<4;'9#48'5<$"'8<48'-";'
8-8#$'7+44,'+"50'-'"#5'*-$10"',+">6'59#$#1&'$#;<*+"%'
%401-4'%$##"90<,#'%-,'#7+,,+0",2''?9#';#.#4087#"5'
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0<,4&'40=#$'8<$*9-,#;'#"#$%&'+"5#",+5&6'$#;<*#'
*-$10"'+"5#",+5&6'-";'100,5'8$0)5-1+4+5&2UJ

N9+4#'59#'7-/0$+5&'0('(#;#$-4'1+0#"#$%&'804+*&'+,'
(0*<,#;'0"'#59-"04'8$0;<*5+0"'(0$'4+K<+;'5$-",80$5'
(<#4,6',07#'8$0%$-7,:',<*9'-,'59#'iF!'G"5#%$-5#;'
C+0$#)"#$&'c4-5(0$7:+"*4<;#'Oli',<880$5'(0$'1+0B
$#)"#$&';#.#4087#"52''G"'-;;+5+0"6'59#'!"#$%&'G";#B
8#";#"*#'-";'M#*<$+5&'3*5'0('HIIV'X!GM36'c2b2'JJIB
J]IY'+"*4<;#;'-"'<8;-5#;'O#"#=-14#'E<#4'M5-";-$;'
X$#(#$$#;'50'-,'OEMHY'59-5'7-";-5#;'-'7+"+7<7'0('
Uh'1+44+0"'%-440",'0('1+0(<#4'<,#'-""<-44&'+"'HIHH6'0('
=9+*9'"0'70$#'59-"'J`'1+44+0"'%-440",'*-"'1#'#59-"04'
($07'*0$"',5-$*96'-";'"0'4#,,'59-"'Jh'1+44+0"'7<,5'1#'
($07'*#44<40,+*'1+0(<#4,2''!59-"04'-";';+7#59&4'#59#$'
Xi@!Y'9-.#'1##"';#70",5$-5#;'-,'5#*9"+*-44&'.+-14#'
*08$0;<*5,'+"'!<$08#-"'8<48'7+44,2UH  
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G"'-;;+5+0"'50'7+"+7<7'$#"#=-14#'(<#4'<,-%#'$#K<+$#B
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(0$#,5B$#,0<$*#B1-,#;'+"5#%$-5#;'1+0$#)"#$&'8$0/#*5,'
+"'59#'L2M2'-$#'40*-5#;'+"'59#'@+;=#,52UU

G"'59#'!<$08#-"'L"+0"6'*4+7-5#'-";'#"#$%&'804+*+#,'
9-.#'9#48#;'59#'8<48'-";'8-8#$'+";<,5$&'50'7-+"B
5-+"'8$0;<*5+0"'%$0=59'=9+4#'$#;<*+"%'#".+$0"7#"B
5-4'+78-*5,2''G"'M=#;#"6'(0$'#Q-784#6'59#'8$+7-$&'

7#*9-"+,7';$+.+"%'8<48'-";'8-8#$',#*50$'-;-85-B
5+0"'9-,'1##"'$+,+"%'(0,,+4'(<#4'8$+*#,'59-5'=#$#'
,9-8#;'1&'),*-4'804+*&6'+"*4<;+"%'+784#7#"5-5+0"'
0('-'*-$10"'5-Q'+"'JggJ2U]''3,'8-$5'0('+5,'G"5#%$-5#;'
c044<5+0"'c$#.#"5+0"'-";'S0"5$04'8$0%$-7'-";'+"'
-**0$;-"*#'=+59'3$5+*4#'JhXHY'0('S0<"*+4'i+$#*5+.#'
ghmhJm!S6'59#'!<$08#-"'S077+,,+0"'+"'HIIJ'-4,0'
8<14+,9#;'#Q5#",+.#';0*<7#"5-5+0"'0"'1#,5'-.-+4B
-14#'5#*9"+K<#,'(0$'59#'8<48'-";'8-8#$'+";<,5$&2U`  
G"'HIJJ'59#'!<$08#-"'S077+,,+0"'8<14+,9#;'-'
dO0-;7-8'(0$'70.+"%'50'-'*078#5+5+.#'40=B*-$10"'
#*0"07&'+"'HI`I6e'=9+*9'9-,'1##"'(<$59#$'#4-10B

@-8'H''j  U.S. Integrated Biorefinery Projects Using Forest Resources, 2012

Source: U.S. Department of Energy, Integrated Biorefinery Platform. Accessible online at: <http://www1.eere.energy.gov/biomass/integrated_biorefineries.html>..

STATUS

Pilot

Commercial

Demonstration

RSA

AMERICAN  
PROCESS INC.

HALDOR  
TOPSOE  

INC.

BLUEFIRE LLC

RENTECH  
CLEARFUELS  
TECHNOLOGY

MASCOMA

UOP LLC
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7-5#,'59-5'8<48'-";'8-8#$',5+44'9-,'59#',#*0";'4-$%#,5'
$#7-+"+"%'5#*9"+*-4'805#"5+-4'-70"%'-44'+";<,5$+-4'
,#*50$,:,#*0";'0"4&'50'59#'*9#7+*-4,'+";<,5$&'
Xf#;7-"'HIJIY2''E+%<$#'Jh'+44<,5$-5#,'59#',5-5#B4#.#4'
;+,5$+1<5+0"'0('8-8#$',#*50$'+",5-44#;'-";'$#7-+"+"%'
Sfc'5#*9"+*-4'805#"5+-42''

?9#'*071+"#;'9#-5'-";'80=#$'+",5-44-5+0"'i-5-B
1-,#'#,5+7-5#,'59-5'59#'@+;=#,5'8<48'-";'8-8#$'
,#*50$'9-,'J2U'TN'0('+",5-44#;'Sfc'*-8-*+5&2''G"'
+5,'HIJH'Annual Energy Outlook6'59#'i#8-$57#"5'
0('!"#$%&'#,5+7-5#;'59-5'59#'505-4'L2M2'8<48'-";'
8-8#$',#*50$'9-;'V2H'TN'0('Sfc'*-8-*+5&'+"'HIJI2UV  
3**0$;+"%'50'59#'GSE'HIJI'-"-4&,+,6'@+;=#,5'8<48'
-";'8-8#$'7+44,'9-.#'U2]'TN'0('$#7-+"+"%'Sfc'
5#*9"+*-4'805#"5+-42''N9+4#'5#*9"+*-4'805#"5+-4'+,'"05'
#K<+.-4#"5'50'#*0"07+*-44&'.+-14#'805#"5+-46'59#'GSE'
-"-4&,+,',<%%#,5,'59-5'59#'@+;=#,5'8<48'-";'8-8#$'
,#*50$'*0<4;'*0%#"#$-5#',<1,5-"5+-44&'70$#'#"#$%&'
0"',+5#6'59<,'805#"5+-44&'84-&+"%'-',<880$5+"%'$04#'+"'
-*9+#.+"%'59#'-71+5+0<,'N9+5#'f0<,#'5-$%#5'0(']I'
TN'0('"#='Sfc'*-8-*+5&'1&'HIHI2U[
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c$#.+0<,',5<;+#,'9-.#'(0<";'59-5'$#%<4-50$&6'804+*&6'
-";'+",5+5<5+0"-4'1-$$+#$,'-$#'+78#;+"%'Sfc'+",5-4B
4-5+0",'($07'$#-4+P+"%'59#+$'$#7-+"+"%'*-8-*+5&'
805#"5+-4'X^O!b'HIIgY2''F"#'$#%<4-50$&'1-$$+#$'
+,'#7+,,+0",',5-";-$;,'59-5'-**0<"5'(0$'#7+,,+0",'
4+7+5,'1-,#;'0"'9#-5'+"8<52''3'1#55#$'-88$0-*96'
=9+*9'+,'1#*07+"%'70$#'808<4-$'=+59',5-5#'-+$'
$#%<4-50$,'-";'!c36'+,'0<58<5B1-,#;'#7+,,+0",'
,5-";-$;,'Xi+#5,*9'#5'-42'HIJHY6''=9+*9'8$0.+;#'-'
(<44#$'-,,#,,7#"5'0('#".+$0"7#"5-4'8#$(0$7-"*#'
-";'5->#'+"50'-**0<"5'#"#$%&'#()*+#"*&'1#"#)5,'0('
Sfc'XL2M2'!c3'HIIVY2''E$07'-'<5+4+5&'8#$,8#*5+.#6'
;#*0<84+"%'0('$#.#"<#,'($07'>+40=-55B90<$,',04;'
*-"',<880$5'+"*$#-,#;'0"B,+5#'%#"#$-5+0"a'90=#.#$6'
;#*0<84+"%'804+*+#,'*-"'-4,0'$#;<*#'+";<,5$&'+"*#"B
5+.#,'(0$')"-"*+"%'-";'+",5-44+"%'Sfc'X\0=-4*P&>'
HIJUY2''3"059#$'$#%<4-50$&'-";'+",5+5<5+0"-4'*9-4B

4#"%#'+".04.#,'+"5#$*0""#*5+0"',5-";-$;,6'=9+*9'
.-$&'1&',5-5#'-";'<5+4+5&6'-";'0(5#"'*$#-5#'1-$$+#$,'
59-5'-$#'500'*0,54&'(0$'8$0,8#*5+.#'Sfc';#.#408#$,'
50'0.#$*07#'XM9+84#&'#5'-42'HII[Y2

?0'9#48'-;;$#,,'59#,#'-";'059#$'1-$$+#$,6'59#'
L2M2'i#8-$57#"5'0('!"#$%&'9-,'#,5-14+,9#;'#+%95'
$#%+0"-4'S4#-"'!"#$%&'3884+*-5+0"'S#"5#$,'XS!3SY6'
=9+*9'8$0.+;#'+"(0$7-5+0"6'#;<*-5+0"6'-";'5#*9"+B
*-4'-,,+,5-"*#'(0$';#.#4087#"5'0('Sfc2''?9#'i#8-$5B
7#"5'0('!"#$%&'+,'-4,0'7-"-%+"%'-'8+405'8$0%$-7'
50'8$0.+;#',5-5#B4#.#4'5#*9"+*-4'-,,+,5-"*#'0"'<,+"%'
Sfc'50'$#;<*#'#".+$0"7#"5-4'*0784+-"*#'*0,5,2Ug  
?9#')"-4'C0+4#$'@3S?'$<4#'*$#-5#,'+"*#"5+.#,'(0$'
+"*$#-,#;'8<48'-";'8-8#$',#*50$'Sfc'<5+4+P-5+0"'1&'
-440=+"%'<,#'0('0<58<5B1-,#;'#7+,,+0",',5-";-$;,'
(0$'*-4*<4-5+"%'10+4#$B,8#*+)*'#7+,,+0",'4+7+5,2

@+44'-";'S078-"&'S-,#'M5<;+#,
E0$=-$;B59+">+"%'8<48'-";'8-8#$'*078-"+#,'
59$0<%90<5'59#'L2M2'9-.#'<,#;'#"#$%&'#()*+#"*&'
+".#,57#"5'50',<**#,,(<44&'$#;<*#'#"#$%&'<,#'-";'
#7+,,+0",'=9+4#'+78$0.+"%'#*0"07+*'*078#5+5+.#B
"#,,2''?-14#'h'+44<,5$-5#,'-'$-"%#'0('$#*#"5'#"#$%&'
#()*+#"*&'8$0/#*5,'*0";<*5#;'1&'L2M2'8<48'-";'
8-8#$'*078-"+#,2]I''?0'8$0.+;#'5-"%+14#6'+"B;#859'
+"(0$7-5+0"6'*-,#',5<;+#,'-$#'8$#,#"5#;'0"'59#'
E4-71#-<'O+.#$'c-8#$,'7+44'+"'c-$>'E-44,6'N+,B
*0",+"6'-";'59#'N#&#$9-#<,#$'^FOc3S'(-*+4+5&'+"'
b0"%.+#=6'N-,9+"%50"2

Technical and Financial Programs to Support  
Mill Retrofits: Flambeau River Papers
E4-71#-<'O+.#$'c-8#$,A'$#*#"5'#Q8#$+#"*#'+,'-'
"05-14#'#Q-784#'0('-'@+;=#,5#$"'7+44'59-5',<**#,,B
(<44&'0.#$*-7#'*0770"'+",5+5<5+0"-46'5#*9"+*-46'-";'
)"-"*+-4'1-$$+#$,'50'84-*#'#"#$%&'#()*+#"*&'-5'59#'*0$#'
0('+5,'1<,+"#,,',5$-5#%&'0('*<55+"%'*0,5,'=9+4#'100,5+"%'
8$0;<*5+0"'+"'-"'+"*$#-,+"%4&'*078#5+5+.#'7-$>#52]J

f+%9'#"#$%&'*0,5,'-";'-"5+K<-5#;'#K<+87#"5'*-<,#;'
59#'M7-$5'c-8#$,'S078-"&A,'c-$>'E-44,'+"5#%$-5#;'
7+44'50'*40,#'+"'@-$*9'0('HIIh2''?9$0<%9',7-$5'#"#$%&'
7-"-%#7#"5'-";'*-8+5-4'+".#,57#"5,'+"'#"#$%&'
#()*+#"5'#K<+87#"56'59#'*078-"&'=-,'-14#'50'$#;<*#'
*0,5,'-";'$#08#"'-,'E4-71#-<'O+.#$'c-8#$,'XEOcY'+"'
3<%<,5'HIIh'XL2M2'iF!m!!O!mG?c'HIIg-Y2''M+"*#'
59#"6'EOc'9-,'-*9+#.#;'#"#$%&'*0,5'-";'*-$10"'#7+,B
,+0",',-.+"%,'=9+4#'+"*$#-,+"%'8$0;<*5+0"6'-";'9-,'
84-""#;'(0$'-;;+5+0"-4'!!'+".#,57#"5,2]H

E+%<$#'Jh''j   Paper Sector Installed CHP Capacity 
and Estimated Remaining Technical 
Potential by State

Source: Hedman 2010. Accessible online at:  
<http://www.eea-inc.com/chpdata/>.

Notes: Remaining technical potential estimates are derived from Hedman  
(2010) state industrial CHP estimates and national industrial subsector 
estimates; complete data are not available for the other two Midwest states  
with paper production.
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?-14#'h''j  Overview of Recent U.S. Pulp and Paper Company Efficiency Improvement Projects

COMPANY FACILITY PROJECT IMPACT CONTEXT

Flambeau  
River Papersi

Flambeau  
River Papers 
(Park Falls, WI)

Aggregate energy savings through 2010 
exceeded $10 million, reducing electricity 
requirements to produce each ton of paper 
by 15 percent.ii

After high energy costs and dated 
equipment forced the mill to close in 2006, 
energy efficiency investments subsequently 
allowed the mill to resume operations and 
increase paper production while decreasing 
energy consumption

Weyerhaeuser 
/ Nippon Paper 
Industries

NORPAC 
(Longview, WA)

$60 million energy efficiency investment 
projected to save 100 million kWh/year.iii

Largest industrial energy efficiency 
investment in Bonneville Power 
Administration history

International 
Paper

Company-wide 2011 energy efficiency projects projected to 
reduce annual fossil fuel usage by 5.9 GJ.iv 

Only forest products company to  
receive inaugural Climate Leadership  
Award from EPA

Rock-Tenn St. Paul, MN Insulation of steam and condensate lines 
that resulted in annual savings of $171,000 
from reduced energy consumption.v 

Example of technical assistance programs 
such as MnTAP

West Linn Paper West Linn, OR $176,000 energy efficiency investment that 
saved $379,000 in annual costs (< 6 month 
simple payback period) and 58,200 MMBtu 
in natural gas consumption.vi 

Example of government technical assistance 
programs such as DOE Save Energy Now

Liberty Paper Becker, MN $15 million investment in a water 
pretreatment plant with a bio-gas generator.  
The facility will pretreat the 550,000 
gallons/day of water used by the mill.vii 

One of the first anaerobic digesters to be 
implemented at a paper mill in the state of 
Minnesota.

Sources: Flambeau River Papers; Weyerhaeuser; International Paper 2012 Sustainability Report; Minnesota Technical Assistance Programs; U.S. Department of Energy 
Industrial Technologies Program (now known as the Advanced Manufacturing Office); St. Paul Port Authority.

Notes: iPer correspondence with the Wisconsin Economic Development Corporation, loans between Flambeau River Papers, LLC and the Wisconsin Economic Development 
Corporation were current as of February 7, 2013. iiSee: <http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/case_study_flambeau.pdf>. iiiSee: <http://www.
weyerhaeuser.com/Company/Media/NewsReleases/NewsRelease?dcrId=2012-08-09_WYNORPACBPACowlitzPUDEnergyProject>. ivSee: <http://www.internationalpaper.
com/documents/EN/Sustainability/SustainabilityReport.pdf>. vSee: <http://www.mntap.umn.edu/paper/resources/rocktenn.pdf>. viSee: <Http://www1.eere.energy.gov/
manufacutring/tech_deployment/pdfs/42352.pdf>. viiSee: <http://www.sppa.com/wp-content/uploads/2012/05/AprilReport.pdf>.
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3(5#$'59#'i#8-$57#"5'0('!"#$%&A,'XiF!Y'G";<,5$+-4'
?#*9"040%+#,'c$0%$-7'8#$(0$7#;'-"'#"#$%&',-.+"%,'
-,,#,,7#"5'X!M3Y]U'+"'HIIV6'59#'*078-"&'+"+5+-5#;'
(<#4',=+5*9+"%',5$-5#%+#,'-";'!!'7#-,<$#,'59-5'1#,5'
,<+5#;'+5,'c-$>'E-44,'(-*+4+5&'XL2M2'iF!m!!O!mG?c'
HIIg-Y2''M+"*#'59#"6'EOc'9-,'$#80$5#;'-'hI'8#$*#"5'
;#*$#-,#'+"'+5,'-""<-4'*0-4'<,#'-";']I'8#$*#"5'+"'
+5,'"-5<$-4'%-,'<,#6'-";'*0784#5#4&'#4+7+"-5#;'+5,'
<,#'0('"<71#$',+Q'0+4'-,'-'(<#4',0<$*#2]]''!.#"'-,'
#4#*5$+*+5&'*0,5,'9-.#'+"*$#-,#;'1&'HU'8#$*#"5'0.#$'-'
$#*#"5'59$##B&#-$'8#$+0;6]`'59#'(-*+4+5&A,'(<#4',=+5*9B
+"%'-";'#()*+#"*&'#((0$5,'9-.#'*0"5$+1<5#;'50'-'JI'
8#$*#"5'-""<-4'#"#$%&'*0,5',-.+"%,2]h''@#-"=9+4#6'
EOc'9-,'+"*$#-,#;'+5,'-""<-4'8$0;<*5+0"'1&'JJ'
8#$*#"5'1#5=##"'HIIh'-";'HIJH2]V

Past and Future Planned Energy  
Efficiency Investments at FRP

G".#,57#"5,'+"',5#-7',&,5#7'+78$0.#7#"5,'9#48#;'
EOc'$#;<*#'+5,'-""<-4',5#-7'#"#$%&'$#K<+$#7#"5,'1&'
Uh'8#$*#"5'1#5=##"'HIIV:=9#"'+".#,57#"5,'1#%-"'
50'1#'+784#7#"5#;:-";'HIJJ2][''F.#$'59-5',-7#'
8#$+0;6'+",5-44+"%'($#K<#"*&';$+.#,6'8<78'$#84-*#B
7#"5,6'4+%95+"%'8$0/#*5,6'-";'7-*9+"#'8$0;<*5+0"'
#()*+#"*&'8$0/#*5,'9-.#'9#48#;'$#;<*#'59#'-70<"5'0('
#4#*5$+*+5&'$#K<+$#;'50'8$0;<*#'#-*9'50"'0('8-8#$'1&'
J`'8#$*#"52]g''G"'HIIg6'59#'$#80$5#;'#"#$%&',-.+"%,'
($07'59#,#'8$0/#*5,',+"*#'59#+$'$#08#"+"%'-70<"5#;'
50'WH2h'7+44+0"'-""<-44&6'$#-*9+"%'"#-$4&'WJI'7+44+0"'
+"'505-4'*<7<4-5+.#'#"#$%&',-.+"%,'-";'8<55+"%'EOc'
0"'8-*#'(0$'-'8-&1-*>'8#$+0;'0('`2H`'&#-$,'XL2M2'
iF!m!!O!mG?c'HIIg-Y2''EOcA,'=+44+"%"#,,'50'+".#,5'
+"'!!'7#-,<$#,'=+59'8-&1-*>'8#$+0;,'0('40"%#$'59-"'
(0<$'&#-$,'9-,'"05'0"4&'8$0.#"'50'1#'#*0"07+*-44&'
.+-14#6'1<5'9-,'-4,0'1##"'*$#;+5#;'1&'EOcA,'S!F'
C<5*9'Z09",0"'-,'#,,#"5+-4'+"'59#'7+44A,'-1+4+5&'50'
-*9+#.#'40"%B5#$7'*078#5+5+.#"#,,2

C+44'T$-"P+"6'EOcA,'#"#$%&'7-"-%#$6'*$#;+5,'59$##'
7-/0$'8$0/#*5,'-,'1#+"%'+",5$<7#"5-4'+"'EOcA,',<*B
*#,,(<4'5<$"-$0<";2`I''E+$,56'#Q5#",+.#'70;+)*-5+0",'
50'EOcA,'"<71#$'59$##'8-8#$'7-*9+"#'+"5$0;<*#;'
#()*+#"*&'%-+",'59-5'9-.#'84-&#;'-'*$<*+-4'$04#'+"'
-440=+"%'59#'7+44'50'+"*$#-,#'+5,'-""<-4'8$0;<*5+0"'
1&'J`'8#$*#"5',+"*#'HII`2''34590<%9'59+,'70;+)*-B
5+0"'$#K<+$#;'-"'+".#,57#"5'0('Wh2H'7+44+0"6'+5',-.#,'
EOc'-$0<";'WVhI6III'-""<-44&6'$#,<45+"%'+"'-'
,+784#'8-&1-*>'8#$+0;'0('70$#'59-"'['&#-$,2''T$-"B
P+"',-&,'59#'#()*+#"*&'%-+",'-$#'-**#4#$-5+"%'8$0/#*5'
8-&1-*>2`J''?9#',#*0";'+78$0.#7#"5'+,'EOcA,'WH2U'
7+44+0"'+".#,57#"5'+"'-'40=B8$#,,<$#'-*+;'-**<B

7<4-50$6'=9+*9'9-,'7-;#'+5'80,,+14#'(0$'59#'7+44'
50'*-85<$#'-";'<,#'9#-5'59-5'<,#;'50'1#'=-,5#;6'
,-.+"%'-"'#,5+7-5#;'W]][6III'-""<-44&'+"'#"#$%&'
*0,5,2''?9+$;6'1&'+",5-44+"%'=-,5#=-5#$'5$#-57#"5'
)"#'1<114#';+((<,#$,'-5'-'*-8+5-4'*0,5'0('W`II6III6'
EOc',-.#,'-"'#,5+7-5#;'WJ[g6III'+"'-""<-4'#"#$%&'
*0,5,2''N+590<5'59#,#'-";'059#$'!!'+".#,57#"5,'59-5'
$#;<*#;'EOcA,'"-5<$-4'%-,'-";'*0-4'*0",<785+0"6'
T$-"P+"',5-5#,'d59#$#A,'"0'K<#,5+0"6'=#'=0<4;'1#'
*40,#;'50;-&2e`H

T+.#"'59#+$',<**#,,'50';-5#6'EOc'+,'84-""+"%'50'
7->#'-"'-;;+5+0"-4'+".#,57#"5'-70<"5+"%'50'"#-$4&'
WJI'7+44+0"'+"'#"#$%&'8$0/#*5,'59-5'=+44'*0"5+"<#'
-*9+#.+"%'59#+$'%0-4'0('$#;<*+"%'#"#$%&'<,#2`U''EOc'
7-"-%#7#"5'9-,'#,5+7-5#;'59#'-""<-4',-.+"%,'
($07'59#,#'"#='!!'+".#,57#"5,'=+44'-70<"5'50'
-470,5'WH2`'7+44+0"6'8-&+"%'1-*>'59#+$'*-8+5-4'*0,5,'
+"'-88$0Q+7-5#4&'(0<$'&#-$,2`]''EOc'#Q8#*5,'59#+$'
#"#$%&'8$0/#*5,'50'9#48'$#;<*#'#"#$%&';#7-";6'
=9+4#'+"*$#-,+"%'-""<-4'8$0;<*5+0"2``

Industrial Energy Efficiency Takeaways  
from Flambeau

EOcA,'#Q8#$+#"*#'0((#$,'4#,,0",'(0$'059#$'#"#$%&B
+"5#",+.#'7-"<(-*5<$#$,'50'0.#$*07#'*0770"'
1-$$+#$,'50'!!'+".#,57#"52''E0$',5-$5#$,6'EOc'
0.#$*-7#'5#*9"+*-4'-";'+"(0$7-5+0"-4'1-$$+#$,'=+59'
59#'9#48'0('iF!A,'!M3'8$0*#,,6'+"'-;;+5+0"'50'*0"B
,<45-5+0",'=+59'N+,*0",+"A,'E0*<,'0"'!"#$%&'-";'
S4#-"?#*9'c-$5"#$,'XL2M2'iF!m!!O!mG?c'HIIg-Y2'
M5-5#'-";'(#;#$-4'%0.#$"7#"5'40-",'-4,0',<880$5#;'
EOcA,'+"+5+-4'#"#$%&'+".#,57#"5,6'=9+*9'9#48#;'
59#'+"5#%$-5#;'7+44'0.#$*07#'-')"-"*+-4'9<$;4#2`h 
dG('+5'=#$#"A5'(0$'59#'+",+%95'0"'#"#$%&'$#;<*5+0"'
8$0/#*5,'8$0.+;#;'1&'0<$'#7840&##,'-";'59#'9#48'
($07'59#'iF!6'E0*<,'0"'!"#$%&6'-";'S4#-"5#*9'
c-$5"#$,6'EOc'=0<4;'"05'9-.#'1##"'-14#'50'$#;<*#'
0<$'#"#$%&'*0",<785+0"'-";'$#7-+"'-'.+-14#'1<,+B
"#,,6e',-+;'O-";&'M50#*>#46'EOcA,'p+*#'c$#,+;#"5'
0('F8#$-5+0",6'*077#"5+"%'0"'59#'$04#'59#'8<14+*'
-";'8$+.-5#',#*50$'9-;'+"'EOcA,'#*0"07+*'$#*0.#$&2''
E+"-44&6'+"'*0",+;#$+"%'*-8+5-4'8$0/#*5,'=+59'-'8-&B
1-*>'8#$+0;'0('70$#'59-"').#'&#-$,6'EOc'0.#$*-7#'
-'*0770"'+",5+5<5+0"-4'1-$$+#$'50'8<48'-";'8-8#$'
!!'+".#,57#"5'1&'-%%$#%-5+"%'7<45+84#'+".#,57#"5,'
XL2M2'!c3'HIIVY2

?9#'5&8#,'0('!!'7#-,<$#,'EOc'9-,'8<$,<#;'-$#'
-884+*-14#'50'7+44,'59$0<%90<5'59#'8<48'-";'8-8#$'
,#*50$6'-,'+44<,5$-5#;'1&'59#'*0,5'*<$.#'-"-4&,+,'
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9+%94+%95#;'+"'59+,'$#80$5'XE+%<$#'J`Y2''E0$'#Q-784#6'
#"#$%&'#()*+#"*&'7#-,<$#,'+784#7#"5#;'1&'EOc'
+"*4<;#'4+%95+"%'#()*+#"*&'<8%$-;#,'-";'8-8#$'
7-*9+"#'900;'9#-5'$#*0.#$&:#-*9'#,5+7-5#;'1&'
59#'*0,5'*<$.#'-"-4&,+,'50'$#,<45'+"'-884+#;'#"#$%&'
,-.+"%,'0('I2IJ'@@C5<m5'X'-5'WJIm@@C5<Y'-";'I2JH'
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Corporate Energy Efficiency Leadership: 
International Paper
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In combination with the 
cost curve of established 

EE technologies, the 
review of new and 

emerging energy efficiency 
technologies, and the 

discussion of CHP 
opportunities in the pulp 

and paper sector, these 
case studies demonstrate 

the economic and 
competitiveness benefits of 
pulp and paper mill energy 

efficiency investments.
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Section 4 

THE ENERGY 
EFFICIENCY POLICY 
LANDSCAPE
The efficiency gap between existing Midwest pulp and paper mills and 

established U.S. best practices suggests an opportunity for policies to 

help manufacturing facilities optimize their energy use.  Local, state, 

and federal policies can help address barriers and market failures that 

prevent cost-effective investments in energy efficiency.
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An important and prevalent barrier to 
industrial energy efficiency is the difficulty 
of financing, particularly for smaller enter-
prises.  Minnesota’s Trillion Btu Program 
exemplifies the positive role that policies 
can play in facilitating industrial energy 
efficiency investment. 

The Trillion Btu Program is a revolving 
loan program that offers low-interest 
financing for implementing energy ef-
ficiency solutions.  The program was 
jointly developed by Xcel Energy and the 
St. Paul Port Authority in 2010 to help 
achieve the 1.5 percent annual electricity- 
and gas-usage reduction goal stipulated 
in Minnesota’s Energy Efficiency Resource 
Standard.  Under the program, industrial 
and commercial customers of Xcel Energy 
can use voluntary facility-level energy au-
dits to identify opportunities for increased 
energy efficiency.  If Minnesota busi-
nesses choose to pursue the opportunities 
identified in the audit, the St. Paul Port 
Authority, a local economic development 
organization, offers loans that cover all 
equipment and installation costs.

“Energy efficiency is the cheapest invest-
ment you can make,” states Peter Klein, 

St. Paul Port Authority’s Vice President 
of Finance.  From 2010 through 2012, 
Mr. Klein has overseen thirty-five energy 
efficiency projects that have saved more 
than $3 million per year.  Through the 
Trillion Btu Loan Program, these projects 
have helped to generate estimated savings 
of approximately 100 billion Btu of energy 
per year.  As indicated by its name, the 
goal of the program is to grow to a level 
where it is helping to generate more than 
one trillion Btu of energy savings per year. 
In December 2012 the program was a little 
more than 10 percent toward its target, 
with 106 billion Btu of estimated indirect 
annual savings. 

The Trillion Btu Loan Program was 
initially funded by $5 million of stimulus 
funds from the American Recovery and 
Reinvestment Act of 2009 (ARRA).  After 
administering an energy efficiency audit 
with Xcel Energy that resulted in more 
than 20 percent energy savings for the 
RockTenn paper mill in St. Paul, Peter 
Klein developed the Trillion Btu Program 
to pursue Minnesota’s other energy 
efficiency opportunities. The average 
payback of his projects is four years and 
the program is growing quickly. In recent 

years the program has continued beyond 
the period of ARRA funding based on the 
savings achieved by targeted efficiency 
investments. Unlike the majority of ARRA-
funded projects, the Trillion Btu Program 
is financially sustained by its revolving 
loan structure.

The Trillion Btu Program exemplifies the 
benefits that can accrue from collaboration 
between government, utilities, manufac-
turers, and building owners. State policies 
such as Minnesota’s Energy Efficiency 
Resource Standard can serve as catalysts 
for collaborative efficiency improvements.  
Mr. Klein summarizes the impacts of the 
Trillion Btu Loan program by pointing out 
that “It’s a win-win-win for everybody, with 
reduced utility capacity requirements, en-
vironmental improvements, and increasing 
customer savings.”

For more information on the Trillion Btu 
Loan Program, see:< http://www.sppa.
com/wp-content/uploads/2011/03/SPPA_
Trillion_Brochure8.pdf>.

BOX 4  |   THE MINNESOTA TRILLION BTU PROGRAM: A LOCAL PATHWAY FOR ENERGY EFFICIENCY FINANCE
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Policymakers at the 
local, state, and federal 

level are showing a 
growing interest in 

supporting industrial 
EE investments. Key 

motivating factors 
include a strong interest 
in competitiveness that 

supports economic 
development of domestic 

manufacturing, growing 
recognition of the 

untapped efficiency 
resource opportunity, 

projected growth in 
energy costs, and 

environmental concerns.



WRI.org        52

Federal Regulations

?9#'S4#-"'3+$'3*5'XS33Y'+,'59#'8$+7-$&'.#9+*4#'(0$'
$#%<4-5+0"'0('-+$'#7+,,+0",'($07'L2M2'+";<,5$&2''F"'
Z-"<-$&'UJ6'HIJU6'!c3'-;085#;'"#=',5-";-$;,'(0$'
4+7+5+"%'9-P-$;0<,'-+$'#7+,,+0",'($07'*077#$*+-4'
-";'+";<,5$+-4'10+4#$,'59$0<%9'M#*5+0"'JJH'0('59#'
S332'?9#,#'C0+4#$'@3S?'X@-Q+7<7'3*9+#.-14#'
S0"5$04'?#*9"040%&Y',5-";-$;,'-$#'#Q8#*5#;'50'
9-.#'-',+%"+)*-"5'+78-*5'0"'7-"<(-*5<$+"%',<1,#*B
50$,6'+"*4<;+"%'8<48'-";'8-8#$'7+44,2''?9#'C0+4#$'
@3S?'$<4#';+$#*54&'5-$%#5,'+";<,5$&'#"#$%&'<,#$,'
-";'+,'"05-14#'(0$'+"*4<;+"%'0<58<5B1-,#;'#7+,B
,+0",',5-";-$;,'XFC!MY'-,'-'*0784+-"*#'085+0"6'-,'
=#44'-,'059#$'7#-,<$#,'50'-**0<"5'(0$'0$'#"*0<$-%#'
0"B,+5#'#"#$%&'#()*+#"*&'X3;#"'HIJHY2''N9+4#'59#'
C0+4#$'@3S?',5-";-$;'$#%<4-5#,'-+$'50Q+*'#7+,,+0",6'
*0784&+"%'=+59'59#'$<4#'=+44'-4,0'-((#*5'#"#$%&'<,#'
-";'TfT'#7+,,+0",2

3,'0('HIJJ6'59#'S4#-"'3+$'3*5'XS33Y'-4,0'$#K<+$#,'
-+$'8#$7+55+"%'50'#",<$#'59-5'7-/0$'"#=',0<$*#,'
0('TfT,'<,#'59#'C#,5'3.-+4-14#'S0"5$04'?#*9"040B
%+#,2''!c3'"-$$0=#;'59#',*08#'0(',5-5+0"-$&B,0<$*#'
TfT'8#$7+55+"%'=+59'+5,'d5-+40$+"%'$<4#6e'=9+*9'
,#5,'-'JII6IIIB50"B8#$B&#-$'SFH#'#7+,,+0",'
59$#,904;'(0$'"#='(-*+4+5+#,'0$'7-/0$'70;+)*-5+0"'
-5'#Q+,5+"%'(-*+4+5+#,'59-5'=0<4;'1#',<1/#*5'50'59#'
"#='8#$7+55+"%'$#K<+$#7#"5,'XL2M2'SGCF'HIIUY2VI  
@#-"=9+4#6'!c3'-4,0'$#4#-,#;'8$080,#;'^#='
M0<$*#'c#$(0$7-"*#'M5-";-$;,'X^McMY'+"'@-$*9'
HIJH'4+7+5+"%'SFH'#7+,,+0",'($07'"#='(0,,+4B)$#;'
#4#*5$+*+5&'%#"#$-5+0"'<"+5,'<";#$'M#*5+0"'JJJX1Y'0('
59#'S332VJ''?9#'^McM'*-"'9#48'50'$#;<*#'+";+$#*5'
#7+,,+0",'$#4-5#;'50'8<48'-";'8-8#$'7-"<(-*5<$+"%2''
!c3'8<14+,9#;'59#'^McM'8$080,-4'+"'59#'E#;#$-4'
O#%+,5#$'-";'+,';#.#408+"%'-')"-4'$<4#'1-,#;'0"'
8<14+*'*077#"5,'$#*#+.#;';<$+"%'59#',04+*+5-5+0"'
8#$+0;6'=9+*9'*40,#;'+"'Z<"#'HIJH2''?9#'<5+4+5&'
^McM'=+44'9-.#'%$#-5#$'+78-*5'0"'8<48'-";'8-8#$'
7+44,'+('-";'=9#"',5-";-$;,'-$#'8$07<4%-5#;'(0$'
#Q+,5+"%'80=#$'84-"5,'1&'$#;<*+"%'*<$$#"5'+";+$#*5'
#7+,,+0",2''!Q+,5+"%',0<$*#'8#$(0$7-"*#',5-";-$;,'
*0<4;'(<$59#$'+"*#"5+.+P#'8<48'-";'8-8#$'7+44'#"#$%&'
#()*+#"*&'+".#,57#"5,'+('<5+4+5&'*0784+-"*#'*0,5,'-$#'
8-,,#;'0"'50'#4#*5$+*+5&'8<$*9-,#$,2

State Policies and Programs
35'59#',5-5#'4#.#46'*0770"'804+*&'-";'8$0%$-7'
5&8#,'+"*4<;#'X-Y'-""<-4'1+";+"%'#"#$%&'#()*+#"*&'
5-$%#5,'-";'$#4-5#;'$-5#8-&#$B(<";#;'8$0%$-7,'
(0$'<5+4+5+#,'50'-*9+#.#'#";B<,#'#"#$%&',-.+"%,a'X1Y'
5#*9"+*-4'-,,+,5-"*#'59-5'+"*4<;#,'#"#$%&'-<;+5,'
-";',<880$5'(0$'#((0$5,'50'#Q8-";'59#'-;085+0"'0('
*071+"#;'9#-5'-";'80=#$'XSfcYa'X*Y'5-Q'+"*#"5+.#,'
(0$'+",5-44-5+0"'0('70$#'#()*+#"5'#K<+87#"5a'-";'X;Y'
059#$')"-"*+"%'+"'59#'(0$7'0('%$-"5,'0$'40=B+"5#$#,5'
40-",'XC$-;1<$&'-";'3;#"'HIJHY2

N+59+"'59#'@+;=#,56',5-5#,'-$#'+"*$#-,+"%4&'(0*<,#;'
0"'+";<,5$+-4'!!6'+"*4<;+"%'59$0<%9'59#'<,#'0('*07B
1+"#;'9#-5'-";'80=#$'XSfcY'-";'=-,5#'9#-5'$#*0.#$&'
XNfOY'5#*9"040%+#,2''3'HIJH'NOG'=0$>+"%'8-8#$'
0<54+"#;'59+,'1$0-;#$'5$#";'-";';0*<7#"5#;'59#'
;#5-+4,'0('804+*+#,'-";'8$0%$-7,'59-5'+";+.+;<-4'@+;B
=#,5#$"',5-5#,'-$#'<,+"%'50'8$0705#'#"#$%&'#()*+#"*&'
+".#,57#"5,'1&'40*-4'7-"<(-*5<$#$,'XC$-;1<$&'-";'
3;#"'HIJHY2''3,'"05#;'+"'M#*5+0"'J'0('59+,'$#80$56'
5=#"5&B(0<$',5-5#,'9-.#'-;085#;'#"#$%&'#()*+#"*&'
$#,0<$*#,',5-";-$;,'X!!OMY6'=9+*9'$#K<+$#'<5+4+5+#,'
50'$#;<*#'#4#*5$+*+5&'0$'"-5<$-4'%-,'*0",<785+0"'1&'
59#+$'*<,507#$,'59$0<%9'59#'<,#'0('#"#$%&'#()*+#"*&'
X^0=->'#5'-42'HIIJa'3S!!!'HIJHY2''?9+,'+"*4<;#,'
,#.#"'@+;=#,5#$"',5-5#,R'G44+"0+,6'G";+-"-6'G0=-6'
@+*9+%-"6'@+""#,05-6'F9+06'-";'N+,*0",+"2''?9#'
?$+44+0"'C5<'$#.04.+"%'40-"'8$0%$-7'X,##'C0Q']Y'+,'
;#,+%"#;'50',<880$5'59#'%0-4,'0('@+""#,05-A,'!!OM2V`

^05-14#',5-5#'+"+5+-5+.#,'+"*4<;#'F9+0A,'Sfc'c+405'
c$0%$-76'=9+*9'=-,'4-<"*9#;'+"'*044-10$-5+0"'=+59'
iF!'50'8$0.+;#'-;;+5+0"-4'5#*9"+*-4'-";')"-"*+-4'
-,,+,5-"*#'(0$'(-*+4+5+#,'=+59'+";<,5$+-4'10+4#$,'50'
*0784&'=+59'C0+4#$'@3S?',5-";-$;,2Vh''G"'HIJH'
F9+0'-4,0'#"-*5#;'4#%+,4-5+0"'XM2C2'UJ`Y'50'+"*4<;#'
=-,5#'#"#$%&'$#*0.#$&'-";'Sfc',&,5#7,'+"'#Q+,5B
+"%'F9+0'$#"#=-14#'#"#$%&6'#"#$%&'#()*+#"*&6'-";'
-;.-"*#;'#"#$%&'5-$%#5,2''?9#'1+44'-440=,'"#='Sfc'
,&,5#7,'=+59'70$#'59-"'hI'8#$*#"5'0.#$-44'#()B
*+#"*&'-";'-5'4#-,5'HI'8#$*#"5''0('59#',&,5#7A,'505-4'
<,#(<4'#"#$%&'0<58<5'+"'59#'(0$7'0('59#$7-4'#"#$%&'
50'*0<"5'50=-$;'*0784+-"*#'=+59'F9+0A,'#Q+,5+"%'
#"#$%&'#()*+#"*&'$#,0<$*#',5-";-$;2''G"*4<,+0"'
0('Sfc'+"'#"#$%&'#()*+#"*&'$#,0<$*#',5-";-$;,'
+,'-'<,#(<4',5-5#B4#.#4'804+*&'5004'(0$'8$0705+"%'
7-"<(-*5<$+"%'-";'80=#$',#*50$'#"#$%&'#()*+#"*&'
+".#,57#"52''3"059#$'+"+5+-5+.#'+,'N+,*0",+"A,'
E0*<,'0"'!"#$%&'8$0%$-76'=9+*9'=0$>,'=+59'40*-4'
$#,+;#"5,'-";'1<,+"#,,#,'50'+",5-44'*0,5B#((#*5+.#'!!'



In 1990 the U.S. Congress amended the 
Clean Air Act to require EPA regulation 
of air toxics through Section 112.  Under 
the amendment, EPA was required to 
identify sources of 187 hazardous air 
pollutants (HAPs), including particulate 
matter (PM), hydrogen chloride (HCl), 
carbon monoxide (CO), mercury (Hg), and 
dioxin/furan emissions.  Major sources of 
these pollutants are defined as those that 
emit at least 10 tons per year of a single 
HAP, or 25 tons per year in aggregate of 
several HAPs.  Facilities with emissions 
below these thresholds are considered 
“area sources.”  Once new and existing 
sources are identified, EPA promulgates 
performance-based standards for reducing 
HAP emissions using maximum achiev-
able control technology (MACT).  The 
MACT approach calculates limits based 
on performance of the best-performing 12 
percent of existing sources.  This limit is 
known as the “MACT floor.”

EPA developed Boiler MACT standards 
based on data showing that industrial, 
commercial, and institutional (ICI) boilers 
and process heaters are major sources of 
HAP emissions.  Because major source 
boilers are used as sources of power and 
heat throughout industry, there has been 
extensive public interest in the develop-
ment of these standards.  The U.S. Council 
of Industrial Boiler Owners highlights 
boiler diversity, noting that: “There are two 

identically designed, constructed side by 
side, stoker fired boilers in Indiana burn-
ing the same fuel that have very different 
performance characteristics” (U.S. CIBO 
2003).  The broad usage of boilers and their 
diversity has helped to explain the protracted 
development of Boiler MACT standards.

When the final Boiler MACT rule was 
published in January 2013, it initiated 
a three-year compliance clock for major 
source facilities.  All major source boilers 
also will be required to perform a one-time 
energy assessment to identify cost-effec-
tive energy conservation measures.  Three 
criteria are used to determine whether ma-
jor source boilers are subject to emissions 
limits or work practice standards.  The 
affected group includes  (a) boilers with 
capacity above 10 million Btu per hour; (b) 
boilers that are used more than 10 percent 
of the year; and (c) boilers that burn fuels 
other than natural gas, refinery gas, or 
other gaseous fuels that meet a specific 
contaminant requirement. 

Boilers that fit all three of these criteria 
are subject to emissions limits.  Smaller, 
limited-use, or gas-fired boilers can com-
ply with Boiler MACT rules through work 
practice standards.  As a flexible alterna-
tive to numeric emissions limits, work 
practice standards require annual tune-ups 
with submission of informational reports 
back to the EPA.72

In its final published version, the Boiler 
MACT rule requires seventy boilers used 
in the Midwestern paper manufacturing 
industry to comply with emissions limits 
(U.S. EPA 2012a; Litz et al. 2010).73  Table 
7 shows that Wisconsin has more than half 
of the major source boilers in the Midwest 
paper sector (included in NAICS 322) 
that will be subject to emissions limits.  
The seventy boilers subject to emissions 
limits account for less than half the total 
one-hundred-fifty-three pulp and paper 
sector major source boilers located in the 
Midwest; the eighty-three other boilers will 
be subject to work practice standards.74 
On a capacity basis, two-thirds of Midwest 
pulp and paper sector major source boilers 
will be subject to emissions limits.

The application of the Boiler MACT rule 
will lead some mills to replace older, less 
efficient boilers with newer units fired by 
natural gas or biomass.  Other mills will 
install end-of-stack pollution controls, 
some of which can increase energy 
consumption.  Inclusion of output-based 
emission standards in the published Boiler 
MACT rule will help to incentivize CHP and 
other efficiency investments.  As shown in 
Section 3, these investments can help mills 
lower their energy costs while improving 
their environmental performance.

BOX 5  |   BOILER MACT:  BACKGROUND ON NEW FEDERAL STANDARDS

STATE NUMBER OF MAJOR  
SOURCE BOILERS TOTAL CAPACITY (MMBTU/HR)

Iowa 2 144

Michigan 12 5,450

Minnesota 10 2,100

Ohio 8 2,709

Wisconsin 38 8,515

Midwest Total 70 18,918

TABLE 7  |  MIDWEST PULP AND PAPER SECTOR MAJOR SOURCE BOILERS SUBJECT TO BOILER MACT EMISSIONS LIMITS

Source: U.S. EPA 2012a.
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Support CHP utilization through state  
and federal policies
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electric utility-manufacturer collaboration
!4#*5$+*'<5+4+5+#,';0'"05'-4=-&,'9-.#'+"*#"5+.#,'
50'9#48'$#;<*#'59#+$'*<,507#$,A'#"#$%&'<,#2''?0'
-;;$#,,'<5+4+5&'+"*#"5+.#,6'59#'L2M2'S0"%$#,,'8-,,#;'
59#'JgV['c<14+*'L5+4+5&'O#%<4-50$&'c0=#$'3*5'
XcLOc3Y2''cLOc3'+"5$0;<*#;'"#='$#K<+$#7#"5,'
-";'+"*#"5+.#,'(0$'#()*+#"*&6'$#"#=-14#,6'-";';+,B
5$+1<5#;'80=#$'%#"#$-5+0"'59-5'9#48#;'50'100,5'Sfc'
<5+4+P-5+0"6'-70"%'059#$'59+"%,2''f0=#.#$6'cLOc3'
9-,',+"*#'1##"'-7#";#;'50'$#;<*#'59#,#'+"*#"5+.#,6'
8-$5+*<4-$4&'+"'59#'-$#-'0(';+,5$+1<5#;'%#"#$-5+0"2''
?9#';#.#4087#"5'0('-'HJ,5'*#"5<$&'cLOc3'*0<4;'
<,#(<44&'+"*4<;#'"#='*0,5B$#*0.#$&'70;#4,'+"'=9+*9'
<5+4+5+#,'*0"5+"<#'50'#-$"'$#-,0"-14#'8$0)5,'=9+4#'
7-"<(-*5<$+"%'*<,507#$,',#4(B%#"#$-5#'#4#*5$+*B
+5&'-";'$#;<*#';#7-";'59$0<%9'#"#$%&'#()*+#"*&2''
S-,#',5<;&'#Q8#$+#"*#',<%%#,5,'59-5'#()*+#"*&'-";'
#".+$0"7#"5-4'%0-4,'-$#'70,5'0(5#"'-*9+#.#;'+"'
59#'8<48'-";'8-8#$',#*50$'=9#"'59#&'-$#'+"5#%$-5#;'
=+59',5-5#'-";'40*-4'<5+4+5&'#()*+#"*&'8$0%$-7,2'

Build on current research to develop geographically 
and sectorally integrated climate policy
3,'59#'4-$%#,5'%$##"90<,#'%-,'#7+55+"%',#*50$'+"'#";B
<,#'5#$7,6'+";<,5$&'7<,5'1#'-;;$#,,#;'+"'-"&'L2M2'
*4+7-5#'804+*&2[J''?9+,')"-4'$#*077#";-5+0"'1<+4;,'
0"'59#'37#$+*-"'!"#$%&'@-"<(-*5<$+"%'?#*9"+*-4'
S0$$#*5+0",'3*5'Xf2O2'h`[HY6'=9+*9'=-,',+%"#;'1&'
c$#,+;#"5'F1-7-'+"'i#*#71#$'HIJH'-";'+"*4<;#;'-'

7-";-5#'(0$'59#'%0.#$"7#"5'50'*0";<*5'-',5<;&'0('
#"#$%&B+"5#",+.#'7-"<(-*5<$+"%2''L";#$,5-";+"%'59#'
#"#$%&'-";'#7+,,+0",'8#$(0$7-"*#'0('8<48'-";'8-8#$'
7+44,'*078-$#;'=+59'*9#7+*-4'$#)"#$+#,6'+$0"'-";'
,5##4'7+44,6'-";'059#$'#"#$%&B+"5#",+.#',<1,#*50$,'
=+44'9#48'50'+;#"5+(&'59#'70,5'*0,5B#((#*5+.#'-$#-,'(0$'
804+*&',<880$52''C#55#$'<";#$,5-";+"%'$#%+0"-4';+(B
(#$#"*#,'-70"%'#"#$%&B+"5#",+.#'#*0"07+*'-*5+.+5+#,'
*-"'9#48'50'+"(0$7',0<";'804+*&6'59#$#1&'#",<$+"%'
59-5'"#='*4+7-5#'-";'#"#$%&'804+*+#,'-$#'#*0"07+B
*-44&'#()*+#"56'#".+$0"7#"5-44&'#((#*5+.#6'-";'#K<+5-B
14#'Xf#+47-&$'-";'C$-;1<$&'HIJJY2''G"5#%$-5#;6'=#44B
;#,+%"#;'*4+7-5#'804+*&'*-"'9#48'#"#$%&B+"5#",+.#'
,<1,#*50$,',<*9'-,'@+;=#,5#$"'8<48'-";'8-8#$'7+44,'
$#;<*#'59#+$'#".+$0"7#"5-4'+78-*5,'=9+4#'+78$0.+"%'
#*0"07+*'*078#5+5+.#"#,,2''

G"5#$"-5+0"-4'#Q8#$+#"*#,',<%%#,5'59-5'804+*&'*-"'
84-&'-"'+780$5-"5'$04#'+"'70.+"%'#"#$%&B+"5#",+.#'
+";<,5$&'50=-$;'-'8-59'0('40=#$'#"#$%&'<,#'-";'
%$##"90<,#'%-,'#7+,,+0",2''G"5#%$-5#;'804+*&'
-88$0-*9#,'50'+";<,5$&',<1,#*50$'#7+,,+0",'7+5+%-B
5+0"'9-.#'1##"';#70",5$-5#;'+"'59#'8<48'-";'8-8#$'
,#*50$'0('M=#;#"6'=9#$#'*071+"#;'!L'-";'"-5+0"-4'
804+*+#,'9#48#;'50'*$#-5#'*4#-"'-";'#()*+#"5'%$0=59'
0880$5<"+5+#,'X!$+*,,0"6'^+4,,0"6'-";'^+4,,0"'HIJJY2''
S00$;+"-5#;'(#;#$-4'-";',5-5#'804+*+#,'*0<4;'%#"#$B
-5#'59#,#'1#"#)5,'+"'59#'L2M2a'(0$'#Q-784#6'59$0<%9'
,#*50$B,8#*+)*'#"#$%&'-";'*4+7-5#'5-$%#5,';#,+%"#;'
-40"%'59#'4+"#,'0(',5-5#'#"#$%&'#()*+#"*&'-";'$#"#=B
-14#'#"#$%&',5-";-$;,2''?9#'9+%9#$'*0,5,'0('#"#$%&'
*$#-5#';+((#$#"5'+".#,57#"5'+"*#"5+.#,'(0$'7+44,'+"'
M=#;#"'59-"'59#'L2M2''f0=#.#$6'-,'-'9#-.+4&'+";<,B
5$+-4+P#;'*0<"5$&'=+59'-'4-$%#'8<48'-";'8-8#$',#*50$6'
M=#;#"A,'#Q8#$+#"*#'+,'+",5$<*5+.#2''?9$0<%9'-'7+Q'
0('804+*+#,6'*-8+5-4'$#"#=-46'-";'#"#$%&'7-$>#5'
,9+(5,6'M=#;#"A,'8<48'-";'8-8#$',#*50$'$#;<*#;'+5,'
*-$10"';+0Q+;#'#7+,,+0",'1&'[I'8#$*#"5'1#5=##"'
JgVU'-";'HIIh6'=9+4#'+"*$#-,+"%'8$0;<*5+0"'1&'
70$#'59-"'`I'8#$*#"5'Xb+";7-$>'#5'-42'HIJJY2''F.#$'
59#'40"%'5#$76'*00$;+"-5#;'804+*+#,'-";'+".#,57#"5,'
*-"'9#48'59#'L2M2'8<48'-";'8-8#$',#*50$'1#*07#'-'
40=B#7+,,+0",',0<$*#'0('#*0"07+*'-*5+.+5&2





        57Energy Efficiency in U.S. Manufacturing: The Case of Midwest Pulp and Paper Mills

Section 5 

SUMMARY AND 
CONCLUSIONS
Energy-intensive industry is undergoing a transition in the United 

States driven by energy market dynamics, aging equipment, 

competitive pressure, and the urgent need to reduce greenhouse 

gas and toxic air emissions.  The experiences of the pulp and paper 

sector demonstrate that energy efficiency investments can help mills 

weather the transition and build the foundations for a robust  

low-carbon economy.
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Improvements in 
Midwest pulp and 

paper mill efficiency to 
ENERGY STAR levels 

would reduce purchased 
energy use by 30 percent 

and generate annual 
energy cost savings of 

$240 million.
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The Midwest was the second-largest pulp and paper producing 
region in 2010.  As illustrated in Figure 17, packaging was the 
largest production category in the Midwest, followed by printing and 
writing paper.  In terms of the mill-level assessment presented in 
Section 2, it should be noted that each mill can produce a range of 
products with varying energy intensities. 

Product categories vary among mills and data sources.  However, 
product mix influences regional differences in aggregate energy 
use and intensity.  Figure 18 shows average energy intensity of U.S. 
paper production by product category.  Tissue, coated freesheet, 
and printing and writing paper all have a higher average intensity of 
production than newsprint or pulp (Jacobs et al. 2006).

In 2010 the Midwest had a higher share of paper-only mills than 
other regions of the U.S.  While the share of production by process 
influences regional pulp and paper sector energy and resource use, 
it does not affect the energy efficiency assessment results pre-
sented in this report, as they are based on integrated and pulp-only 
process-specific tools.

APPENDIX I. MIDWEST PULP AND PAPER DATA
In 2010, Wisconsin had as many integrated mills as the rest of the 
Midwest in aggregate. While Minnesota accounted for 10 percent of 
mills located in the Midwest, the state accounted for 25 percent of 
Midwest integrated mills.  Table 8 shows that nearly 75 percent of 
Midwest mills were located in Wisconsin, Michigan, and Ohio.

From a pulping process perspective, recycling is energy efficient.82   
Figure 19 illustrates the lower average energy use per ton of pulp 
production for recycling facilities than chemical or mechanical pulping 
units.  The lower-than-national-average Midwest share of integrated 
mill production in 2010 was echoed by a higher-than-national-average 
share of recycled pulp production.  In 2010 the Midwest had twice the 
average national share of recycled pulp production.

E+%<$#'JV''j   Annual Production of Selected Grades of Pulp and Paper, 2010

Source:  Fisher International 2013.

Notes: The scope of these production data vary from production data included earlier in the report; these data are for inter-regional comparison.
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?-14#'[''j  Distribution of Mill Type by State, 2010

STATE PULP PAPER INTEGRATED TOTAL

Illinois 0 6 0 6

Indiana 0 4 0 4

Iowa 0 2 0 2

Kansas 0 1 0 1

Michigan 1 13 3 17

Minnesota 1 3 5 9

Missouri 0 2 0 2

Ohio 2 12 2 16

Wisconsin 1 25 10 36

Source:  Fisher International 2013.

E+%<$#'Jg''j   Midwest Average Energy Intensity  
of Pulp Production by Process, 2010

Source: Fisher 2012.
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WRI Pulp & Paper Manufacturing  
GHG Emissions Calculation
This project used version 1.3 of the NCASI/WRI pulp and paper 
manufacturing GHG emissions tool to calculate direct, indirect, and 
biomass CO2 emissions from pulp and paper mills.  It can be used 
to estimate emissions attributed to purchased electricity and steam, 
as well as on-site generation.  Depending on the data provided by 
the user, the tool has the capacity to determine the direct emissions 
from fuel combustion, mobile and transportation, waste manage-
ment, CHP allocation, and make-up chemicals.  The scope of 
indirect emissions covers steam and power imports, transportation 
and mobile sources, and waste management.  In addition, the tool 
offers the ability to calculate CO2 imports to each mill, CO2 exports 
to precipitated calcium carbonate (PCC) plants, and combustion-
related releases of biomass-derived CO2.

For this report, the tool was used to calculate 2010 mill-specific CO2 
emissions from direct stationary combustion, indirect steam and 
power imports, and the combustion of biomass (i.e., woodwaste, 
pulping liquor, and tires).  To calculate the CO2 emissions associ-
ated with each, values for two key variables—energy usage and 
emissions factors—were necessary.  Fisher supplied data for this 
study on the type and amount of fuel, steam, and electricity con-
sumed either on-site or imported by each pulp and paper mill in the 
Midwest.  The emissions factors involve complicated calculations 
that are dependent on a variety of detailed variables.

Specific to direct stationary fuel consumption, default values for 
the emissions factor are provided for numerous fuel sources in the 
tool, and are derived from the revised 2006 IPCC Guidelines for 
National Greenhouse Gases (IPCC 2006), EIA (U.S. DOE/EIA 2007, 
or NCASI (NCASI 1981, 2004).  The number of coal and natural 
gas subfuels with default emissions factors provided in the tool is 
extensive, and is beyond the limited description of “coal” and “gas” 
provided in the Fisher data.  Therefore, the emissions factor used 
for coal in this study was an average of the emissions factor for the 
seven variations of bituminous coal and four variations of sub-
bituminous coal, resulting in an emissions factor of 95.1 kg CO2/
GJ (LHV).  While emissions factors for the six variations of natural 
gas fuel types are provided in the tool, each of the six had the same 
CO2 emissions factor of 56.1 kg CO2/GJ (LHV).  The detail of data 
provided by Fisher with respect to the consumption of distillate 

Cost Curve Data and Assumptions
The cost curve presented in this report is based on the LBL pulp and 
paper sector cost curve, with the cost numbers adjusted for inflation 
(Xu, Sathaye, and Kramer 2012).  The LBL cost curve uses a cost of 
conserved energy approach summarized in the following equations:

The LBL cost curve analysis assumes a high discount rate of 30 
percent, thereby generating high annualized cost estimates for 
energy efficiency improvement options. The rationale behind the 
high discount rate is that it simulates impediments associated with 
market failures and indirect costs.  For the purposes of this study, 
we updated the LBL cost data to 2010 values using inflation data 
from the Bureau of Labor Statistics.

EQUATION 1

CCEi = 
∆Ii i

∆Ei

EQUATION 2

q = 
d

(1 – (1 + d)–n)

Where:
CCEi =  Cost of conserved energy for energy efficiency measure i (or 

sustainability option i), in $/GJ
∆Ii =        Change in capital cost associated with measure i (or option 

i) ($)
q =       Capital recovery factor (yr-1), see Equation (2)
∆Mi =      Annual change in monetizable non-energy costs and benefits 

from O&M changes associated with option i ($/yr)
∆Ei =    Annual energy savings associated with option i (GJ/yr)
d =      Discount rate
n =      Lifetime of the mitigation option (years)

APPENDIX II. METHODS AND ASSUMPTIONS
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fuel was described as either No. 2 or No. 6 oil, and the default CO2 
emissions factor provided in the NCASI/WRI tool for each was used.  
Although sludge was provided as a fuel source in a limited number 
of mills, emissions from sludge digestion systems are particular 
to CH4 and the waste management portion of the NCASI/WRI tool.  
Therefore, sludge was not accounted for when estimating the CO2 
emissions attributed to each mill.  Furthermore, the tool provided 
default CO2 emissions factor values for solid biomass (112 kg CO2/
GJ (LHV)), black liquor (95.3 kg CO2/GJ (LHV)), and tires and tire 
derived fuel (85.9 kg CO2/GJ (LHV)).  The emissions factors associ-
ated with each of the three were used to calculate the CO2 emissions 
attributable to the fuel sources—woodwaste, pulping liquor, and 
tires— provided within the Fisher data, respectively. The emissions 
factor for purchased steam used in this study was from the U.S. De-
partment of Energy’s voluntary greenhouse gas reporting program 
(88.18 kg CO2/MMBtu).

To determine the emissions factor for imported electricity with re-
spect to CO2 emissions (kg CO2/MWh) in the year 2010, the U.S. En-
ergy Information Administration’s (EIA) total electric power industry’s 
estimated CO2 emissions were used for each of the twelve Midwest-
ern states considered in this report.  The cumulative CO2 emissions 
from each state’s electric power industry in 2010 were then divided 
by each state’s respective total electric power industry generation for 
that year.  The result produced a state-specific emissions factor that 
was used to calculate the CO2 emissions attributable to electricity 
purchased by each mill within their respective state.

The total CO2 emissions attributable to each pulp and paper mill 
within the twelve Midwestern states were determined by aggre-
gating the direct stationary fuel consumption (scope 1), indirect 
imported electricity and steam (scope 2), and on-site biomass 
combustion.83  The emissions intensity (EI) of each mill was then 
discernible through dividing a mill’s cumulative annual emissions 
by the amount of annual production in the year 2010.  The EIs were 
aggregated by state and the Midwest, establishing a weighted aver-
age EI that yielded a state and regional level comparison of pulp and 
paper mill emissions intensities.
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Reported pulp and paper mill energy prices vary by state and data 
source.  Figure 20 illustrates the range of reported state, regional, 
and national-level energy prices.

Data from MECS, State Energy Data System (SEDS), and Fisher 
provide varying scopes of estimated average total energy prices 
within the Midwest.  MECS data is specific to the pulp and paper 
sector at the three-digit (322) and six-digit (i.e., 322110, 322121, 
322122, and 322130) NAICS code, and its geographical scope is 
the regional and national level.  The four-digit NAICS code subsec-
tor of the paper industry—NAICS 3222—accounted for more than 
52 percent of the paper sector’s value of product shipments in the 
year 2010 (U.S. Census Bureau 2013), but data pertaining to that 
subsector’s estimated average energy price was not provided.  In 
addition, comprehensive 2010 MECS data was not available at the 
time of this report, making 2006 MECS data the most recent avail-
able data.  Since the majority of data used throughout this report 
was relevant to pulp, paper, and integrated mills, MECS six-digit 
NAICS codes 322110 (pulp mills) and 322121 (paper mills, except 
Newsprint) data for average total prices of purchased energy were 
considered when establishing a baseline average energy price for the 
Midwest (Table 9).

The SEDS data has state-level total energy price estimates as recent 
as the year 2010 (Table 9).  The SEDS estimated price data has a 
scope limited to the sector level (i.e., industrial, residential, com-
mercial, and transportation).

Fisher offers mill-specific average energy price data for pulp, 
paper, and integrated mills.  From the ninety-three pulp, paper, and 
integrated mills within the Midwest, the $6.69/MMBtu weighted 
average total energy price for 2010 from the Fisher data was used 
as the baseline energy price for the Midwest pulp and paper sector 
throughout this study.  It is useful to note that energy markets have 
changed substantially since 2010—for example, average U.S. indus-
trial natural gas prices declined from $6.93 per thousand cubic feet 
(tcf) in January 2010 to $3.01/tcf in May 2012 before rebounding to 
$4.54/tcf in February 2013 (U.S. DOE/EIA 2013b).

?-14#'g''j  Midwest Estimated Average Purchased Energy Prices ($/MMBtu)

REGION
MECS NAICS 322  
PULP AND PAPER 
MILLS (2010)

FISHER PULP AND 
PAPER MILLS (2010) SEDS (2010)

Midwest Region $7.91 $6.69 $11.41 

Sources:  Fisher International 2013; U.S. DOE 2009b; U.S. DOE/EIA 2013a.

APPENDIX III. PULP AND PAPER ENERGY COST DATA
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Sources: Fisher International 2013; U.S. DOE 2009b; U.S. DOE/EIA 2013a.
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This appendix provides additional resources with further information 
on pulp and paper sector technologies and policies.

   American Forest and Paper Association (AF&PA). 2012. “2012 
AF&PA Sustainability Report” Available online: http://www.
afandpa.org/docs/default-source/default-document-library/2012-
af-amp-pa-sustainability-report.pdf

   Confederation of Indian Industry. 2008. “National Best Practices 
Manual: Pulp & Paper Industry” Available online: http://www.
greenbusinesscentre.com/site/mmbase/attachments/239196/
Pulp_Paper-vol1.pdf

   Focus on Energy. 2005. “Pulp and Paper Energy Best Practice 
Guidebook” Available online: http://www.focusonenergy.com/
sites/default/files/pulpandpaper_guidebook.pdf

   Institute for Industrial Productivity. 2013. Industrial Efficiency 
Technology Database. Available online: http://www.ietd.iipnet-
work.org/content/pulp-and-paper#technology-resources

   International Energy Agency (IEA). 2009. “Energy Technology 
Transitions for Industry,” Available online: http://www.iea.org/
publications/freepublications/publication/industry2009.pdf

   Jacobs and the Institute of Paper Science and Technology 
(IPST) at Georgia Institute of Technology. 2006. “The Pulp & 
Paper Industry: Energy Bandwidth Study” Report prepared for 
the American Institute for Chemical Engineers. Available online: 
https://www1.eere.energy.gov/manufacturing/resources/forest/
pdfs/doe_bandwidth.pdf

   Natural Resources Canada.  2008. “Benchmarking Energy Use 
in Canadian Pulp and Paper Mills” Available online: http://oee.
nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/pdf/industrial/technical-
info/benchmarking/pulp-paper/pdf/benchmark-pulp-paper-e.pdf 

This appendix provides information on key energy efficiency  
technologies to supplement the technology descriptions in  
Section 3 above.

Cradle Debarking  |  In this wood preparation process logs are 
loaded into a long trough containing a series of horizontal and 
vertical conveyor chains, oriented at an angle supportive to the path 
of the logs. Chains lift and drop the logs as they move along the 
trough, loosening and removing bark (Kramer et al. 2009).

Belt Conveyors  |  During the wood preparation process, belt (me-
chanical) conveyors are typically significantly more energy efficient 
at transporting wood chips within a mill than pneumatic conveyors 
(Kramer et al. 2009).

Bar-type chip screens  |  Due to different design than the majority 
of the installed disc and V-type screens, the maintenance costs of 
bar-screens are lower than conventional screens while the lifetime is 
longer (Kramer et al. 2009). 

Batch digester modification  |  In this chemical pulping process 
there are several options to reduce energy consumption in batch 
digesters, such as the use of cold blow systems and indirect heating 
(Kramer et al. 2009).

Thermopulping  |  A variation of the TMP process in mechanical 
pulping where pulp from the initial and subsequent refiner is sub-
jected to a high temperature treatment for a brief time in a thermo-
mixer (Kramer et al. 2009).

Pressurized groundwood  |  A process in mechanical pulping 
where grinding takes place under compressed air pressure and high 
water temperatures that allow for higher grinding temperatures, 
softening the lignin and improving fiber separation while reducing 
energy consumption (Kramer et al. 2009).

RTS pulping  |  A process in mechanical pulping where energy 
consumption is reduced by increasing the rotational speed of the 
primary refiner, leading to reduced residence time, smaller plate 
gaps, and higher refining intensity (Kramer et al. 2009).

Drum pulpers  |  A process in recycled pulping where a rotating, 
inclined drum with baffles mixes recovered fiber sources, water, and 
de-inking chemicals. (Kramer et al. 2009)

Heat recovery from de-inking effluent  |  Typically in recycled 
fiber pulping mills, high temperature discharged de-inking effluents 
offer a source of low-grade heat recovery (Kramer et al. 2009).

APPENDIX IV. ADDITIONAL 
RESOURCES FOR PULP AND PAPER 
ENERGY EFFICIENCY POLICY AND 
TECHNOLOGY INFORMATION

APPENDIX V. KEY PULP AND PAPER 
ENERGY EFFICIENCY TECHNOLOGIES
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ADT   Air dried ton (measurement unit; often in refer-
ence to pulp production).

AF&PA  American Forest & Paper Association.

AMO  Advanced Manufacturing Office.

ASM   American Survey of Manufacturers.

Bleaching   A process used to brighten pulp prior to being 
used in the papermaking process. In chemical 
pulping, the small amount of remaining lignin 
is removed for a more permanent change in 
pulp brightness.

Blow Tank   Receives pulp discharged from a digester and 
reduces pressure at this point in the paper-
making process to atmospheric pressure.

Boiler MACT  The final Boiler Maximum Achievable Control 
Technology rule, which regulatesindustrial, 
commercial, and institutional boiler emissions, 
was published by the Environmental Protection 
Agency in the Federal Register January 31, 
2013.

Btu   The British thermal unit (sometimes BTU) 
is a traditional unit of energy equal to about 
1055 joules. It is approximately the amount 
of energy needed to heat 1 pound (0.454 kg) 
of water, which is exactly one-tenth of a UK 
gallon or about 0.1198 US gallons, from 39°F 
to 40°F (3.8°C to 4.4°C).

CAIR   On March 10, 2005, EPA issued the Clean Air 
Interstate Rule, which will permanently cap 
emissions of sulfur dioxide (SO2) and nitrogen 
oxides (NOx) in the eastern United States. 
CAIR was designed to achieve large reductions 
of SO2 and/or NOx emissions across 28 east-
ern states and the District of Columbia. The 
first compliance phase for CAIR’s replacement, 
the Cross-State Air Pollution Rule (CSAPR), 
was scheduled to go into effect in January 
2012. In December 2011, the Court of Appeals 
stayed the rule, leaving CAIR in effect until a 
court ruling on CSAPR.

CEAC  Clean Energy Assessment Center.

CHP   Combined heat and power; for more informa-
tion, see Section 3.2.

Condebelt-Drying  This process is papermaking dries the paper in 
a drying chamber by contact with a continu-
ous hot steel band which is heated either by 
steam or hot gas. The water from the band is 
evaporated due to the heat from the band.

CSAPR   On July 6, 2011, the US Environmental Protec-
tion Agency (EPA) finalized the Cross-State 
Air Pollution Rule. The rule requires states to 
improve air quality by reducing power plant 
emissions that contribute to ozone and/or fine 
particle pollution in other states. The first com-
pliance phase for CSAPR was scheduled to go 
into effect in January 2012. In December 2011, 
the Court of Appeals stayed the rule, leaving 
CAIR in effect until a court ruling on CSAPR.

Digester   Used to soften and cook wood chips into pulp 
using steam, chemicals, and heat.

DOE  Department of Energy.

EE   Energy Efficiency.

EERS   Energy Efficiency Resource Standard.

EIA   Energy Information Administration. An inde-
pendent statistical agency of the U.S. Depart-
ment of Energy.

EPA   Environmental Protection Agency.

ESA   Energy Savings Assessment.

FoE   Focus on Energy.

FRP   Flambeau River Papers.

GDP   Gross domestic product. The total value of 
goods and services produced by labor and 
property located in a given country.

IA   Iowa.

IAC   Industrial Assessment Center.

IL   Illinois.

IN   Indiana.

ITP   Industrial Technologies Program.

KS   Kansas.

kWh   A kilowatt hour is a unit of energy equivalent 
to 3.6 megajoules; it is the amount of energy 
converted if work is performed at a rate of one 
thousand watts for one hour. The kilowatt hour 
is commonly used as a billing unit for electric-
ity delivered to consumers by electric utilities.

LBNL   Lawrence Berkley National Laboratory.

MACT   Maximum Achievable Control Technology.

MDT    Machine dried ton (measurement unit; often in 
reference to paper production)

MECS   Manufacturing Energy Consumption Survey.

MEP   Manufacturing Extensive Partnership.

GLOSSARY AND ABBREVIATIONS
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MI   Michigan.

MMBtu   Million British thermal units.

MN   Minnesota.

MO   Missouri.

MW   A megawatt is equivalent to one million (106) 
watts. A watt is a unit of power or energy 
conversion equivalent to one joule per second. 

MWh   A megawatt hour is a unit of energy equivalent 
to 1,000 kWh.

NAICS   The North American Industry Classifica-
tion System (NAICS) is the standard used 
by federal statistical agencies in classifying 
business establishments for the purpose of 
collecting, analyzing, and publishing statistical 
data related to the US business economy. The 
NAICS was developed under the auspices of 
the Office of Management and Budget (OMB) 
and adopted in 1997 to replace the Standard 
Industrial Classification (SIC) system; the cur-
rent system was updated in 2007.

ND   North Dakota.

NE   Nebraska.

OAR   Office of Air and Radiation.

OBES   Output-based emissions standards, otherwise 
known as output-based environmental regula-
tions (OBR), encourage energy efficiency and 
clean energy supply such as combined heat 
and power (CHP) by relating emissions to the 
productive output of the energy-consuming 
process. The goal of OBES is to encourage 
the use of fuel conversion efficiency as an air 
pollution control measure.

OECD   Organisation for Economic Co-operation and 
Development.  The OECD was established in 
1960 and in 2013 included 34 member coun-
tries.

Quad   An energy unit equivalent to 1015 Btu; total 
U.S. energy use has recently been a bit less 
than 100 Quads.  1 Quad of energy is equiva-
lent to 1,000 trillion Btu.

RES   Renewable Energy Standard.

ROI   Return on Investment.

Screening   Scanning of pulp to remove oversized con-
taminants.

SD   South Dakota.

SEDS   State Energy Data System.

Steam Trap  
Maintenance  Maintenance of an automatic valve that allows 

condensate, air, and other non-condensable 
gases to be discharged from the steam system 
while holding or trapping the steam in the 
system.

TMP   Thermo-mechanical pulp mill.

TRI   Toxics release inventory.  The TRI is a public 
database that contains detailed information on 
nearly 650 chemicals and chemical catego-
ries that 23,000 industrial and other facilities 
manage through disposal or other releases, 
recycling, energy recovery, or treatment. 
Facilities report annually. The TRIwas created 
by the Environmental Protection Agency under 
the 1986f the Emergency Planning and Com-
munity Right-to-Know Act. See < http://www.
epa.gov/tri>. 

Washing   Diffusing water through the pulp during the 
pulping process, washing is a necessary pro-
cess to remove chemicals and other impurities 
from the pulp.

WHR  Waste Heat Recovery.

WI   Wisconsin.
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L2M2'S#",<,'C<$#-<2'HII[2'Economic Census2'3.-+4-14#'0"4+"#'
-5R't9558Rmm(-*5)";#$H2*#",<,2%0.m(-*#,m"-.m/,(m8-%#,m+";#Q2
Q9574u2

L2M2'S#",<,'C<$#-<2'HIJU2'American Survey of Manufacturers 
X3M@Y2'3.-+4-14#'0"4+"#'-5R't9558Rmm===2*#",<,2%0.m
7-"<(-*5<$+"%m-,7mu2

L2M2'S0<"*+4'0('G";<,5$+-4'C0+4#$'F="#$,'XL2M2'SGCFY2'HIIU2'
d!"#$%&'!()*+#"*&'l'G";<,5$+-4'C0+4#$'!()*+#"*&R'3"'G";<,5$&'
c#$,8#*5+.#2e'3.-+4-14#'0"4+"#'-5R't9558Rmm*+1020$%m8<1,m
=9+5#8-8#$J28;(u2

L2M2'i#8-$57#"5'0('S077#$*#2'HIJH2'@7*AB7)CB((&1'0)*")I:5:)
Merchandise Trade2'3.-+4-14#'0"4+"#'-5R't9558Rmm5,#2#Q80$52%0.m
?M!m?M!907#2-,8Qu2

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'G"(0$7-5+0"'3;7+"+,5$-5+0"'
XL2M2'iF!m!G3Y2'HIJH2'dAnnual Energy Outlook2e'c<14+,9#;'
-""<-44&'($07'HIII'50'HIJJ2'3.-+4-14#'0"4+"#'-5R't9558Rmm===2
#+-2%0.m(0$#*-,5,m-#0m-$*9+.#2*(7u2

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'!()*+#"*&'-";'O#"#=-14#'
!"#$%&6'G";<,5$+-4'?#*9"040%+#,'c$0%$-7'XL2M2'iF!m!!O!m'
G?cY2'HII`-2'd!"#$%&'-";'!".+$0"7#"5-4'c$0)4#'0('59#'L2M2'c<48'
-";'c-8#$'G";<,5$&2e'3.-+4-14#'0"4+"#'-5R't9558Rmm===J2##$#2
#"#$%&2%0.m7-"<(-*5<$+"%m$#,0<$*#,m(0$#,5m8;(,m8<488-8#$y
8$0)4#28;(u2

L2M2'i#8-$57#"5'0('!"#$%&'XL2M2'iF!Y2'HII`12dE0$#,5'c$0;<*5,'
G";<,5$&'0('59#'E<5<$#R'E+,*-4'_#-$'HII]'3""<-4'O#80$52e

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'G"(0$7-5+0"'3;7+"+,5$-5+0"'
XL2M2'iF!m!G3Y2'HIIV2'dG",5$<*5+0",'(0$'E0$7'!G3BJhI`6'
p04<"5-$&'O#80$5+"%'0('T$##"90<,#'T-,#,2e''3.-+4-14#'0"4+"#'
-5R't9558Rmm===2#+-2;0#2%0.m0+-(mJhI`m8;(m!G3JhI`y
G",5$<*5+0",yJIBHUBIV28;(u2

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'!()*+#"*&'-";'O#"#=-14#'
!"#$%&6'G";<,5$+-4'?#*9"040%+#,'c$0%$-7'XL2M2'iF!m!!O!m
G?cY2'HIIg-2'dE4-71#-<'O+.#$'c-8#$,'@->#,'-'S07#1-*>'=+59'
-'O#.+,#;'!"#$%&'M5$-5#%&2e'3.-+4-14#'0"4+"#'-5R't9558Rmm===J2
##$#2#"#$%&2%0.m7-"<(-*5<$+"%m5#*9y;#840&7#"5m8;(,m*-,#y
,5<;&yD-71#-<28;(u2

L2M2'i#8-$57#"5'0('!"#$%&6'L2M26'!"#$%&'G"(0$7-5+0"'
3;7+"+,5$-5+0"'XL2M2'iF!m!G3Y2'HIIg12'Manufacturing 
!'&18,)6*'0/+D(%*')5/1?&,)JK!65L)233M2'3.-+4-14#'0"4+"#'-5R'
t9558Rmm===2#+-2%0.m#7#<m7#*,m7#*,HIIhmHIIh5-14#,29574u2
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L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'G"(0$7-5+0"'3;7+"+,5$-5+0"'
XL2M2'iF!m!G3Y2'HIJI2'dE0$7'!G3BJhI`R'p04<"5-$&'O#80$5+"%'0('
T$##"90<,#'T-,#,6'388#";+Q'^6'!7+,,+0"'E-*50$,'(0$'M5#-7'-";'
S9+44#;mf05'N-5#$2e'3.-+4-14#'0"4+"#'-5R't9558Rmm===2#+-2%0.m
0+-(mJhI`m8;(m388#";+QsHI^yHIJJIJH[28;(u2

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'G"(0$7-5+0"'3;7+"+,5$-5+0"'
XL2M2'iF!m!G3Y2'HIJH-2'd3""<-4'!"#$%&'F<5400>'HIJHR'=+59'
c$0/#*5+0",'50'HIU`2e'3.-+4-14#'0"4+"#'-5R't9558Rmm===2#+-2%0.m
(0$#*-,5,m-$*9+.#m-#0JHm,#*50$y+";<,5$+-42*(7u2

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'G"(0$7-5+0"'3;7+"+,5$-5+0"'
XL2M2'iF!m!G3Y2'HIJH12'd3""<-4'!"#$%&'O#.+#='HIJJ2e'3.-+4-14#'
0"4+"#'-5R't9558Rmm===2#+-2%0.m505-4#"#$%&m;-5-m-""<-4m8;(m
-#$28;(u2

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'G"(0$7-5+0"'3;7+"+,5$-5+0"'
XL2M2'iF!m!G3Y2'HIJH*2'dM5-5#'!"#$%&'i-5-'M&,5#72e'3.-+4-14#'
0"4+"#'-5R't9558Rmm===2#+-2%0.m,5-5#m,#;,m,#;,B;-5-*0784#5#2
*(7~;-5-u2

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'G"(0$7-5+0"'3;7+"+,5$-5+0"'
XL2M2'iF!m!G3Y2'HIJU-2'd@-"<(-*5<$+"%'!"#$%&'S0",<785+0"'
M<$.#&'X@!SMY'HIJI2e'3.-+4-14#'0"4+"#'-5R't9558Rmm===2#+-2%0.m
*0",<785+0"m7-"<(-*5<$+"%m;-5-mHIJImu2

L2M2'i#8-$57#"5'0('!"#$%&6'!"#$%&'G"(0$7-5+0"'3;7+"+,5$-5+0"'
XL2M2'iF!m!G3Y'HIJU12'L"+5#;'M5-5#,'^-5<$-4'T-,'G";<,5$+-4'
c$+*#2'3.-+4-14#'0"4+"#'-5R''t9558Rmm===2#+-2%0.m;"-.m"%m9+,5m
"UIU`<,U72957u2'

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XL2M2'!c3Y2'HII]2'
dF<58<5BC-,#;'O#%<4-5+0",R'3'f-";100>'(0$'3+$'O#%<4-50$,2e'
3.-+4-14#'0"4+"#'-5R't9558Rmm===2#8-2%0.m*98m;0*<7#"5,m
01$y)"-4ygJI`28;(u2

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XL2M2'!c3Y2'HIIV2'
d!"#$%&'?$#";,'+"'M#4#*5#;'@-"<(-*5<$+"%'M#*50$,R'
F880$5<"+5+#,'-";'S9-44#"%#,'(0$'!".+$0"7#"5-44&'c$#(#$-14#'
!"#$%&'F<5*07#,2e'3.-+4-14#'0"4+"#'-5R't9558Rmm===2#8-2%0.m
,#*50$,m8;(m#"#$%&m$#80$528;(u2

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&6'S071+"#;'f#-5'-";'
c0=#$'c-$5"#$,9+8'XL2M2'!c3mSfccY2'HIIg2'd!"#$%&'c0$5(04+0'
M5-";-$;,'-";'59#'c$0705+0"'0('S071+"#;'f#-5'-";'c0=#$2e'
3.-+4-14#'0"4+"#'-5R't9558Rmm===2#8-2%0.m*98m;0*<7#"5,m
#8,y-";y8$0705+0"28;(u2

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XL2M2'!c3Y2'HIJI2'
d3.-+4-14#'-";'!7#$%+"%'?#*9"040%+#,'(0$'O#;<*+"%'T$##"90<,#'
T-,'!7+,,+0",'($07'59#'c<48'-";'c-8#$'@-"<(-*5<$+"%'
G";<,5$&2e'3.-+4-14#'0"4+"#'-5R't9558Rmm===2#8-2%0.m",$m
%9%;0*,m8<48-";8-8#$28;(u2

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XL2M2'!c3Y'HIJJ2'i#(#$$-4'
(0$'SFH'!7+,,+0",'($07'C+0#"#$%&'-";'F59#$'C+0%#"+*'M0<$*#,'
<";#$'59#'c$#.#"5+0"'0('M+%"+)*-"5'i#5#$+0$-5+0"'XcMiY'-";'
?+54#'p'c$0%$-7,'M<77-$&'0('c<14+*'S077#"5,'-";'O#,80",#,2''
3.-+4-14#'-5R't9558Rmm===2#8-2%0.m",$m;0*<7#"5,mO?SyhB
UIy)"-4y*07128;(u2

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XL2M2'!c3Y2'HIJH-2''
zC0+4#$'!7+,,+0",'i-5-1-,#'X.#$,+0"'[Y27;12e'XGSO';-5-1-,#2Y'
3.-+4-14#'0"4+"#'-5R't9558Rmm===2#8-2%0.m55"m-5=m10+4#$m
10+4#$8%29574~?!Sfu2'

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XL2M2'!c3Y2'HIJH12''
dTfT'G".#"50$&'50042e'3.-+4-14#'0"4+"#'-5R't9558Rmm%9%;-5-2#8-2
%0.m%9%8m7-+"2;0u2

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XL2M2'!c3Y2'HIJH*2'
dG".#"50$&'0('L2M2'T$##"90<,#'T-,'!7+,,+0",'-";'M+">,R'
JggIoHIJI2d'3.-+4-14#'0"4+"#'-5R't9558Rmm===2#8-2%0.m
*4+7-5#*9-"%#mi0="40-;,m%9%#7+,,+0",mLMBTfTBG".#"50$&B
HIJHB@-+"B?#Q528;(u2

L2M2'!".+$0"7#"5-4'c$05#*5+0"'3%#"*&'XL2M2'!c3Y2'HIJH;2'e?0Q+*'
O#4#-,#'G".#"50$&'X?OGY'!Q840$#$'50042e'3.-+4-14#'0"4+"#'-5R'
t9558Rmm+-,8<12#8-2%0.m5$+#Q840$#$m5$+y$#4#-,#2*9#7+*-4u2

L2M2'T401-4'S9-"%#'O#,#-$*9'c$0%$-7'XLMTSOcY2'HIJU2'Third 
National Climate Assessment Report2'3.-+4-14#'0"4+"#'-5R'
t9558Rmm===2%401-4*9-"%#2%0.m=9-5B=#B;0m-,,#,,7#"5m;$-(5B
$#80$5B+"(0$7-5+0"m8<14+*B$#.+#=u2

p#"<%08-46'M26'32'M-<#$6'-";'\2'b0<%94+"2'HIJJ2df0='L2M2'E#;#$-4'
S4+7-5#'c04+*&'S0<4;'3((#*5'S9#7+*-4,A'S$#;+5'O+,>2e3.-+4-14#'
0"4+"#'-5R't9558Rmm===2=$+20$%m8<14+*-5+0"m90=B<,B(#;#$-4B
*4+7-5#B804+*&B*0<4;B-((#*5B*9#7+*-4,B*$#;+5B$+,>u2

N+,*0",+"'E0*<,'0"'!"#$%&'XNE0!Y2'HII`2'dc<48'-";'c-8#$'
!"#$%&'C#,5'c$-*5+*#'T<+;#100>2e'3.-+4-14#'0"4+"#'-5R't9558Rmm
===2(0*<,0"#"#$%&2*07m)4#,mi0*<7#"5y@-"-%#7#"5y
M&,5#7mC<,+"#,,yc$0%$-7,m8<48-";8-8#$y%<+;#100>28;(u2

N0$$#446'!26'b2'c$+*#26'-";'^2'@-$5+"2'Jggg2'd!"#$%&'!()*+#"*&'
-";'S-$10"'i+0Q+;#'!7+,,+0",'O#;<*5+0"'F880$5<"+5+#,'+"'
59#'LM'G$0"'-";'M5##4'M#*50$2e''b-=$#"*#'C#$>4#&'^-5+0"-4'
b-10$-50$&'XbC^bY2'3.-+4-14#'0"4+"#'-5R't9558Rmm+#,24142%0.m
+#,8<1,m]JVH]28;(u2

n<6'?2E26'Z2'M-59-&#6'-";'\2Z2'\$-7#$2'HIJH2'dC05507B<8'
O#8$#,#"5-5+0"'0('G";<,5$+-4'!"#$%&'!()*+#"*&'?#*9"040%+#,'
+"'G"5#%$-5#;'3,,#,,7#"5'@0;#4,'(0$'59#'L2M2'c<48'-";'c-8#$'
M#*50$2e'b-=$#"*#'C#$>4#&'^-5+0"-4'b-10$-50$&'XbC^bY'O#80$5'
`[IJ!2'

n<6'?2E26'Z2'M-59-&#6'-";'\2Z2'\$-7#$2'HIJU'X+"'8$#,,Y2'
dM<,5-+"-1+4+5&'F85+0",'+"'c<48'-";'c-8#$'@->+"%R'S0,5,'
0('S0",#$.#;'!"#$%&'-";'S-$10"'O#;<*5+0"'+"'59#'L2M2e'G"'
Sustainable Cities and Society'3.-+4-14#'-5R'tiFGR'JI2JIJhm/2
,*,2HIJU2IJ2IIhu2
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1. The almanac is available online at: <http://www.wri.org/project/
midwest-almanac#about>. 

2. See, for example: <http://insights.wri.org/news/2012/08/
white-houses-industrial-energy-efficiency-plan-will-boost-
manufacturing-curb-emissions>.

3. To view the bill in its entirety, see: <http://www.gpo.gov/fdsys/
pkg/BILLS-112s1000is/pdf/BILLS-112s1000is.pdf>.

4. The scope of paper trade is here defined by international 
Harmonized System code 48 (paper, paperboard).

5. Fisher International is a private pulp and paper consulting 
company that collected the facility-level data used in this 
report’s energy efficiency benchmarking analysis. For more 
information, see: <http://www.fisheri.com/>.

6. Fifteen states (AL, AR, FL, GA, KY, LA, MD, MS, NC, OK, SC, 
TN, TX, VA, and WV) comprise the South U.S. Census region.

7. In this case, energy intensity is defined as total energy con-
sumed per unit of value-added.

8. Electricity intensity was determined by dividing the sum of the 
quantity of electricity purchased for heat and power and gener-
ated electricity by the value added (U.S. Census Bureau 2013).

9. Wisconsin, Michigan, and Ohio were responsible for 47 per-
cent, 22 percent, and 16 percent respectively of the total paper 
sector’s toxin releases within the Midwest in 2010.

10. According to U.S. Census data (2005, the most recent available 
survey), the pulp and paper sector reported spending $2.4 
billion on capital expenditures and on the operations of pol-
lution prevention equipment (see Table 1).Those expenditures 
combined accounted for more than 1.4 percent of the sector’s 
total value of shipments in that year ($163 billion)—a greater 
portion than other sectors. For data, see: U.S. Census Bureau 
2008 at: <http://www.census.gov/prod/2008pubs/ma200-05.
pdf>.

11. According to the National Renewable Energy Laboratory 
(NREL), rising energy costs and other challenges caused 232 
pulp and paper mills to close between the year 2000 and 2009, 
resulting in more than 180,000 workers losing their jobs.

12. Note that for kraft mills more steam energy may be used in the 
evaporator area.

13. The intensity analysis in this report focuses on purchased 
energy rather than total energy. Data for purchased energy are 
clearly defined, widely available, and can be inputted into the 
ENERGY STAR EPI tool used in this report. Other analysis 
based on total energy use (including non-purchased combus-
tion of wood byproducts) yields differing results. 

14. EPI tools are publicly distributed online. A copy of the 
integrated pulp and paper mill EPI tool can be downloaded at 
<http://www.energystar.gov/ia/business/industry/downloads/
Integrated_Paper_Mill_EPI_v1.xls?a763-30d2>. 

15. This analysis is based on mill-level purchased energy use 
and production as noted. Correspondence with AF&PA and 
the National Council for Air and Stream Improvement (NCASI) 
indicates that other analysis may show Midwest mills to be 
comparable or in some cases more efficient than the U.S. aver-
age. Individual mills are encouraged to download the EPI tool 
to perform their own assessment.

16. The lack of facility-specific information regarding currently 
installed technologies prevents us from estimating the upfront 
investment costs that would be necessary for underperform-
ing mills to achieve U.S. average or ENERGY STAR levels of 
performance. As a result, we are not able to estimate the net 
cost savings associated with achieving these benchmarks.

17. According to emissions data reported to the EPA registry 
(EPA 2012b) (http://www.epa.gov/ghgreporting/ghgdata/
datasets.html), energy-related CO2 emissions accounted for 
roughly 99 percent of U.S. pulp and paper sector greenhouse 
gas emissions (measured in terms of CO2 equivalent over a 
100-year time horizon). The remaining GHG emissions source 
categories are nitrous oxide and methane.

18. See: <http://www.ncasi.org/support/downloads/Detail.
aspx?id=3>.

19. This difference is due to the high portion of electricity use 
among Minnesota mills, which drives up indirect CO2 emis-
sions. Over a longer time frame, decarbonization of the elec-
tricity system can substantially reduce pulp and paper mills 
indirect greenhouse gas emissions, particularly in states such 
as Minnesota with high electricity use.

20. Inclusion of biomass combustion would increase total Mid-
west pulp and paper mill CO2 emissions by nearly 50 percent. 
EPA is in the process of developing biogenic accounting 
factors for calculating carbon emissions related to biomass 
combustion; see: <http://yosemite.epa.gov/sab/sabproduct.ns
f/0/57B7A4F1987D7F7385257A87007977F6/$File/EPA-SAB-
12-011-unsigned.pdf>. 

21. See: <http://www.gpo.gov/fdsys/pkg/FR-2011-07-20/
pdf/2011-17256.pdf>.

22. See: <http://dsireusa.org/incentives/incentive.cfm?Incentive_
Code=MD05R>.

23. Depending on how biogenic emissions are counted, fuel 
switching from fossil fuels to biomass would further reduce 
paper sector emissions.
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24. It should be noted that the Boiler MACT rules are designed to 
reduce hazardous air pollutants and not to address greenhouse 
gas emissions.

25. Xu,Sathaye, and Kramer (2012) present cost curves for saved 
energy and carbon reduction for the U.S. pulp and paper 
industry in 1994 and 2006. This report adapts the 2006 saved 
energy cost curve, which assumes a 30 percent discount rate. 

26. These percentage savings estimates are based on national-
level data reported in Xu, Sathaye, and Kramer (2012).

27. Energy and fuel prices fluctuate: average U.S. industrial 
natural gas prices varied from $3 to $7 per thousand cubic feet 
between 2010 and 2012. See: <http://www.eia.gov/dnav/ng/
ng_pri_sum_dcu_nus_m.htm>. 

28. This is a simplified method to estimate cost-effective energy 
savings, as some measures will only be operated with a single 
type of energy (e.g., electricity).

29. See http://paperrecycles.org/stat_pages/recovery_rate.html for 
annual data.

30. American Forest & Paper Association, private communication, 
March 8, 2013.

31. A biorefinery is defined as a facility that integrates biomass 
conversion processes and equipment to produce fuels, power, 
and chemicals from biomass.

32. For references, see case study descriptions in:<http://rrbcon-
ference.org/bestanden/downloads/322.pdf>. 

33. U.S. Department of Energy, Integrated Biorefinery Platform. 
See: <http://www1.eere.energy.gov/biomass/integrated_biore-
fineries.html>.

34. Lindmark et al.(2011). The article also notes that fiscal and 
R&D policies for industry are most effective when coordinated 
with longer-term capital investment and structural cycles.

35. See: <http://eippcb.jrc.es/reference/BREF/ppm_bref_1201.
pdf>.

36. See: <http://ec.europa.eu/clima/policies/roadmap/documenta-
tion_en.htm> and <http://www.cepi.org/node/12760>. 

37. The AEO number includes industrial-owned generators not 
always classified as combined heat and power, such as 
standby generators (U.S. DOE 2012a). For reference, the CHP 
installation database estimates total U.S. pulp and paper CHP 
capacity at more than 12 GW.

38. See: <http://www.whitehouse.gov/the-press-office/2012/08/30/
executive-order-accelerating-investment-industrial-energy-ef-
ficiency>. 

39. See: <http://www1.eere.energy.gov/manufacturing/distribut-
edenergy/boilermact.html>. 

40. These are pulp and paper sector efficiency projects for which WRI 
was able to gather quantitative information; other recent sector 
projects may have achieved significant efficiency savings.

41. The information presented here updates case study information 
originally published by U.S. DOE (2009a). “Flambeau River 
Papers Makes a Comeback with a Revised Energy Strategy.” 
See: <http://www1.eere.energy.gov/manufacturing/tech_de-
ployment/pdfs/case_study_flambeau.pdf>.

42. Presentation provided by Randy Stoeckel, Flambeau River 
Papers Vice President of Operations (August 31, 2012).

43. Now known as the Advanced Manufacturing Office (AMO).

44. Presentation provided by Randy Stoeckel, Flambeau River 
Papers Vice President of Operations (August 31, 2012).

45. Presentation provided by Randy Stoeckel, Flambeau River 
Papers Vice President of Operations (August 31, 2012).

46. Flambeau River Papers. See: <http://flambeauriverpapers.com/
environment/> (September 2012).

47. Presentation provided by Randy Stoeckel, Flambeau River 
Papers Vice President of Operations (August 31, 2012).
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