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Energy efficiency saves jobs.  Across all sectors, 
companies can boost their profits—and secure their 
workforce—by cutting their energy costs.  

The Midwest’s energy-intensive pulp and paper 
industry is a case in point.  Across the region, pulp 
and paper mills have long been economic mainstays 
of their communities.  But changing paper use, 
rising international trade, and fluctuating energy 
prices are forcing mills to lay off workers or even 
shutter their doors.  For mills looking to stay com-
petitive in a changing global market, finding new 
ways to keep money in the till is crucial.  

Of course, increased energy efficiency at pulp and 
paper mills makes sense not only for bottom lines, 
but also for the environment.  In 2011, industry 
accounted for more than a quarter of U.S. green-
house gas emissions, with the lion’s share from the 
manufacturing sector.  As one of the largest energy-
using manufacturing subsectors in the United 
States, pulp and paper is a significant contributor  
to those emissions. 

This report highlights the critical role of energy 
efficiency in improving the economic and envi-
ronmental performance of Midwest pulp and 
paper mills.  WRI’s analysis finds that less efficient 
facilities could realize significant annual energy cost 
savings, and decrease their greenhouse gas emis-
sions, by investing in initiatives to meet the indus-
try’s national average efficiency level.  Through 
energy efficiency measures like those detailed in 
this report, pulp and paper mills in Minnesota, 
Wisconsin, and elsewhere are reducing their energy 
use even while increasing production.  And such 
improvements can reduce mills’ greenhouse gas 
emissions even more than switching from coal or  
oil to natural gas.

The unmet opportunities for efficiency improve-
ments reveal an urgent need for new approaches.  
Energy efficiency standards and incentives can help 
companies make more of these prudent, cost-saving 
investments and should be a key pillar in any U.S. 
climate policy.  The experiences of forward-thinking 
pulp and paper companies make it clear: energy 
efficiency can make all the difference in keeping 
companies competitive and protecting jobs. 

 Foreword

Andrew Steer
President 
World Resources Institute
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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.



WRI.org        2

Rising international energy and labor costs are 
combining with historically low natural gas prices 
and improving productivity in the U.S. to create an 
intermittent resurgence of American manufacturing.  
In a 2012 survey of company decision makers, the 
Boston Consulting Group found that 37 percent of 
manufacturers with sales greater than $1 billion were 
planning to bring back production to the United 
States from China or were actively considering it.  At 
the same time that companies are looking to grow 
their American manufacturing capacity, the long-
anticipated publication of the final Boiler Maximum 
Achievable Control Technology (MACT) rule in 
January 2013 provided regulatory certainty that will 
generate new investments for compliance actions.  
These developments bring new opportunities for 
low- and net-negative-cost energy efficiency invest-
ments that improve economic competitiveness.

On a national scale, the pulp and paper sector has 
recently experienced contraction and consolidation. 
While production remains below year 2000 levels 
and employment has dropped steeply, the sector 
has recorded increasing levels of economic activity 
as reflected in total value-added.  Between 2002 
and 2011 U.S. paper manufacturing value-added 
grew by 8 percent while the number of employees 
declined by 30 percent.  In this environment of 
consolidation, attrition, and increasing competi-
tion, energy efficiency serves as a determinant of 
pulp and paper mill survival.  The information 
and case studies in this report demonstrate that 
investment in energy efficiency improvements can 
help facilities successfully compete while reducing 
greenhouse gas emissions.

“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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Key Findings
Midwest mills have numerous energy efficiency 
improvement opportunities 
Based on facility energy use and production in 
2010, Midwest pulp and paper mills are slightly 
less energy-efficient than the national average.  
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.  With additional invest-
ment, these Midwestern manufacturers could save 
$240 million annually if all pulp and integrated 
paper mills achieved an ENERGY STAR® energy 
performance score in the top 25 percent of compa-
rable U.S. facilities.  

Efficiency improvements can reduce carbon 
emissions more than fuel switching in the near term
Scenario analysis shows that investments that 
brought Midwest pulp and paper mills to the 
ENERGY STAR benchmark level for top perfor-
mance would also result in greater carbon dioxide 
emissions reductions than would be achieved 
through fuel switching from end use of coal or oil 
to natural gas.  The specific impact of increased 
biomass use depends on life-cycle emissions 
assumptions; however, it is clear that biomass use 
can reduce mill costs and displace fossil fuel use.  
Likewise, the longer-term transition of electricity 
systems away from fossil fuels can also reduce pulp 
and paper sector greenhouse gas emissions to the 
extent that mills increase their use of renewably 
generated electricity.  Combined efficiency improve-
ments and fuel switching can improve resource 
productivity while reducing environmental impacts.

A range of proven, market-scale technologies  
is available for improving mills’ efficiency
Pulp and paper manufacturing includes a range of 
processes, fuels, technologies, and products—there 
is not a “typical” mill.  To cover the variety of 
established and emerging technologies and prac-
tices in the paper sector, this report uses a national 
cost curve approach to summarize costs and energy 
savings potential for established energy efficiency 
improvement options.  This analysis shows that 
facilities that introduce proven energy efficiency 
technologies and practices could cost-effectively 

reduce their energy use by 25 percent on average, 
depending on the particular mill configuration.  

Successful pulp and paper mills are investing  
in energy efficiency
The viability of efficiency improvement technologies 
is demonstrated by pulp and paper mill case stud-
ies.  In Wisconsin, Flambeau River Papers has used 
energy efficiency investments to emerge from bank-
ruptcy, cut costs, and increase facility production.  
In Washington State, the Weyerhaeuser NORPAC 
mill has successfully partnered with its local utility to 
implement advanced continuous improvement pro-
grams that reduce energy use and emissions.  At the 
corporate level, the International Paper company’s 
continued investment in energy efficiency helped to 
reduce its greenhouse gas emissions and helped the 
company earn Environmental Protection Agency’s 
(EPA) only pulp and paper sector 2012 Climate 
Leadership Award.  Outside of the mill gate, these 
case studies demonstrate the win-win role of energy 
efficient manufacturing in moving toward a more 
robust and low-carbon U.S. economy. 

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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Recommendations
To increase Midwest pulp and paper manufacturing 
energy efficiency and develop a more sustainable 
path for American industry, this report makes five 
recommendations.

Measure pulp and paper mill energy  
efficiency performance
Albert Einstein famously noted that “Not every-
thing that can be counted counts, and not every-
thing that counts can be counted.”  Manufacturing 
energy efficiency performance is something that 
counts and can be counted.  Benchmarking can help 
facilities identify energy efficiency opportunities 
and track performance.  In particular, this report 
recommends expanded industry use of existing 
energy efficiency benchmarking tools such as the 
ENERGY STAR Energy Performance Indicators 
tool.  On a national level, benchmarking assess-
ment tools can be improved with thorough Census 
industry data collection programs.  From a facilities 
and manufacturing company perspective, develop-
ment of national benchmarks for specific processes 
and equipment, such as paper dryers, could support 
energy management programs.

Introduce a mix of minimum standards  
and “reach” incentives 
American industry played an internationally pio-
neering role in many manufacturing subsectors.  As 
manufacturing facilities become antiquated, policy 
has a role to play in helping manufacturers remain 
competitive while reducing environmental impacts.  
This report recommends the introduction of mini-
mum energy performance standards for new equip-
ment—such as motors, boilers, and pumps—with 
facility-level auditing requirements to help manu-
facturers identify and address the areas with the 
greatest potential for improvement.  Targeted policy 
support can help facilities use benchmarking, audit-
ing, and assessment information to achieve tangible 
efficiency gains.  As illustrated in this report’s case 
studies, local incentives and institutional adjust-
ments can enable continuous improvements.

Support CHP utilization through state  
and federal policies
Combined heat and power (CHP) can help to reduce 
industrial energy use and emissions by more fully 
utilizing the products of fuel combustion.  While the 
U.S. pulp and paper sector deploys large amounts of 
CHP, previous studies suggest substantial remain-
ing CHP potential for Midwest pulp and paper 
mills.  CHP utilization can be increased through 
inclusion in state energy resource standards and 
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through less burdensome interconnection rules, 
standardized standby fee structures, and other 
regulatory reforms to enable consistent access to 
electricity markets.

Develop new regulatory frameworks to promote 
electric utility-manufacturer collaboration
Electric utilities do not always have incentives 
to help reduce their customers’ energy use.  To 
address utility incentives, the U.S. Congress passed 
the Public Utility Regulatory Power Act (PURPA) 
in 1978.  PURPA introduced new requirements and 
incentives for efficiency, renewables, and distrib-
uted power generation that helped boost CHP 
utilization, among other things.  However, PURPA 
has since been amended to reduce these incentives, 
particularly in the area of distributed generation.  
The development of a 21st century PURPA could 
usefully include new cost-recovery models in which 
utilities continue to earn reasonable profits even 
as manufacturing customers self-generate electric-
ity and reduce demand through energy efficiency.  
Case study experience suggests that efficiency and 
environmental goals are most often achieved in 
the pulp and paper sector when they are integrated 
with state and local utility efficiency programs. 

Build on current research to develop geographically 
and sectorally integrated climate policy
The 2012 American Energy Manufacturing Tech-
nical Corrections Act (H.R. 6582) directed the 
government to conduct a study of energy-intensive 
manufacturing.  Understanding the energy and 
emissions performance of pulp and paper mills 
compared with chemical refineries, iron and steel 
mills, and other energy-intensive subsectors will 
help to identify the most cost-effective areas for  
policy support.  Regional disparities—such as 
the one highlighted in this report—need to be 
addressed for new policies to be politically feasible 
and equitable.

Implementation of the efficiency improvements and 
innovations described in this report could help the 
pulp and paper sector reduce emissions while pre-
serving manufacturing in rural communities.  The 
turnaround of the European pulp and paper sector 
and the possibility of long-term, low-cost domestic 
natural gas availability suggest that a combination 
of investments and policies tailored to U.S. Midwest 
pulp and paper mills could foster sustainable and 
clean production.
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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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Data for identifying manufacturing energy effi-
ciency opportunities are collected and managed 
separately by geographic scope, year of analysis, 
and sector.  This analysis brings together these 
scattered statistics, facility-level energy use and 
production data, and information on best practices 
and established technologies.  On a national scale, 
the pulp and paper sector has recently experienced 
intermittent growth with reduced employment—
between 2002 and 2011 U.S. paper manufacturing 
value-added grew by 8 percent while the number 
of employees declined by 30 percent (U.S. Census 
Bureau 2013).  The drop in pulp and paper employ-
ment has been accompanied by paper subsector 
consolidation and attrition in some areas.  Recent 
pulp and paper mill experiences have demonstrated 
that investment in energy efficiency improvements 
can help facilities to survive in a challenging busi-
ness environment while supporting a lower emis-
sions pathway for the U.S. economy.

During the past decade, a host of studies have high-
lighted the potential for U.S. industries to reduce their 
energy costs through energy efficiency (EE) upgrades, 
while also improving competitiveness and reduc-
ing emissions.  For example, a National Academy of 
Sciences 2010 report—entitled “Real Prospects for 
Energy Efficiency in the United States”—included 
an industrial sector assessment that finds 14 to 22 per-
cent of U.S. industrial energy use could be cut through 
cost-effective efficiency improvements, and 25 to 41 
percent from the pulp and paper subsector, depending 
on continued research and technology development 
(NAS 2010). Yet, despite the evidence for untapped 
cost-effective efficiency potential and a persuasive 
business case for maximizing the energy efficiency of 
industrial activity (see Box 1), several challenges pre-
vent U.S. manufacturers from capitalizing on available 
EE opportunities. 

The benefits of efficiency improvements include 
reduced greenhouse gas emissions, which recent 
studies have definitively linked to climate change.  
In 2010, at the request of Congress, the National 
Research Council of the U.S. National Academies 
published an assessment report, which concluded 
that: “Climate change is occurring, is caused largely 
by human activities, and poses significant risks 
for—and in many cases is already affecting—a broad 
range of human and natural systems“ (NRC 2010).  
The study was one of several recent comprehensive 
science assessments— including the draft National 
Climate Assessment report (USSGCRP 2013)—that 
details observed and projected climate impacts 
for specific sectors and regions of the U.S.  In 
particular, the National Climate Assessment finds 
that while Midwest forests are relatively resilient, 
forests throughout the country will be stressed 
by climate change, with increased risk of wildfire, 
drought, pest infestation and shifting ecosystems.  
Furthermore, the report finds that the increased 
frequency and intensity of extreme weather and 
climate events can be disruptive to energy systems 
and reduce water quality and water availability for 
power generation and other industrial uses.

Figure 1  |  �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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Recognizing the multiple benefits of a more energy 
efficient economy (Laitner et al. 2012),  some 
federal and state policies have been enacted to 
help address common barriers to industrial EE 
investments.  In addition to the economic benefits 
for domestic manufacturing, there may also be a 
growing recognition of the untapped opportunity 
of efficiency as an energy resource and the co-
benefits of reduced pollution.  Prominent examples 
of this growing political trend include a recent 
Executive Order to achieve a 50 percent increase 
in U.S. CHP capacity by 2020.2  In addition, the 
Shaheen-Portman energy efficiency bill (S 761)3 
passed through committee early in 2012 with near 
unanimous bipartisan support and portions passed 
unanimously through the U.S. Senate in September 
2012.  On December 18, 2012, President Obama 
signed the American Energy Manufacturing Techni-
cal Corrections Act (H.R. 6582) into law.  The act 
incorporated provisions from the Shaheen-Portman 
energy efficiency bill, including a mandate for 
further study of energy-intensive manufacturing 
and development of a Federal Energy Management 
and Data Collection Standard.  In many cases, state 
lawmakers have gone further.  Since 1999, twenty-
four states have set binding energy efficiency 
targets, requiring electric and natural gas utilities to 
help their customers achieve annual energy sav-
ings (Nowak et al. 2011).  (For further discussion of 
policy, see section 4.)

Research Objectives
To help inform ongoing policy deliberations and to 
also encourage greater consideration of EE invest-
ments by U.S. manufacturing companies, this report 
focuses on one energy-intensive sector in a U.S. 
region that is politically, culturally, and economically 
geared toward manufacturing.  This study is unique 
for using facility-level analysis with state-specific 
detail, plus representative case studies from dif-
ferent companies. The intent is to make industrial 
energy efficiency opportunities more visible and less 
abstract to state-level policymakers, utilities, busi-
nesses, and other interested stakeholders. 

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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Specifically, this report answers the  
following questions: 

 �   � �How do Midwest pulp and paper manufacturers 
compare with facilities located in other regions 
of the country in terms of their energy intensity?

 �   � �What is the potential for near-term energy 
efficiency improvements in Midwest pulp and 
paper manufacturing?  How do the impacts 
of efficiency improvements compare with the 
energy and emissions impacts of fuel switching 
from coal and oil to natural gas alone? 

 �   � �What are the most cost-effective options avail-
able for reducing the energy- and emissions-
intensity of Midwestern mills? 

 �   � �What policies currently affect paper sector 
energy use and emissions?  What are the key 
barriers and policy solutions for pulp and paper, 
as well as other energy-intensive sectors?

A detailed description of the data, assumptions, 
and methods that went into the benchmarking and 
analysis is provided in Appendixes I, II, and III. 

The Role of the Paper Sector  
in Midwest Manufacturing
The modern U.S. pulp and paper sector has its roots 
in the nineteenth century.  By 2010 the average U.S. 
pulp and paper mill had been built in 1937.  The aver-
age Midwest mill operating in 2010 was built in 1922.  
This 15-year gap is largely a result of technological 
innovations during the 1930s that enabled resinous 
southern pine to be pulped in kraft recovery furnaces 
(Reed 1995; Toivanen 2012).  By 2010 the Midwest 
produced more printing and writing paper than any 
other region, while the Southeast produced more 
packaging and market pulp (Fisher International 
2013; see Appendix I).  Diverse forest resources and 
production technologies comprise the U.S. pulp and 
paper sector and supply a wide range of markets from 
newsprint to tissue to specialty paper. 

Figure 2  |  �Value of U.S. International Paper & Paperboard Trade, 2000-2012 
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In 2010 the U.S. produced 78 million metric tons 
of paper and paperboard, accounting for 19 percent 
of global production.  Between 2009 and 2012, 
the value of U.S. paper exports grew by an average 
annual rate of 5 percent.4  Paper mills often serve as 
community anchors, generating local tax revenue 
and employment, with additional local benefits from 
supply chain impacts (AF & PA 2012).  The paper 
sector is among the many U.S. manufacturing sec-
tors that contributed to the post-2008 U.S. economic 
recovery.  However, at the same time, many mills 
have closed, and many others have struggled to com-
pete in the face of changing market conditions. 

Between 2000 and 2011, the gross nominal value of 
U.S. international trade in paper products increased 
by 22 percent.  Growth of exports led the U.S. to 
become a net paper exporter by 2010 (Figure 2).  
In 2008 China surpassed the U.S. to become the 
largest paper manufacturing country.  While weak 
domestic demand and international competition 
create challenges for U.S. pulp and paper manu-
facturers, increasing international exports helped 
drive the 2010 and 2011 growth of production 

(Figure 3), though these levels remain below the 
pre-crash production plateau. 

In 2011, wrapping and packaging paper and paper-
board accounted for 60 percent of total production 
by mass, followed by printing and writing paper 
with 22 percent.  Production data, categories, 
and short-term sector trends vary by source and 
scope.  The United Nations Food and Agriculture 
Organization (FAO) reported total U.S. paper sector 
production of 77 million metric tons in 2011.  This 
is largely consistent with the private survey-based 
Fisher database, which reports 78 million metric 
tons in the same year, not including market pulp 
and captive slurry.5  Both data sources show a 
trend of declining U.S. paper production after the 
year 2000, in part due to increased internet usage.  
The 21st century decline of U.S. paper production 
accelerated in 2008, when economic recession and 
reduced advertising combined with rising energy 
and input costs.  While FAO data show a slight U.S. 
rebound in 2010 and 2011 (Figure 3), the Fisher 
data indicate continued gradual decline.

Figure 3  |  �U.S. Paper Production by Category, 1990-2011 
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Figure 4 illustrates the geographic distribution of 
U.S. paper production in 2011.  Most U.S. paper 
production takes place in the South.6  In 2011 
Alabama was the state with the most paper produc-
tion, followed by Georgia, Louisiana, and Wiscon-

sin.  In the period of attrition since 2008, the South 
has retained more mills than other regions of the 
country.  As described in Appendix I, the Midwest 
produces a higher portion of tissue and towel and 
printing and writing paper than the rest of the 
country.  Product mix, mill type, and differences in 
pulp production processes affect economic competi-
tiveness and energy intensity comparisons among 
regions and mills.

The Midwest is an important region for understand-
ing U.S. manufacturing energy use and greenhouse 
gas emissions, as well as state programs and policies.  
Manufacturing represents a greater share of total GDP 
and total workforce in the Midwest than in any other 
U.S. region.  The industrial sector, which is predomi-
nantly made up of manufacturing, consumes more 
energy than any other sector in the Midwest region 
(Bradbury and Aden 2012).  In 2010 the pulp and 
paper sector accounted for roughly 7 percent of total 
energy use by Midwest manufacturers, which was 
nearly twice as much as total regional energy con-
sumption by vehicle manufacturers (U.S. DOE/EIA 
2013).  Figure 5 illustrates state-level paper produc-
tion for the Midwest region between 2005 and 2011.   

Figure 4  |  �Regional Distribution of U.S. Paper 
Production, 2011

Source: Fisher International 2013.

Note: Excludes market pulp and captive slurry.
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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>.



Figure 6  |  Energy Intensity and Efficiency Options for Pulp and Paper Manufacturing Processes

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 

Screening and Washing

  – 0.06  –

Screening and Washing

  – 0.34  –

Grinding / Refining*

(0.24) 6.25  –

Cooking

1.55 0.35  –

3.00 0.21  –

Evaporators

mechanical pulping Key Efficiency Technologies  |  Heat Recovery in TMP, Thermopulping, 
Pressurized Groundwood, RTS Pulping

chemical pulping Key Efficiency Technologies  |  Continuous Digester,  
Batch Digester Modifications

Wood Prep

0.10 0.20  –

Cradle Debarking, Belt Conveyors,  
Bar-Type Chip Screen

Cradle Debarking, Belt Conveyors,  
Bar-Type Chip Screen

Drum Pulper, De-inking Heat Recovery

Recycle Pulping (optional)

Wood Prep

0.07 0.17  –



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)

Figure 6  |  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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Paper manufacturing is energy and emissions-
intensive.  Though other sectors, such as chemicals 
and petroleum and coal processing, consume more 
energy and produce more economic value-added, 
pulp and paper manufacturing was the most 
energy-intensive manufacturing7 subsector in the 
country in 2006 (U.S. DOE/EIA 2009b).  High 
energy intensity makes the sector more vulnerable 
to energy price increases, but also gives pulp and 
paper manufacturers more to gain through energy 
efficiency investments.

Description of Energy Use and 
Emissions in the Paper Sector
Energy use and Emissions 
Figure 7 illustrates Midwest pulp and paper pur-
chased energy use by fuel in 2010.  Natural gas is 
the largest purchased energy source, followed by 
coal, in Midwest pulp and paper mills.  Purchased 
energy use does not include pulping liquor or 
internal wastewood (both processing byproducts) 
that are combusted for onsite energy generation.  
In 2010 pulping liquor and internal wastewood 
accounted for 23 percent of total energy use in 
Midwest mills.

Due to its extensive use of bio-based fuels, the 
U.S. pulp and paper sector is on average less fossil 
fuel-intensive than U.S. industry, where 76 percent 
of total delivered energy use is from fossil fuels 
(U.S. DOE/EIA 2012a).  Pulp and paper mills in 
the Midwest are more fossil fuel-intensive—and 
therefore more carbon emissions-intensive—than 
other mills in the U.S.  In energy terms, fossil fuels 
accounted for 53 percent of Midwest mills’ total 
final energy use in 2010, compared to 33 percent 
of total U.S. paper industry final energy use (Fisher 
International 2013; U.S. DOE/EIA 2012a).

The U.S. pulp and paper sector has a large remain-
ing potential for decarbonizing its energy mix.  In 
its 2007 report, the International Energy Agency 
found that the U.S. emitted more carbon dioxide 
per metric ton of pulp and paper production than 
any other OECD country (IEA 2007).  The same 
report found that U.S. pulp and paper mills use 
average amounts of electricity per ton of product 
and have room for efficiency improvements. 

The pulp and paper sector plays an important role 
in Midwest manufacturing.  In Wisconsin, the 
largest paper manufacturing state in the Midwest, 
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pulp and paper mills used an estimated 24 percent 
of total statewide energy for manufacturing—more 
than a third more than the next largest manufactur-
ing sector (Bradbury and Aden 2012).  The extent of 
Midwest pulp and paper manufacturing combines 
with its fuel mix and energy intensiveness to create 
substantial environmental impacts. 

Pulp and paper manufacturing is responsible for a 
host of air and water pollutants, depending on fuel-
types used on site.  Figure 8 shows that the paper 
sector was responsible for 42 percent of Wiscon-
sin’s total toxic air emissions in 2010, according to 
the EPA’s Toxic Release Inventory (TRI) (U.S. EPA 
2012d).  Whereas the pulp and paper sector share 
of toxic air emissions is quite high in Wisconsin, it 
is lower in Ohio and Illinois due to the presence of 
other pollution-intensive manufacturing sectors in 
those states.9

Because of their pollution-intensiveness, many 
pulp and paper manufacturers spend a significant 
portion of their revenue on mitigating environ-
mental impacts.  In fact, to conform to state and 
federal regulations, the pulp and paper subsector 
(NAICS 322) spends more than 1 percent of its 
total value of shipments on compliance, which is 
more than any other U.S. manufacturing sector.10  
In addition, most of these facilities will soon face 
emissions performance standards required by the 
recently finalized Boiler MACT rule.  However, 
federal and state environmental regulations are 
increasingly designed to recognize energy efficiency 
as cost-effective options for compliance (Dietsch 
et al. 2012).  Some facilities are also fuel switching 
to natural gas and using combined heat and power 
(CHP) technologies to conform to the Boiler MACT 
rule.  Through the adoption of best practice energy 
efficient technologies, previous studies have found 
that the U.S. pulp and paper sector could cut total 

Figure 7  |  �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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energy use by over 25 percent (Jacobs et al.2006); 
associated fuel savings would be comparable to 
the sector’s total environmental compliance costs 
(Bradbury 2010). 

Recent Market Trends: Challenges  
and Efficiency Opportunities
Since the 1990s, many pulp and paper facilities in 
the U.S. have been forced to idle or close as a result 
of changing market conditions.  The cost of fuels 
and purchased electricity increased 26 percent 
within the U.S. pulp and paper sector between 
2000 and 2005, at the same time that competi-
tion intensified through expanded international 
trade (see, for example, Figure 2) (NREL 2009).  

Figure 8  |  �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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The high energy intensity of U.S. pulp and paper 
production makes the sector comparatively vulner-
able to energy price increases.  In 2006, purchased 
energy for heat and power represented 8.4 percent 
of total direct production costs (NREL 2009).  Ris-
ing energy costs and other challenges contributed to 
the closure of 10 percent of Midwest pulp and paper 
mills between 2005 and 2010 (Fisher International 
2013).11  According to the Census Bureau, the 
number of U.S. pulp and paper sector employees 
dropped by 30 percent, from 491,000 in 2002 to 
346,000 in 2011 (U.S. Census Bureau 2013).

As part of a strategy to stay competitive (see Section 
4), U.S. pulp and paper mills have improved their 
energy efficiency in the last 20 years.  When energy 
prices rose in the 1990s, the sector used energy effi-
ciency investments and fuel switching from petro-
leum fuel sources to natural gas and biomass as a 
means of reducing costs (U.S. EPA 2007).  Accord-
ing to the American Forest and Paper Association 
(AF&PA), member companies reduced the amount 
of purchased energy use per ton of production by 15 
percent between 2000 and 2010 (AF & PA 2012).  
For 2020, AF&PA has set a goal of improving 
purchased energy efficiency by 10 percent over the 
2005 average level.

Process cooling and heating systems comprise 81 
percent of the pulp and paper industry’s energy use 
(U.S. EPA 2007).  According to the ENERGY STAR 
Guide for the Pulp and Paper Industry, drying is 
generally the most energy-intensive step in the paper 
manufacturing process (Kramer et al. 2009).12  This 
has led industry to pursue a variety of efficiency mea-
sures that reduce energy use associated with drying.  
Given the high heat and electricity requirements of 
pulp and paper production, more efficient combined 
heat and power is widely used and considered as a 
technology option (see Section 3). 

A central advantage of CHP is that energy conver-
sion efficiencies increase from the 33 percent—typi-
cal of central station power plants—to between 50 
and 80 percent depending on fuel type and CHP 
equipment configuration (Brown et al. 2011).  The 
pulp and paper sector has achieved long-term 
reductions in energy intensity through process 
improvements and increased utilization of CHP 
(NREL 2009).  Looking forward, published policy 
scenarios suggest that additional CHP utilization in 
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the pulp and paper sector could lead to total elec-
tricity generation of approximately 75 billion kWh 
by the year 2035, compared to total 2010 pulp and 
paper sector electricity use of 98 billion kWh (Table 
1) (Brown et al. 2011).

The academic and technical literature presents a 
range of estimated remaining potential for U.S. 
pulp and paper sector efficiency improvements.  
The National Academy of Sciences found that by 
applying current practices used by the most modern 
mills, the pulp and paper sector’s energy consump-
tion could be reduced by 25 percent with current 
technologies, and up to 41 percent pending contin-
ued research and technology development (NAS 
2010).  According to another DOE estimate, imple-
mentation of cost-effective EE potential in 2020 
could reduce the pulp and paper sector’s energy 
consumption between 6 and 37 percent (Brown 
et al. 2011).  Within that range, McKinsey and 
Company estimate that an acceleration of adopting 
proven technologies and process equipment could 
reduce the sector’s energy usage by 26 percent by 
2020 (McKinsey & Company 2009).  In their study 
of the U.S. pulp and paper sector in 2006, Xu et al. 
(2012) found technical final energy savings poten-
tial of 62 percent and cost-effective final energy 
savings potential of 25 percent.  As discussed in 
Section 3, a range of technologies and processes 
can help to improve pulp and paper manufactur-
ing energy efficiency, including fiber substitution, 
steam trap maintenance, papermaking, and multi-
process improvements.

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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This bottom-up analysis is based on facility-level 
energy-use and production data from the Fisher 
database.  Benchmarking is conducted to assess 
the relative energy intensity of pulp-only mills and 
integrated pulp and paper mills in the region using 
an ENERGY STAR Energy Performance Indicator 
(EPI) tool published in 2012.

Benchmarking is a well-established method for 
quantifying facility, sector, or national-level energy 
and emissions performance.  The methods involved 
in benchmarking industry energy use and emis-
sions involve several considerations that influence 
final results.  Five key issues include definition of 
product or sector (such as total pulp and paper 
versus market pulp), calculation methods and 
boundaries (such as whether to include indirect 
emissions associated with purchased energy), units 
for normalizing the benchmark (such as tons of 
output or value added), benchmark ambition (such 
as average versus best practice), and data sources 
(such as government surveys versus industry 
associations) (SEI 2010).  This study uses a publicly 
available benchmarking framework established by 
the U.S. Environmental Protection Agency (Boyd 
and Guo 2012).

Benchmarking provides a quantitative basis for 
comparative assessment and identification of 
energy efficiency gaps.  Numerous publications 
have assessed the energy efficiency gap across mul-
tiple sectors of the U.S. economy as a whole (Jaffe 
and Stavins 1994; McKinsey & Company 2009; 
NAS 2010; Allcott and Greenstone 2012), largely 
from an economic perspective.  Within industry, 
a number of engineering-accounting studies have 
quantified the energy efficiency gap for particular 
sectors (Worrell, Price, and Martin 1999; U.S. 
DOE/EIA 2007; Oda et al. 2012).  As an economic 
and geographical center of U.S. manufacturing, the 
Midwest region, and individual Midwest states, 
also have been the subject of energy efficiency gap 
assessments (Livingston, Mason, and Rowe 2009; 
U.S. DOE/EIA 2009b; Energy Center of Wisconsin 
2009; DeWahl et al. 2010).  Compared to prior pub-
lications, this report provides a uniquely detailed 
assessment of paper sector energy efficiency oppor-
tunities throughout the Midwest.

Table 2  |  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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To align with available data from the U.S. GHG 
reporting tool and the release of the 2010 Manufac-
turing Energy Consumption Survey (MECS) data-
base (US. DOE/EIA 2013), this study benchmarks 
Midwest pulp and paper mills in 2010.  Table 2 and 
Figure 9 show the distribution of 2010 Midwest 
mills and production by mill type.  Note that most 
Midwest mills don’t produce pulp on-site and there-
fore purchase it from offsite providers.  Integrated 
and pulp-only mills accounted for 46 percent of 
total Midwest production in 2010. 

Wisconsin has more than twice as many mills as 
any other Midwestern state.  In 2010, Wisconsin 
mills, many of which are relatively small, produced 
nearly 6 million tons of paper products, accounting 
for more than a third of Midwest paper production.  
As illustrated in Figure 9, the Midwest has a com-

paratively high share of tissue and towel, as well as 
printing and writing production.  Map 1 shows the 
geographic distribution of Midwest pulp and paper 
mills by 2010 production amount and vintage.  In 
2010 the average Midwest pulp and paper mill was 
built in 1922.  For more information on the distri-
bution of pulp and paper mills by state within the 
Midwest, see Appendix I.

Figure 9 illustrates the distribution of Midwest 
pulp and paper production by state and mill type.  
Among the four largest pulp and paper producing 
states, integrated and pulp-only mills accounted for 
49 percent of 2010 production and 53 percent of 
2010 total energy use.  Figure 10 shows the distri-
bution of Midwest pulp and paper energy use by 
state and mill type.  In 2010 all the production in 
the smaller five states was from paper-only mills.

Map 1  |  Midwest Pulp and Paper Mills by Year Built and Production Capacity, 2010

Source: Fisher International 2013.
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Figure 9  |  �Midwest Paper Production by State, 2010

Source: Fisher International 2013.
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Figure 10  |  �Midwest Pulp and Paper Energy Use by State, 2010

Source: Fisher International 2013.
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Pulp and Paper Mill Energy  
Efficiency Benchmarking
Midwest pulp and paper mills vary widely in their 
purchased energy intensity.13  As illustrated in 
Figure 11, the amount of purchased energy per 
finished short ton of paper product ranges between 
3 million Btu and 25 million Btu, with an overall 
average intensity of 13 million Btu per ton.  While 
it captures the range of existing mills, this one-size-
fits-all benchmarking approach does not differenti-
ate by product or mill type.

In order to better assess paper mill energy perfor-
mance on a comparable basis, the U.S. Environ-
mental Protection Agency’s ENERGY STAR pro-
gram collaborated with industry representatives to 
develop an energy performance benchmarking tool 
for pulp mills and integrated pulp and paper mills.  
The core of the program is a piece of software called 
the Energy Performance Indicator (EPI) tool that 
compares an individual mill’s energy performance 
with comparable mills throughout the U.S.  The 
ENERGY STAR Industrial program has developed 
EPI tools for various manufacturing subsectors 
based on confidential facility-level Census data.14  
In order to move beyond the one-size-fits-all  

benchmarking approach described above, the 
following analysis uses facility-level energy use 
and production data with the EPI tool that was 
developed for pulp-only mills and integrated pulp 
and paper mills (but not for paper-only mills; see 
Box 3).  This EPI assessment covers more than 40 
percent of total regional paper production by mass 
and 59 percent of total energy used by the Midwest 
pulp and paper industry in 2010.

The results of the EPI analysis for the 25 pulp and 
integrated pulp and paper mills located in the 
Midwest are shown in Figure 12.

This report’s EPI analysis finds that Midwest pulp-
only mills and integrated pulp and paper mills are 
less efficient than the average U.S. mill.  The lower 
dashed grey line in Figure 12 illustrates the average 
Midwest benchmarked facility Energy Performance 
Score (EPS) of 46—slightly below the normalized 
U.S. average EPS of 50.15  The upper dashed red 
line shows the minimum EPS score required for 
ENERGY STAR certification.  As illustrated by the 
light red bars in Figure 12, Midwest pulp-only mills 
are overall less efficient than other U.S. pulp mills 
and have an average EPS of 38.  

Figure 11  |  �Purchased Energy Intensity of Midwest Paper Production, 2010

Source: Fisher International 2013.
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If all twenty-one of the Midwest mills below the 
ENERGY STAR efficiency benchmark line invested in 
energy efficiency to achieve this level of performance 
they would realize gross energy savings of 36 trillion 
Btu per year according to results of the EPI analysis.16  
Among these mills, improvement to the ENERGY 
STAR benchmark efficiency performance level would 
reduce total purchased energy use by 30 percent.  At 
the average Midwest 2010 paper sector purchased 
energy cost of $6.69/million Btu (see Appendix III), 
these energy savings would have saved Midwest 
pulp-only mills and integrated pulp and paper mills 
approximately $240 million annually.

On the state level, Michigan has the largest amount 
of potential energy and cost savings from efficiency 
improvements that would bring its mills to the 
ENERGY STAR performance level.  Table 3 shows 
the breakdown of 2010 state level Energy Perfor-
mance Scores and estimated energy and cost savings 
that would accrue from efficiency improvements.  

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).

Figure 12  |  �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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The 64 percent of Midwest pulp and integrated 
paper mills with EPI scores below 50 indicate 
that the sector has substantial “low-hanging fruit” 
with potential for cost-effective energy efficiency 
improvements (see Section 3).

In its long-term industry analysis, the IEA has 
separately estimated that the U.S. pulp and paper 
sector would need to invest at least $40 billion 
between 2010 and 2050 to move from a baseline 
to a high-efficiency/low-emissions scenario (IEA 
2010).  Through a combination of cost-effective effi-
ciency improvements, fuel switching, and new CCS 
technology, the IEA 2050 high-efficiency scenario 
would require 11 percent less energy use than a 
baseline scenario.  

Carbon Dioxide Emissions Inventory
To quantify the extent and distribution of green-
house gas emissions from the Midwest pulp and 
paper sector, this study presents an inventory of 
energy-related nonbiogenic CO2 emissions from 
each of the ninety-three pulp and paper mills 

operating in the Midwest in 2010.17  As with energy 
efficiency benchmarking, calculation of emissions 
inventories involves a range of assumptions and 
intermediate variables that influence final results.  
This study uses a GHG emissions calculation tool 
developed for the U.S. pulp and paper sector by the 
National Council for Air and Stream Improvement 
(NCASI)—an independent, nonprofit research insti-
tute that focuses on environmental topics of inter-
est to the forest products industry.  Energy-related 
CO2 emissions are calculated using version 1.3 of 
the NCASI pulp and paper manufacturing GHG 
tool, which is publically available.18  The NCASI 
GHG tool was developed in 2005 to conform to the 
WRI/WBCSD GHG Protocol, and updated in 2008 
to incorporate revised data from the 2006 IPCC 
guidelines for national GHG inventories.

Pulp and paper mills use a range of fuels, including 
fossil fuels, purchased electricity, and biomass.  To 
quantify the full CO2 emissions from Midwest pulp 
and paper mills, this inventory calculates direct 
emissions (from on-site fossil fuel combustion), 

Table 3  |  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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indirect emissions (from purchased electricity and 
steam), and emissions from biomass combustion.  
For more information on this report’s emissions 
inventory (e.g., emissions factors assigned to each 
fuel type) see Appendix II.

State-level total emissions are displayed in Figure 
13.  The contrast between state-level CO2 emissions 
(Figure 13) and production levels (Figure 9) shows 
the importance of scope when considering net emis-
sions implications of different policy options.  For 
example, when indirect emissions are accounted 
for, Minnesota pulp and paper mills generate 50 
percent more emissions than mills in Ohio; yet 
direct CO2 emissions from mills in Ohio are more 
than 20 percent greater than direct emissions from 
Minnesota mills.19  This report utilizes direct and 
indirect energy-related carbon dioxide emissions in 
its analysis, not including biogenic emissions.20

To ensure consistency with the Environmental 
Protection Agency’s (EPA) three-year deferral of 
permitting requirements for carbon dioxide from 
biomass sources (announced in July 2011),21 emis-
sions from biogenic emissions were not included in 
this analysis.  While industry considers carbon diox-
ide emissions from biogenic sources to be carbon 
neutral (because they are offset by the sequestration 
of carbon dioxide in regenerating forests; AF & 
PA 2012), this remains a matter of ongoing debate 
(e.g., see U.S. EPA, 2011).  In addition, some states 
with Renewable Energy Standards (RES), such as 
Maryland, qualify forms of biomass as renewable 
energy sources.22  The qualification of biomass as a 
renewable energy source permits paper mills that 
use biomass as a fuel source to sell renewable energy 
credits (REC) to electric utilities, which can count 
toward a utility’s requirement that a percentage 
of their electricity come from a renewable energy 
source under their respective state’s RES.

Figure 13  |  �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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This analysis finds that Midwest pulp and paper 
mills generated 18 million metric tons of direct and 
indirect carbon dioxide emissions in 2010.  The EIA 
2012 Annual Energy Outlook separately estimates 
total U.S. pulp and paper sector emissions of 77 
million metric tons of carbon dioxide equivalent in 
2010 (U.S. DOE/EIA  2012a).  Midwest pulp and 
paper mills produced 18 percent of total U.S. output 
by weight in 2010 (Fisher International 2013), yet 
regional mills accounted for 24 percent of the sec-
tor’s total national aggregate CO2 emissions in the 
same year, largely due to their higher use of  fossil 
fuels (U.S. DOE/EIA 2012a).

Emissions Scenarios: Savings from Fuel 
Switching and Efficiency Improvements
Based on the CO2 emissions inventory developed in 
this project, CO2 emission reduction potentials were 
estimated for the Midwest pulp and paper sector 
under two scenarios.  The first scenario examines 
the emissions implications of fuel switching from 
coal and oil to natural gas.  The second scenario 
assumes that facilities with low ENERGY STAR EPS 
scores increased their efficiency to reach an EPS 
of 75—the score necessary to achieve the ENERGY 
STAR benchmark for superior energy performance.  
Fuel switching to biomass could further reduce 
carbon dioxide emissions, depending on biogenic 
accounting factor assumptions.

Among the twenty-five pulp and integrated pulp and 
paper mills in the Midwest, twenty-one have an EPS 
below 75.  Within that group of twenty-one mills, 
seven mills use coal or oil and therefore have poten-
tial to switch fuels.  If each of the seven Midwest pulp 
and paper mills considered here were to use natural 
gas as an alternative to coal and oil, 2010 baseline 
emissions would be reduced by 19 percent (Figure 
14).23  If these same seven mills were to increase their 
energy efficiency to achieve ENERGY STAR bench-
mark efficiency, emissions reductions would be 
greater than the fuel switching scenario—34 percent 
lower than 2010 baseline emissions.  This result is 
consistent with Xu et al. (2012), who found total U.S. 
pulp and paper technical emissions reduction poten-
tial to range between 20 and 45 percent in 2006.  
While the potential for emissions reductions is repre-
sented by two scenarios separately, fuel switching 
and efficiency improvements are not exclusive, and 
ideally are complementary.

Both fuel-switching and energy efficiency improve-
ments have potential for reducing Midwest pulp 
and paper carbon dioxide emissions.  This scenario 
analysis demonstrates that efficiency improvements 
to the ENERGY STAR benchmark level of proven 
best-practice technologies would mitigate emissions 
more than maximizing sector natural gas usage.  
This finding suggests that policies that stimulate 
fuel switching—such as the final Boiler MACT rule—
have less of a near-term CO2 emissions mitigation 
impact than policies that specifically track and 
incentivize energy efficiency improvements.24

Figure 14  |  �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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Section 2 presented a bottom-up assessment of  
mill energy efficiency performance and carbon 
emissions.  This section uses aggregate, national-
level data to describe the range of available energy 
efficiency options.  Energy efficiency cost curves 
illustrate the relative cost and energy savings poten-
tial of existing energy efficiency technologies.  The 
cost curve display has been popularized through 
studies of industrial energy efficiency potential in 
California (Coito et al. 2005) and on a national scale 
by McKinsey & Company (2009), who previously 
estimated negative costs associated with the net 
present value of energy efficiency improvements for 
the residential, commercial, and industrial sectors 
by the year 2020.  This study presents an updated, 
regionalized version of the U.S. pulp and paper sec-
tor cost curve developed by the Lawrence Berkeley 
National Laboratory (Xu, Sathaye, and Kramer 
2012).25  The cost curve data show that the U.S. 
pulp and paper sector could cost-effectively reduce 
its energy intensity by more than 5 million Btu per 
metric ton of production.  Cross referencing the cost 
curve analysis with Wisconsin-specific information 
shows that many available energy efficiency options 
have less than two-year payback periods.

Data limitations prevent a facility-level assessment 
of how widely particular EE measures have already 
been adopted by mills in the Midwest or elsewhere 
in the U.S.  However, results of the EPI analysis 
(Section 2) show that many Midwest pulp and 
paper mills are less efficient than the U.S. average, 
which suggests that they have not yet fully imple-
mented the energy efficiency options described 
in this section.   This section offers a menu of EE 
options for Midwest mills to consider for cost-effec-
tive energy savings; available data do not support 
mill-specific recommendations. 

Figure 15 presents a U.S.-scale EE cost curve with 
each measure’s cost of conserved energy (2010$/
MMBtu) and saved final energy (percent of total 
average energy intensity).  Within the curve, the 
width of each horizontal segment indicates the 
energy savings potential for each measure, while the 
vertical height corresponds to the discounted cost 
per unit energy saved for each measure.  Individual 
energy efficiency options for the paper sector were 
ordered from least expensive to most expensive.  
The curve is based on aggregated data for the pulp 
and paper sector across the entire U.S., illustrating 
the range of proven technology options available for 
cost-effective energy efficiency investments.
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Figure 15  |  �Cost Curve of U.S. Pulp and Paper Manufacturing Energy Efficiency, 2010
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This U.S. pulp and paper sector cost curve displays 
information for 101 established energy-saving 
technologies with the average final cost of con-
served energy.  These technologies have a cumula-
tive final energy savings potential of 62 percent of 
total average energy intensity.26  The Y axis values 
of Figure 15 range from negative $13/MMBtu to 
positive $157/ MMBtu in order to clearly display 
key energy efficiency options.  Options with a nega-
tive cost below $50/MMBtu and positive cost above 
$200/MMBtu account for less than 1 percent of the 
identified final energy savings potential, and are not 
shown in the figure.  For comparison, the horizontal 
dotted orange line in Figure 15 shows the average 
energy price for Midwest pulp and paper mills in 
2010 (see Appendix III).27

By comparing the cost curve with the average 
energy price,28 we learn that cumulative savings of 
25 percent are available for less than the average 
cost in 2010 for a typical Midwest mill to purchase 
energy.  Figure 15 also shows that the typical cost 
of increased use of recycled paper is within $0.15/
MMBtu (2 percent) of the 2010 average Midwest 
energy price and would yield an additional 18 
percent of savings.  The overall finding that Mid-
west paper mills could cost-effectively reduce their 

energy use by 5–8 MMBtu/metric ton is consistent 
with the IEA’s assessment that the U.S. pulp and 
paper sector could reduce energy intensity by 5.3 
MMBtu/metric ton with implementation of best 
available technologies (IEA 2010).  Research shows 
that cost-effective energy efficiency opportunities 
are often not pursued due to behavioral limits on 
adoption and policy program costs (Huntington 
2011).  With higher energy prices, cost-effective 
energy savings would increase.  Between 2010 and 
2012 average industrial natural gas prices dropped 
by 57 percent; further energy price drops could 
undermine the cost-effectiveness of energy effi-
ciency improvements, though they could facilitate 
fuel switching away from coal and oil, perhaps in 
combination with installation of CHP equipment.  

The most energy-effective measures in the cost 
curve (i.e., those that would achieve the most 
total energy savings) are labeled in Figure 15 and 
described in greater detail in Table 4.  Taken 
together, the top five most energy-effective mea-
sures displayed in Table 4 account for 6.33 MMBtu/
metric ton of energy savings.  These are not the 
lowest-cost options, but are described in greater 
detail below to indicate technical potential.

Table 4  |  Top Five Pulp and Paper Manufacturing Energy Efficiency Improvement Measures

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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Increased use of Recycled Paper
Increased paper recycling is the energy efficiency 
option with by far the greatest energy savings 
potential.  Compared to copy paper made from 
virgin forest fiber, the same product made from 
recycled content consumes an estimated 44 percent 
less energy and produces 50 percent less waste 
water (EPN 2007).  However, use of recycled paper 
can degrade product quality and impede production 
of some grades of paper.  From an industry perspec-
tive limited deinking capacity can make recycling 
fiber more costly than using virgin fiber in some 
cases—such as with coated mechanical paper (EPN 
2007).  Overall U.S. paper and paperboard recovery 
rates have doubled from 34 percent of total produc-
tion in 1990 to 67 percent in 2011.29

Steam Trap Maintenance
Annual failure rates of steam traps are estimated to 
be at least 10 percent.  According to the EPA, steam 
trap maintenance programs can reduce steam dis-
tribution system malfunctions by 15 to 20 percent 
(U.S. EPA 2010).  Numerous case studies have 
shown that repairing or installing new steam traps 
can be accomplished at very low costs, paying back 
the capital investment in a matter of months, while 
improving productivity (Kramer et al. 2009).

Condebelt Drying
The potential exists to completely replace the 
drying section of a conventional paper machine by 
utilizing a chamber to dry paper through continu-
ous contact with a hot steel band.  Using heat from 
the metal band to evaporate the water from paper 
has the potential to increase drying rates 5 to 15 
percent higher than conventional steam drying 
(U.S. EPA 2010).

Extended Nip Press (Shoe Press)
Much of the energy use in papermaking is related 
to heat used for water extraction.  One part of water 
extraction process involves pressing – traditionally 
done using two rotating cylinders (Xu, Sathaye, and 
Kramer 2012).  The extended nip press differs from 
the traditional pressing process by replacing one of 
the cylinders with a concave shoe.  This alteration 
increases drying efficiency due to the large concave 
shoe of the extended nip press creating additional 
dwell time in the press, which extracts 5 to 7 
percent more water than a rotating cylinder press.  
Increased water extraction at this stage of paper 

drying decreases the amount of steam necessary 
for drying later in the process, reducing the plants 
overall dryer load (U.S. EPA 2010).

Dry Sheet Forming
Dry sheet forming produces paper without the 
addition of water.  With this technology pulp fibers 
are dispersed through carding (mechanical disburse-
ment) or air-layering techniques.  The air-layering 
technique suspends fibers in air and spays resins on 
the sheet, which are then polymerized.  While this 
technology requires additional electricity use and is 
currently more costly than traditional papermaking 
technologies, it yields overall energy savings (Xu, 
Sathaye, and Kramer 2012).  This technology has 
been deployed for non-woven products such as baby 
wipes; commercial deployment for paper manufac-
turing would require additional R&D investment.30

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
Beyond specific energy savings and the cost of 
conserved energy, another common metric for 
assessing the cost effectiveness of EE measures is 
the return on investment (ROI).  In order to gain 
further perspective on Midwest pulp and paper sec-
tor energy efficiency opportunities, we also provide 
complementary ROI information from a 2005 
publication entitled “Pulp and Paper Energy Best 
Practice Guidebook” published by the Wisconsin 
Focus on Energy program (WFoE 2005).  Mill man-
agers have communicated to their trade association, 
the American Forest & Paper Association (AF&PA), 
a preference for EE projects with an investment 
ROI of at least 25 percent—making for a maximum 
payback period of four years (U.S. EPA  2007).  The 
Focus on Energy guidebook presents fifty-seven 
energy efficiency improvement options for seven 
manufacturing process groups, including chemical 
pulp mills, mill-wide measures, paper machines, 
secondary fiber plants, thermal-mechanical (ground 
wood) pulp mills, utility plants, and wood yards.  

Table 5 displays the expected payback period of five 
EE measures, which have been estimated through 
cost-of-conserved-energy-analysis to be cost-effec-
tive best practices (Xu, Sathaye, and Kramer 2012).  
These measures were covered by both the Wiscon-
sin Focus on Energy Guidebook and the LBNL cost 

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

Table 5  |  �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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curve analysis.  Other more energy effective mea-
sures described in the cost curve are not covered 
by the guidebook.  Due to its focus on Wisconsin 
mills, Table 5 also includes additional measures not 
highlighted in Figure 15.  The cost curve and return 
on investment tables show that Midwest pulp and 
paper manufacturers have several proven technol-
ogy options for improving energy efficiency.

New and Emerging Pulp  
and Paper Technologies
This report’s EPI analysis indicates that the major-
ity of pulp and paper mills in the Midwest could 
improve their energy efficiency by investing in best 
practices that have already been adopted by other 
U.S. mills.  New and emerging technologies also can 
offer additional energy savings and could position 
mills throughout the U.S. to better compete with the 
next generation of pulp and paper manufacturing. 

Within the chemical pulping process, for example, 
black liquor gasification has potential to save 
energy as improvements are made in reliability.  
The environmental and economic benefits of black 
liquor gasification are likely to depend on charac-
teristics of individual installations and will be better 
understood as the technologies and applications 
are demonstrated and evaluated at scale (Kramer 
et al. 2009).  Another technology that can increase 
biomass use and improve pulp and paper mill 

competitiveness is biomass conversion to fuels and 
chemicals, particularly through biomass-integrated 
gasification with combined cycle (BIGCC) plants.  
Given the amount of thermal energy used for paper 
drying, additional savings potential is also avail-
able in advanced water removal technologies.  In 
the long term, application of carbon capture and 
sequestration (CCS) technology to black liquor 
gasifiers and BIGCC units could help turn pulp and 
paper mills into a net carbon sink, thereby reducing 
global greenhouse gas emissions.  The development 
of pulp and paper biorefineries could simultane-
ously lower purchased energy intensity, reduce 
carbon intensity, and boost profitability.31

While the majority of federal bioenergy policy is 
focused on ethanol production for liquid transport 
fuels, some programs— such as the DOE Integrated 
Biorefinery Platform—include R&D support for bio-
refinery development.  In addition, the Energy Inde-
pendence and Security Act of 2007 (EISA, P.L. 110-
140) included an updated Renewable Fuel Standard 
(referred to as RFS2) that mandated a minimum of 
36 billion gallons of biofuel use annually in 2022, of 
which no more than 15 billion gallons can be ethanol 
from corn starch, and no less than 16 billion must be 
from cellulosic biofuels.  Ethanol and dimethyl ether 
(DME) have been demonstrated as technically viable 
coproducts in European pulp mills.32  
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In addition to minimum renewable fuel usage require-
ments, federal U.S. policy measures include blending 
and production tax credits, an import tariff, loans and 
loan guarantees, and research grants (Schnepf and 
Yacobucci 2012).  Map 2 shows that three out of seven 
forest-resource-based integrated biorefinery projects 
in the U.S. are located in the Midwest.33

In the European Union, climate and energy policies 
have helped the pulp and paper industry to main-
tain production growth while reducing environmen-
tal impacts.  In Sweden, for example, the primary 

mechanism driving pulp and paper sector adapta-
tion has been rising fossil fuel prices that were 
shaped by fiscal policy, including implementation 
of a carbon tax in 1991.34  As part of its Integrated 
Pollution Prevention and Control program and in 
accordance with Article 16(2) of Council Directive 
96/61/EC, the European Commission in 2001 also 
published extensive documentation on best avail-
able techniques for the pulp and paper industry.35  
In 2011 the European Commission published a 
“Roadmap for moving to a competitive low-carbon 
economy in 2050,” which has been further elabo-

Map 2  |  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>..
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rated by the Confederation of European Paper 
Industries.36  While the U.S. has its own policy 
framework and market dynamics, the EU experi-
ence exemplifies sustainable paper sector business 
models and a positive role for policy in helping this 
sector modernize into a more energy-efficient and 
less emissions-intensive industry. 

CHP in the Pulp and Paper Sector
Combined heat and power refers to a set of inte-
grated technologies located onsite at a manufac-
turing plant, providing at least a portion of the 
facility’s demand for electric energy and for thermal 
energy. Two distinct forms of CHP apply to the pulp 
and paper sector:

 �   � �Conventional or Topping Cycle CHP is the 
sequential production of electric and thermal 
energy from a single dedicated fuel source.  The 
dedicated fuel source is combusted (burned) 
in an engine whose sole purpose is to generate 
electricity, and the heat from the engine is used 
to provide the useful thermal energy.  These 
systems are normally sized to meet the thermal 
load of the industrial facility; the level of electric 
generation is dependent on the thermal load.

 �   � �Waste Heat Recovery (WHR) or Bottoming 
Cycle CHP captures heat otherwise wasted in 
an industrial or commercial process and uses it 
to produce electricity and thermal energy.  In 
the paper drying process, several opportunities 
exist to recover thermal energy from steam and 
waste heat.  Most pulp and paper sector energy 
savings are related to heat savings potential.  
In a WHR CHP system, no additional fuel is 
combusted and no additional emissions are 
generated from the CHP system.

The concept of CHP as applied to an industrial 
plant consists of replacing at least a portion of 
the electricity normally purchased from the local 
electric utility with what is often baseload-quality 
electricity produced from an on-site CHP system.  
CHP can serve as a new source of electricity that 
inherently matches the electric grid’s industrial load 
profiles; in this sense, new CHP capacity can be par-
ticularly useful in situations of retiring grid electric 
capacity (Chittum 2012).

Within the pulp and paper sector, CHP can recover 
exhaust steam from electricity generating turbines 
and apply it to heat pulp and papermaking pro-
cesses—such as evaporation and drying—and to 
power equipment (AF & PA 2012).  Estimates of 
pulp and paper sector CHP utilization and remaining 
potential vary by source.  In 2005, the Department 
of Energy reported that the forest products sector 
(including pulp, paper, and wood products) had the 
largest installed CHP capacity of any U.S. manufac-
turing industry—65 percent of electricity consump-
tion by the sector was supplied through cogeneration 
(U.S. DOE 2005b).  In 2012, data from the combined 
heat and power installation Database indicate that 
the pulp and paper sector had the third highest level 
of installed CHP capacity, behind chemicals and 
refining sectors, and that pulp and paper remains 
the third largest whether or not wood products are 
added to the sector subtotal.  AF&PA notes in its 
2012 Sustainability Report that over 97 percent of 
electricity produced by the sector in 2010 was CHP-
generated (AF & PA 2012).  This estimate is higher 
than the DOE number cited above because it refers 
to production rather than consumption.  While the 
pulp and paper industry has clearly installed sub-
stantial amounts of CHP, ICF International esti-
mates that pulp and paper still has the second largest 
remaining technical potential among all industrial 
sectors—second only to the chemicals industry 
(Hedman 2010).  Figure 16 illustrates the state-level 
distribution of paper sector installed and remaining 
CHP technical potential.  

The combined heat and power installation Data-
base estimates that the Midwest pulp and paper 
sector has 1.3 GW of installed CHP capacity.  In 
its 2012 Annual Energy Outlook, the Department 
of Energy estimated that the total U.S. pulp and 
paper sector had 7.2 GW of CHP capacity in 2010.37  
According to the ICF 2010 analysis, Midwest pulp 
and paper mills have 3.4 GW of remaining CHP 
technical potential.  While technical potential is not 
equivalent to economically viable potential, the ICF 
analysis suggests that the Midwest pulp and paper 
sector could cogenerate substantially more energy 
on site, thus potentially playing a supporting role in 
achieving the ambitious White House target of 40 
GW of new CHP capacity by 2020.38
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Previous studies have found that regulatory, policy, 
and institutional barriers are impeding CHP instal-
lations from realizing their remaining capacity 
potential (NREL 2009).  One regulatory barrier 
is emissions standards that account for emissions 
limits based on heat input.  A better approach, 
which is becoming more popular with state air 
regulators and EPA, is output-based emissions 
standards (Dietsch et al. 2012),  which provide a 
fuller assessment of environmental performance 
and take into account energy efficiency benefits of 
CHP (U.S. EPA 2007).  From a utility perspective, 
decoupling of revenues from kilowatt-hours sold 
can support increased on-site generation; however, 
decoupling policies can also reduce industry incen-
tives for financing and installing CHP (Kowalczyk 
2013).  Another regulatory and institutional chal-

lenge involves interconnection standards, which 
vary by state and utility, and often create barriers 
that are too costly for prospective CHP developers 
to overcome (Shipley et al. 2008).

To help address these and other barriers, the 
U.S. Department of Energy has established eight 
regional Clean Energy Application Centers (CEAC), 
which provide information, education, and techni-
cal assistance for development of CHP.  The Depart-
ment of Energy is also managing a pilot program 
to provide state-level technical assistance on using 
CHP to reduce environmental compliance costs.39  
The final Boiler MACT rule creates incentives for 
increased pulp and paper sector CHP utilization by 
allowing use of output-based emissions standards 
for calculating boiler-specific emissions limits.

Mill and Company Case Studies
Forward-thinking pulp and paper companies 
throughout the U.S. have used energy efficiency 
investment to successfully reduce energy use and 
emissions while improving economic competitive-
ness.  Table 6 illustrates a range of recent energy 
efficiency projects conducted by U.S. pulp and 
paper companies.40  To provide tangible, in-depth 
information, case studies are presented on the 
Flambeau River Papers mill in Park Falls, Wis-
consin, and the Weyerhaeuser NORPAC facility in 
Longview, Washington.

Technical and Financial Programs to Support  
Mill Retrofits: Flambeau River Papers
Flambeau River Papers’ recent experience is a 
notable example of a Midwestern mill that success-
fully overcame common institutional, technical, and 
financial barriers to place energy efficiency at the core 
of its business strategy of cutting costs while boosting 
production in an increasingly competitive market.41

High energy costs and antiquated equipment caused 
the Smart Papers Company’s Park Falls integrated 
mill to close in March of 2006.  Through smart energy 
management and capital investments in energy 
efficient equipment, the company was able to reduce 
costs and reopen as Flambeau River Papers (FRP) in 
August 2006 (U.S. DOE/EERE/ITP 2009a).  Since 
then, FRP has achieved energy cost and carbon emis-
sions savings while increasing production, and has 
planned for additional EE investments.42

Figure 16  |  �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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Table 6  |  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 
million 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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After the Department of Energy’s (DOE) Industrial 
Technologies Program performed an energy savings 
assessment (ESA)43 in 2007, the company initiated 
fuel switching strategies and EE measures that best 
suited its Park Falls facility (U.S. DOE/EERE/ITP 
2009a).  Since then, FRP has reported a 60 percent 
decrease in its annual coal use and 40 percent in 
its natural gas use, and completely eliminated its 
use of number six oil as a fuel source.44  Even as 
electricity costs have increased by 23 percent over a 
recent three-year period,45 the facility’s fuel switch-
ing and efficiency efforts have contributed to a 10 
percent annual energy cost savings.46  Meanwhile, 
FRP has increased its annual production by 11 
percent between 2006 and 2012.47

Past and Future Planned Energy  
Efficiency Investments at FRP

Investments in steam system improvements helped 
FRP reduce its annual steam energy requirements by 
36 percent between 2007—when investments began 
to be implemented—and 2011.48  Over that same 
period, installing frequency drives, pump replace-
ments, lighting projects, and machine production 
efficiency projects have helped reduce the amount of 
electricity required to produce each ton of paper by 
15 percent.49  In 2009, the reported energy savings 
from these projects since their reopening amounted 
to $2.6 million annually, reaching nearly $10 million 
in total cumulative energy savings and putting FRP 
on pace for a payback period of 5.25 years (U.S. 
DOE/EERE/ITP 2009a).  FRP’s willingness to invest 
in EE measures with payback periods of longer than 
four years has not only proven to be economically 
viable, but has also been credited by FRP’s CEO 
Butch Johnson as essential in the mill’s ability to 
achieve long-term competitiveness.

Bill Granzin, FRP’s energy manager, credits three 
major projects as being instrumental in FRP’s suc-
cessful turnaround.50  First, extensive modifications 
to FRP’s number three paper machine introduced 
efficiency gains that have played a crucial role in 
allowing the mill to increase its annual production 
by 15 percent since 2005.  Although this modifica-
tion required an investment of $6.2 million, it saves 
FRP around $760,000 annually, resulting in a 
simple payback period of more than 8 years.  Gran-
zin says the efficiency gains are accelerating project 
payback.51  The second improvement is FRP’s $2.3 
million investment in a low-pressure acid accu-

mulator, which has made it possible for the mill 
to capture and use heat that used to be wasted, 
saving an estimated $448,000 annually in energy 
costs.  Third, by installing wastewater treatment 
fine bubble diffusers at a capital cost of $500,000, 
FRP saves an estimated $189,000 in annual energy 
costs.  Without these and other EE investments that 
reduced FRP’s natural gas and coal consumption, 
Granzin states “there’s no question, we would be 
closed today.”52

Given their success to date, FRP is planning to 
make an additional investment amounting to nearly 
$10 million in energy projects that will continue 
achieving their goal of reducing energy use.53  FRP 
management has estimated the annual savings 
from these new EE investments will amount to 
almost $2.5 million, paying back their capital costs 
in approximately four years.54  FRP expects their 
energy projects to help reduce energy demand, 
while increasing annual production.55

Industrial Energy Efficiency Takeaways  
from Flambeau

FRP’s experience offers lessons for other energy-
intensive manufacturers to overcome common 
barriers to EE investment.  For starters, FRP 
overcame technical and informational barriers with 
the help of DOE’s ESA process, in addition to con-
sultations with Wisconsin’s Focus on Energy and 
CleanTech Partners (U.S. DOE/EERE/ITP 2009a). 
State and federal government loans also supported 
FRP’s initial energy investments, which helped 
the integrated mill overcome a financial hurdle.56 
“If it weren’t for the insight on energy reduction 
projects provided by our employees and the help 
from the DOE, Focus on Energy, and Cleantech 
Partners, FRP would not have been able to reduce 
our energy consumption and remain a viable busi-
ness,” said Randy Stoeckel, FRP’s Vice President 
of Operations, commenting on the role the public 
and private sector had in FRP’s economic recovery.  
Finally, in considering capital projects with a pay-
back period of more than five years, FRP overcame 
a common institutional barrier to pulp and paper 
EE investment by aggregating multiple investments 
(U.S. EPA 2007).

The types of EE measures FRP has pursued are 
applicable to mills throughout the pulp and paper 
sector, as illustrated by the cost curve analysis 
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highlighted in this report (Figure 15).  For example, 
energy efficiency measures implemented by FRP 
include lighting efficiency upgrades and paper 
machine hood heat recovery—each estimated by 
the cost curve analysis to result in applied energy 
savings of 0.01 MMBtu/t ( at $10/MMBtu) and 0.12 
MMBtu/t (at $12/MMBtu), respectively.  By invest-
ing in multiple efficiency measures with a range of 
estimated simple payback periods, FRP was able to 
invest in individual measures with longer payback 
periods—such as the eight-year payback period 
associated with paper machine modifications—
while maintaining an estimated simple payback 
period for their aggregated portfolio of efficiency 
investments of four years.

While the U.S. paper industry experienced a 12 
percent decrease in the number of paid employ-
ees from 2006 to 2009,57 FRP’s success allowed 
the plant to recover 100 percent of the workforce 
lost due to their 2006 closure.58  FRP was able to 

increase its production by 15 percent from 2005 
to 2011,59 even while U.S. pulp and paper produc-
tion declined by 7 percent nationwide during the 
same period (UN FAOSTAT 2013).  The use of EE 
and better energy management helped make these 
strides possible for FRP—even in the face of a strug-
gling national industry.  This experience sheds light 
on the remaining potential for facilities that are yet 
to take advantage of EE opportunities.

Advanced Energy Efficiency Savings: 
Weyerhaeuser’s NORPAC Facility60

In the first quarter of 2013, Weyerhaeuser Company 
is completing an energy efficiency improvement 
project (Chip Pretreatment Interstage Screening, or 
CPIS) expected to save 100,000,000 kWh per year.  
The NORPAC project is an example of an advanced, 
process-oriented approach to energy efficiency that 
can provide economic savings in thermo-mechan-
ical pulp mills.  In addition to highlighting cost-
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effective efficiency investments, the NORPAC case 
study illustrates the importance of partnerships 
with local institutions and supportive programs 
for reducing the energy and emissions footprint of 
manufacturing while maintaining competitiveness.

The North Pacific Paper Corporation (NORPAC)—a 
joint venture between Weyerhaeuser and Nip-
pon Paper Industries—started operations in 1979.  
NORPAC produces more than 750,000 tons per 
year of newsprint and high-brightness publication 
papers.  The mill started up in 1979 with the first 
paper machine and thermo-mechanical pulp mill. 
In 1980, a second paper machine and thermo-
mechanical pulp mill was added.  In 1991, the 
third paper machine and a recycled pulp mill were 
brought on line.

NORPAC Mill Energy Efficiency Investments 

The CPIS project adds two components to the NOR-
PAC facility:  (1) chip pretreatment equipment that 
reduces pulp bleaching and brightening costs; and 
(2) inter-stage screening that reduces electricity use 
by identifying paper-ready fibers that don’t require 
additional processing.  The two components use 
existing commercially available equipment applied 
in an innovative configuration in the existing TMP 
mills to achieve multiple process benefits: bright-
ness improvement, capacity increases, chemical 
cost savings, and energy use reduction.

The interstage screening concept came from a 
technical paper presented at the 1999 Mechanical 
Pulping conference.  Pilot and small-scale mill trials 
were run to verify the energy savings potential.  
Water balance issues prevented immediate instal-
lation of the technology.  Combining chip pretreat-
ment with interstage screening solved the water 
balance issues and added additional benefits to help 
justify the combined project investment. 

Key NORPAC project benefits include:

 �   � �Electrical energy savings of roughly 12 MW  
for both TMP mills

 �   � �Capacity increase due to improved chip  
delivery capability

 �   � �GHG emissions reductions of 3,500 MT CO2e/ 
year for both mills

 �   � �Chemical cost savings from chip quality 
improvement

 �   � �Higher TMP pulp brightness, enabling produc-
tion of a 92 brightness paper grade.

NORPAC is the only Weyerhaeuser operation with 
a TMP mill.  This project supports progress toward 
Weyerhaeuser’s 2020 goal to improve energy effi-
ciency by 20 percent.  The company’s sustainability 
strategy is built upon past sustainability perfor-
mance with an expanded set of commitments that 
are integrated into their business planning and pro-
cesses.  For each commitment, Weyerhaeuser sets 
specific targets to achieve by 2020; each year the 
company reports on progress against these targets.  
To achieve continuous sustainability improvements, 
the company leverages support and expertise found 
through government and utility-sponsored pro-
grams, as well as the experience of other companies 
in various industries.  Weyerhaeuser is actively 
involved in the Department of Energy’s Better 
Buildings, Better Plants Program, through which 
they have committed to reduce the energy intensity 
of cellulose fibers and wood products businesses by 
25 percent over 10 years.

The first phase of the project has already exceeded 
the expected 6.3 MW of electricity savings and 
yielded an additional unexpected benefit that allows 
NORPAC to offer a new product called 92 bright 
ground wood sheet. “This project is a win-win,” said 
Dan Fulton, president and chief executive officer 
for Weyerhaeuser.  “NORPAC’s energy efficiency 
project will allow this mill to remain competitive in 
an increasingly challenging global economic market 
by significantly reducing the mill’s energy costs 
and decreasing its environmental impact through 
reduction of energy consumption and chemical use 
on-site.  We are thankful BPA and Cowlitz PUD 
have partnered successfully with us to make this 
remarkable energy efficiency project a reality.”
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Corporate Energy Efficiency Leadership: 
International Paper
Another example of corporate leadership in energy 
efficiency has been International Paper (IP).  The 
pulp and paper company’s continued investment 
in energy efficiency has been driven by the success 
of their efficiency initiatives over the last decade.  
Since 2000, IP has used energy efficiency to help 
reduce their GHG emissions by 40 percent, exceed-
ing their initial goal of 15 percent (IP 2011).  Their 
energy efficiency success and GHG emissions 
reduction efforts recently earned them one of EPA’s 
2012 Climate Leadership Awards.  In addition, 
their energy and environmental efforts have been 
acknowledged by AF&PA, who awarded IP one of 
their “Leaders in Sustainability” awards and made 
the company one of five recognized in the trade 
association’s inaugural Better Practices, Better 
Plants 2020 Sustainability Awards program. 

In 2011, IP invested $87 million in capital projects to 
improve overall energy efficiency and further reduce 
fossil fuel use and associated GHG emissions (IP 
2011).  Initial results of those investments and others 
contributed to company-wide increases in mill energy 
efficiency by 1.7 percent, reduction of water usage by 
8 percent, and reduced landfill waste by 20 percent in 
2011.61  Moving forward, IP expects the benefits of its 
energy efficiency projects initiated in 2011 to reduce 
annual fossil fuel usage and GHG emissions by 5.9 
million GJ and 460,000 metric tons, respectively (IP 
2011).  To optimize future energy efficiency invest-
ments that will help the pulp and paper company 
achieve their 2020 goals of reducing GHG emissions 
by an additional 20 percent62 and increase energy 
efficiency by 15 percent,63 IP recently established an 
internal Energy Council.  The Energy Council will also 
help ensure IP achieves its commitment as a volun-
tary partner of the U.S. Department of Energy (DOE) 
Better Plants program, which requires a reduction of 
at least 25 percent in energy intensity over ten years 
across the company’s U.S. facilities.64

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.

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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This section discusses the policy landscape for paper 
sector energy efficiency in three parts: (1) identifica-
tion of market failures and barriers, (2) review of 
existing policies at the state and federal level, and 
(3) recommendations for new policies to improve 
paper manufacturing energy efficiency (and thereby 
achieve significant cost savings and reduce GHG 
emissions).  One successful solution to the pervasive 
problem of energy efficiency financing is presented 
in a short description of Minnesota’s Trillion Btu 
revolving loan program.  The case study and other 
information in this section demonstrate that well-
designed policies can help energy-intensive indus-
trial companies realize the economic and environ-
mental benefits of energy efficiency investments.  

Barriers to Energy  
Efficiency Investment
Previous studies have highlighted a range of bar-
riers that prevent optimal realization of energy 
efficiency potential (Brown 2001; NAS 2010; Brown 
et al. 2011).  Results from our analysis of facility-
level energy performance (Section 2) demonstrate 
that Midwest pulp and paper mills are less efficient 
than other U.S. mills and likely face barriers to 
realizing potential energy efficiency improvements.  
Five types of challenges limit Midwest pulp and 
paper mill energy efficiency investment: (1) prohibi-
tive costs for project financing, (2) limited informa-
tion about efficiency opportunities, (3) inconsistent 
or nonexistent regulations, (4) technical obstacles, 
and (5) prolonged investment cycles/slow capital 
turnover rates.  These barriers, and historically low 
Midwest energy costs, help explain why Midwest 
pulp and paper mills are less efficient than the rest 
of the country.

Financial barriers broadly include factors both 
internal and external to each firm’s investment 
decisionmaking process.  Internally, short-term 
profit motives often prioritize investments with 
quick payback periods.  The combination of a 
desired short-term payback period and equipment 
that is capital-intensive and has a long useful life-
time—such as boilers—poses a substantial hurdle 
for energy efficiency investments by pulp and paper 
manufacturers.  When seeking external financ-
ing for energy efficiency investments, firms may 
also face liquidity constraints in capital markets.  
Finally, there is a broader challenge: energy-related 

capital investments are often perceived as risky, 
given uncertainty about future economic, policy, 
and energy market conditions.

Informational barriers are also common and often 
vary by facility.  For example, energy efficiency 
opportunities for reducing costs may not be visible 
to financial officers who ultimately make capital 
investment decisions (IEA 2012a).  Companies and 
individual facility managers may not have compre-
hensive energy management policies to help ensure 
that appropriate staff resources are dedicated to 
achieving continuous efficiency improvements.65  
Plant managers also may not be aware of new cost-
effective technologies or practices that allow for 
greater energy efficiency, in part because competing 
companies are often reluctant to share best prac-
tices.  Another common barrier is the mispercep-
tion that there is limited potential for additional EE 
in the manufacturing sector, which has resulted in 
some states excluding the sector from new pro-
grams and policies (Chittum 2011).

Regulatory barriers have also presented persistent 
challenges for pulp and paper industry investments 
in efficiency.  In particular, thermal and electric 
energy producing equipment—such as boilers and 
turbines—have historically been regulated using 
input-based emissions standards (U.S. EPA 2004).  
Input-based emissions standards account for emis-
sions limits based on heat input and do not differ-
entiate between energy conversion efficiency, thus 
failing to provide a full assessment of environmen-
tal performance that would take into account effi-
cient energy use.  In addition, increased regulations 
of volatile organic compounds—emitted during 
paper coating operations and regulated under the 
National Ambient Air Quality Standard—can create 
the potential for increased energy use through the 
addition of pollution control systems (U.S. EPA 
2007).  However, environmental regulations are 
increasingly designed to recognize EE, either as a 
direct means of compliance (e.g., BACT guidance 
for GHGs), or as an option that reduces compliance 
costs (Dietsch et al. 2012).

As noted above, pulp and paper manufacturing 
facilities benefit from the broad applicability of CHP 
technologies and the availability of biomass as an 
alternative fuel.  These factors can help to reduce 
some of the technical and institutional barriers to 
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EE.  Nevertheless, equipment configuration remains 
a technical hurdle for some facilities.  Technical 
issues such as equipment vintage and mill design 
can restrict a facility’s capacity to accommodate new 
process equipment, and the proximity of facilities to 
different fuel sources—for example, natural gas pipe-
line infrastructure—can affect the cost-effectiveness 
of switching to cleaner fuels.     

Slow capital turnover is also an important impedi-
ment to efficiency improvement by manufacturers.  
The uptake of newer cutting-edge EE technologies 
tends to be slow for many manufacturing sectors due 

to its capital-intensive nature and long depreciation 
periods (Brown et al. 2011).  However, as domestic 
manufacturers become increasingly exposed to inter-
national market competition, many older and less 
efficient U.S. facilities compete with companies using 
new state-of-the-art facilities located in developing 
countries.  This highlights one impetus for policy-
makers to revisit existing policies and programs to 
ensure that appropriate incentives are in place for 
U.S. manufacturers to exploit as many cost-effective 
energy-saving measures as possible.

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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Existing Authorities and Policy Trends
While barriers within the pulp and paper industry 
present persistent challenges, opportunities to ben-
efit both economically and environmentally from 
energy efficiency investments are readily avail-
able.  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 manu-
facturing, growing recognition of the untapped 
efficiency resource opportunity, projected growth in 
energy costs, and environmental concerns. This sec-
tion reviews the range of policies that support pulp 
and paper sector energy efficiency improvements 
based on existing government authorities.

Federal Policies and Programs
At the federal level, executive and legislative branches 
of the U.S. government have promulgated programs 
and policies to support industry energy efficiency.  
Executive Order 13624, issued by President Obama in 
August 2012, seeks to accelerate investments by mak-
ing industrial energy efficiency more cost-effective.66  
To encourage energy efficiency and reduce green-
house gas emissions, the U.S. Congress has debated 
and/or authorized three primary types of federal 
policy: voluntary programs, direct regulations, and 
market-based cap and trade programs for air emis-

sions.  Initially spurred by the U.S. Supreme Court 
decision in Massachusetts vs. EPA, the Environmental 
Protection Agency is now using the Clean Air Act to 
mitigate greenhouse gas emissions.67

Aside from Clean Air Act implementation, the 
majority of U.S. industry-focused energy efficiency 
policies are voluntary, with a strong focus on pro-
viding technical assistance that is sometimes tied to 
grant funding for investments.

Technical assistance programs offered by the U.S. 
Department of Energy’s (DOE) Advanced Manu-
facturing Office (AMO)—including the new Better 
Plants Program, the twenty-six regional Industrial 
Assessment Centers (IAC), and the eight regional 
Clean Energy Application Centers (CEAC), com-
bined with the National Institute for Standards and 
Technology’s Manufacturing Extension Partner-
ship (MEP)—comprise a comprehensive network 
of technical assistance providers throughout the 
country.  The EPA CHP Partnership Program and 
the EPA’s ENERGY STAR Program for Industry are 
other examples of voluntary federal industry energy 
efficiency programs.  In addition, the eight regional 
CEACs established by DOE are working to address 
institutional barriers by providing information and 
education in the application of CHP technologies—
technologies that have the potential to reach energy 
efficiencies of 70 to 85 percent.
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Historically, the federal policy that has most 
effectively promoted CHP in the U.S. is the 1978 
Public Utility Regulatory Power Act (PURPA).  By 
promoting the adoption of energy efficiency and 
distributed generation at Qualifying Facilities, 
PURPA helped to double CHP and small-scale 
renewable electricity generation from 4 percent of 
total U.S. capacity in 1978 to more than 8 percent 
in 1998.  However, CHP capacity in the U.S. has 
largely plateaued since the reversal of key PURPA 
provisions in the Energy Policy Act of 2005, which 
removed mandatory purchase obligations for 
utilities and established new impediments to CHP 
vis-à-vis reliability requirements.68  At the same 
time, the Federal Energy Regulatory Commission 
(FERC) established regional transmission organi-
zations (RTO) and independent system operators 
(ISO) that treat CHP like merchant or utility power 
plants and fail to recognize the differences between 
CHP and these other facilities (Kowalczyk 2013).  
The lack of a broad federal successor to PURPA has 
reduced CHP investment in U.S. manufacturing. 

On the legislative side, Congress passed a new 
bill during its 2012 lame duck session that could 
help build a better understanding of the policies 
and practices needed to spur broader adoption of 
industrial energy efficiency among energy-intensive 
sectors such as pulp and paper manufacturing.  On 
December 18, 2012, President Obama signed the 
American Energy Manufacturing Technical Correc-
tions Act (H.R. 6582).  The act includes provisions 
to establish collaborative research and development 
partnerships that support innovative manufactur-
ing processes for improving efficiency.  It also 
requires a study examining the legal, regulatory, 
and economic barriers to the deployment of indus-
trial energy efficiency.69
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Federal Regulations

The Clean Air Act (CAA) is the primary vehicle for 
regulation of air emissions from U.S. industry.  On 
January 31, 2013, EPA adopted new standards for 
limiting hazardous air emissions from commercial 
and industrial boilers through Section 112 of the 
CAA. These Boiler MACT (Maximum Achievable 
Control Technology) standards are expected to 
have a significant impact on manufacturing subsec-
tors, including pulp and paper mills.  The Boiler 
MACT rule directly targets industry energy users 
and is notable for including output-based emis-
sions standards (OBES) as a compliance option, as 
well as other measures to account for or encourage 
on-site energy efficiency (Aden 2012).  While the 
Boiler MACT standard regulates air toxic emissions, 
complying with the rule will also affect energy use 
and GHG emissions.

As of 2011, the Clean Air Act (CAA) also requires 
air permitting to ensure that major new sources 
of GHGs use the Best Available Control Technolo-
gies.  EPA narrowed the scope of stationary-source 
GHG permitting with its “tailoring rule,” which 
sets a 100,000-ton-per-year CO2e emissions 
threshold for new facilities or major modification 
at existing facilities that would be subject to the 
new permitting requirements (U.S. CIBO 2003).70  
Meanwhile, EPA also released proposed New 
Source Performance Standards (NSPS) in March 
2012 limiting CO2 emissions from new fossil-fired 
electricity generation units under Section 111(b) of 
the CAA.71  The NSPS can help to reduce indirect 
emissions related to pulp and paper manufacturing.  
EPA published the NSPS proposal in the Federal 
Register and is developing a final rule based on 
public comments received during the solicitation 
period, which closed in June 2012.  The utility 
NSPS will have greater impact on pulp and paper 
mills if and when standards are promulgated for 
existing power plants by reducing current indirect 
emissions.  Existing source performance standards 
could further incentivize pulp and paper mill energy 
efficiency investments if utility compliance costs are 
passed on to electricity purchasers.

State Policies and Programs
At the state level, common policy and program 
types include (a) annual binding energy efficiency 
targets and related ratepayer-funded programs 
for utilities to achieve end-use energy savings; (b) 
technical assistance that includes energy audits 
and support for efforts to expand the adoption of 
combined heat and power (CHP); (c) tax incentives 
for installation of more efficient equipment; and (d) 
other financing in the form of grants or low-interest 
loans (Bradbury and Aden 2012).

Within the Midwest, states are increasingly focused 
on industrial EE, including through the use of com-
bined heat and power (CHP) and waste heat recovery 
(WHR) technologies.  A 2012 WRI working paper 
outlined this broader trend and documented the 
details of policies and programs that individual Mid-
western states are using to promote energy efficiency 
investments by local manufacturers (Bradbury and 
Aden 2012).  As noted in Section 1 of this report, 
twenty-four states have adopted energy efficiency 
resources standards (EERS), which require utilities 
to reduce electricity or natural gas consumption by 
their customers through the use of energy efficiency 
(Nowak et al. 2001; ACEEE 2012).  This includes 
seven Midwestern states: Illinois, Indiana, Iowa, 
Michigan, Minnesota, Ohio, and Wisconsin.  The 
Trillion Btu revolving loan program (see Box 4) is 
designed to support the goals of Minnesota’s EERS.75

Notable state initiatives include Ohio’s CHP Pilot 
Program, which was launched in collaboration with 
DOE to provide additional technical and financial 
assistance for facilities with industrial boilers to 
comply with Boiler MACT standards.76  In 2012 
Ohio also enacted legislation (S.B. 315) to include 
waste energy recovery and CHP systems in exist-
ing Ohio renewable energy, energy efficiency, and 
advanced energy targets.  The bill allows new CHP 
systems with more than 60 percent overall effi-
ciency and at least 20 percent  of the system’s total 
useful energy output in the form of thermal energy 
to count toward compliance with Ohio’s existing 
energy efficiency resource standard.  Inclusion 
of CHP in energy efficiency resource standards 
is a useful state-level policy tool for promoting 
manufacturing and power sector energy efficiency 
investment.  Another initiative is Wisconsin’s 
Focus on Energy program, which works with local 
residents and businesses to install cost-effective EE 



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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projects.77  For example, Focus on Energy helped 
Flambeau River Papers’ integrated pulp and paper 
facility to identify, finance, and implement new 
energy efficiency measures (see section 3).

Policy Recommendations
Industrial energy efficiency policies vary by scope 
and enforcement mechanism.  The scale of these 
policies ranges from equipment to processes to 
facilities/mills, to companies, to industrial sub-
sectors, and finally to the entire economy.  Policy 
mechanisms are focused over multiple jurisdictions 
and regulatory frameworks, but generally can be 
separated into four groups: prescriptive measures, 
economic measures, support, and direct invest-
ment.78  Midwest pulp and paper mills are affected 
by prescriptive, economic, support, and direct 
investment measures at varying scales.  This section 
presents five policy recommendations to facilitate 
the energy efficiency improvements described 
earlier in the report.

Benchmark industrial energy  
efficiency performance
The first recommendation is to require periodic 
measurement of pulp and paper sector energy effi-
ciency performance.  Benchmarking can facilitate 
energy efficiency improvements from the equip-
ment scale up to the scale of the entire national 
economy.  Development of national benchmarks 
for specific equipment and processes, such as paper 
drying, could support facility energy management 
programs.  At the facility level, it can help energy 
managers identify energy efficiency opportunities 
and track performance.  On a regional or national 
level, it can also serve as the basis for inter-sector 
comparisons and policy prioritization.  In particu-
lar, this report recommends expanded industry use 
of existing energy efficiency benchmarking tools 
such as the ENERGY STAR Energy Performance 
Indicators tool.  On a national level, benchmarking 
assessment tools can be improved with thorough 
Census industry data collection programs.  At the 
whole economy scale, reliable and comprehensive 
benchmarking data can also serve as the basis for 
regulations or allowance allocations under national 
cap-and-trade or carbon tax programs.79

Introduce a mix of minimum standards  
and “reach” incentives 
Efficiency and energy management standards can 
improve follow-through on opportunities for indus-
trial energy efficiency.  To address lower-efficiency 
mills, this report recommends minimum efficiency 
and emissions standards for new equipment (such 
as motors, boilers, and pumps) with facility-level 
auditing requirements to help manufacturers 
identify and address the areas with the greatest 
potential for improvement.  In order to address 
mill-specific circumstances and opportunities, this 
report recommends development of a pulp and 
paper sector or broader policy similar to Australia’s 
2012 energy and climate policy for industry.  In 
addition to providing financial and technical assis-
tance for emissions-intensive and trade-exposed 
industry subsectors, Australia’s policy requires 
facilities to perform regular energy efficiency audits 
and publish the results.80  A similar pulp and paper 
sector approach in the United States would help 
antiquated mills overcome financial and informa-
tional barriers to efficiency improvements. 

At the high-performance end of the spectrum, 
incentives such as financing programs, R&D invest-
ments, preferential tax policy, and/or recognition 
programs can help motivate facility-appropriate 
improvements such as increased use of recycled 
fibers.  Given the long capital-asset cycles for pulp 
and paper mill equipment (Davidsdottir and Ruth 
2004),  a concerted approach to both ends of the 
mill performance spectrum is most likely to spur 
investment and subsector improvement.  On the 
state level, this approach could complement public 
benefit funds and other ratepayer-supported energy 
efficiency funds allocated to the sectors and facili-
ties with the lowest cost of conserved energy.  As 
illustrated in this report’s case studies, prescriptive 
measures can be complemented with economic 
measures, including preferential loans, tax incen-
tives, and other supportive measures such as 
technical assistance and capacity building.
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Support CHP utilization through state  
and federal policies
While the U.S. pulp and paper sector deploys large 
amounts of CHP, this analysis and other published 
studies suggest substantial remaining CHP poten-
tial for Midwest pulp and paper mills, particularly 
for pulp and paper-only mills.  The cost-effective-
ness of CHP depends on fuel availability, local 
facility heat and power loads, and the regulatory 
framework for electricity market access.  Persistent 
barriers to increased CHP in U.S. industry can be 
addressed through regulatory, economic, and other 
supportive measures.  In particular, inclusion of 
qualified CHP in state energy efficiency resource 
standards, feed-in tariffs for CHP-generated elec-
tricity, less burdensome interconnection rules, and 
standardized standby fee structures could help U.S. 
industry improve its resource efficiency.

Develop new regulatory frameworks to promote 
electric utility-manufacturer collaboration
Electric utilities do not always have incentives 
to help reduce their customers’ energy use.  To 
address utility incentives, the U.S. Congress passed 
the 1978 Public Utility Regulatory Power Act 
(PURPA).  PURPA introduced new requirements 
and incentives for efficiency, renewables, and dis-
tributed power generation that helped to boost CHP 
utilization, among other things.  However, PURPA 
has since been amended to reduce these incentives, 
particularly in the area of distributed generation.  
The development of a 21st century PURPA could 
usefully include new cost-recovery models in which 
utilities continue to earn reasonable profits while 
manufacturing customers self-generate electric-
ity and reduce demand through energy efficiency.  
Case study experience suggests that efficiency and 
environmental goals are most often achieved in 
the pulp and paper sector when they are integrated 
with state and local utility efficiency programs. 

Build on current research to develop geographically 
and sectorally integrated climate policy
As the largest greenhouse gas emitting sector in end-
use terms, industry must be addressed in any U.S. 
climate policy.81  This final recommendation builds 
on the American Energy Manufacturing Technical 
Corrections Act (H.R. 6582), which was signed by 
President Obama in December 2012 and included a 

mandate for the government to conduct a study of 
energy-intensive manufacturing.  Understanding the 
energy and emissions performance of pulp and paper 
mills compared with chemical refineries, iron and 
steel mills, and other energy-intensive subsectors 
will help to identify the most cost-effective areas for 
policy support.  Better understanding regional dif-
ferences among energy-intensive economic activities 
can help to inform sound policy, thereby ensuring 
that new climate and energy policies are economi-
cally efficient, environmentally effective, and equita-
ble (Heilmayr and Bradbury 2011).  Integrated, well-
designed climate policy can help energy-intensive 
subsectors such as Midwestern pulp and paper mills 
reduce their environmental impacts while improving 
economic competitiveness.  

International experiences suggest that policy can 
play an important role in moving energy-intensive 
industry toward a path of lower energy use and 
greenhouse gas emissions.  Integrated policy 
approaches to industry subsector emissions mitiga-
tion have been demonstrated in the pulp and paper 
sector of Sweden, where combined EU and national 
policies helped to create clean and efficient growth 
opportunities (Ericsson, Nilsson, and Nilsson 2011).  
Coordinated federal and state policies could gener-
ate these benefits in the U.S.; for example, through 
sector-specific energy and climate targets designed 
along the lines of state energy efficiency and renew-
able energy standards.  The higher costs of energy 
create different investment incentives for mills in 
Sweden than the U.S.  However, as a heavily indus-
trialized country with a large pulp and paper sector, 
Sweden’s experience is instructive.  Through a mix 
of policies, capital renewal, and energy market 
shifts, Sweden’s pulp and paper sector reduced its 
carbon dioxide emissions by 80 percent between 
1973 and 2006, while increasing production by 
more than 50 percent (Lindmark et al. 2011).  Over 
the long term, coordinated policies and investments 
can help the U.S. pulp and paper sector become a 
low-emissions source of economic activity.
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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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In 2010 industry accounted for 31 percent of total 
U.S. energy use (30 out of 98 Quadrillion Btu of 
final energy use) and 28 percent of total direct and 
indirect U.S. greenhouse gas emissions (1.9 out 
of 6.8 billion metric tons CO2e) (U.S. DOE/EIA 
2012b; U.S. EPA 2013).  Although transportation, 
residential, and commercial-sector energy use and 
greenhouse gas emissions have grown since 1980, 
industry remains the largest sector in end-use 
terms for both energy use and emissions.  As the 
third largest energy-using manufacturing subsector, 
U.S. pulp and paper mills have opportunities for 
significant energy and emissions savings through 
efficiency improvements.

This study’s energy performance indicator analysis 
shows that in 2010 Midwest pulp and paper mills 
were slightly below the national average perfor-
mance.  Improvements in Midwest pulp and paper 
mill efficiency to the minimum ENERGY STAR 
qualification levels would reduce purchased energy 
use by 30 percent and generate annual energy cost 
savings of $240 million.  In terms of greenhouse 
gas emissions, Midwest pulp and paper mills (which 
are more fossil-fuel intensive than the U.S. aver-
age) generated 18 million metric tons of direct and 
indirect carbon dioxide emissions in 2010, thereby 
accounting for 24 percent of national energy-related 
pulp and paper sector greenhouse gas emissions.  
Scenario analysis shows that aggressive efficiency 
improvements to existing performance levels have 
the potential to reduce Midwest pulp and paper 
sector carbon dioxide emissions by 34 percent, 15 
percent more than fuel switching from coal or oil to 
natural gas (though these options are not exclusive 
and could beneficially be done in combination). 

Given that Midwest pulp and paper mills are less 
efficient than the U.S. average, the business case 
for energy efficiency investment in this region is 
particularly strong.  Based on analysis of the cost of 
conserved energy, Midwest mills could reduce their 
energy use by 25% through cost-effective invest-
ments in energy efficiency improvements (that have 
a cost per Btu below 2010 average regional energy 
market rates).  A review of existing and emerging 
technologies shows that Midwest pulp and paper 
mills have a range of low-cost technology options 
for improving their energy efficiency.  At the facility 
level, the Flambeau River Papers case study dem-
onstrates the opportunity for mills to reduce energy 

costs while increasing production and competitive-
ness through energy efficiency investments.  In a 
climate of increasing competition, the case study 
experiences suggest that energy efficiency invest-
ments are an important factor in determining which 
mills will survive the transition. 

On a federal level, relevant policies such as the final 
Boiler MACT rule are being developed under the 
existing authority of the Clean Air Act.  To achieve 
the efficiency improvements highlighted in this 
report, there may be a need for additional legisla-
tive action.  On the national level, Congress could 
revisit PURPA to more fully align the interests of 
utilities with customer goals of self-generation and 
energy efficiency.  At the state level, Illinois, Wis-
consin, Minnesota, Michigan, and Ohio have imple-
mented ratepayer funded energy efficiency policies; 
however, more could be done to achieve significant 
energy cost savings and emissions reductions from 
the most energy-intensive industries in their states.  

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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This report recommends introduction of minimum 
standards with facility-auditing requirements to 
identify and address the areas with the greatest 
potential for improvement.  For high-performing 
facilities we recommend introduction of incentives 
and institutional adjustments to motivate contin-
ued improvements. 

Implementation of the efficiency improvements and 
innovations described in this report could help the 
pulp and paper sector become a low greenhouse gas 
emissions engine for economic growth.  The turn-
around of forward-thinking mills and companies, 
including the case studies in this report, suggests 
that a proper combination of investments, policies, 
and practices could lead Midwest pulp and paper 
mills to achieve significant cost savings and emis-

sions reductions. These examples also can inform 
broader and longer-term strategies to cost-effec-
tively save energy and reduce emissions from other 
manufacturing sectors and regions of the country.
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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.

Figure 17  |  �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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Table 8  |  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.

Figure 19  |  �Midwest Average Energy Intensity  
of Pulp Production by Process, 2010

Source: Fisher 2012.
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Figure 18  |  �Midwest Average Energy Intensity  
by Mill Type, 2010
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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 • q + ∆Mi

∆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).

Table 9  |  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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Figure 20  |  �Midwest State and Regional Average Pulp and Paper Sector Purchased Energy Prices

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		�A  ir dried ton (measurement unit; often in refer-
ence to pulp production).

AF&PA		A  merican Forest & Paper Association.

AMO		A  dvanced Manufacturing Office.

ASM		�A  merican 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		�R eceives pulp discharged from a digester and 
reduces pressure at this point in the paper-
making process to atmospheric pressure.

Boiler MACT	�T he 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		�T  he 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		C  lean Energy Assessment Center.

CHP		�C  ombined heat and power; for more informa-
tion, see Section 3.2.

Condebelt-Drying	�T his 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		�F  ocus on Energy.

FRP		�F  lambeau River Papers.

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

IA		�I  owa.

IAC		�I  ndustrial Assessment Center.

IL		�I  llinois.

IN		�I  ndiana.

ITP		�I  ndustrial 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		�T  he 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		�N  orth Dakota.

NE		�N  ebraska.

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		�A  n 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		�R  enewable Energy Standard.

ROI		�R  eturn 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		�T  hermo-mechanical pulp mill.

TRI		�T  oxics 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		W  aste Heat Recovery.

WI		�W  isconsin.
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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).

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

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

50.	 Bill Granzin, Flambeau River Papers Energy Manager, private 
correspondence, September 27, 2012.

51.	 U.S. DOE (2009a); Presentation provided by Randy Stoeckel, 
Flambeau River Papers Vice President of Operations (August 
31, 2012). Other data sources suggest varying trends of FRP 
paper production from 2005–11.

52.	 Bill Granzin, Flambeau River Papers Energy Manager, private 
correspondence, September 27, 2012.

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

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

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

56.	 U.S. DOE (2009a). Per 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.
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58.	 Correspondence with Randy Stoeckel (September 17, 2012). 
As part of its recovery, FRP attributes 8 percent of its recov-
ered workforce to the reinstatement of its maintenance and 
electrical apprenticeship programs.

59.	 U.S. DOE (2009a); Presentation provided by Randy Stoeckel, 
Flambeau River Papers Vice President of Operations (August 
31, 2012). Other data sources suggest varying trends of FRP 
paper production from 2005–11.

60.	 Information in this section is from public sources and written 
communication with Weyerhaeuser staff.

61.	 Percent reduced of water usage and waste sent to landfills was 
with respect to 2010 levels.

62.	 From direct and indirect emissions using a 2010 baseline.

63.	 From purchased energy.

64.	 See: <http://www1.eere.energy.gov/manufacturing/tech_de-
ployment/betterplants/partners.html>.

65.	 See: <http://www1.eere.energy.gov/energymanagement/>

66.	 See: <http://www.whitehouse.gov/the-press-office/2012/08/30/
executive-order-accelerating-investment-industrial-energy-ef-
ficiency> (September 2012); see also <http://insights.wri.org/
news/2012/08/white-houses-industrial-energy-efficiency-
plan-will-boost-manufacturing-curb-emissions>.

67.	 For more information, see: <http://www.epa.gov/climat-
echange/endangerment/>.

68.	 For information on U.S. CHP capacity, see: <http://insights.wri.
org/news/2012/08/white-houses-industrial-energy-efficiency-
plan-will-boost-manufacturing-curb-emissions>.

69.	 Earlier in the year the Council of Development Finance Agen-
cies (CDFA) proposed the American Manufacturing Bond 
Finance Act to facilitate energy efficiency investment. Although 
Congress has not adopted the American Manufacturing Bond 
Finance Act, the economic and energy impacts of energy ef-
ficiency investment were specifically highlighted as topics to 
be covered in the American Energy Manufacturing Technical 
Corrections Act (H.R. 6582) study.

70.	 Previous analysis indicates that permitting requirements are 
not expected to yield significant GHG emissions reductions 
beyond business-as-usual projections (Litz et al. 2010).

71.	 See: <http://epa.gov/carbonpollutionstandard/
pdfs/20120327proposal.pdf>.

72.	 The most recently published version of EPA’s Boiler MACT rule 
would promote energy efficiency through a number of provi-
sions, including alternative output-based emissions limits, 
facility energy assessments and annual boiler tune-ups, and 
compliance credit for efficiency measures implemented across 
the facility to reduce energy demand met by boilers.

73.	 U.S. EPA (2012a). See: <http://www.epa.gov/ttn/atw/boiler/
boilerpg.html#TECH>. Previous analysis indicates that permit-
ting requirements are not expected to yield significant GHG 
emissions reductions beyond business-as-usual projections 
(Litz et al., 2010). Among U.S. major source facilities, 86 
percent of boilers are used for industrial activity, compared to 
8 percemt for institutional and 6 percent for commercial enter-
prises. EPA ICR database- “Boiler Emissions Database (version 
8).mdb” (U.S. EPA 2012a).

74.	 The EPA ICR database is a consistent and publicly available 
data source; however, it is continuously updated and subject 
to revision. In his January 2013 presentation, John Cuttica 
indicated that there were fifty-five paper sector coal and oil-
fired boilers in the Midwest that would be affected by Boiler 
MACT. See: <http://www.midwestcleanenergy.org/events/PDF/
MEEA_Cuttica2013Jan30.pdf>. 

75.	 Among the nine paper-producing states of the Midwest, three 
states (Illinois, Ohio, and Wisconsin) have established utility 
public benefit funds whereby funding collected by utilities is 
transferred to a central or statewide entity that administers 
energy efficiency programs. See: <http://www.dsireusa.org/
summarytables/rrpee.cfm>.

76.	 The Ohio Pilot Program will facilitate cost-effective compliance 
with Boiler MACT standards by providing site-specific techni-
cal and cost information to affected facilities, and by assisting 
interested facilities in CHP implementation.< http://www1.eere.
energy.gov/manufacturing/distributedenergy/boilermact.html> 
(September, 2012).

77.	 See: <http://www.focusonenergy.com/> (September 2012).

78.	 This taxonomy is developed by Tanaka (2011).

79.	 Ericsson et al. (2010). While a carbon tax would apply to actual 
emissions, tax rebates could work in a way that is similar to 
allowance allocations.

80.	 Australia Prime Minister’s Taskforce on Manufacturing. 2012.

81.	 For U.S. total 2011 GHG emissions by sector (with electricity-
related emissions allocated by end use), see U.S. EPA (2013) 
pp. 2–23, Table 2-14 (http://www.epa.gov/climatechange/
Downloads/ghgemissions/US-GHG-Inventory-2013-Chapter-
2-Trends.pdf).

82.	 These data do not include energy embodied in pulp mill inputs. 
While pulp and paper can be recycled a number of times and 
thereby reduce energy and materials requirements, increased 
recycling can have adverse impacts on sector employment levels.

83.	 CO2 emissions from biomass combustion are considered 
additional information by the EPA. Although the CO2 generated 
when biomass fuels are burned is considered “additional” in the 
EPA’s GHG emissions inventory, this information is a valuable 
measurement due to the fact that many pulp and paper mills 
generate more than half of their energy needs from biomass 
fuels recovered from the industry’s waste and process streams.
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