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Statutory Requirement

American Energy Manufacturing Technical Corrections Act
Public Law 112-210

Section 7. Reducing Barriers to the Deployment of Industrial Energy Efficiency

(a) Definitions — In this section:

1) Industrial Energy Efficiency — The term “industrial energy efficiency” means the energy
efficiency derived from commercial technologies and measures to improve energy
efficiency or to generate or transmit electric power and heat, including electric motor
efficiency improvements, demand response, direct or indirect combined heat and power,
and waste heat recovery.

2) Industrial Sector — The term “industrial sector” means any subsector of the
manufacturing sector (as defined in North American Industry Classification System codes
31-33 (as in effect on the date of enactment of this Act)) establishments of which have,
or could have, thermal host facilities with electricity requirements met in whole, or in
part, by on-site electricity generation, including direct and indirect combined heat and
power or waste recovery.

(b) Report on the Deployment of Industrial Energy Efficiency

1) In General — Not later than 2 years after the date of enactment of this Act, the Secretary
shall submit to the Committee on Energy and Commerce of the House of Representatives
and the Committee on Energy and Natural Resources of the Senate a report describing:

(A) the results of the study conducted under paragraph (2); and
(B) recommendations and guidance developed under paragraph (3).

2) Study —The Secretary, in coordination with the industrial sector and other stakeholders,
shall conducta study of the following:

(A) The legal, regulatory, and economic barriers to the deployment of industrial energy
efficiency in all electricity markets (including organized wholesale electricity markets,
and regulated electricity markets), including, as applicable, the following:

(i) Transmission and distribution interconnection requirements.

(ii) Standby, back-up, and maintenance fees (including demand ratchets).




(iii) Exit fees.

(iv) Life of contract demand ratchets.
(v) Net metering.

(vi) Calculation of avoided cost rates.
(vii) Power purchase agreements.
(viii) Energy market structures.

(ix) Capacity market structures.

(x) Other barriers as may be identified by the Secretary, in coordination with the
industrial sector and other stakeholders.

(B) Examples of —

(i) successful State and Federal policies that resulted in greater use of industrial
energy efficiency;

(i) successful private initiatives that resulted in greater use of industrial energy
efficiency; and

(iii) cost-effective policies used by foreign countries to foster industrial energy
efficiency.

(C) The estimated economic benefits to the national economy of providing the industrial
sector with Federal energy efficiency matching grants of 55,000,000,000 for 5- and 10-
year periods, including benefits relating to—

(i) estimated energy and emission reductions;
(i) direct and indirect jobs saved or created;
(iii) direct and indirect capital investment;

(iv) the gross domestic product; and

(v) trade balance impacts.

(D) The estimated energy savings available from increased use of recycled material in
energy-intensive manufacturing processes.

3) Recommendations and Guidance —The Secretary, in coordination with the industrial
sector and other stakeholders, shall develop policy recommendations regarding the




deployment of industrial energy efficiency, including proposed regulatory guidance to
States and relevant Federal agencies to address barriers to deployment.




Executive Summary

Industry® accounted for approximately one-third of the United States’ total primary energy
consumptionin 2012. The potential cost-effective energy savingsin U.S industryis large —
amounting to approximately 6,420 trillion British thermal units of primary energy (including
combined heat and power), according to a comprehensive 2009 analysis by McKinsey &
Company.2 Congressrecognizedthat there are a host of barriers limiting greaterindustrial
energy efficiency. This study has been prepared inresponse to Section 7 of the American
Energy Manufacturing Technical Corrections Act (Act), which directs the Secretary of Energy to
conduct a study, in coordination with the industrial sector and other stakeholders, of barriers to
the deploymentofindustrial energy efficiency.

The Act definesthe term “industrial energy efficiency” to mean energy efficiency derived from
commercial technologiesand measuresthat improve energy efficiency, ortechnologies that
generate or transmit electricpowerand heat. Examples of industrial energy efficiency provided
in the Act include electricmotor efficiency improvements, demand response, direct or indirect
combined heat and power, and waste heat recovery. The Act definesthe term “industrial
sector” to mean any subsector of the manufacturing sector as definedin North American
Industry Classification System (NAICS) codes 31-33.

In addition to studying barriers to deployment of industrial energy efficiency, Congress directed
the Secretary of Energy to include the following:

e Examplesof State and Federal policies, private initiatives, and foreign policies that foster
greater use of industrial energy efficiency.

e Estimated economicbenefitsto the national economy of a $5 billion Federal matching
grant program that supports the industrial sector.

e Estimated energysavingsfrom increased use of recycled materials inenergy-intensive

manufacturing processes.

This study examinesindustrial energy efficiency technologies and measures dividedinto three
categories:

! The Energy Information Administration defines “industry” to include manufacturing (NAICS codes 31- 33);
agriculture, forestry, fishing, and hunting (NAICS code 11); mining, including oil and gas extraction (NAICScode 21);
and construction (NAICScode 23). The Act defines “industry” more narrowly to include only manufacturing (NAICS
codes 31-33).

> McKinsey & Company, 2009. Unlocking Energy Efficiency inthe U.S. Economy, page 76.
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e Industrial end-use energy efficiency
e Industrial demand response

e Industrial combined heat and power (CHP)?

The study is organized as follows:
e Executive Summary
e Chapter 1 - Introduction

e Chapter 2 — Energy Consumption Trends

e Chapter 3 — Barriers to Industrial End-Use Energy Chapters 3, 4, and 5 include

Efficiency examples of successful State,
Federal and international
polices and private initiatives
e Chapter5 — Barriers to Industrial Combined Heat and that foster greater use of
Power industrial energy efficiency.

e Chapter 4 — Barriers to Industrial Demand Response

e Chapter 6 — Economic Benefits of Energy Efficiency
Grants

e Chapter 7 — Energy Savings from Increased Recycling

e Appendices’
Stakeholder Input

This study resultsfrom a collaboration of DOE with nearly 50 experts from industry, combined
heat and power operators, environmental stewardship organizations, associations of state
governmental agencies, and federal governmental agencies. Contributions from stakeholders
significantlyimproved the depth and breadth of the study.

Background on the Industrial Sector

The manufacturing sector is an important segment of the U.S. economy and is responsible for
driving a significantamount of economic activity. Metrics that highlightthe importance of
manufacturing in the United States include (2013 data unless noted otherwise):

e Contributed $2.08 trillion, orabout 12.5 percent, to U.S. gross domestic product.

? Within the context of this study, the topic of waste heat recovery is limited to waste heat to power andis
included with combinedheatandpower.

* Appendices include stakeholders that collaborated with DOE (AppendixA) and supporting material for Chapter 6,
including IMPLAN modeling (Appendices B-F).
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e Supported more than 17.4 millionjobs.

e Created high paying jobs—in 2012, compensation for manufacturing jobs was more than
25 percent higher than the average compensation for all U.S. jobs.

Data from the Energy Information Administration (EIA) shows that the industrial sector
accounts for the largest share of energy consumptionin the United States. In 2012, the United
States consumed approximately 95 quads of energy, with the industrial sectoraccounting for
30.6 quads, or 32 percent of the total. Of this 32 percent, manufacturers accounted for 74
percent of energy consumption, equal to 22.6 quads, or 24% of all energy use in the United
States.

EIA forecasts that total energy consumption will grow to about 102 quads in 2025, with nearly
all of the growth coming from the industrial sector. From 2012 to 2025, energy consumptionin
the industrial sector is forecast to increase from 30.6 quads to 37.4 quads —a 22% increase. In
2025, energyusein the industrial sector is expectedto exceed 36% of total energy
consumptionin the United States.

Giventhe scale of energy consumptionin the industrial sector, and particularly the
manufacturing segment, industrial energy efficiency improvements can have a significant
impact on reducing the amount of energy consumed inthe United States. The industrial sector
has achieved substantial reductions in energy consumption as a result of imple mentingenergy-
efficienttechnologies and practices. Energy intensity —the amountof energy requiredfora
fixed amount of manufacturing output—declined 40 percent between 1991 and 2006. While
the industrial sector has shown significant progressin energy efficiency, studies suggest that
the industry can move forward at an evenfaster pace, reducing energy consumption by 15 to
32 percentbelow 2025 forecast values.

Several Federal policies emphasize the importance of industrial energy efficiency and set
aggressive goals for further adoption of energy-efficient technologies and practices. For
example, Executive Order 13624 (signed August 30, 2012) sets a goal of 40 GW of additional
combined heat and power capacity by 2020 and directs DOE to expand its BetterPlants
program, which partners with industry to achieve greater savings through efficiency. Giventhe
scale of domesticmanufacturing, improvementsinthe efficientuse of energy in this sector is
expectedto have a significantimpact on achieving Federal energy and climate goals, while
improving U.S. manufacturing competitiveness.

Study Results
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Barriers to Industrial Energy Efficiency and Successful Examples and Opportunities to Overcome
Barriers

The industrial sector has shown steady progressin improving energy efficiency overthe past
few decades. Asillustrated by the sidebarexamplesin Chapters 3, 4, and 5, many
manufacturing plants in the industrial sector have beenleadersin adopting advanced
technologiesand implementinginnovative practices that have improved energy efficiency.
While much progress has been achieved, this study identified 42 barriers that can be addressed
to accelerate industrial energy efficiency. There may be additional barriers and successful
examples not captured in this document, and the barriers discussed in this document should
not be viewed as fully exhaustive.

There isa concentration of barriers and successful examples related to State utility regulations,
includingissuessuch as:
e Aligningutility and customer incentives with achievement of greater energy efficiency.
e Establishingenergysavings targets.
e Increasing outreach for end-use energy efficiency, demand response, and CHP

programs.

Of the 42 barriers identified, 15 correspond to end-use energy efficiency, 11to demand
response,and 16 to combined heat and power. The barriers are divided into three groups:
economic and financial, regulatory, and informational. There are 15 economic and financial
barriers, 18 regulatory barriers, and 9 informational barriers (breakdown shown in Table 1).

Table 1. Summary of Barriers
Group Type of Industrial Energy Efficiency Total
End-use Efficiency Demand Response CHP
Economic & Financial 6 3 15
Regulatory 5 5 18
Informational 4 3 9
Total 15 11 16 42

Successful examples and opportunitiesto overcome the barriers listedin Table 1 were
identified. There is overlap in some cases between barriers and related successful examples,
and in these cases a single action can address multiple barriers.

Economic Benefits of Federal Matching Grants

Key assumptions used for the economic benefits analysisinclude (full list of assumptionsin
Chapter 6):




e S5 billion of Federal matching grants allocated equally over 10 years (i.e., $500 million
peryear).

e Participant cost share of 80 percentfor base case. With this assumption, the total
funding pool is $25 billion, or $2.5 billion peryear.

e 50 percent of funds allocated for combined heat and power projects, and 50 percent of
funds used to support energy efficiency and demand response projects.

e Allfundsused for deployment (nofundsallocated for research and development).

The results of the analysisindicate that a $5 billion Federal matching grant program
implemented overa 10-year period will:

e Help support upto 9,700 to 11,200 jobs per year for the life of the program.

e Help manufacturers save $3.3 to $3.6 billion peryearin energy costs by Year 5 of the
grant program, and $6.7 to $7.1 billion peryear by Year 10 of the grant program.

The results shown above correspond to a base case scenario with 80 percent participant cost
share. An alternative scenario was evaluated based on 50 percent participant cost share. In
general, the economicbenefits derived from the 50 percent cost share scenario are lower
compared to the 80 percent scenario because Federal grant funds are leveraged at a lower level
in the 50 percent scenario.

Energy Savings from Recycling

The potential energy savings from increased recycling using currently deployed technologies
were evaluated as requested for five energy-intensive industries: paper, aluminum, glass, steel,
and plastics. These industries have the potential to use significant quantities of recycled
materials. The analysis was limited to primary recycling (also called closed-loop recycling),
where recycled products are mechanically reprocessedinto a product with properties
equivalenttothe original product.” Increasingthe amount of recycled material used as
feedstock for manufacturing processes can significantly reduce energy consumption for energy -
intensive manufacturers.

Two recycling scenarios were evaluated: modestand aggressive. These scenarios assume only
currently deployed technologies. The modest scenario assumed that recycling rates remain well
withinthe boundaries of existing technology and material availability limitations, and the
aggressive scenario pushed these boundaries. Itis important to note that the recycling rate

> This study was limited to focus only on MSW sources of waste materialssince data are abundant. Useful data on
recycling and recovery from other sources of waste materials (e.g., constructionanddebris)are notavailableand
sowereexcluded fromthestudy.




assumptions for the moderate and aggressive scenarios are not based on industry data. Rather,
the authors of the study considered data on current recycling rates and the technical recycling
limits, and developed the recycling rate assumptions for the scenarios within those ranges of
data.

The recyclinganalysisincluded a breakdown of three types of plastics with a high potential for
increased recycling:

e Polyethylene terephthalate (PET). PET is used for soft drinks packaging (PET bottles) and
syntheticfibers.

e High-density polyethylene (HDPE). HDPE is used to make plasticjugs.

e Low-density polyethylene (LDPE)/linear low-density polyethylene (LLDPE). LDPE is used
for plastic bags, and LLDPE is used for stretch wrap.

The recycling analysis shows that the following three manufacturing sectors have the potential
to increase energy savings by more than 10 percent in at least one of the two scenarios:°

e Plastics (PET): 32 percentsavings in aggressive scenario; 17 percent savings in modest
scenario

e Steel: 15 percent savingsin aggressive scenario; 6 percentsavings in modest scenario

e Aluminum:12 percent savingsin aggressive scenario; 3 percentsavings in modest

scenario

While PET manufacturing showsthe highest energy savings percentage (32 percentin
aggressive scenario), the total energy savings are greatest for the steel industry because the
amount of energy used for steel productionis greater than the amount of energy needed for
plastics production. For the steelindustry, energy savingsare estimated at 118 TBtu for the
aggressive scenario, and 43 TBtu under the modest scenario. In terms of total energy savings,
the steelindustryisfollowed by paper, plastics (PET, HDPE, and LDPE/LLDPE combined),
aluminum, and glass.

® The othersectors show positive energy savings below 10% in both the aggressiveand modest scenarios.
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1. Introduction

1.1 Statutory Requirement

This study has been prepared pursuant to Section 7 of the American Energy Manufacturing
Technical Corrections Act, (Pub. L. 112-210) whichwas signedinto law on December 18, 2012.
This Act directs the U.S. Department of Energy (DOE) to undertake a study “in coordination with
the industrial sector and other stakeholders” on barriers to industrial energy efficiency. !

1.2 Description of the Manufacturing Sector

The Act definesthe industrial sector to be manufacturing subsectors as describedin North
American Industry Classification System (NAICS) codes 31-33.2 For perspective, NAICS codes
consist of two to six digits based on the structure shown in Table 2. There are 20 two-digit
NAICS sector codes as shown in Table 3. Thistable also shows the 21 three-digit subsector
codes that comprise the manufacturing sector.

Table 2. Structure for NAICS Codes
Number of Digits Description
2 Sector
3 Subsector
4 Group
5 Industry
6 Country-specific (United States, Canada, Mexico)

The manufacturing sector (NAICS 31-33) is broadly defined to include business establishments
that use mechanical, physical, or chemical processes to create new products. Business
establishmentsinthe manufacturing sector are frequently called plants, factories, or mills, and
cover a wide size of operations, ranging from small bakeriesto integrated steel mills. The key
distinction between manufacturing business establishments (NAICS 31-33) and businessesin
other NAICS sectors is that manufacturers (NAICS 31-33) transform raw materials into new
products.

Manufacturing subsectors are shownin Table 3 (NAICS codes 31-33). Businessesare grouped
into subsectors based on similaritiesin production processes, production equipment, and/or
employee skills.




Table 3. NAICS Sector Codes and Manufacturing Subsector Codes

Two Digit Sector Codes Three Digit Manufacturing Subsector Codes
Code Description Code Description
11 Agriculture, Forestry, Fishing 311 Food Manufacturing
and Hunting
21 Mining 312 Beverageand Tobacco Product
/ Manufacturing
22 Utilities 313 Textile Mills
23O T Ut O ( 314 Textile Product Mills
31-33 Manufacturing ) 315 Apparel Manufacturing
316 Leather and Allied Product Manufacturing
44-45 Retail Trade 321 Wood Product Manufacturing
48-49 Transportation and \ 322 Paper Manufacturing
Warehousing
51 Information \ 323 Printing and Related Support Activities
52 FinanceandInsurance \ 324 Petroleum and Coal Products Manufacturing
53 Real Estate Rentaland Lea\ing 325 Chemical Manufacturing
54 ProfessionaI,Scientiﬁc,ano\ 326 Plasticsand Rubber Products Manufacturing
Technical Services
55 Management of Companies Td 327 Nonmetallic Mineral Product Manufacturing
Enterprises
56 AdministrativeandSupporta 331 Primary Metal Manufacturing
Waste Managementand
Remediation Services
61 Educational Services \ 332 Fabricated Metal Product Manufacturing
62 Health Careand Social ‘ 333 MachineryManufacturing
Assistance
71 Arts, Entertainment, and 334 Computer and Electronic Product
Recreation Manufacturing
72 Accommodation and Food 335 Electrical Equipment, Appliance, and
Services Component Manufacturing
81 Other Services (except Public 336 Transportation Equipment Manufacturing
Administration)
92 Public Administration 337 Furniture andRelated Product
Manufacturing
339 Miscellaneous Manufacturing

The manufacturing sector is an important segment of the U.S. economy and is responsible for
drivinga significantamount of economic activity. A 2013 report from the Alliance to Save
Energy highlights the importance of manufacturing in the United States (based on data for 2013
unless noted otherwise):?

e Contributed $2.08 trillion, orabout 12.5 percent, to U.S. gross domestic product.
e Supported more than 17.4 millionjobs.

e Created high paying jobs—in 2012, compensation for manufacturing jobs was more than
25 percent higher than the average compensation for all U.S. jobs.
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Federal policies continue to emphasize the importance of industrial energy efficiency and set
aggressive goals for further adoption of energy-efficient technologies and practices.*> Given the
scale of domesticmanufacturing, improvementsin energy efficiency in this sector will have a
significantimpact on achieving Federal energy and climate goals.

1.3 Benefits of Industrial Energy Efficiency

The Act calls for a study of barriersto industrial energy efficiency. As barriers are examined, itis
critical to identify what actions can be considered by states, Federal agencies, and private
entities, toaddress these barriers, with the goal of capturing well-documented benefits® from
increased deployment of industrial energy efficiency. Itisalso important to note successful
examples of successful state and federal policies, private initiatives and international policies
that resultedin greater use of industrial energy efficiency.

To help organize the analysis of barriers in this study, the topicis divided into three groups:
e Industrial End-Use Energy Efficiency

e Industrial Demand Response

e Industrial Combined Heat and Power (CHP)

Benefits forthese three groups are discussed from two perspectives:

e Benefitstoindividual U.S. businesses (e.g., amanufacturing site that implementsan
energy efficiency improvement)

e Benefitsto the nation
1.3.1 Industrial End-Use Energy Efficiency

Industrial end-use energy efficiency includes abroad range of energy-efficienttechnologies and
management practices that can be implemented inthe manufacturing sector to reduce energy
consumption per unit of production. Examplesthat illustrate the diversity of technologies and
practices include advanced electric motors and drives, energy-efficientlamps and lighting
controls, recovery of waste heat, modernization or replacement of process equipment, and
implementation of strategicenergy management’ systems that promote continuous energy
efficiencyimprovement.

Benefits for U.S. businesses:

e Reduced energy costs. Industrial end-use energy efficiency can provide economic
benefits by reducing energy costs for businesses by using less electricity or fuel per unit
of production.?




Reduced emission control costs. Industrial end-use efficiency measures provide a low-
cost approach for reducing emissions. The Environmental Protection Agency (EPA)
estimates that if the energy efficiency of industrial facilities’improved by 10 percent,
companies could save $20 billion peryear and reduce greenhouse gas (GHG) emissions
equivalenttothe electricity consumption of 22 million homes. '°

Enhanced competitiveness. Energy efficiency helps reduce energy costs and exposure to
volatile energy prices, thereby reducing production costs and improving
competitiveness.

Co-benefits such as reduced material loss, improved product quality, and reduced water
consumption. Industrial end-use energy efficiency often yields co-benefits beyond direct
energy savings, and these co-benefits can have significantvalue to businesses.

Benefits for the nation:

Lower product costs for consumers. Energy efficiency can reduce the cost of goods for
American families and businesses by reducing the cost of manufacturing goods.
Enhanced energy efficiency meansthatit takes less energy to manufacture products
and these savings can be passed along to consumers.

Increased job growth. The production and installation of energy-efficient technologies
supports job growth based on Americantechnology and skilled American labor. The
American Council for an Energy-Efficient Economy (ACEEE) analysisindicatesjobs are
created from two primary effects: first, construction jobs are supported whenan energy
efficiency measure isimplemented, and second, subsequentjobs are supported through
energy cost savings that resultfrom implementation.! Forthe manufacturing sector, a
$1 millioninvestmentinan energy efficiency project with a 2-year payback is estimated
to create 6.5 net jobs during the firstyear, plus 3% netjobs in subsequentyears over the
life of the energy efficiency measure that is installed. *?

Lower electricity costs associated with reduced electric grid infrastructure expenses.
Improved end-use efficiency reduces the amount of electricity that needsto be
deliveredthroughthe electric grid. This reduction relieves stresson the electricgrid and
may help avoid or defertransmission and distribution (T&D) investments. Savingsin
electricgrid investments benefitall electricity customers by avoidingincreasesin
electricity rates.”?

Increased health benefits from reduced criteria air pollutant and GHG emissions.
Reduced energy use through end-use efficiency can lead to lower-criteriaair pollutant
emissions, providing health benefitsforsociety. End-use efficiency also lowers GHG




emissions associated with electricand thermal production for use on-site, whichare
linked to climate change.

1.3.2 Industrial Demand Response

Demand response yields a temporary change in energy usage driven by a price signal or
incentive payment. Traditional demand response programs are used in the electric sector to
reduce electricity usage during periods of high electricity demand (e.g., a hot summer
afternoon) or when electricgrid reliability may be compromised.** Modernization of grid
communications and control technologies are creating additional opportunities fordemand
side resources to provide ancillary services such as regulation service and load following. 15
There are three primary ways for a manufacturing plant to respond to a demand response
event:*

e Reduce electricity consumption
e Shiftelectricity usage

e Generate on-site powerwith standby generators or CHP

Benefits for U.S. businesses:

e Reduces customer bills by reducing customer demand during peak periods. Demand
response can reduce on-peak energy costs, thereby decreasing the overall cost of
production.17 For example, industrial customers participatingin demand response
programs can switch their peak electricity usage to non-peaktimes when prices are
loweror ramp up on-site generation (if available) during times of peak demand.

e Produces revenue fromincentive payments fordemand response participation. Demand
response can provide industrial participants with payments that can be used for
additional energy efficiency projects.

e Enhances competitiveness. Demand response helpsreduce energy costs and exposure
to volatile energy prices, thereby reducing production costs and improving
competitiveness.

Benefits for the nation:

e Avoid or defer construction of new generation plants. Demand response can help defer
or eliminate the needto build new power generation plants to meet peak power
requirements.




e Avoid or defer transmission and distribution (T&D) system upgrades. In additionto
reducing the need for new generation plants, demand response also reducesthe need
for new or upgraded T&D assets.

e Promotes optimal dispatch of generation resources. Demand response reduces grid
peaks and can help fill “valleys” through load shifting. By smoothingelectricity delivered
from the grid, demand response can help maximize utilization of grid assets, including
renewable energy.

e Improves grid reliability and resiliency. Demand response can enhance energy reliability
because there is less stresson the grid during peak times, reducingthe likelihood of
voltage sags and power qualityissues.

e FEnables grid integration of intermittent renewable resources. State renewable portfolio
standards and other incentives are driving the adoption of intermittent wind and solar
technologies. As a result, flexible demand response can be used to absorb intermittent
renewables throughtechnologies that enable two-way communication and automated
controls.

e Contributes to job growth. Demand response often requires certaininfrastructure to be
manufactured, installed, and maintained, such as additional metering, interconnection,
or distribution hardware. The manufacture and installation of such technologies uses
local labor and technology, which supports the U.S. economy.18

1.3.3 Industrial Combined Heat and Power

Combined heat and power simultaneously generates electricpowerand useful thermal energy
from a single fuel source. Instead of purchasing grid electricity and burning fuelinan on-site
furnace or boilerto produce thermal energy, a manufacturing plant can use a CHP systemto
provide both electricity and thermal energy from a single energy-efficient technology located
on-site. A typical toppingcycle CHP system consists of a gas turbine or reciprocating engine
(these types of technologies that convert fuelsto electrical or mechanical energy in CHP
systems are referredto as prime movers) integrated with an electrical generatorand a thermal
recovery system. The CHP system produces electricity and recovers thermal energy that can be
used for process heating, hot water heating, space heating, or space cooling. Figure 1 shows a
typical industrial CHP system that offsets the needfor grid electricity and the need for steam or
hot water that would otherwise be produced from an on-site boiler. When electricity and
thermal energy are provided separately, the overall energy efficiencyisinthe range of 45-50
percent.”® While efficiencies vary for CHP installations based on site specific parameters, itis
reasonable to expectthat a typical topping-cycle CHP system will operate at 65-80 percent

efficiency (75 percent shown in figure).?>*




Figure 1. Efficiency Comparison between CHP and Conventional Generation
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Source: Efficiencies adapted from “Combined Heat and Power: A Clean Energy Solution”** and information

published by the U.S. Environmental Protection Agency’s Combined Heat and Power Partnership®*

Benefits for U.S. businesses:

e Reduces energy costs for the user. Properly engineered CHP systems may reduce energy
costs because the cost of fuel consumed to operate the CHP system can be lessthan the
cost of purchased grid electricity plus the cost of fuel and operation of an on-site boiler

or furnace, or because waste heat is beingused instead of fuel.”

e Reduces risk of electric grid disruptions and enhances energy reliability. On-site CHP may
provide an alternative source of electricity generation during grid outages leadingto
enhanced power reliability. Many CHP systems continued to operate following grid
outages caused by natural disasters, including Hurricane Katrina, Hurricane Sandy and
Hurricane Irene.?®

e Provides stability in the face of uncertain electricity prices. CHP systems can help reduce
energy costs and exposure to volatile electricity prices.

Benefits for the nation:

e Improves U.S. industrial competitiveness. CHP systems may help reduce industrial
energy costs, thereby reducing production costs and improving competitiveness.

e Offers a low-costalternative for overall energy needs, including for new electricity
generation capacity. CHP may provide lower energy costs for users by displacing higher-
priced purchased electricity and boilerfuel with lower-cost self-generated powerand
recovered thermal energy. Such on-site generation may also avoid T&D losses
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associated with electricity purchased from the grid, and may deferor eliminate the need
for new T&D investment.

Provides an immediate path to lower emissions of GHG and air pollutants through
increased overall energy efficiency. CHP systemstypically reduce carbon dioxide (CO,)
emissionsand criteria air pollutants, including emissions of nitrogen oxides (NOy), sulfur
dioxides (SO,), and carbon monoxide (CO) emissions, through increased efficiency due
to the simultaneous generation of electricpower and useful thermal energy on-site
from a single fuel source.”’ Achievingthe President’s August 2012 goal of 40 GW of new,
cost-effective CHP by 2020 is expectedto reduce CO, emissions by 150 million metric
tons of CO, annually—equivalent to the emissions from over 25 million cars.”®

Reduces need fornew T&D infrastructure and enhances power grid security. CHP
systems are located on-site or adjacent to the facility they serve. On-site generation may
avoid T&D losses associated with electricity purchased from the grid and can deferor
eliminate the need for new T&D investment.

Uses abundant, clean domestic energy sources. Currently, 72 percent of existing CHP
capacity isfueled by natural gas, and the clean burningand low-carbon aspects of
natural gas will likely make ita preferred fuel for future CHP growth 2 Additionally, EPA
estimatesthat there are 6 to 8 GW of potential waste heat to power projects that could
use recovered thermal energy instead of a fuel source.*®

Uses highly skilled American labor and American technology. Similarto other efficiency
measures, CHP systems provides jobs and other benefitsto the overall economy —
manufacturing, installing, and maintaining CHP systems uses highly skilled American
labor.*!

Supports energy infrastructure reliability and resiliency. CHP systems may reduce
demand on the electricity delivery system, thus reducing stress on the grid and reducing
the likelihood of voltage sags and power quality issues. Grid resilience strategies must
also consideroptions to improve grid flexibility and control, which include greateruse of
CHP and distributed generation.>* In addition, CHP can help keep critical infrastructure
(e.g., hospitals, emergency shelters, police and fire stations, and other publicbuildings)
operational by providingelectricity, heating, and cooling during storm and other grid
disruption events.>

Challenging Market Factors

Many factors affectthe implementation of industrial energy efficiency. Some factors, such as

technology performance or cost, are unique to specificmeasures or particular types of products

that are manufactured. Other factors are broader and apply to all manufacturing sectors. Two
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of these broad factors include the regulatory structure of electricity markets and the wide
range of industrial facility sizes.

1.4.1 Electricity Markets

The structure of electricity markets evolved during the 20th century to include investor-owned
utilities (IOUs) and consumer-owned utilities. IOUs are also referred to as private utilitiesand
are owned by investors or shareholders. Consumer-owned utilities are also called publicutilities
and can be owned by governmentbodies (e.g., a municipality) or consumer groups, such as
publicutility districts or rural electriccooperatives. Most utilitiesinthe United States, whether
publicor private, are monopolies. Inthe case of IOUs and some consumer-owned utilities, state
utility regulatory commissions provide regulatory oversight.34 By the mid-1990s, many IOUs had
grown to be large companiesthat owned electricgeneratingfacilities and distribution services
(also known as “vertically integrated” utilities).>

Driven by state legislation and regulatory actions aimed at retail market restructuring, as well as
Federal regulatory actions affectingwholesale markets (e.g., Federal Energy Regulatory
Commission [FERC] Ruling 888), the utility industry was restructured starting in the mid-1990s
(see Figure 2 for map of restructuring activity by state). In states that restructured, retail
markets were opened to competitive powersuppliersand IOUs divested most or all of their
generatingfacilitiestowholesale generating companies. While state restructuring policies
differ, most state utility regulatory agencies in restructured states have retained regulatory
oversightover only the IOUs’ distribution functions, eventhough many IOU parent companies
continue to own and operate generationin competitive wholesale markets.

Figure 2. Status of Electricity Restructuring Activity by State (as of 2010)
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Note:  “Active” means that a state has restructured its electric industry, and that state rulemakings and other
more minor activities related to the restructuring process are ongoing. “Not Active” means that a state has
notundertaken anysignificant steps to restructure its electric industry. “Suspended” meansthat a state
started the process to restructure its electric industry, but never completed the process.

Source: EIAand RAP,2011




Dependingon specificstate and regional regulatory actions, the business models for
distribution-only utilities and vertically integrated utilities can be very different, and these
differences can affect the treatmentof industrial energy efficiency.

In states that did not create retail competition, utilities recover construction costs for
generation, transmission, and distribution assets through rates approved by a state utility
regulatory commission. State utility regulatory commissions have an obligation to electricity
consumers to keep rates at reasonable levels, while ensuring universal and reliable electricity
service and reasonable rates of return to franchised 10Us. >’

In states with restructured retail competition, IOUs typically no longer own generating assets,
instead purchasing electricity supplies from wholesale markets on behalf of customers and
distributing powersold to retail customers by independent power marketers. Wholesale
markets are typically managed by Independent System Operators (ISOs), though I1SO structures
vary greatly from regionto region.38

A principal issue for utilitiesand theirregulators, in both restructured and traditionally-
regulated states, isthat energy efficiency, including CHP, reduces electricity sales. Because fixed
costs are oftenrecovered by utilities through volumetricrates, lost sales can reduce fixed-cost
recovery, as well as return on assets for utilities. Forenergy efficiency, thisissue is typically
addressed through a mix of cost-recovery mechanisms, and can include incentives forachieving
state-mandated energy efficiency goals.39

There are differencesin how utilities view cost recovery for energy efficiency measuresand on -
site generation technologies, such as industrial CHP. For energy efficiency measures, a utility
will typically see a relatively smooth and gradual reduction in electricity sales spread across
many energy efficiency program participants. For an industrial CHP project, however, a utility
may see a suddenand significantdecrease in electricity sales concentrated at a single customer
site. This type of change can contribute to stranded costs associated with feeders, substations,
and other T&D assets that were installed by the utility to serve the business district where the
CHP customer islocated. These utility investments often drive the utility to apply specificfees
or tariffsto CHP customers.*

1.4.2 Diversity in Customer Size

Industrial customers are diverse insize with differentneeds and capabilities, and this diversity
impacts how they adopt energy efficiency technologies and practices. For example, asmall
facility and/or company may not have the resources to hire the technical staff necessary to
identify orimplement efficiency measures. Small facilities may not meet minimum load size
requirementsto participate in wholesale demand response markets or may not have enough
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load reduction potential to attract CurtailmentService Providers (CSPs), who would otherwise
seekto aggregate their loads for participationin demand response markets.

Policies may be targeted for specificindustrial customersizes. Standardized or streamlined
procedures (e.g., interconnection) for CHP may only be available for certain size projects and
required equipment may not be commensurate with the size and potential impact of smaller
generators (e.g.,5 MW or less).*"*

Customer size also affects how utility energy efficiency programs are designed. For instance, if
industrial customers in a given state are dominated by large energy-intensive manufacturers
(e.g., chemical, paper, and iron and steel plants), utility energy efficiency programs may be
directed toward specialized technical services, custom projectincentives, and relatively large
capital-intensive processimprovements forthese industries. Smaller, less energy-intensive
customers may be more effectively served by simplerand more prescriptive energy efficiency
programs that focus on common end-uses such as motors, lighting, steam, and compressed air.
Regardless of how an energy efficiency programis structured, the utility customerthat is
consideringan energy efficiency expense will ultimately determine if the capital expense
requiredfor the project iseconomicallyjustified.

1.5 Stakeholder Participation and Study Organization

Nearly 50 stakeholderexpertsinthe industrial energy field collaborated with DOE during the
development of this study. Stakeholders represented awide spectrum of interestsand
provided valuable insights from diverse perspectives. Appendix A contains a list of these
stakeholders.

This study consists of the followingsections:

e Executive Summary

e Chapter 1—Introduction

e Chapter 2—Energy Consumption Trends

e Chapter 3—Barriers to Industrial End-Use Energy Efficiency
e Chapter 4—Barriers to Industrial Demand Response

e Chapter 5—Barriers to Industrial Combined Heat and Power
e Chapter 6—Economic Benefits of Energy Efficiency Grants

e Chapter 7—Energy Savings from Increased Recycling

e Appendices
o A - Collaboration Stakeholders
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B —Results of 50 Percent Cost Share Scenario

C — Detailsfor End-Use Energy Efficiency and Demand Response
D — Details for Combined Heat and Power

E — IMPLAN Background

F — Calculation of Electricity Energy Savings and CO, Reductions

o O O O O

Energy consumption trends for the United States, with a focus on industrial manufacturing, are
discussedin Chapter 2.

Barriers are discussedin Chapters 3, 4, and 5. Interspersed throughoutthe discussion of
barriers are examples of state, Federal, private, and international programs and policiesthat
have provensuccessfulin increasing energy efficiency inthe industrial sector.

Economic benefits are analyzedin Chapter 6. This analysis examinesimpacts that would result
from S5 billion of grant funding.

Recycling is examinedin Chapter 7. This analysisis focused on energy reductions that could be
achievedfrom increased recyclingin energy-intensive manufacturingindustries.

For the barriers discussedin Chapters 3, 4, and 5, it is important to note that there isoverlap
between some barriers as they can be applicable to multiple energy efficiency groups. For
example, internal competition forcapital is discussed as a barrier for both end-use energy
efficiencyand CHP. In thisstudy, most barriers are discussed under a single energy efficiency
group. The categorization of a particular barrier to a single energy efficiency groupis based on
factors that include where stakeholdergroup members frequently associated the barrier, and
how the barrierisfrequently discussed inreference material cited in this study.
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Endnotes

! DOE recognizes that barriers to deployment of industrial energy efficiency involve complex, often controversial,
issues. Theintent of this study is not to judge barriers. Rather, the objectiveis to identify and discuss barriers that
impede deployment of energy efficiency intheindustrial sectorand analyze policies that have effectively
addressed these barriers.

2 U.S. Census Bureau. Web link.
* National Association of Manufacturers, 2014. “Facts About Manufacturinginthe United States,” Web link.
* The President’s Climate Action Plan, 2013. Web link.

> Executive Order 13624, 2012. “Accelerating Investment in Industrial Energy Efficiency,” Web link. This Executive
Order identifies industrial energy efficiencyas a priority andsets a nationalgoal of 40 GW of new, cost-effective
CHP in the United States by 2020.

® Many reports discuss the benefits of energy efficiency. Seven reports that discuss benefits inthe industrial sector
include (1) McKinsey, 2009. “Unlocking Energy Efficiency inthe U.S. Economy.” (2) U.S. Environmental Protection
Agency (EPA), 2007. “Energy Trends in Sel ected ManufacturingSectors: Opportunities and Challenges for
Environmentally Preferable Energy Outcomes.” (3) U.S. Department of Energy (DOE), 2006. “Benefits of Demand
Responsein Electricity Markets and Recommendations for Achieving Them: AReport to the United States
Congress.” (4) Regulatory Assistance Project (RAP), 2013. “DemandResponse as a Power System Resource.”

(5) U.S.DepartmentofEnergy and U.S. Environmental Protection Agency, 2012. “Combined Heatand Power: A
Clean Energy Solution.” (6) American Councilfor an Energy-Efficient Economy, 2013. “How Electric Utilities Can
Find Valuein CHP.” (7) American Gas Association, 2013. “The Opportunity for CHP inthe United Sta tes.”

’ DOE defines strategic energy management as a long-term, continual improvement approach to efficiency that
includes goals, tracking, and reporting. Web link. The Consortium for Energy Efficiency defines strategicenergy
managementasa continuous improvement approachto reducing energy intensity over time, characterized by
demonstrated customer commitment, planning and implementation, and systemic measurement. Web link.

8 U.S. Departmentof Energy, January 2006. “Save Energy Now in Your Motor -Driven Systems,” Web link.

% U.S. Environmental Protection Agency, 2014. “ENERGY STAR Challenge for Industry,” Web link. This EPA program
requiresindustrial participants to commit to a goal of reducing energy intensity by 10 percent within5 years. EPA
defines “industrial” for this programto be NAICS codes 31-33and 21. This definition of “industrial” is broader than
thatused for the Act, which includes only NAICS code 31-33.

1%°U.S. Environmental Protection Agency, 2010. “ENERGY STAR Hel ps Auto Plants Improve Energy Efficiency,” Web
link.

! American Council foran Energy-Efficient Economy, 2011. “How Does Energy Efficiency Create Jobs ?” Web link.
2 Firstyearjobs assume the energy savings occurinfirst year (6% netjobs = 3 jobs from construction plus 3%jobs
supported through energy savings).

3 Regulatory Assistance Project, 2012. “U.S. Experience with Efficiency as a Transmission and Distribution System
Resource.”

' Federal Energy Regulatory Commission, October 2013. “Reports on Demand Res ponse & Advanced Metering,”
Web link.

1 DougHurley, Paul Peterson, and Melissa Whited, May 2013, “DemandResponse as a Power System Resource,”
Synapse Energy Economics and Regulatory Assistance Project, Web link .
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http://energy.gov/sites/prod/files/2014/02/f7/amo_ita_factsheet.pdf
file://DOE.LOCAL/DFSFR/home_fors3/Katrina.Pielli/Industrial/SEP/CEE%20Industrial_SEM_Initiative.pdf
http://www1.eere.energy.gov/manufacturing/tech_assistance/pdfs/39157.pdf
http://www.energystar.gov/buildings/facility-owners-and-managers/industrial-plants/earn-recognition/energy-star-challenge-industry
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http://www.raponline.org/document/download/id/6597

' National Action Planfor Energy Efficiency. 2010. “Coordination of Energy Efficiency and Demand Response,”
Web link.

7 U.S. Department of Energy, 2006. “Benefits of Demand Response in Electricity Markets and Recommendations
for Achieving Them,” Web link.

' Several reports discuss job creation. Four reports include the following: (1) The California Energy Commission
notes that one of the benefits of demand responseisjob creationinthetechnologyandserviceindustries. Web
link. (2) Whitehouse Council on Environmental Quality, 2013. “Leading the Effort to Cut Energy Waste,” Web link.
(3) Smart Grid Today, January2010. “DRSG Members Tell 200 House Members About Smart GridJobs,” Web link.
(4) Berkeley National Laboratory. March 2011. “Open Automated Demand Res ponse (OADR) Deployments Retain
and CreateJobs,” Web link.

Y bid.

2% Bottoming cycle CHP systems can have, insome cases, lower efficiencies than the CHP system efficiency noted of
65 to 80 percent.

2! Environmental Protection Agency, 2008. “Catalog of CHP Technologies,” Web link. The efficiency of a CHP
systemvaries based several factors, including the type of prime mover used. This reference provides efficiencies
for several types of CHP systems.

22 American Gas Association, 2013. “The Opportunity for CHP in the United States,” prepared by ICFInternational.
This reportshows an efficiency of 49 percentfor conventional generation (power plantand on-site boiler) due to
recentincreasesinpower plant efficiency and decreases in T&D losses.

2 U.S. Department of Energy and U.S. Environmental Protection Agency, 2012. “Combined Heat and Power: A
Clean Energy Solution,” Figure 1, page 7, Web link.

% U.S. Environmental Protection Agency, Combined Heat and Power Partnership, Efficiency Benefits, online data,
Web link.

> U.S. Department of Energy and U.S. Environmental Protection Agency, 2012. “Combined Heat and Power: A
Clean Energy Solution,” Web link.

%% |CF International, 2013. “Combined Heat and Power: Enabling Resilient Energy Infrastructure for Critical
Facilities,” prepared for Oak Ridge National Laboratory, Web link.

%7 U.S. Environmental Protection Agency, October 2008. “Combined Heat and Power Energy Savings and Energy
Reliability for Data Centers,” Web link.

%% U.S. Department of Energy and U.S. Environmental Protection Agency, 2012. “Combined Heat and Power: A
Clean Energy Solution,” Web link.

? |bid.
%% “\Waste Heat to Power Systems,” EPA CHP Partnership, May 2012.
31 Baer, P, etal., 2013. “TheJob Generation Impacts of Expanding Industrial Cogeneration,” Web link.

32 Executive Office of the President. Economic Benefits of Increasing El ectric Grid Resilience to Weather Outages.
2013. Web link.

3 U.S. Department of Energy, U.S. Department of Housing and Urban Development, and U.S. Environmental
ProtectionAgency, September 2013. “Guide to Using Combined Heatand Power for Enhancing Reliability and
ResiliencyinBuildings,” Web link.

**In most, but not all states, municipal utilities and public utility districts are not subject to any economic
regulationby the state utility regulator.
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http://www.epa.gov/chp/documents/catalog_chptech_full.pdf
http://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_clean_energy_solution.pdf
http://www.epa.gov/chp/basic/efficiency.html
http://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_clean_energy_solution.pdf
http://www.energy.gov/eere/amo/downloads/chp-clean-energy-solution-august-2012
http://www.epa.gov/chp/documents/datacenter_fs.pdf
http://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_clean_energy_solution.pdf
http://www.spp.gatech.edu/faculty/workingpapers/wp76.pdf
http://energy.gov/sites/prod/files/2013/08/f2/Grid%20Resiliency%20Report_FINAL.pdf
http://portal.hud.gov/hudportal/HUD?src=/program_offices/sustainable_housing_communities/chpguide

3> Regulatory Assistance Project, 2011. “El ectricity Regulationin the U.S.: A Guide,” Web link.

% |bid. Chartincluded on EIAWeb site and alsoin Regulatory Assistance Project (RAP), 2011, “El ectricity Regulation
intheU.S.: AGuide,” page 14, Figure4-3, Web linkandalsoWeb link.

37 Regulatory Assistance Project, 2011. “El ectricity Regulationin the U.S.: A Guide,” Web link.
3% 1SO/RTO Council, 2005. “The Value of Independent Regional Grid Operators,” Web link.

** National Action Planfor Energy Efficiency, “Aligning Utility Incentives with Investmentin Energy Efficiency,”
2007, Web link. The “throughputincentive” or lost marginrecoveryissueis the effect on utility financial margins
caused by the energy efficiency—produced dropin sales. Utilities incur both fixed andvariable costs. Fixed costs
include a return of (depreciation) and a return on (interest plus earnings) capital (a utility’s physical infrastructure),
as well as property taxes and certain operationand maintenance (O&M) costs. These costs do notvaryasa
functionofsalesintheshortrun. However, most utility rate designs attempt to recover a portionof these fixed
costs throughvolumetric prices—a price per kilowatt-hour or per therm. These prices are based on an estimate of
sales: price=revenuerequirement/sales. If actual sales are either higher orlowerthanthelevel estimated when
prices areset, revenues will be higher orlower. All el se being equal, if anenergy efficiency program reduces sales,
itreduces revenues proportionately, but fixed costs do not change. Less revenue, therefore, means that the utility
is atsomerisk fornotrecoveringall of its fixed costs. Ultimately, the drop inrevenue will impact the utility’s
earnings for aninvestor-owned utility or net operating marginfor publicly and cooperatively owned utilities.

“% State and Local Energy Efficiency (SEE) Action Network, 2013. “Guide to the Successful Implementation of State
Combined Heatand Power (CHP),” Web link.

N this study, “small” is defined to be <5 MW, “medium” to be 5-20 MW, and “large” to be >20 MW.

*2 State and Local Energy Efficiency (SEE) Action Network, 2013. “Guide to the Successful Implementation of State
Combined Heatand Power (CHP),” Web link.
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2. Energy Consumption Trends

This chapter presents energy consumptiontrends inthe United States with the intent of
providing contextfor the magnitude of benefits that might be captured by acceleratingthe
pace of improved industrial energy efficiency and identifying the sectors and applications with
the greatest energy efficiency opportunities.

2.1 All Sectors

2.1.1 Definitions of Energy Consumption

The Energy Information Administration (EIA) divides energy consumption into four major end -
use sectors: industrial, commercial, residential, and transportation. Further, it presents energy
consumption data in three forms:

e Primary energy. Primary energy is defined to be energy where it first occurs inan energy
balance, before conversion to other forms of energy. For example, coal is a form of
primary energy used to produce electricity. Electricity is not considered primary energy.
Natural gas isa form of primary energy that is used to produce electricity and also
consumed directly by end-users.

e Delivered energy. Delivered energy includes primary energy used directly by end-users
and electricity delivered to end-users. Delivered energy is the amount of energy
consumed at the point of use. In practical terms, delivered energyisthe amount of
energy purchased by an industrial site.

e End-useenergy. End-use energyisdelivered energy plus electricity systemlossesthat
occur during transmission and distribution. Electricity losses are allocated to each end-
use sector in proportionto the amount of electricity consumed by each sector.

Table 4 shows energy consumption values consistent with the preceding definitions. To
reiterate, delivered energyis the consumption of energy at the site level (point of use). Total
end-use energy represents the total consumption of energy for each sector, including electricity
losses that occur during transmission and distribution.

Table 4. 2012 Energy Consumption by Sector, TBtu
Sector Primary Energy | Electricity Retail | Delivered Electricity Total End-Use
(A) Sales to Sector Energy (C=A+B) | System Losses | Energy
(B) (D) (E=C+D)
Industrial 20,435 3,363 23,798 6,814 30,612
Residential 5,931 4,690 10,620 9,501 20,122
Commercial 3,770 4,528 8,298 9,174 17,472
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Sector Primary Energy | Electricity Retail | Delivered Electricity Total End-Use
(A) Sales to Sector Energy (C=A+B) | System Losses | Energy
(B) (D) (E=C+D)
Transportation 26,634 25 26,659 51 26,710
Total 56,770 12,606 69,376 25,540 94,916

Source: EIA MER, 2013

2.1.2 Total End-Use Energy Consumption

The industrial sector includes manufacturing (NAICS 31-33), agriculture (NAICS11), mining
(NAICS 21), and construction (NAICS 23) establishments. Interms of total end-use energy (as
defined above), the industrial sector is the largest consumingsector in the United States,
followed by transportation, residential, and commercial sectors, respectively. Figure 3 shows
total end-use energy consumptionin the United States over the past four decades. The figure
shows that while transportation, residential, and commercial sectors are all increasing, the
industrial sector trend is less defined. For the industrial sector, energy consumption peaked at
approximately 35 quadrillion Btu (quads) in the mid to late 1990s, and then declinedto
approximately 29 quads in 2009.' After 2009, energy consumption increased and has remained
between 30 and 31 quads. In 2012, the industrial sector accounted for 30.6 quads of energy
consumption, or 32 percent of all energy usedin the United States (see Figure 4).

Figure 3. Total End-Use Energy Consumption Trends by Sector (1970-2012)
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Figure 4. Total End-Use Energy Consumption by Sector (2012, Quads)
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Figure 5 shows a breakdown of energy sources for each end-use sector. The total consumption
in each of the four sectors is composed of primary energy (natural gas, petroleum, coal, and
renewables), delivered electricity (also referred to as electricity sales), and energy losses
associated with electricity consumption. The industrial sector includes a diverse set of
manufacturing processes, and this diversityis reflected in the range of primary energy sources
usedin the industrial sector. The transportation sector is dominated by petroleum
consumption, which is used to refine gasoline, diesel fuel, and other transportation fuels.
Natural gas consumed in the transportation sector is used primarily for gas pipeline
compressors. The residential and commercial sectors consume mostly natural gas and
electricity along with small amounts of petroleum and renewable energy.

As indicatedin Figure 5, the residential, commercial, and industrial sectors all have significant
electricity losses. These losses reflect energy that is lost during the conversion of primary
energy to electricity, and in the transmission and distribution of electricity. For perspective,
data from EIA show that the efficiency of delivered grid electricityin 2012 was 34 percent
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(includes conversion losses at generation plants and T&D losses).” Inthe EIA energy accounting
framework, electricity losses are allocated to end-use sectors based on electricity consumption
in these sectors.

Figure 5. End-Use Energy Consumption by Sector and Source (2012 Data)
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2.1.3 Delivered Energy Consumption

Anotherway of lookingat energy consumption is at the pointof use, or what is considered
delivered energy consumption. Figure 6 shows delivered energy consumption by sector in 2012.
The only difference between Figure 5 and Figure 6 is that Figure 6 does not include electricity
losses (electricity losses are the top segment of the bar chart in Figure 5). Figure 6 shows that
the transportation sector consumes the most energy (26.7 quads), most of which is petroleum.
The industrial sector has the second largestdelivered energy consumption (23.8 quads),
followed by the residential sector (10.6 quads) and the commercial sector (8.3 quads). As
indicatedin Figure 6, the industrial sector uses a diverse mix of energy, including natural gas,
petroleum, coal, renewables, and electricity.
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Figure 6. Delivered Energy Consumption by Sector and Source (2012 Data)
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Although most of the energy consumed in industry is for heat (e.g., for process heaters, boilers)
and power, a significant fraction of the energy consumedin the industrial sector is used for
non-fuel purposes (e.g., feedstocks). Observations concerningindustrial energy consumptionin
2012 include (see Figure 7):

e Almost 20 percent of natural gas is lease and plant gas—gas used inthe production and
processing of natural gas before it reaches consumers.

e Only20 percent of petroleumis purchased for use as fuel —feedstocks and byproducts
comprise the balance. Feedstocks consist primarily of liquid petroleum gas (LPG), and
naphtha derivatives, while byproducts are fuels (e.g., still gasand petroleum coke)
recovered from refinery processes.>

e Overone-third of coal isused for coke production (usedinsteel production).
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Figure 7. Delivered Energy Consumption Breakdown in the Industrial Sector (2012 Data)
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Figure 8 shows the regional distribution (by census region) of industrial energy consumption for
2011.*° The South region representsthe largest share of industrial energy consumption
(includingelectricity losses) at 15.6 quads, or 52 percent of the total industrial sector energy
consumption. The Midwest region has the second largest share of industrial energy demand at
7.4 quads (24 percent), followed by the West region at almost 5 quads (16 percent) and the
Northeast at 2.4 quads (8 percent). A breakdown of total industrial energy consumptionin
these four regionsis as follows:

e South—This region consumes 67 percent of total industrial renewable energy, 65
percent of total industrial petroleum, over half of total natural gas, 43 percent of total
electricity, and 29 percent of total coal.

e Midwest—Thisregion consumes nearly 50 percent of total coal, 30 percent of total
electricity, 22 percent of total natural gas, 16 percent of total petroleum, and 14 percent
of total renewable energy.
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e West—Thisregion consumes 20 percent of total natural gas, 18 percent of total
electricity, 13 percent of total petroleum, 11 percent of total renewable, and 7 percent
of total coal use.

e Northeast—This region consumes 13 percent of total coal, 10 percent of total
electricity, 9 percent of total renewable energy, 6 percent of total natural gas, and 6
percent of total petroleum use.

6

Figure 8. Energy Consumption Regional Breakdown in the Industrial Sector (2011 Data)
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2.2 Manufacturing Sector

The industrial energy consumptionvalues discussedin Section 3.1 include the manufacturing
sector (NAICS 31-33) plusthe agriculture (NAICS 11), mining (NAICS 21), and construction
(NAICS 23) sectors. The latter three sectors—NAICS 11, 21, and 23—account for a small amount
of energy compared to manufacturing industries (NAICS 31-33); mostly fuel for on- and off-
road vehicles. Based on the most recent Manufacturing Energy Consumption Survey (MECS),’
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the manufacturing sector (NAICS 31-33) accounted for about 74 percent (17.5 quads) of
industrial delivered energy consumptionin 2010 (23.6 quads of delivered energy consumedin
industrial sector in 2010). MECS is the only comprehensive survey on energy consumption by
manufacturers. The most recent MECS data is for 2010 as it is completed every 4 years.
Therefore, thissection refers onlyto 2010 energy consumption, and specifically todelivered
energy, not total end-use energy.

Table 5 shows energy consumption for all 21 manufacturing industry subsectors (i.e., three -
digit NAICS codes). The top six consuming subsectors are petroleum and coal products (324),
chemicals (325), paper (322), primary metals(331), food (311), and non-metallicmineral
products (327).8 These six subsectors accounted for about 16.7 quads of energy consumptionin
2010, whichis slightly under90 percent of all energy consumed in the manufacturing sectorin
2010 (see Figure 9).

Table 5. Delivered Energy Consumption by Manufacturing Subsector (2010 Data)
NAICS Energy Consumption
Code Subsector (quads)

325 Chemicals 6.38
324 Petroleumand Coal Products 3.39
322 Paper 2.14
331 Primary Metals 1.61
311 Food 1.16
327 Non-metallic Mineral Products 0.72
321 Wood Products 0.47
332 Fabricated Metal Products 0.30
336 Transportation Equipment 0.28
326 PlasticsandRubber Products 0.28
333 Machinery 0.15
334 Computer and Electronic Products 0.15
313 Textile Mills 0.10
335 Electrical Equip., Appliances, and Components 0.09
312 Beverage and Tobacco Products 0.09
323 Printing and Related Support 0.08
339 Miscellaneous 0.04
337 Furniture andRelated Products 0.04
314 Textile Product Mills 0.02
315 Apparel 0.01
316 Leather and Allied Products 0.00
Total for NAICS31-33 17.48

Source: MECS 2010; ICF Estimates
Note: Total may differ due to rounding.
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Figure 9. Energy Consumption by Manufacturing Subsector (2010 Data)’
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As shown in Table 6, the industrial sector, particularly the manufacturing sector, consumes a
variety of fuels. Natural gas and petroleum are the main fuels consumedin the manufacturing
sector, followed by electricity, other (whichincludes biomass, such as pulpingliquorand wood),
and coal, respectively. While natural gas is primarily used as a fuel for process heating, boilers,
and CHP, petroleumisused mainly as a feedstock to make chemical products. Electricityis used
mainly for machine drive and electrolytic processes. Other fuels are usually burned in boilers
and process heaters.




Table 6. Delivered Energy Consumption by Energy Source (2010 Data)

Energy Source Consumption (quads)

Electricity 2.44

Petroleum 5.47
Residual Oil 0.17
Distillate 0.14
LPG/NGL" 1.53
Petrochemical Feedstocks 1.22
Byproduct fuels 2.18
Other Petroleum 0.24

Natural Gas 5.72

Coal 1.57

Other 2.29
Biomass 1.45
Other Petroleum 0.84

Total 17.48

Source: MECS, 2010; ICF Estimates

Figure 10 and Figure 11 show energy consumption by census region and manufacturing
industry subgroup for 2010 based on the MECS data set. Like the regional results for total
industry, manufacturing energy consumption is dominated by the South region, which accounts
for 60 percent of total manufacturing energy consumption, or 10.5 quads. The Midwest region,
which has the second largest manufacturing energy consumption, accounts for 23 percent

(4 quads) of total manufacturing energy use, followed by the West region at 9 percent

(1.7 quads) and the Northeastat 7 percent (1.3 quads). Characteristics that distinguish these
regionsinclude:

e South —The chemical industry consumes almost half of total consumptionin the region,
followed by the refiningindustry, which consumes 19 percent, and the paperindustry,
which consumes 13 percent. These three industries account for 81 percent of total
manufacturing energy consumption in the region.

e Midwest—Thisregion ischaracterized by a large presence of primary metalsand
chemical industries that collectively represent 43 percent of the region’s energy
consumption.

e West—Thisregionis dominated by petroleumrefining, paper, and food industries.
These three industries combined account for over 60 percent of manufacturing energy
use inthe region.

e Northeast—In this region, paper and petroleumrefiningindustries are the largest
consumers among energy-intensive industries, each representing almost 20 percent of
total energy use.
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Figure 10. Energy Consumption by Region and Manufacturing Subsector (Quads, 2010)
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Figure 11. Energy Consumption by Region and Manufacturing Subsector (%, 2010)
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Energy consumption inthe manufacturing sector has beentrendingdownward inrecent years.
Between 2002 and 2010, energy consumptionin the manufacturing sector decreased from 20.9
to 17.5 quads, or about 17 percent (see Figure 12).'" A closer look at industrial production
trends for energy-intensive industriesis shownin Figure 13. This figure shows that production
increasedin each of the energy-intensive industries, except paper, from 2002 to 2007. From
2007 to 2009, productionlevelsdroppedfor all energy-intensiveindustries, with the largest
declines occurring in the non-metallicminerals, primary metals, and paperindustries asthe
entire United States experienced an economic recession. From 2010 to 2013, industrial
production has slowly rebounded and trended upward for all the energy-intensive industries,
except paper.

Figure 12. Manufacturing Energy Consumption by Fuel Type, 2002-2010
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Figure 13. Manufacturing Production by Subsector, 2002-2013
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Figure 14 showsenergy intensity trends from 2002 to 2010 for energy-intensive industries. The
figure shows that there were large reductionsin energyintensity in most industries from 2002
to 2006. The chemical and primary metalsindustries had the largestdrop inenergy intensity
from 2002 to 2006, at over 20 percent. A variety of factors could have driventhese reductions,
including changes inindustry mix (e.g., faster growth of lowerenergy-intensive industries),
investmentsin more energy-efficient technologies, and retirements of older plants and
equipment. From 2006 to 2010, energy intensitiesin most industries have remained largely
unchanged. Two exceptions are the paper industry (increase in energy intensity) and the non-
metallicmineralsindustry (decrease in energy intensity).
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Figure 14. Manufacturing Delivered Energy Intensity by Subsector, 2002-2010
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Source: Energy consumption from MECS, 2010 and ICF Estimates. Industrial Production from Federal Reserve Board,
Industrial Production Indices, 2014.

Energy use inindustry consists of energy for heat and power, and energy as raw material or
feedstocks. The use of feedstocksis for the manufacture of petrochemical products such as
ethylene, propylene,ammonia, and methanol. Feedstock consumptionin 2010 was 4.2 quads.
The bigger application of energy isfor heat and powerat 13.3 quads. Figure 15 shows energy
consumptionfor heatand powerin 2010 for the six manufacturing subsectors with the highest
energy consumption. Similarto the trends for total energy consumption (Figure 9), the largest
consuming subsectors are petroleum and coal products (NAICS 324), chemicals (NAICS 325),
paper (NAICS 322), primary metals (NAICS 331), food (NAICS311), and non-metallicminerals
(327). Collectively, these six subsectors accounted for approximately 85 percent of
consumption for heatand powerin the manufacturing sector in 2010.
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Figure 15. Energy Consumption for Heat and Power by Sector (2010 Data)
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2.3 End-Use Applications

Energy is usedin the manufacturing sector to meet diverse needs, such as driving motors;

producing steam; fueling furnaces, kilns, and ovens; refrigerating warehouses; as well as serving
basic plant needs, such as lighting, space heating, and space cooling. Table 7 and Figure 16
show a breakdown of energy consumption by end-use inthe manufacturing sector for 2010.%
The table shows that the largest application of energy in manufacturing is process heating,
followed by boilersand CHP, and feedstocks. These three applications account for 83 percent of

total energy use.




Table 7. Manufacturing Energy Consumption by Application (2010 data)

End-Use Energy Consumption (quads)
Electricity Fuels Total
Process Heating 0.30 5.09 5.40
Boiler and CHP 0.03 493 4.96
Feedstock 0.00 423 4.23
Machine Drive 1.21 0.16 1.36
FacilityHVAC 0.23 0.32 0.55
Other 0.12 0.29 0.41
Process Cooling 0.19 0.03 0.21
Electro-Chemical 0.19 0.00 0.19
FacilityLighting 0.17 0.00 0.17
Total 244 15.05 17.48

Source: MECS, 2010; ICF Estimates

Figure 16. Manufacturing Energy Consumption by Application (2010 Data)
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Figure 17 shows energy consumptionfor electricity and fuel (non-electric) by end-use
application. The figure shows that the uses of electricity vary greatly from fuels. Electricity use
is primarily for machine drives, accounting for almost half of total electricity usein
manufacturing. The rest are for electrolytic processes, space cooling, and lighting. Fuels have
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different usesin manufacturing, but primarily for steam generation (boilers and CHP), process
heating, and feedstocks.

Figure 17. Manufacturing Energy Consumption by End-Use Application (2010 Data)
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24 Growth Forecast

As indicatedin Section 2.1, the United States consumed approximately 95 quads of energyin
2012, withthe industrial sector accounting for the largest share —30.6 quads, or 32 percent of
the total. EIA forecasts that total energy consumption will grow to about 102 quads in 2025,
with nearly all of the growth coming from the industrial sector (see Figure 18).13 From 2012 to
2025, energy consumptionin the industrial sector is forecast to increase from 30.6 quads to
37.4 quads —a 20 percent increase. In 2025, energy consumptionin the industrial sector is
expectedto exceed 36% of total U.S. energy consumption. From 2012 to 2025, the average
annual growth rate for total energy consumptionin the industrial sectoris forecast to be 1.6
percent, compared to 0.2 percent in the residential sector, 0.5 percentin the commercial
sector, and negative 0.3 percent in the transportation sector.™
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Figure 18. Energy Consumption Forecast
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The forecast growth in the industrial sector isdriven, in part, by increased shale gas production
and lower natural gas prices.15 This optimisticpicture for domesticgas suppliesis expectedto
stimulate manufacturing output and energy consumption. Energy-intensive industries, such as
chemicalsand primary metals, are forecast to have the highestenergy consumption growth
rates, although energy consumption growth is expected across nearly all manufacturing
subsectors. As energy use grows inthe manufacturing sector over the nextdecade and beyond,
there will likely be capital investmentsin new plant construction and existing plantrenovations.
For example, in 2013, the American Chemistry Council reported that up to $100 billion may be
investedinthe U.S. chemical industry by 2025 to expand production capacity by nearly 90
million tons.*® This period of capital investmentsin manufacturing plants presentsan excellent
opportunity to investin energy efficiency improvements.
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' U.S. Energy Information Administration, 2013. “Monthly Energy Review,” December 2013, Table 2.1, Energy
Consumption by Sector, Web link .

% U.S. Energy Information Administration, 2012. “El ectricity Flow, 2012,” Online data, Web link.

* The EIAState Energy Data System defines LPG to include ethane (including ethylene), propane (including
propylene), normal butane (including butylene), butane-propane mixtures, ethane-propane mixtures, and
isobutane. In this case, LPGincludes natural gas liquids (NGLs ), which are ethane, propane, andbutane. NGLs in
the industrial sector are primarily used as feedstocks for olefin production.

* Data source: EIA, State Energy Data System. Latest available data for which state dataare complete is 2011.

> There are four Census Regions: Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island,
Vermont, New Jersey, New York, and Pennsylvania; Midwest: Illinois, Indiana, Michigan, Ohio, Wisconsin, lowa,
Kansas, Minnesota, Missouri, Nebraska, North Dakota, and South Dakota; South: Delaware, District of Columbia,
Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia, West Virginia, Alabama, Kentucky, Mississippi,
Tennessee, Arkansas, Louisiana, Oklahoma, and Texas; and West: Arizona, Colorado, Idaho, Montana, Nevada,
New Mexico, Utah, Wyoming, Alaska, California, Hawaii, Oregon, and Washington.

® U.S. Energy Information Administration, “State Energy Data System (SEDS), 2013.” The state informationdatais
reported for 2011, which isthe mostrecent year available from SEDS.

” Energy Information Administration, 2010. “Manufacturing Energy Consumption Survey (MECS),” Table 1.2, First
Use of Energy for All Purposes (fuel and nonfuel), Weblink.

 Nonmetallic mineral products include glass and cement.

° Ibid.

° The EIAMECS defines LPG and NGLas with EIASEDS (see previous footnote). LPG includes a group of
hydrocarbons suchas ethane, ethylene, propane, propylene, normal butane, butylene, ethane-propane mixtures,
propane-butane mixtures, andisobutane produced at refineries or natural gas processing plants, including plants

thatfractionate raw natural gas plantliquids. NGLs area group of hydrocarbons uchas ethane, propane, and
butane. As such, NGLis a subset of LPG.

1 U.S. Energy Information Administration, 2013. “Manufacturing Energy Consumption Data Show Large Reductions
in Both Manufacturing Energy Use andthe Energy Intensity of Manufacturing Activity Between 2002 and 2010,”
Web link.

2 Energy Information Administration, 2010. “Manufacturing Energy Consumption Survey (MECS),” Table 5.2, End-
Uses of Fuel Consumption, Web link.

3 Energy Information Administration, 2013. “Annual Energy Outlook (AEO) 2014 —Early Release,” Reference Case,
Web link, Table 2, Energy Consumption by SectorandSource.

" Annual growth rates calculated by ICF based on reference case energy consumptionvalues in EIAAEO 2014.

> Energy Information Administration, 2013. “Annual Energy Outlook (AEO) 2014—Early Release,” Reference Case,
Web link.

'® American Chemistry Council, 2013. Press release discussing a report from IHS, Web link.
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3. Barriers to Industrial End-Use Energy
Efficiency

3.1 Background

“Energy efficiency” isbroadly defined as using less energy to provide the same or improved
level of service or manufacturing output.’ In the industrial sector, energy efficiency can be
achieved across a diverse range of technologies and practices. For example:

e Motors. Retrofit existing motors (pumps, fans, compressors, motor-driven process
equipment) withvariable speed drives; replace aging motors with modern, more
efficient motors.

e Steam systems. Retrofit existing boilers with economizers;improve steamtrap
maintenance; upgrade, or add, insulation to distribution systems.

e Plant buildings. Upgrade lighting (lamps and controls); improve maintenance for
heating, ventilation, and air conditioning (HVAC) equipment.

e Process equipment. Enhance process monitoring through the use of sensorsand
controls for ovens, kilns, furnaces, and other energy-intensive equipment; improve
maintenance procedures or schedules for process equipment.

e Systematic energy management systems. Adopt management practices and systems
that optimize energy use across plantlocations; use enhanced data collectionto inform
management decisions that will help drive down energy use; share results at all
organizational levels to emphasize the importance of achieving energy savings goals.?

The magnitude of benefits fromimplementing energy efficiency inthe industrial sector varies
by specifictechnology or practice. In general, these benefits mayinclude:?
Benefits for U.S. businesses:

e Reducedenergy costs.

e Reducedemissions control costs.

e Enhanced competitiveness.

e Co-benefits, such as reduced material loss, improved product quality, and reduced

water consumption.

Benefits for the nation:

e Lower product costs for consumers.
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e Increasedjob growth.
e Lower electricity costs associated with reduced electric grid infrastructure expenses.

e Increased health benefits fromreduced criteria pollutantand greenhouse gas emissions.

The industrial sector has achieved significant progress in energy efficiency. One measure of this
progress is energyintensity, whichis the ratio of energy consumed to manufacturing output. As
indicated in Figure 19, the energyintensityinthe manufacturing sector declined by
approximately 40 percent from 1991 to 2006 (based on the ratio of energy consumed to
industrial production). Energy intensity remained unchanged from 2006 through 2010—a
period marked by economic recessioninthe United States.

Figure 19. Manufacturing Sector Energy Intensity
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The structure of the utility industry and state policies has influenced advancementsinindustrial
energy efficiency. Inthe mid to late 1990s, the utility sector was restructured in several states,
and one consequence was that utilitiesin some restructured states reduced fundingfor end -
use energy efficiency programs.® State and regional organizations filled part of the energy
efficiency fundinggap, but overall, investmentsin energy efficiency remainedrelatively low
followingrestructuring.” In the past 5 to 10 years, utilities have shown a renewed interestin
energy efficiency, in part due to state policies that have been established requiringenergy
savingsthrough energy efficiency resource standards® .> An energy efficiency resource standard
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(EERS) sets energy savings targets, usually as a percentage of retail electricsales that increase
over time.'® As utilities strive to meet aggressive EERS targets, they are beginningtofocus on
achieving additional energy savings from end-use efficiency in the industrial sector.** In
addition, Federal standards continue to raise minimum efficiency levels for many common
measures, such as lightingand HVAC equipment used inresidential and commercial sectors, as
well as electricmotors, pumps and fans used in the industrial sector.™® While higher standards
improve overall energy efficiency, these higherstandards tend to reduce the remaining
potential for new energy savings from energy efficiency programs in the residential and
commercial sectors.® For these reasons, and the reasons listed in the following bullets, utilities
are increasingly turningto the industrial sectorto help meet significant efficiency goals:**

¢ Industrial energy efficiency programs are often more cost-effective comparedto
residential and commercial energy efficiency programs.*® Industrial energy efficiency
measures can be halfthe cost (measuredindollars per unitof energy saved) compared
to energy efficiency measuresimplementedin homes or buildings.'® In most electricity
markets, delivery of reliable energy efficiency resources to meet electrical energy
consumption costs between 15 and 50 percentof the cost of power from new central
station generation.’ The cost of energy saved through ratepayer energy efficiency
programs ranges from $0.021" to $0.025 per kWh, compared to conventional energy
supply side options typically costing $0.07 to 0.15 per kWh.*®

e Resurgencein the U.S. industrial sector, including re-shoring,*® has brought new
awareness to the potential for energy efficiency to help the competitive position of
returning and/or expanding manufacturing plants.

The opportunity for energy efficiency cuts across manufacturers that produce relatively high
energy-intensive products, as well as manufacturers that produce lowerenergy-intensive
products. For relatively high energy-intensive products, energy costs are a significant
percentage of total costs, and lowering energy costs through increased end-use efficiency can
have a substantial impact on reducingthe cost of manufactured products. For example, inthe
steel industry, energy accounts for about 15 percent of product cost, and in the glass industry
energy accounts for 8 to 12 percent of product cost.?* The industrial gasesindustry supplies
oxygen to both of these industries and energy can account for up to 80 percent of its product
cost, so those impacts can ripple throughout the supply chain. For lowerenergy-intensive
products, such as computer assembly, furniture manufacturing, and transportation equipment
manufacturing, the opportunity to save energy may be smaller, but the savings are still
important. For both energy-intensiveand less energy-intensive manufacturers, improvements
in energy efficiency can help improve competitiveness andincrease corporate profit margins.
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While the industrial sector has shown progress in energy efficiency, recent studies suggest that
evengreater levels of energy efficiency can be achieved. For perspective, EIA forecasts that
energy consumption in the industrial sector will grow from 30.6 quads in 2012 to over 37 quads
by 2025.%2 Three recent studies suggest that accelerated adoption of energy efficiency
technologies and practices inthe industrial sector could reduce energy consumption by 15 to

32 percentcompared to 2025 forecast values:

e American Council for an Energy-Efficient
Economy: 15 to 24 percent energy savings.
A 2012 study, ACEEE looked at historical
energyintensity trendsin the industrial
sector and compared these trends to an
EIA reference case (AEO 2011).** The EIA
reference showed an approximate
1 percent per year declineinenergy
intensity inthe industrial sector from 2010
to 2050. ACEEE noted that leadingfirms
such as 3M, Alcoa, Dow, and United
Technologies Corporation have achieved
sustained reductions significantly beyond
this level for many years (see sidebaron
Alcoa).” ACEEE calculated energy savings
that would be derived from energy
intensity levelsthatdecline at 2 percent
and 2.75 percent per year. These

Alcoa’s Participation in DOE’s Better Plants
Challenge and Energy Intensity Targets

Alcoa is a participantin DOE’s Better Plants
Challenge. With DOE, Alcoa set a goal in 2010 to
reduce energyintensity by 25 percent by 2020
across 28 plants and 30 million square feet. In
partnership with the Better Plants Challenge,
Alcoa has achieved a 15 percent energy
intensity improvement from its baseline 2005
levels. Alcoa is sharing with DOE and the public
the strategiesit has put in place to improve
energy efficiency, including an initiative to link
performance-based compensation to energy
savings for executives and other company
employees.

Source: U.S. Department of Energy, Better
Buildinas Challenae. Web link.

calculations showed that energy consumption inthe industrial sector could be reduced 15
to 24 percent by 2025, and 36 to 51 percent by 2050. 26

e McKinsey: 25 percent energy savings. In a 2009 study, McKinsey estimated that the

industrial sector could reduce its overall energy consumption by 18 percent in 2020%’

compared to a business as usual (BAU) scenario developed by EIA for the Annual Energy
Outlook.?® Extrapolated to 2025, this energy savings reductionis 25 percent compared to
BAU. Inthe McKinsey study, all energy savingsare derived from end-use energy efficiency
measures that have a positive net presentvalue (NPV), but are not realized inthe baseline.

e National Research Council: 21 to 32 percent energy savings. In a 2009 report, the National
Research Council estimated industrial energy savings to be 14 to 22 percent®® in 2020
compared to a BAU scenario developed by EIA for the Annual Energy Outlook. *
Extrapolatedto 2025, these energy savingsincrease to 21 to 32 percent. In the National
Research Council report, the savings are based on cost-effective technologies, which are
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generally defined to be technologies that provide an internal rate of return (IRR) of
10 percentor higher.*!

3.2 Barriers

Manufacturers in the industrial sector have shown progress in using energy more efficiently.
However, barriers impede greater adoption of energy efficiencyinthe industrial sector. Barriers
are discussedin three categories: (1) economicand financial, (2) regulatory, and

(3) informational.

3.2.1 Economic and Financial Barriers

Significanteconomicand financial barriers to industrial end-use energy efficiency include:

e Internal competition for capital. Manufacturers often have limited capital available for
end-use efficiency projectsand frequently require very short payback periods (one to
three years).

e Corporate tax structures. U.S. tax policies, such as depreciation periods, the treatment
of energy bills, and other provisions can be a deterrent.

e Programplanning cycles. There can be a mismatch betweenindustrial planningcycles
and utility and state energy efficiency program cycles, which can hinderindustrial sites
from moving forward with an energy efficiency project.

e Split incentives. Companies often split costs and benefits for energy efficiency projects
between business units, which complicates decision-making.

e Failure to recognize non-energy benefits of efficiency. Not considering non-energy or co-
benefits of an end-use energy efficiency project weakens the business case.

e Energy price trends. Volatile energy prices can create uncertaintyin investmentreturns,
leadingto delayed decisions on energy efficiency projects.

Internal Competition for Capital

Manufacturers have limited capital for investmentsin new equipment, process upgrades, and
plantimprovements, and energy efficiency projects need to compete for this capital.*? In a 2010
survey, respondents from a number of industry sectors (e.g., health care, manufacturing,
finance, consulting, retail, and government) in the United States and Canada cited capital
availability as their top barrier to investingin energy efficiency.®? This surveyindicated that
decision-makersinthe industrial sector typically expect capital investments to have short
payback periods of 1 to 3 years.>* In interviews, 44 percent of energy managers indicated that
they need a payback of lessthan 3 years for energy efficiency projects, and other evidence
suggests that under difficult economicconditions companies may look for a payback period of
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18 months or less.> Short payback periods were also identifiedina 2013 report by the Alliance

to Save Energy.?® In this report, payback and return on investment expectations were evaluated

for three differenttypes of investors. If the capital was being provided by an internal capital

equipment budget, the payback period was in the range of 1-3 years (see Table 8) as opposed

to longer payback periods for other types of investors (up to 30 years for funding from

governmentsources).

Even whenend-use energy
efficiency projects do meet
corporate investment
thresholds, manufacturers may
still not go ahead with such
projects if they do not have a
direct connection with the
company’s core business. For
example, the ability to increase
production is often viewed
more favorably than beingable
to produce a product/good
with lessenergy, evenifthe
economicimpacts are equal for
both alternatives.

Some companies have taken
proactive stepsto encourage
evaluation of energy efficiency
projects. One exampleis
Walmart (see sidebar), which
works with suppliersto identify
attractive projects. Another
example is Cummins (see
sidebarbelow), which has an
internal capital fund devotedto
energy efficiency
improvements.

Anotherbarrier associated with
capital constraints is that
financingan energy efficiency
project can alsoimpact a
manufacturer’s credit rating

Walmart Supplier Energy Efficiency Program (SEEP)

Walmart established the SEEP programto help encourage end-use
efficiency investments in their supply chain. The SEEP program is
structured as follows:

1. Walmart has an ongoing dialogue with manufacturers to
discuss energy efficiency improvements. Upgrades are
generally focused on building technologies (e.g., lighting,
HVAC, water heating, and energy management systems or
controls).

2. |If aparticular manufacturer shows interestin an energy
efficiency upgrade, Walmart and the manufacturer will discuss
the expected financial performance for the upgrade (e.g.,
payback or IRR).

3. If the outcome of Step 2 is positive, an energy audit will be
performed. Walmart pays for the energy audit if the
manufacturer invests in energy efficiency equipment based on
the results of the audit. If the supplier takes no action, the
supplier pays for the audit.

4. If the manufacturer decides to make an investment in energy
efficiency, Walmart helps the manufacturer obtain
competitive bids for the projects.

An example of a successful SEEP project is at VonDrehle
Corporation, a U.S. paper manufacturer locatedin Hickory, NC.
Walmart paid for an energy audit at a VonDrehle site. Following
the audit, Walmart helped VonDrehle obtain bids for lighting
upgrades that were subsequently implemented on 50 percent of
the lights at the VonDrehle facility. VonDrehle paid for the lighting
upgrades, which save an estimated $37,000 a year, resulting in a
payback of less than 4 years.

Source: Institute for Industrial Productivity. Web link.
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because the carrying cost of the projectisincluded on the company’s balance sheet. With this
barrier in mind, some utilities have started offeringalternative financing structures:

e In Wisconsin, Alliant Energy’s Shared Savings Program operatesas a type of on-bill
financing program to encourage customers to take on major energy efficiency
investments such as CHP that they may not have pursued due to capital constraints.
Alliantnow earns a rate of return on its Shared Savings portfolio equivalenttowhat it
receives from itsinvestmentsin more traditional assets.>’

e Minnesota Power providesindustrial users in northeastern Minnesota with on-bill
financing for energy efficiency projects.®

Table 8. Investment Expectations
Return-on-Investment
Class of Investor Payback (years) (annual %)
Government Agency 7-30 3-10
Outside Investor 3-7 10-25
Internal Capital Equipment Budget 1-3 25-100

Source: Adapted from ASE, 2013

Cummins’ Internal Capital Fund to Support Energy Efficiency

Cummins, Inc., designs, manufactures, distributes, and services engines and related technologies,
including fuel systems, emissions solutions, and power-generation systems. The company is a partner
in DOE’s Better Buildings Better Plants program, and committed to reducing energy intensity by

25 percentin 2016 compared to 2005. Cummins has already reduced the energy intensity of its
facilities by almost 34 percent from 2005 to 2012 by targeting high-return opportunities. The
company has an internal capital fund devoted to these high-return efficiency projects and has
allocated $20.7 million in capital over 2013-2015 to install submeters, expand control systems, and
upgrade or replace inefficient equipment. Additionally, Cummins was recognized by EPA with a
Climate Leadership Awardin 2012 due in part to this internal capital fund that helped create
dedicated, annual funding for energy efficiency improvements.

Source: Cummins. Web link.

Corporate Tax Structure

The U.S. Internal Revenue Service (IRS) tax structure may discourage investmentsinend-use
efficiency. Most business expenses, including energy costs, qualify as a tax deduction. Most
types of property, including machinery and equipmentinvestments, can be depreciated over
time. The depreciation periods allowed by the IRS vary depending on several factors, including
the type of asset and the expected life of the asset. In the IRS tax code, depreciation periods
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can be long, often exceedingthe asset
life.?* Long depreciation periods can serve
as a disincentive toreplace existing
equipment—which may be old and
inefficient—until the existingequipmentis
fully depreciated.*® Additionally, energy
bills are treated as a business expense and
can be subtracted from taxable income.
This tax provision subsidizes energy costs,
which reduces the incentive forbusinesses
to reduce energy costs.** An example of a
successful accelerated depreciation
program is the Netherlands VAMIL program
(see sidebar).*?

Program Planning Cycles

There can be a mismatch between planning
cycles usedin the industrial sectorand
energy efficiency programs offered by
utilities.” Decision-makers at industrial
plants often have a planning horizon of 4-7
years for major plant upgrades,** although

Netherlands Energy Efficiency Tax Incentives

When corporations buy capital assets, the value of
the assets is depreciated over time. If depreciation
is accelerated, there are corporate tax advantages.
To help stimulate capital expenditures on energy
efficiency, the Netherlands adopted the Random
Depreciation of Environmental Investments
Measure (VAMIL)in 1991, which offers accelerated
depreciation for certain energy efficient assets.
VAMIL allows for up to 75 percent depreciation of
investment costs during the first year, compared to
20 percent over a minimum of 5 years for other
capital expenditures in the Netherlands. Maximum
investment costs are 25 million euros per asset
(equivalent of to $32 million U.S. dollars). VAMIL
saves companies an estimated 3—8 percent of the
total investment costs for energy efficient
equipment. In 2012, VAMIL provided 33 million
euros worth of tax exemptions.

Source: Institute for Industrial Productivity. Web
link.

the timingvaries considerably between companies and manufacturing sectors.® Utility energy

efficiency programsare typically announced for 1- to 3-year periods,46and the type of energy

efficiencyincentives may change between program cycles. The relatively short timeframe and

long-term uncertainty in utility energy efficiency programs can make it difficultforindustrial

customers to incorporate the value of utility energy efficiencyincentivesinlong-termplans. If

energy efficiency projects are not captured in long-term manufacturing plant upgrade plans,

these energy efficiency projects may be overlooked.

Split Incentives

Companies often splitresponsibility for plant operations, energy bills, and investment decisions

across different organizational /business units. In some corporate structures, energy managers

are not asked to review energy bills nor do they receive recognition forreducing energy costs

(thisis not the case for J.R. Simplot—see sidebar).*’ A procurement manager may be motivated

to minimize first costs*® and minimizing operational costs through reduced energy consumption

may not be a priority.” These “split-incentive” barriers can inhibit energy efficiency projects.
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Failure to Recognize Non-energy Benefits

Anotherbarrier to the increased adoption of
industrial end-use efficiencyisthat co-
benefits, such as reduced maintenance and
reduced material use, are often not included
when a project isunder consideration. Valuing
non-energy benefits, such as the societal
benefits of industrial energy efficiency,
reduced water use, and reduced emissions,
can be important.50 For example, energy
efficiency can help enhance grid reliability
because there is lessdemand on the grid;
energy efficiency contributes to improved air
quality because of reduced emissions
associated with lowerelectricity generation.
While somewhatless tangible, studies have
shown that energy efficiency projects can
improve employee satisfaction and help
companiesimprove their corporate image.51
Valuingthe full range of benefitsforan
industrial energy efficiency projectcan
improve the implementationrate.

Valuing non-energy benefits, such as the
societal benefits of industrial energy
efficiency, can be important.>* As described
above, at a national level, energy efficiency
can resultin lowerproduct costs for
customers, increased job growth, lower
electricity costs associated with reduced grid
infrastructure expenses, and increased health

J.R. Simplot
Executives Promote Energy Efficiency
and Recognize Accomplishments

The J.R. Simplot Company is one of the largest
privately held food and agribusiness companies
in the country. Cognizant of the “split-incentive”
problem, the company now trains employees in
best practicesand has adopted an Energy
Champions program. The Energy Champion has
responsibilities for energy efficiency and works
with an on-site energy efficiency team.

To further promote energy savings and
cooperation in reducing energy consumption,
the CEO hands out annual awards for energy
efficiency:

e EnergyEfficiency Plant of the Year
e Energy Champion of the Year

e EnergyEmployee of the Year

In 2009, J.R. Simplot joined the Better Plants
Challenge, and since then more than 10 of J.R.
Simplot’s plants have reduced energy intensity
more than 5 percent, and 4 plants have reduced
energy intensity by 25 percent. A corporate
energy manager noted that by simply applying
behavioral changes, one plant wasable to
realize a 3 percent reduction in energy
consumption in 1 year with no capital
expenditures.

Source: Sturtevant, D. Web link.

benefitsfromreduced exposure to criteria pollutantand greenhouse gas emissions. Studies

from ACEEE and RAP have found that non-energy benefits fromindustrial energy efficiency

projects can be as high as or even higher than the energy cost saving benefits resulting from the
project.53 A recentState and Local Energy Efficiency Action Network (SEE Action) study found
that due to the complications associated with quantifying non-energy benefits, it may be most

practical for administratorsto focus on only the key non-energy benefits mostamenable to

guantification. This study points out that some state programs incorporate a relatively large
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range of non-energy benefits such as the New York State Energy Research and Development
Authority (NYSERDA), Massachusetts, and Bonneville Power Authority.>* These states can serve
as useful modelsfor other states trying to determine appropriate quantification methods for
non-energy benefits.

To furtherillustrate the value of quantifying non-energy benefits, the inclusion of co-benefitsin
the analysis of an energy efficiency measure, such as improved product quality and reduced
water consumption, can increase the internal rate of return for a project, decrease the payback
period, thereby making investments more likely. Forthe Energy Trust of Oregon, water savings
are a common non-energy benefitthatis quantified and is considered straightforward as
compared to other non-energy benefits such as improving safety and employee morale.> State
organizations have also piloted explicit consideration of co-benefits as part of the energy
efficiency cost calculation. A study sponsored by ACEEE in 2012 summarizes state policies that
incorporate the assessment of non-energy benefits.®

Non-energy benefits such as loweremissions can be recognized through state policies, such as
Energy Efficiency Resource Standards and emissions reduction programs. Twenty-five states
already have policiesin place that establish energy savings goals.>’ Some emission reduction
programs—including the Regional Greenhouse Gas Initiative and California’s cap-and-trade
program—already recognize the emissions benefits of energy efficiency across ten states.>®
Successful examples of recognizing the non-energy benefitsinclude:

e Regional Greenhouse Gas Initiative (RGGI) Energy Efficiency Funding—Because of
energy efficiency programs funded by CO, allowance revenue, electricity consumers
located in northeastern states participatingin the Regional Greenhouse Gas Initiative
(ME, NH, VT, MA, NY, CT, RI, MD, DE) saved over $1 billioninenergy costs. In addition,
the RGGI program in combination with market responses and state clean energy policies
have helped RGGI states reduce CO, emissions 40 percent since 2005.%° Overa three-
year study period, the average industrial customer saved over $2,500 each.®
Manufacturers who have participatedin energy efficiency programming funded by the
allowance revenue have also experienced  significant additional cost savings (RGGI,
2012).

e Energy Efficiency Resource Standards—An EERS can be a significantdriverof increased
energy efficiency. As of July 2013, twenty-five states have policiesin place that establish
energy savings targets. Massachusetts and Vermont have the highest EERS targets at
2.5 percent savings annually.®

e China 1,000 Enterprises Program—this program launchedin 2006 seeksto reduce the
energy consumption of the one thousand largest industrial enterprisesin China. The
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program set a goal of reducing energy consumption by 100 million tons of coal
equivalent by the end of 2010 and set energy consumption targets for each enterprise.
Achievement of the energy saving targets is part of the provincial government
evaluation systemin which the responsible government officials are evaluated annually
on whetherthe energy consumption targets are met. Regions and enterprisesthat do
not meet the targets are not granted rewards or honorary titles. In addition, officials are
not promoted without meeting the energy conservation goals.®” China’s National
Developmentand Reform Commission (NDRC) announced that the program had
exceededthatgoal 2 years early—bythe end of 2008, the program had saved 106
million tons coal equivalent, resultingin avoiding 265 million metrictons of CO,
emissions.®

India Perform Achieve Trade (PAT) Program —This is a trading scheme aimed to reduce
energy consumption inindustries across Indiausing market oriented mechanisms. The
program covers the following sectors: thermal power plants, cement, iron and steel,
aluminum, fertilizers, pulp and paper, chlor-alkali, and textiles. Experts estimate that if
PAT is successful, italone could help India meet half of its emissionsintensity targets
announced at Copenhagen, i.e., a reduction of 20-25 percent reduction by 2020, based
on a 2005 baseline.®*

AustraliaIndustry reporting program—The Energy Efficiency Opportunities (EEO)
Program was an Australian Governmentinitiative encouraginglarge energy-using
businessestoincrease their energy efficiency by improvingthe identification,
evaluation, and implementation of cost-effective energy saving opportunities. The
program was mandatory for organizations that use over 0.5 petajoules (PJ) of energy
annually and may be undertaken voluntarily by medium energy users.®

South Korea Emissions Trading Scheme (ETS) —South Korea announced in 2012 that it
will cap approximately 70 percent of the country’s GHG emissions. The cap aims to cut
emissions by 236 MtCO,e, or 29%, by 2020 via emissions reductions from the industrial
sector (83 MtCO,e). The trading scheme is setto beginin 2015, and will cover facilities
producing more than 25,000 tons of greenhouse gas emissions —expected to be around
450 of the country's largest emitters.®®In addition, under their green growth strategy,
the country has allocated KRW $2.5 trillion towards industrial energy efficiency
measures.®’
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Energy Price Trends

Volatile energy prices can create uncertainty and dampen interestin an energy efficiency

project. As indicated in Figure 20, natural gas prices increased significantly from 2000 through

2008. Since 2009, natural gas prices have generally been declining, with the exception of some
volatility due to extreme weather conditions and transmission capacity (e.g., natural gas price

spikes that occurred in the winter of 2014).°® The expectation fornatural prices to remain at

low levelsinthe midterm (EIA projects Henry Hub spot prices to remain annually below

$5/MMBtu through 2022)% could reduce motivation for industrial plants to implementenergy

efficiency projects, particularly industrial plants with short-term planning horizons. To the

extentthat forecast prices for natural gas remain low, industrial customers may perceive the
economic value of investments in efficiency to be relatively low. "

Figure 20.

Natural Gas and Electricity Price Changes in the Industrial Sector
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3.2.2 Regulatory Barriers

There issignificant activity at the state and Federal level to reduce regulatory barriersto energy
efficiency. These efforts are leading to positive changes, but barriers still exist, including:

e Utility business model. The structure of utility cost recovery and lost revenue
mechanisms can reduce a utility’sinterestin promoting industrial energy efficiency
projects.

e Industrial participation in ratepayer-funded energy efficiency programs. Opt-out
programs or loosely defined self-direct programs allow industrial customers to not
participate in traditional energy efficiency programs.

e Failure to recognize all energy and non-energy benefits of efficiency. There can be
unrecognized energy benefitsand non-energy societal benefits associated with
improvingenergy efficiency. If these benefits are omitted from the cost-effectiveness
calculations for industrial energy efficiency programs, there can be under-procurement
of industrial energy efficiency resources.

e Energy resource planning. Not requiring cost-effective energy efficiency to be
considered as part of the integrated resource planning (IRP) process can slow the
evolution or expansion of industrial energy efficiency programs.

e Environmental permitting. Uncertainty, complexity, and costs associated with permitting
processessuch as New Source Review (NSR) can deterfacilities from moving forward
with energy efficiency projects.

Utility Business Model

The traditional business model for regulated utilities can limitinvestmentsin end-use
efficiency. Intraditionally regulated electricity markets, utilities recoverfixed program costs and
earn revenue by sellingenergy, with the cost of building new power plantsand transmission
and distribution infrastructure recovered through energy sales.”* Another key way that utilities
earn revenue isfrom asset investments—forexample, if regulators set the rate of return higher
than the utilities’ cost of capital, then utilities have a much greater incentive to invest innew
capacity.72 To elaborate, if a utility can raise capital at a cost of 9 percent, but can earn 11
percent returns on all invested capital, then it will deliver gains toits investors by adding
capacity.”? In this business model, traditionally regulated utilities may be discouraged from
offering programs to help customers significantly reduce energy consumption and the needfor

. 74,75,7
new capacity.’*”>"®
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Electric rates are typically approved by the state utility regulatory agencies. These agencies seek
to achieve “just and reasonable” rates for customers and “just and reasonable” returns for
investors. Utilities face three primary financial concerns relative to customer energy efficiency
programs: (1) recovery of program costs; (2) removal of the “through-put” incentive (profits
linked to increased energy sales); and (3) providingearnings opportunities for shareholders
comparable to alternative utility investments.”” To address utility financial concerns, utility
models that align customer and utility incentives have progressed in some states. ’® For
example, state utility regulatory agencies may allow for energy efficiency program costs to be
treated as “expenses”in utility rate cases, inother words, utilities can recover these expenses
in the same manners as other costs such as employee salaries and administrative expenses.79 In
these cases, regulatory agencies balance the benefits of energy efficiency, and cost recovery
and lost revenue needs of utilities.

Some state utility regulatory agencies have reviewed and modified the regulatory framework to
address these concerns.?® The state utility regulators working with utilities can adjust the
“through-put” incentive to ensure utilities and customers are aligned to support greater
investmentin energy efficiency. Modification of these regulations may encourage utilities to
promote and expand energy efficiency programs, while still allowing them to earn a fair rate of
return on investments.

Industrial Participation in Ratepayer-Funded Energy Efficiency Programs

The costs of running energy efficiency programs are often recovered by a fee (alsoknown as a
rider) on ratepayer (customer) bills or by an amount embeddedinthe rate structure. Some
state utility regulatory agenciesallow large energy customers to opt-out of paying thisrider or
paying into a publicbenefits fund (PBF), a systems benefit charge (SBC), or other state fund that
is used to offerratepayer-funded energy efficiency programs.81 States that offer opt-outs from
energy efficiency programs often do so based on legislative mandates or because they believe
the suite of utility-run energy efficiency programs, covering such items as lightingand HVAC,
are not as helpful tothe large industrial customers based on the investments they would need
to make to be more energy efficient. In some cases, opt-out programs do provide opportunities
for customers to optimize energy efficiency—it allows large customers to tailor energy
efficiencyinvestmentstotheir specificneed. However, opt-out provisions can also lead to
fragmented industrial energy efficiency programs across a state or utility territory. Allowing
industrial facilities to opt-out of energy efficiency programs can also burden smallercustomers
by placing a disproportionate share of costs on them, while still providing benefitstonon-
participating customers.®
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Self-direct programs allow large industrial customers, and in some cases large commercial

customers, to direct how funds are spent for energy efficiency improvements at theirfacility,

instead of contributing funds into a larger energy efficiency program intended to benefit

multiple energy users.?*

There are many variations in how self-direct programs are designed,

includingdesignsintendedtoimprove the efficient use of both natural gas and electricity (see

sidebaron Utah’s proposed self-direct program).® In some cases, self-direct programs are

perceived as unfairly allowing large customers out of theirobligation to support regional energy

efficiency goals or energy resource planning.®® Opt-out programs—and in some cases self-direct

programs (if there are no stringentverification or enforcement provisions) —can hinder

improvementsinindustrial end-use efficiency.

To encourage greater participation in
energy efficiency programs, experts have
found that states can facilitate
collaborations between utilities and their
industrial customers to ensure the
programs offeredto the industrial
customers are beneficial. States can also
considerremoving industrial opt-out
provisions where they exist. For self-direct
programs, states can craft programs that
ensure measurementand verification
requirements that resultin verified energy
savingsand help achieve state energy
efficiency policy goals. States can assess
theirpoliciesto ensure they are structured
to maximize cost-effective energy
efficiency and that the customers receive

benefits fromthe programs.?”®

Natural gas
utilities recoverenergy efficiency program
costs similarly to electricutilities, including
through an adder to delivery charges.
Approximately 40 percent of U.S. industrial
customers have separate purchasing
agreements with wholesale gas suppliers
or third-party marketers for natural gas,
and these agreements account for about

88 percent of the natural gas volume

Utah Proposes to Combine Electric Public Benefits
Fund with Voluntary Natural Gas Program

An innovative approach for funding natural gas
savings programsis being proposed by the Utah
Association of Energy Users. Self-direct programs
typically allow large customers that would
otherwise be required to contribute to an energy
efficiency fund to use this money directly for energy
efficiency improvements. In this proposed self-
direct case, the Utah Association is suggesting that
gas utilities ask large industrial customers to
voluntarily pay between 1 and 3 percent of their gas
expenses into a demand side management fund.
Another distinctive feature is that the funds could
then be combined with contributions they already
make to electric public benefit funds (PBFs).
Oftentimes, natural gasand electric PBFs are kept
separate. Participating manufacturersin this
program would then be allowed to self-direct funds
to cover either electric or gas energy efficiency
opportunities. This approach would allow
implementation of larger and more effective
programs with the flexibility to deliver both
electricity and gas savings.

Source: State and Local Energy Efficiency Action
Network. Web link.
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delivered by U.S. utilities toindustrial customers. Industrial customers that acquire natural gas
from a source other than the local gas utility do not typically pay energy efficiency surcharges
and are not served by ratepayer-funded energy efficiency programs. The industrial sectoris the
second largest end-use consumer of natural gas—26 percent of total U.S. end-use gas
consumption.®® Although some end-use customersimplement energy savings programs on
theirown, most customer participation isthrough gas utility—administered programs, and not
having industrial customers participate in energy efficiency programs represents a significant
missed opportunityin gas-saving programs.go'91

To address lost savings, states can considerhow to enable greater industrial participationin
natural gas and electricutility energy efficiency programs. The State and Local Energy Efficiency
Action Network found that state regulators can direct large industrial customers to contribute
to revolving energy efficiency funds, usually inthe range of 1 to 3 percent of their energy
expenditures.’? These program funds can be combined with other ratepayer-funded programs
to assist with customer energy efficiency projects. This change would add more resources to
these programs and facilitate additional programs targeted to delivergas and electricsavings.

Failure to Recognize All Energy and Non-energy Benefits

A 2013 report from the Regulatory Assistance Project identified 12 distinct sources of cost-
reducing benefits associated with energy efficiency, and 7 different sources of non-energy
societal benefits.” Benefitsinclude avoided capacity costs (generation capacity, transmission
capacity, distribution capacity), reduced line losses, reduced fuel price volatility, reduced cost of
compliance with portfolio standard requirements, and reduced reserve margin re quirements. A
failure to account for all of the energy and non-energy benefits of efficiency resultsinan under-
valuation of energy efficiency resources relative to supply side resources, and thus under-
procurement of energy efficiency resource. Capturing the full energy value of efficiency will
lead to more favorable industrial energy efficiency regulation and policies.

Energy Resource Planning

Integrated resource planningis used by utilities to identify options for meeting forecast energy
demand based on balancingseveral factors, includinglegislative requirements, state utility
regulatory agency guidelines, and environmental concerns. Anintegrated resource plan (IRP)
oftenrequires electric utilities to consider multiple optionsin additionto buildingnew power
plants or procuring more supply, includingthe developmentand application of energy
efficiency programs.®* Including end-use energy efficiency in an IRP could provide an incentive
to expand these efforts.
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An IRP may be a tool for encouraging industrial end-use efficiency and other forms of
efficiency.95 Underthe traditional planning process, energy efficiency and other demandsside
resources”® may be overlooked with planningfocused solely onsupply side resources.”’
Although many states have an IRP process, most do not have policies that require full
consideration of demand side resources, including end-use energy efficiency measures.” A
recent report found that in 2009, only six states had active policiesin place that required full
consideration of demand side resources, not just in electric generation planning, but alsoin
electrictransmission and distribution planning as well as natural gas planning.*

Planners can considerincludinga robust evaluation of both cost-effective supply- and demand-
side resources to efficiently meet demand.!°° States can also conduct planningexercises and
include end-use energy efficiency as a resource.*®" 1°> Example successful approaches include:

e CHP/WHP and other forms of end-use efficiency mustbe includedin Integrated

Resource Plansin Massachusetts, Connecticut, and in certain other states.'®

e South Korea CHP/District Energy Optimization Plan—South Korea’s Integrated Energy
Supply Act integrates district heating networks into the construction of new urban
developments. Thisis an efficientand cost-effective way to create guaranteed heat
loads that allow successful commercial and industrial development and operation of
CHP plants.'®

e UK Department of Energy & Climate Change Digest of Energy Statistics 2013 —Chapter 7:
Combined Heat & Power—This document sets out the contributions made by combined
heat and power to the United Kingdom’s energy requirements.lOSA “Good Quality” CHP
project, withinstalled capacity >1 MWe, must achieve 10 per cent primary energy
savings compared withthe EU reference values (establishedin Energy Efficiency
Directive (2012/27/EU)) for separate generation of heat and poweri.e.via a boilerand
power station. Good Quality CHP capacity increased by nearly 3 per cent between 2011
and 2012 from 5,970 MWe to 6,136 MWe. Good Quality CHP isalso eligible forcertain
UK incentives such as tax breaks and renewable energy credits.*%®

A related type of energy planningis with ISOs/RTOs. In some regions, the grid operator may not
have access to a complete accounting for existing or planned energy efficiency resources.
ISOs/RTOs that rely on capacity markets for planning may overlook some energy efficiency
resources inthe market, or energy efficiency resourcesthat are under development or planned.
As with IRPs at the utility level, regional grid planners can account for all existingand planned
end-use energy efficiency measures, as well as all generation and transmission resources.
ISOs/RTOs can work closely with states and utilities to ensure proper accounting of existing
end-use energy efficiency resources. An example successful policy includes the following:
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e |n 2012, ISO-New England applied a revised energy efficiency forecastinits annual 10-
year Regional System Plan (RSP, or Plan). The forecast allows the ISO for the firsttime to
account for expected energy efficiency resources forthe full ten years of the Plan. Prior
to the development of this revised forecast methodology, the ISO’s 10-year Plan used
only the three years of energy efficiency resources that had clearedin the annual
Forward Capacity Market (FCM) auctions. Asa result, the 1ISO’s treatment of energy
efficiency was overly conservative. The revised energy efficiency forecast allows each
annual Planto more accurately fulfil its purpose: “to determine the resources and
transmission facilities needed to maintainreliable and economic operation of New

England’s bulk electricpower systemover a ten-year horizon.”*”’

Environmental Permitting

EPA’s New Source Review (NSR) permitting programs, which are administered by states, can be
a real or perceived hindrance to industrial end-use energy efficiency projects. % NSR permitting
is triggered by construction of new major sources of air pollution or major sources that are
beingsignificantly modified.’® ™ The goal of the NSR program isto ensure that emission
increases from these new and modified facilities are reduced to the maximum degree possible
using demonstrated control technology, and that they do not cause or contribute to an air
quality violation. Some industries have argued that the NSR permitting process can be costly
and lengthy, and the outcome can be uncertain. With these obstacles, industrial plants may be
reluctant to move forward with an end-use energy efficiency projectif this action could trigger
NSR permitting requirements. Despite recent changes™*! in NSR permitting procedures, some
manufacturers avoid plant upgrades, including energy efficiency improvements, due tothe risk
of triggering NSR permitting.

Recent analyses of the EPA proposed Clean Power Plan by various organizations have found
that the regulations may impose a significantrisk that regulated units will trigger NSR as they

. p- . . .. 112,11
make modifications to reduce their emissions.*>**3

These analyses suggest that EPA consider
developingastreamlined NSR review process to avoid penalizingasource for improving
efficiency and that undersuch an approach, the EPA can establish screeningtoolsto confirm
that already well-controlled sources or sources whose “net emissionsincreases” will stay below
attainment significance thresholds comply with NSR. The Government Accountability Office
(GAO) studied the NSR process in 2012 and found that the EPA does not maintain complete or
centralized information on NSR permits and without thisinformationit is difficult to determine
how state and local permittingagenciesvary from EPA in their interpretation of NSR
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requirements.” The GAO study concludes that specificfederal EPA offices along with regional

EPA officesand state and local permitting agencies can considerways to better review and
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improve NSR implementation, primarily by centralizinginformation to ensure that U.S. EPA NSR
guidance isfollowed ina consistent manner.'

3.2.3 Informational Barriers

To make informed decisions about end-use efficiency measures, manufacturers need accurate
and complete information on project benefits, aswell as available resources to assistthem in
considering efficiency opportunities and investinginthem. Implementation of end-use
efficiency projects can be delayedif relevantinformationis not readily available, difficult to
comprehend, subjectto change or if resources are not available to hire outside expertise. Key
informational barriersinclude:
e Adoption of systematic energy management system. Failure of many industrial and
manufacturing companies and facilities toadopt a structured, systematic energy
management system that drives continual improvement of energy performance.

e Awareness of incentives and risk. Lack of knowledge of available Federal, state and

utility incentives forend-use efficiency measures can lead to missed opportunities.

e Metering and energy consumption data. Lack of disaggregated energy consumption
data, such as process unit and equipment-level energy consumption data, and tools to
evaluate such data, can preventidentification and evaluation of opportunities.

e In-housetechnical expertise. Lack of in-house technical expertise orthe resourcesto hire
outside technical staff for the developmentand operation of end-use efficiency projects
can hinderdeployment.

Adoption of Systematic Energy Management System

Many manufacturing plants have not adopted a structured, systematicenergy management
systemto drive continual improvement of energy performance, includingidentification of long-
term energy savings opportunities. Energy efficiency projects are oftenfocused on single-
technologies, orone-time solutions, such as installingnew lighting or new electricmotors. In
contrast, an organization-wide structured, systematic energy management approach that sets
long-term energy savings goals and uses rigorous tracking and reporting systems can drive
greater savings, reach across entire building portfolios, and institutionalize such practices to
sustain long-term savings.116 Results reported by Nissan (see sidebaron Nissan’s success story);
Bonneville Power Administration, Energy Trust of Oregon and Puget Sound Energy show that
systematicenergy management systems achieve 5 to 25 percent energy savings in commercial
and industrial applications.117
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The Department of Energy’s Superior Energy
Management (Program (SEP) seeksto help
companiesadopt systematicenergy
management systems. The SEP is a
certification and recognition program for
facilities demonstrating energy management
excellence and sustained energy savings. As of
2013, fortyindustrial facilities were
participatingin the SEP program, in which
facilitiesimplement an energy management
system based on the Internal Standards
Organization (1SO) 50001 standard, and
pursue third-party verification of their energy
performance improvements. SEP certification
providesindustrial facilities recognition for
implementing abusiness process for
continuallyimproving energy performance
and achievement of established energy
performance improvement targets.MgSEP—
certifiedfacilities have achieved annual
savings of $87,000 to $984,000 usingno-cost
or low-cost operational measures. SEP-
certified facilities also typically achieve a 10%
reductionin energy costs within 18 months of

Nissan Improves Energy Performance at
Tennessee Facility by Over 7 Percent

Nissan worked with the U.S. Energy Department
to implement an energy management system
that meets all requirements of Superior Energy
Performance (SEP) and ISO 50001. At its vehicle
assembly plant in Smyrna, Tennessee, the
company established an energy baseline and
assessed opportunities to save energy within its
major energy-using systems. Implementing the
recommended projects and a systematic energy
management system improved the facility’s
energy performance by about 7.2 percent.

Collectively, the capital and operations projects
implemented at the plant are saving Nissan $1.2
million and 250 billion Btu (264,000 GJ) per
year. Annual cost savings attributable solely to
implementing SEP (annual savings minus those
persisting from pre-SEP actions) total $938,000.
Nissan invested $331,000 to implement SEP
(including internal staff time), resulting in a
payback period of just four months.

Source: Nissan. Web link.

SEP implementation, and paybacks of less than two years in facilities with energy costs greater

than $1.5 million annuaIIy.119

Awareness of Incentives and Risks

Lack of awareness, both at industrial plants and financial institutions that mightfund energy

efficiency projects, can lead to missed opportunities. Forindustrial plants, it is important that

decision-makers are aware of available incentives that can reduce the capital cost of an energy

efficiency project, thereby improving the economic viability of the project. Significant outreach

using case studies of successful projects and other information is often necessary to raise

. .. . 12
awarenessand increase participation.'?

Federal and state agencies conduct outreach on their industrial energy efficiency programs to

help further awareness of available incentives, including those with third-party measurement
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and verification (M&V) protocols that provide greater certainty of the energy savings. Example

successful policies and/or programs include:

International Energy Agency (IEA) Cogeneration and District Energy —thisreport,
releasedin 2009, was designed to provide policy makers with a practical reference of
“best practice” CHP policy examplesfrom around the world. The report providesa
technical introduction of CHP and district heatingand cooling, and describesits global
status and potential.’* Thisreport can help policy makers develop successful CHP
incentive programs and regulations.

ENERGY STAR for Industry—ENERGY STAR for Industry is a voluntary EPA program that
helps businesses develop orrefine their corporate energy management programs.
ENERGY STAR industrial assistance includes energy management guidance,
benchmarkingand tracking tools, and recognition for energy performance
achievements. EPA recognized 15 companies with ENERGY STAR Industrial Awardsin
2013. Over3,000 companiesand organizations have joined the ENERGY STAR
partnership. Since the year 2000, the ENERGY STAR program has helped save over 1,883
MMTCO,e. A record number of industrial sites committed to the ENERGY STAR
Challenge forIndustry, and 75 met or exceeded theirtargets in 2012 by achievinga

10 percentreduction inenergy intensity, saving 14.7 TBtu in energy.

The Western Governors’ Association (WGA) has a number of initiatives focused on
industrial energy efficiency. In2011, WGA convened a stakeholdergroup to address
obstaclesforindustrial energy efficiency projectsin the West. The stakeholdergroup
released a report entitled Building a Stronger Western Economy with Greater Industrial
Energy Efficiency, and released a subsequent policy resolution which recommends that
WGA staff coordinate with state energy offices to identify industrial energy efficiency
opportunities and to share best practices on programs that produce the greatest energy
savings.122

In some cases, industrial plants may seek outside financing for energy efficiency projects. In the

industrial sector, energy efficiency projects can be complex and financial institutions may not

have a sufficientlevel of knowledge to evaluate risks for these projects. If the risk is difficult to

evaluate, financial institutions may be reluctant to loan capital for an energy efficiency

project.’” Some energy efficiency programs have begun to leverage partnerships among

private financial institutions, energy efficient equipment manufacturers, and others as a way to

bring awareness to programs and to increase participation (see sidebaron the AlabamaSAVES

loan program).
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In addition to financial partnerships, energy
efficiency potential studies can be
beneficial, helping identify significant
opportunitiesforenergy savings. The EPA
cited several studiesinits Clean Energy-
Environment Guide to Action™®’, finding that
such studies can identify untapped
opportunitiesforsavings and encourage
policy developmentand program
implementation.126 Overall, studies
identified economicpotential inthe ranges
of 13 to 27 percent for electricity, and 21 to
35 percentfor gas. One of the studies cited
by EPA is a Southwest Energy Efficiency
Project (SWEEP) study in 2002. This SWEEP
study found that investingabout $9 billion
(in2000 dollars) in efficiency measures from
2003 to 2020 would reap total economic
benefits of $37 billion forthe Southwest
region.127 Federal and state agencies along
with regional organizations can ensure that
technical and economicpotential studies for
energy efficiency are performed to identify
current and future market opportunities

AlabamaSAVES Loan Program Provides Project
Funding for the Industrial Sector

The AlabamaSAVES loan program was launched in
2010 and is targeted specifically for industrial
businesses. The program provides low-interest
loans of up to 100 percent of project costs up to
$4 million. This program partners with Bank of
America, Philips Lighting, Metrus Energy, and
Efficiency Finance to provide private sector
leveraging of funds and program outreach. Using
existing sales and marketing channels and
supplier networks with Alabama industries and
contractors, these private partners are helping to
drive increased participation in the program.

Since awarding the first loan in June 2011 through
September 2013, AlabamaSAVES has approved
more than $20 million in loans for energy
upgrades. Alabama businesses are saving $5.1
million in estimated annual energy costs because
of this financing program.

Source: National Association of State Energy
Officials. Web link.; Energy Manager Today. Web
link.

resulting from incentive programs for energy efficiency. ACEEE identifiesthese benefits, stating

that a study could support a number of state or utility needs for designing efficiency policies

and programs, such as setting energy savings goals, incorporating energy efficiencyintothe

integrated resource planning (IRP) process, or determining fundinglevelsforefficiency

. 12
programs and policies. 8

Metering and Energy Consumption Data

The lack of disaggregated energy consumption data, particularly submetered data for energy-

intensive industrial processes, and lack of analytic capabilities to analyze large volumes of

energy consumption data, can impede identification and evaluation of opportunities.

129 Energy

meteringat some industrial facilitiesis limited to the gas and electric meters installed by the

local utility for billing purposes,lsoand there may be only a single electricmeterand a single gas

meter for an entire manufacturing plant. Cost-effective submetering of production lines and

energy-intensive equipment can significantly improve the accuracy of estimating expected

56


https://www.naseo.org/data/sites/1/documents/publications/State_and_Industry_Partnerships_Report.pdf
http://www.energymanagertoday.com/alabama-businesses-tap-loans-up-to-4m-for-energy-efficiency-095310/
http://www.energymanagertoday.com/alabama-businesses-tap-loans-up-to-4m-for-energy-efficiency-095310/

energy savings from end-use energy efficiency measures that may be under consideration (see

sidebaron submetered data).”*"**

In-House Technical Expertise

The lack of technical expertise orlack
of available staff to devote to energy
efficiency orenergy managementcan
also hinderdevelopment of end-use
efficiency.®® Some industrial facilities,
particularly small and mid-sized
companies, lack in-house engineering
expertise and can benefitfrom
assistance identifyingand then
selectingenergy efficiency solutions.
Technical assistance can assist these
companies with movingprojects

134
forward.

Submetered Data Can Help Business Units Drive
Innovation in Energy Efficiency

Some organizations, such as 3M and PPG Industries,
have begun to allocate energy costs to individual
business units and/or production lines based on
submetered energy data. The goal is to give business
units more visibility and accountability for their energy
consumption, and ultimately get these business units
to drive energy efficiency improvements. The Electric
Power Research Institute (EPRI) found that allocating
energy costs to specific business units or production
lines can reduce energy consumption by 5-10 percent.

Source: Howe, B. Web link.

Bonneville Power Administration (BPA) evaluated industrial energy efficiency barriers, and
found that industrial managers did not always know about energy efficiency technologies or

how to implementand evaluate these
measures. BPA provides assistance to
industrial customers to helpidentify
and implement energy efficiency
measures (see description of the
Energy Smart Industrial program).
BPA also found that it iscritical to have
support and understandingat all levels
of the company—from executive
managementto plant staff —to
successfully move high-impact energy
efficiency projects forward.
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There are a number of resources
available to help provide
manufacturers with technical
assistance. DOE has a number of
programs devotedto helping provide
manufacturers with technical support.

Bonneville’s Energy Smart Industrial (ESI) Program
Provides On-site Technical Expertise

Bonneville Power Administration’s ESI program was
launched in October 2009. The program s considered a
“one-stop shopping” program for industrial incentives
because a variety of support is available—including
assistance for custom projects, program-related
administrative support, and technical assistance. There
are several main subprograms under the ESI
framework, including the Energy Project Manager
Program where BPA funds a position for an engineer at
an industrial facility. The ESI program placed 23 energy
project managersworking in 32 separate industrial
facilities by the end of 2011. The ESI program was
recognized by ACEEE in 2013 as an “exemplary
program” under their “Industrial and Large Customer
Programs.”

Source: U.S Department of Energy. Web link.
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For example, the Better Plants program and the Industrial Assessment Centers program seek to
improve industrial energy performance. The DOE Better Plants program partners withthe U.S.
manufacturing sector to encourage companies to voluntarily committo reducingenergy
intensity by 25 percent over 10 years. In addition to the economicand environmental benefits
associated with achievingenergy efficiency improvements, partners also receive national
recognition from DOE, as well as technical support. Technical support includes helpin
establishingand analyzing key energy use data, identifyingenergy efficient technologies, and
implementing energy saving projects.136

DOE’s Industrial Assessment Centers (IACs) provide energy assessments of small and medium-
sized industrial facilities conducted by engineering faculty with upper class and graduate
students from a participating university. Assessments have identified nearly $542 millionin
energy savings and nearly 3.6 million metrictons in CO, emissions reductions since 2006. 137
Overall, these assessments have helped save over 530 trillion BTUs of energy — enoughto meet
the energy needs of 5.5 million American homes and have helped manufacturers save more

than $5.6 billionin energy costs.™®

In additionto DOE, The National Institute of Standards and Technology’s Manufacturing
Extension Partnership (MEP) program also helps provide technical assistance to manufacturers.
The MEP program is an initiative through the Department of Commerce that works with small
and mid-size U.S. businesses to retain jobs, increase profits, and become more efficient. MEP
technical experts currently focus on technology acceleration, supplierdevelopment,
sustainability, workforce and continuous improvement.139 Accordingto NIST, MEP centers have
responded to approximately 490,000 requestsfor assistance since the program’s inception. 140
In a survey of clients usingthe centers during FY2011, NIST found that companies reported $2.5
billioninnewsales, $4.1 billioninretained sales, $900 millionin cost savings and the creation
or retention of 61,139 jobs.'*

Lastly, the EPA’s ENERGY STAR for Industry program also works with manufacturing companies
to helpthem implementand approve energy management practices. ENERGY STAR works with
selected manufacturing sectors to provide sector-specificinformation and guidance on
improving plant energy performance, including tools to benchmark plant performance and
could be furtherexpandedto help provide manufacturers with additional performance

guidance and technical assistance.'®
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4. Barriers to Industrial Demand Response

4.1 Background
Demand response is defined as:!

Changesin electric usage by end-use customers from their normal consumption patterns
in responseto changes in the price of electricity over time, or to incentive payments
designed to induce lower electricity use at times of high wholesale market prices or when
system reliability is jeopardized.

In the past, traditional demand response programs were focused on reducing electricity use
during peak time periods (e.g., a hot summer afternoon). In recent years, technology
advancements and new electricity market structures have allowed a greater level of
communication and interaction between electricity consumers and utilities, and the definition
of demand response has evolved froma focus on reductionsin electricity demand to now
include changes in electricity demand.

The relationship between demand response and energy efficiency can be viewedasa
continuum as illustrated in Figure 21 (based on information from the National Action Planfor
Energy Efficiency and the Demand Response Research Center).>? Energy efficiency measures
are shown on the left-hand side of Figure 21. Moving from leftto right on the continuum
involves shortertimescales and captures practices that are considered demand response,
including not only management of daily peak loads but also management of reservesand
regulation. Historically, energy efficiency measures have beeninstalled to provide ongoing
energy savings and have not typically been controlled based on price signals or incentive
payments. Demand response is a demand side resource like energy efficiency, but the
fundamental difference between demand response and energy efficiency is that demand
response implies anaction taken in the short term in response to a signal (e.g., a price change).
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Figure 21. Conceptual Relationship of Energy Efficiency and Demand Response
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Demand response programs provide a range of benefits to both industrial customersand the
nation. Key benefitsthat can be derived from demandresponse programs include:

Benefits for U.S. businesses:

e Reduces customer bills by reducing customer demand during peak periods (e.g., lower
customer demand charges)

e Produces revenue fromincentive payments for demand response participation

e Enhances competitiveness
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Benefits for the nation: Flexible Demand Response Resources

e Defersor avoids construction of new Help Support a Changing Electric Grid

eneration plants .
& P The resource mix and fuels used to

e Defersor avoids upgrades to transmission | generate electricityin the United Statesis
and distribution lines changing. For example, state renewable

portfolio standards are driving the

* Promotes optimal dispatch of generation adoption of intermittent wind and solar

resources technologies. These changes are creating

an increased need for flexible demand

e Improvesgrid reliability and resiliency
response resources. Smart grid

e Enablesgrid integration of intermittent technologies that enable two-way
renewable resources (e.g., wind and solar, | communication and automated control
seesidebar)* have made it financially attractive tolink a

larger amount of flexible demand response

e Contributesto job growth'r"e”'8 :
resources with wholesale power markets.

Demand response programs can be offeredto e e e e

customers directly from local utilities or Efficiency. Web link.

independent system operators/regional
transmission organizations (ISOs/RTOs) where permitted. Customers may also have options in
certain regionsto work withintermediaries known as aggregators, or curtailment service

providers (CSPs). CSPs provide CSP Role in Enabling Demand Response

value by aggregating flexible loads
of multiple electricity customers CSPs aggregate load and serve as an intermediary
between electricity consumers and 1ISOs/RTOs. CSPs can
be particularly helpful to small customers that seek to

participate in demand response programs.

and making this flexible load
available to wholesale power

markets (see sidebar).
Experience and expertise allow CSPs to assess the

There are several ways of altering potential demand response participation for specific
electricity use for demand response locations and to continuously reevaluate that potential in

participation:? response to dynamic prices in ISO/RTO markets.

. . CSPs typically incur the expense of building and
e Customers can shift their ; y!o. i ) p‘ ] E
maintaining electronic applications that enable

electricity usage to atime . . .
yusag registration, dispatch, and settlement of demand response

other than the demand in wholesale power markets. The impact of CSPs can be

significant. For example, CSPs now provide approximately
example, an industrial 70 percent of the registered demand response megawatts
facility could shift in PJM’s market.

response period. For

production to evening,
Source: North American Standards Board (NAESB). Web

link.

overnight, or weekend
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Demand response can be either “dispatchable” or “non-dispatchable.

operationwhen demand for grid electricity is typically lower compared to weekday

operation. Another
exampleisa refrigerated
warehouse that overcools
during the night, which
resultsin a lower need for
electricity duringthe day.

Customers can reduce
theirelectricity
consumption. For
example, a manufacturing
plant could curtail
production.

Customer electricity
consumption can be
adjusted with a high
degree of granularity (see
sidebaron Alcoa).™

Alcoa’s Demand Response Program

Alcoa’s aluminum plant in Warrick, IN, has a 570 MW on-site
generation system that supplies electricity to analuminum
smelter and a rigid packing facility. Historically, Alcoa provided
emergency shutdown capability to the Midwest Independent
System Operator (MISO) and expanded demand response
participationin 2009. Alcoa now provides MISO with up to 70
MWs of direct load control—MISO remotely controls 70 MW
of smelterload in real time.

The demand response programis generating revenue of
$15,000to $120,000 per day when demand response events
are called, and Alcoa expectsto reduce their total energy costs
by up to 10 percent. The revenue from this demand response
program has helped Alcoa improve their manufacturing
competiveness.

Source: Alcoa. Web link.

Customers can self-generate electricity using standby generators or CHP.

" Dispatchable demand

response is alsoreferredto as “incentive” demand response. Most dispatchable resources can
be characterized as reliable, verifiable, and capable of respondingto a utility or RTO/ISO

request.'” Examples of dispatchable demand response include:

Utility control of customer equipment for short time periods.

Directed reductions inreturn for lowerrates (also called curtailable or interruptible

rates).

Programs offered by utilities and ISOs/RTOs that compensate customers for reduced

demand whendirected.

Bidding of customer demand reductionsinto energy and ancillary services markets.

Non-dispatchable demand response refers to the use of retail rate designsto influence

electricity consumption. Non-dispatchable demand response is also referred to as “price-

based” demand response and includes dynamicelectricity rates that change with power

demand—higherrates during high-demand periods, and lower rates during low-demand

periods. Non-dispatchable demandresponse isinitiated by customer action, which can be
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preprogrammed or automated. For example, Walmart has an automatic energy management

system at several store locations that respondsto preprogrammed strategy. An advanced

metering systemis used to shut down or lowerstore loads in order to comply with emergency
13

events.

Table 9 shows common event-based dispatchable and price-based non-dispatchable demand
response programs. In general, more customers throughout the United States fall into
dispatchable incentive-based programs compared to non-dispatchable price-based programs.™
Many smaller, mass market customers may be participating in the price-based programs, while

a smallernumber of larger customers are in the incentive-based programs.

Table 9. Common Types of Demand Response Programs™®

Description of Dispatchable and Non-dispatchable Demand Response Options

Dispatchable Options

Direct load control or Direct Load Control Management: Customers receive
incentive payments for allowing the utility a degree of control over certain
equipment (e.g., allow system operators to remotely shutdownor cyclea
customer’s el ectrical equipment). Demandresponse resources typically have the
ability to follow loads up or down. For example, anelectricchillercan be cycled
to reduce demand forelectricity during a direct load control event. Followingthe
directloadcontrol event, the chiller may consume more el ectricity to make up
for lost chilled water production.

Interruptible/curtailable rates: Electric consumptionsubject to curtailmentor
Capacity interruption under tariffs or contracts that provide a rate discount or bill credit
for agreeingtoreduceload during system contingencies. In someinstances, the
demand reduction maybe effected by action of the System Operator (remote
tripping) after notice to the customer inaccordance with contractual provisions.
Reliability Critical peak pricing with load control: Demand side management that combines
directloadcontrol with a pre-specified high price for use duringdesignated
critical peak periods, which may be triggered by system contingencies or high
wholesale market prices.

Load as a capacity resource: Demand side resources that committo making pre-
specifiedloadreductions when system contingencies arise.

Spinning reserves: Demand side resource thatis synchronized andready to
providesolutions forenergy supply and demand imbalance within the first few
minutes of an emergency event.

Reserves — - - -
Non-spinning reserves: Demandside resource that may not beimmediately
available but may provide solutions for energysupplyanddemand imbalance
after a delay of 10 minutes or more.

Energy— Emergency demand response programs: Customers receive incentive payments

Voluntary for load reductions when needed to ensure reliability.

Demand bidding/buyback programs: These programs allow customers to offer
load reductions ata priceatwhich they arewillingto be curtailed, or to identify
how much loadthey would be willing to curtail at posted prices.

Energy—

Economic .
Price
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Description of Dispatchable and Non-dispatchable Demand Response Options

Non-dispatchable Options

Time-Sensitive Pricing

Time of use (TOU) rates: Rates with fixed-price blocks that differ by time of day.

Critical peak pricing: Rateand/or price structurethatinclude a pre-specified,
extra high ratethatis triggered by the utility and is in effect for a limited number
of hours or days. The total number of critical peak periods is typically capped for
a calendar year.

Peaktime rebates: Customers earna rebate by reducing energy usefroma
baselineduring a specified number of hours or days. Like critical peakpricing, the
number of critical peakdaysis usually capped for a calendaryearandis linkedto
conditions suchas system reliability concerns or very highsupply prices.

Real-time pricing (RTP) rates: Rates vary continually (typically hourly) in response

to wholesale market prices. Customer el ectricity demand typically moves up or
downinresponseto pricesignals.

Source: Adapted by ICF from the National Action Plan for Energy Efficiency,*® information from Synapse Energy
Economics and the Regulatory Assistance Project,”” and the North American Electric Reliability Corporation 18

The electricity reductionimpact
is alsogreater and more
predictable withincentive-
based dispatchable programs.
For example, in 2012,
incentive-based demand
response programs provided
55,796 MW of reported peak
load reduction and price-based
demand response programs
provided 10,555 MW of
reported peak load reduction.™

In the past several years, there
has beensignificant activity
related to the designand
regulation of event-based, or
dispatchable, demand
response. In 2008, FERC passed
Order Number 719,%° which
provides guidance on how
demand response resources
can be bidinto wholesale
markets (see sidebar). Industrial

FERC Order Number 719

FERC issued Order Number 719, “Wholesale Competition in
Regions with Organized Electric Markets,” in October 2008. One
of the goals of this final rule is toimprove the operation of
wholesale markets in the area of demand response and market
pricing during periods of operating reserve shortage.

To address discrepancies in the treatment of demand response
as compared to supply side resources, Order Number 719
requires each RTO or ISO to accept bids from demand response
resources, on a basis comparable to other resources for ancillary
services that are acquired in a competitive bidding process if the
following criteria are met:

(1) Resource is technically capable of providing the ancillary
service.

(2) Customer is capable of submitting a bid under the generally
applicable bidding rules at or below the market-clearing
price, unless the laws or regulations of the relevant
regulatoryauthority do not permit a retail customer to
participate.

Order Number 719 also permits anaggregator of retail demand
response to bid the combined demand response directlyinto
organized markets, unless this is not permitted by the laws or
regulations of the relevant electric retail regulatory authority.

Source: Federal Energy Regulatory Commission. Web link.

71



http://www.ferc.gov/whats-new/comm-meet/2008/101608/E-1.pdf

customers, eitherdirectly or through aggregators, can participate in dispatchable demand

response in different types of wholesale electricity markets, including: 21

Energy Markets. Demand response participants offerto reduce consumption usuallyin

day-ahead auctions or on a real-time basis and receive the energy market price as a

payment for the reduction if the demand response participant’s bid is less than the

market clearing price.

Capacity or Forward Capacity Markets. New and existingdemand response resources

bid into grid operator capacity auctions stating that they will reduce demand by a

specified amountin future years, ensuringresource adequacy. These providerstypically

have to curtail theirload on short notice (e.g., 30 minutesto 2 hours) and receive

capacity payments.

Ancillary Service Markets.
Those services necessary to
support the transmission of
electricpower from sellerto
purchaser, giventhe
obligations of control areas
and transmitting utilities
withinthose control areas to
maintainreliable operations
of the interconnected
transmission system.?In the
past, ancillary services have
been providedsolely by
generators but have been
opened more recently to
demand response
resources.” Demand
response providers typically
have to curtail on very short
notice (30 minutesor less) to
participate in ancillary service
markets. Examples of
ancillary servicesinclude
frequency regulation,*
spinning reserves,” and non-
spinning reserves.?®

EnerNOC Demand Response Enables Energy Efficiency
Improvements

EnerNOC, a software company that provides applications
to trackenergy use, in their assessment of results from
food processing and cold storage facility customers, found
that payments from demand response participation help
offset high energy bills and also help fund energy
efficiency projects or capitalimprovements that can
further decrease costs.

Great Lakes Cold Storage provides frozen and refrigerated
warehousing and distribution services from its two
facilities located in Solon, OH, and Cranberry Township,
PA. EnerNOC worked with Great Lakesto design an
energy reduction plan. Both facilities reduce lighting,
adjust refrigeration equipment, and shut down other
loads during demand response dispatches. These actions
temporarily reduce demand at both facilities by 1.6 MW,
enabling the company to receive $33,000in annual
payments from EnerNOC. Great Lakes uses the savings it
achieves from better energy management to pay for
other energy efficiency upgrades at its facilities, such as
installing 300 more efficient lighting fixtures. The
company is also looking into installing new doors at its
Solon facility as a way to increase energy savings.

Source: EnerNOC. Web link.
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Every manufacturing location may not have the attributes or load flexibility necessary to
participate in all types of demand response programs. Utilities and 1ISOs/RTOs oftenrely on
aggregators or CSPs to market demand response programs to potential participants, evaluate
the customer’s potential wholesale market participation, enroll customers, manage curtailment
events, and calculate payments or penalties for participants.’’ Aggregators can make it easier
forindustrial customers to participate in demand response programs by reducingthe burden of
understanding participation requirements and interfacing with the electricutility or ISO/RTO.
Aggregators can also enable participation of smallerindustrial and commercial customers that
would otherwise not be eligible to participate due to the size of their load.

Revenue earned by participatingin demand response programs can also be usedto finance
additional energy efficiency improvements at the participating manufacturing facility (see
sidebaron EnerNOC).Zg’29 Some CSPs state that demand response providesthe opportunity to
get a “foot inthe door” with customers, and that a number of customers have used money
from participating indemand response programs to fund energy efficiency projects. In addition,
some CSPs have expanded beyond just demand response, acquiring companies that provide
energy efficiency services aswell. For instance, some CSPs have begun to monitor and analyze
energy use from larger customers as a way of both providing demand response service and
identifying energy efficiency opportunities.

Large industrial customersthat meet minimum electricload limits can participate directlyin
utility ISO/RTO demand response programs or use the services of an aggregator. Direct
participation requires more in-house laborto manage demand response activity, but financial
payments may be larger because aggregator feesare avoided.

Participationin incentive- and price-based demand response programs is continuingto grow. A
FERC survey found that reported potential peak reductionin the United States in 2011 was
66,351 MW. As shown in Figure 22, reported potential peak demand reduction has more than
doubled overthe past 6 years.
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Figure 22, U.S. Potential Peak Reduction®
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4.2 Barriers

While demand response is growing, key barriers to the increased use of demandresponse
continue to exist. These barriers are discussedinthree categories: (1) economic and financial,
(2) regulatory, and (3) informational.

4.2.1 Economic and Financial Barriers

Economic and financial barriers to greater industrial use of demand response may include:

e Limited number of customers on time-based rates. Participationin demand response
programs can be limited if customers are not on time-based rates.

e Lack of sufficient financial incentives. Some demand response programs may not
provide a sufficientfinancial incentive to encourage participation.

e Failure to fully account for demand response benefits. Valuing the benefits of demand
response, and determining how to attribute the benefits, can be complex.

Limited Number of Customers on Time-Based Rates’’

The majority of retail customers are on retail tariffs that do not reflect time variationsin the
cost of electricity, diminishingthe economicvalue of demand response actions taken by retail
customers. Time-based rates have been shown to advance the development of new
technologiesand demand response programs. Recognizing that the use of time-basedratesis
somewhat limited, DOE issued American Recovery and Reinvestment Act (ARRA) fundsto a
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number of utilities to conduct pricing experiments and implementtime-based rates. Utilities
that received ARRA funding, such as Oklahoma Gas and Electric, Marblehead Municipal Lighting
Department, Sioux Valley Energy, and the Sacramento Municipal Utility District, have shown
that time-based rates can be used to empower customers and reduce system peak demands. 3?
Cement makers praise the Texas demand response program, which links consumer credits or
rebates to real time market prices for electricity.

Lack of Sufficient Financial Incentives

Based on the program and customer class, demand response programs may not provide a
sufficientincentive to encourage participation. For many manufacturers, the cost of disrupting
production can be quite high compared to the value of incentives paid for participationina
demand response program. In some cases, manufacturers are not likely to riska negative
impact on production output or product quality to receive a payment for participationina
demand response program. In these cases, where industrial plant managers balance the value
of usingelectricityin the context of energy prices and conclude that it does not make sense to
reduce or change usage, then an efficient outcome has been achieved for both the industrial
site and the electricity market.

Failure to Fully Accountfor Demand Response Benefits

There is often disagreement on what components should be includedin a benefits analysis of
demand response. One of the main benefits associated with demand response is a reduction in
wholesale price electricity costs. Nevertheless, there is uncertainty in how long to account for
this benefit—only overthe short term or as a mid- to-long-term benefit.**To helpresolve this
issue, DOE and FERC participatedin the National Forum on the National Action Plan on Demand
Response and helped develop acomprehensive examination of demand response co st-
effectiveness.

There are also issues concerningthe value of avoided costs. A financial benefit of demand
response is avoided generating capacity cost, and there is disagreement over what should be
used as the avoided capacity price. In California, the full cost of a peakingplant is derated to
account for revenuesthat it will earnthrough sales to the market, as well as to account for a
lack of certainty that a demand response program will effectively reduce demand at the time of
system peak.35 There isstill disagreementas to how this adjustmentshould be calculated.
Anotherexample isthe amount and prices of avoided T&D capacity from demand response that
can be challengingto determine. Californiahas developed demand response cost-effectiveness
tests,>**” but there are no widespread standards on valuing avoided T&D due to demand
response.
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The result of not accounting for all the value that demand response provides (dispatchable and
non-dispatchable) canlead to a lowerincentive payment or time-of-use rate for customers that
respond to a demand response event. Undervalued payments may fail to attract the attention
of industrial customers, thereby reducing participationin demand response programs.

To address cost-effectiveness of wholesale demand response, FERC enacted Order Number 745
in 2011 to provide guidance on the compensation of demand response in organized RTO and
ISO energy and ancillary service markets. This order required that when a demand response
resource participatingin ISO/RTO organized energy market had the capability to balance supply
and demand as an alternative to a generationresource, and whenthat dispatch was cost-
effective asdetermined by a net benefits test, the demand resource must be compensated for
the service it provided at the locational marginal price (LMP).

FERC Order 745 has been attributed to significant increasesin demandresponse. In the

6 months from the time PJM implemented Order 745, economic energy reduction increased by
800 percent.? In May 2014, FERC Order Number 745 was vacated by the DC Court of

39404142 The DC Court ruled that Order Number 745 was a direct regulation of the retail
market and outside of FERC’s statutory authority. FERC only has jurisdiction overthe sale of

Appeals.

electricenergy at wholesale ininterstate commerce. This ruling may lead RTOs and ISOs to alter
demand response eligibility provisions in energy markets.

4.2.2 Regulatory Barriers

Potential regulatory barriers to demand response are grouped as follows:

e Utility cost recovery structure. The traditional regulatory model can discourage demand
response if utility revenueis linked to financial returns derived from building new
infrastructure.

e Programrequirements and aggregation. Some potential participantsin demand
response programs are deterred due to numerous program requirements and terms
that vary significantly, oraggregation rules that limit smallerindustrial facilities.

e lack of standardized measurement and verification. Absence of standard measurement
and verification procedures can negativelyimpact demand response contract
settlement, operational planning, and long-term resource planning.

e FElectricity market structures that limit demand response. Some electricity marketsfocus
on supplyside resources, and demand response may not be allowed to participatein
certain markets, or there may be other barriers to participation.
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e Inclusion in state energy efficiency resource standards. Notincludingdemand response
in EERS programs may limit growth.

Utility Cost Recovery Structure

Cost recovery structures can provide a disincentive for utilities to develop and promote
demand response programs. A well-designed demand response program may reduce the need
to build new infrastructure. Regulated utilities are typically allowed to earn a rate of return on
new infrastructure that isapproved by regulators. If the need for new infrastructure is avoided,
utilities will forego the financial returns associated with this avoided infrastructure.*?

In additionto earning revenue from the construction of new assets, utilities earn much of their
revenue through electricity sales to customers. A well-designed demand response program will
reduce electricity consumption during peak periods. If thisreduced electricity use is not shifted
to an off-peaktime, then overall electricity sales decline. If the utility business model has not
beenadjustedto align utility and customer interests, thenthe decline electricity sales will
impact utility revenues.

Program Requirements and Aggregation

Market and operational rulesin both wholesale and retail markets, such as minimumsize
requirements and prohibitions regarding demand response aggregator participation, also
restrict participationin demand response programs. In some regions, third-party aggregators
are prevented from enrolling demand response providers due to utility opposition and /or state
utility regulatory concerns about consumer impacts and benefits.**

To participate, aggregators are oftenrequired to negotiate with each distribution utility or
respond to multiple utility competitive bids. Forinstance, in the Midwest, distribution utilities
will not voluntarily allow aggregators to solicit their customers to participate; the utilityinstead
retains the authority to dispatch load resources. In otherstates, state utility regulators have
rulesthat preventaggregators from enrolling customers withoutthe permission of the local
utility.*

States can review requirements of theirdemand response requirements and proceduresto
ensure adequate participation by multiple segments of energy consumers in effective
programs. In some regions, third-party aggregators are prevented fromenrollingdemand
response providers, or there are other systemsize, certification, or operational limitations that

. . .. . . 46,47
detergreater industrial customer participation in demand response programs. ™
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California has an effective state policy in place to help address this barrier. California’s three
investor owned utilities have demand response programs, that specifically engage large
commercial and industrial customers. In 2011, on average, 107 MW per hour of demand
resources were bid or self-provided to the CaliforniaISO. Automated demand response (ADR) is
used to send businesses demandresponse signals and implementload reductions automatically
through facility control systems. The 2013 Californialntegrated Energy Policy Report (IEPR)
identifies demand response and energy efficiency as key prioritiesinthe state. California has
also conducted research on how to address barriers to demand response within the state,
issuing a study in 2009.%®

Lack of Standardized Measurement and Verification

Measurement and verification procedures for demand response can vary widely across utilities,
states, and ISOs/RTOs. Thisinconsistency can negatively impact demand response contract
settlement, operational planning, and long-termresource planning. Without standard demand
response measurementand verification procedures across all jurisdictions, the benefits of
demand response can be unclear and inconsistent, makingit difficultto accurately assess
demand response programs.

An absence of standard protocols FERC Order Number 676-G

complicates participation for companies
Standards for Business Practices and Communication

that operate in multiple states by Protocols for Utilities

increasingtheir cost of participation,
NAESB developed voluntaryPhase | DemandResponse
Measurement and Verificationstandards in2010 and Phase
pursue demandresponse opportunities. ||| standardsin2012. The Phase Il standards were

The use of CSPs minimizes some of these | incorporated into FERC’s Order No. 676-G issued in2013.

costs due to economies of scale, but the These standards onlyapply to wholesale markets
administered by RTOs and|SOs.

therefore reducing their motivationto

CSPs must be willingto bear additional
transaction costs due to multiple Order 676-G incorporates NAESB’s updated business
practice standards to categorize various products and
services for demand response and energy efficiency and to

supportthe measurementandverification of these
Energy Standards Board (NAESB) products and services inorganized wholesale el ectric
developed voluntary Phase | Demand markets. The standards areintended to make it easier for

Response Measurement and Verification | demandresponseand energy efficiency providers to
standards in 2010 and then in 2012 (see participateinorganized wholesale el ectric markets, while

alsoreducingcosts for these providers.
sidebaron FERC Order 676-G).* The 8 P
goals of NAESB’s M&V standards are to Source: Troutman Sanders. Web link.
provide a common frameworkto help

standards across jurisdictions. To help
address this barrier, the North American

facilitate market transparency, accountability to promote accurate performance measurement
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of demand response resources by system operators, and to help develop uniform and
consistent methods across all wholesale markets.*° State agencies can examine how to codify
NAESB guidance intoretail measurementand verification standards for state demand response
programs.”' NAESB also developed and approved voluntary retail demand response
measurementand verification standards. Since these standards are not within FERC
jurisdiction, they were not the subject of a FERC rulemaking.

Electricity Market Structures that Limit Demand Response

Electricity markets, both wholesale and Demand Response and Capacity Market Could
retail, have often focused on supplyside Provide Benefits to ERCOT
resources. This focus may limitdemand The Electricity Reliability Council of Texas (ERCOT)
response participationin certain markets. is concerned about future supply constraints and
For example, there may be restrictionson does not have a capacity market. Peak demand
what type of resource can bid demand has grown approximately 10 percent over the past
response into the market.>? Wholesale decade in Texas, and hot weather during a 2011

electricity markets have certain rules that heat wave caused peak demand to spike to a new

were developed with generatorsin mind, high. Studies have shown that implementing a
capacity market in ERCOT that allows for demand
response participation could help increase grid

reliability and lower electricity costs for

not necessarily demand response resources.
For example, RTO and ISO tariffs often
specify minimum run times (or bidding
consumers.
parameters) for generators, but do not

commonly establish maximum run times (or | Source: The Brattle Group. Web link.

bidding parameters), which could encourage
greater use of demand response resources.”® However, there are some positive examples:in
PJM, limited demand response can only be called 10 times per summer for a maximum of 6
consecutive hours. Most demand response participants want to know how long they will need
to respond to a demand response event, especially large industrial customers that may needto
alter theiroperational plans. Otherissuesinvolve a limited ability to participate. The full value
of demand response programs may not be captured unlessa manufacturer is beingable to
participate in a numberof markets such as capacity, energy, and ancillary services (see sidebar
on ERCOT).>*>*

Inclusion in State Energy Efficiency Resource Standards

At present, 25 states have enacted long-term (3+ years) EERSs.”® This type of standard typically
sets long-term mandatory energy savings targets for utilities and efficiency program
administrators and in some cases, states set separate tiers/targets for peak savings from
demand response.>” EERS programs that allow for demand response as an eligible activity, ina
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separate tier/target from that
established forenergy efficiency (see
sidebaron Arizona), can encourage
utilities to expand or enhance their
demand response program offerings as
a way of helping meet the targets.
These programs can also encourage
utilities to provide a greater financial
reward for those customers that
participate in demand response.
Several other states specifically call out
demand response as eligible for
helping meettheirenergy savings
targets and have explicit MW

reduction requirements.58
4.2.3 Informational Barriers

To make an informed decision to

Arizona’s Energy Efficiency Resource Standard

The Arizona Corporation Commission established a
mandatory EERSin 2010. The rules apply to investor-
owned utilities (IOUs) that have annual revenue of $5
million or more. By 2020, IOUs must achieve a
cumulative savings equal to 22 percent of the previous
year’selectric sales. Electric distribution cooperatives
have to propose an annual goal to achieve at least

75 percent of the savings requirement.

There are a variety of eligible measures for utilities to
meet their savings targets, including peak demand
reductions. Utilities can count their peak demand
reductions from demand response and load
management programs toward meeting the target. The
totalamount of savings that can come from peak
demand reductions is limited to 2 percentin 2020
(about 9 percent of the total requirement of

22 percent).

participate in demand response, customers must be able to understand existing programs, the

cost and benefits of participation, and the effect on industrial processes. Informational barriers

include:

e Knowledge andresource
availability. Lack of
knowledge of federal, state,
and utilityincentives for
demand response programs
and lack of an understanding
of programs can result in low
participation. In addition,
insufficientin-house
technical expertise can also
hinder participation (see
sidebaron FERC actions to

address these issues).

FERC’s National Action Plan on Demand Response

FERC developed the National Action Plan on Demand

Response as directed by Section 529 of the Energy
Independence and Security Act of 2007. The National Action
Plan identifies the following:

Requirements for technical assistance to the states so
that they can maximize the amount of demand
response.

Requirements for a national communications program
to provide customer education and support.

Analytical tools, model regulatory provisions, contracts,
and other support materials for demand response.

Source: FERC. Web link.

e lLack of widespread adoption of interoperability and open standards. Many different

devices and systems need to communicate in a robust demand response program.

Demand response programs are hindered if technologies from different vendors do not
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interoperate seamlessly. Several types of interoperability standards have been
established such as SEP 2.0,59 OpenADR,GOand Green Button,61 and they are being
adopted inthe market. However, more widespread use of open standards is necessary

to align communication across devices.

e Administrative burden. The amount of time and effort required to participatein a

demand response program can be a deterrent, particularly for smallerindustrial

companies.
Knowledge and Resource Availability

Industrial customers, and specifically
facility energy managers, must be well
informed of Federal, state, and utility
incentives fordemand response if
participationis likely to occur.

Improved outreach on demand
response programs isone way of
increasing customer awareness and
participationin existing programs.
Jointeducation campaigns by utilities,
regulators, and grid operators can
assist inthis effort; especiallyinareas
where peak load reliefis most
necessary. The pathway for customers
to participate should also be clear and
easy to follow. For example, PJM
offersa fact sheetfor consumers,
reference materials, and instructions
foridentifyinga CSP who will act as an
agent (see sidebaron Pennsylvania).®
In addition, facility managers have
limited time to evaluate energy cost
reduction alternatives. While demand
response may offeropportunitiesto
reduce energy costs, it can be a time-
consuming process to accurately

Pennsylvania’s Demand Response
Targets and the Role of CSPs

Pennsylvania enacted Act 129 in 2008, which requires
Pennsylvania electric utilities with more than 100,000
customers to reduce kWh consumption in Phase | of the
program by 3 percent of projected June 2009—May 2010
electricity consumption by May 31, 2013, and also to
reduce peak demand 4.5 percent, as measured by June
2007—May 2008 peak demand, by May 31, 2013. The
target is met through a mix of dispatchable demand
response and energy efficiency programs. All of the utilities
met the final May 31, 2013, energy and demand reduction
targets. Asof May 31, 2013, the seven electric distribution
companies had collectively saved 5,403,370 MWh per year
and 1,540.61 MW. Phase |l of the program began June 1,
2013, and will run through May 31, 2016. It requires
energy savings that vary by utility from 1.6 to 2.9 percent
of June 2009—May 2010 electricity consumption.

To help meet targets, customersare eligible to received
Act 129 incentives in addition to PJIM program payments
for demand response participation. The program works as
follows: the local utility will forecast peak demand hours
and notify Act 129 CSPs when load reduction is needed.
The CSP will estimate projected revenue and will manage
and monitor both Act 129 and PJM demand response
participation. The CSP then submits settlements, obtains
payments, and sends the participant Act 129 earnings.

Pennsylvania conducted a survey of 86 customers in 2013.
Of this total, 60 percent first heard about the Act 129 load
curtailment program through a CSP, either through an
existing relationship or through marketing efforts of
another CSP.

Source: PIM. Web link.
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evaluate the costs and benefits associated with participation ina demand response program.
Inability to predict the timingand frequency of demand response events also makesit difficult
for an industrial facility managerto properly assess whetherit would be advantageous to
participate in a demand response program. The time it takes to evaluate participationin
demand response programs and the uncertainty of the results can serve as a barrier to demand
response participation.

OpenADR Alliance

Lack of Interoperability and Open Standards j
Developing Demand Response

Interoperability and open standards referto | The OpenADR Alliance, a collaborative effort by

the capability of two or more networks, Demand Response industry stakeholders, was
systems, devices' applications’ or formed in 2010 to “foster the development,
components to exchange and readily use adoption, and compliance of the Open

information—securely, effectively, and with Automated Demand Response (OpenADR)
standards through collaboration, education,
training, testing, and certification.” OpenADR

represents an open and standardized way for

. . . 63
little or no inconvenience tothe user.”” To
receive the maximum benefit of demand

response and smart grid technology, a electricity providers and operators to develop

standard, interoperable platformshould technology to communicate across an existing IP-

existto enable communication between based communications network such as the
demand response devices, customers, Internet. Efforts, like OpenADR, to harmonize
utilities, 1ISOs/RTOs, and wholesale markets standards can help lessen demand response
(see sidebaron OpenADR). These end-use communication barriers. OpenADR is a

devices can provide informationto a comprehensive standard for automated demand
customer on real-time pricingand even response and as such has achieved significant

automate the demand response of the industry support.

R 64
facility. Source: Podorsky, M. Web link.

Anotherbenefit of open standards is that, if they are altered overtime, an opendevelopment
process helpsto ensure that solutions are available from differentequipmentvendors, allowing
a low-costoptionto provide facilities with the latest software upgrades to participate in
automated demand response programs.65 Without interoperability and open standards, any
change in a given standard can be costly and complicated to implement.

Interoperability and open standards are keyissuesto the continuous growth of demand
response.sGTo help counter the lack of technical protocols and standards, the National Institute
of Standards and Technology (NIST) enlisted the Electric Power Research Institute to develop a
roadmap to serve as a guide to inventory existing standards and to identify gapsin standards;
this study was completedin 2009.%” A 2012 NIST initiative focuses on Smart Grid
communication networks. This program seeksto accelerate the development of scalable,
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reliable, secure, andinteroperable communications and standards for Smart Grid applications
by 2016 and to enable informed decision-making by Smart Grid operators by developing
measurement science-based guidelines and tools.®® DOE’s Lawrence Berkeley National

Laboratory is also working on addressingthese issues and is testingand improving strategies

and standards for demand side interoperability, wired and wireless communications,

communication architectures, devices, and monitoring and controls technologies (in addition,

see the SGIP’s effortsin the sidebar below).

Administrative Burden

There can also be issues withthe amount
of time and effortrequiredto participatein
a demand response program.

Aggregators or CSPs can helpreduce the
labor burden. CSPs can be incentivized to
work with RTOs/ISOs and states to
streamline demand response participation
requirements, recognizing any resulting
changes in demand response participation
requirements would needto be filed by the
relevant RTO/ISO and acted upon by FERC.
For example, EnerNOC, a CSP, offersa
demand response program that provides
participants with recurring payments in
return for agreeingto reduce electricity
consumption. There is no cost to
participate. EnerNOC manages the

69,70

Smart Grid Interoperability Panel (SGIP)

The Smart Grid Interoperability Panel (SGIP) 1.0
was established to help NIST fulfill its
responsibilities pursuant to the Energy
Independence and Security Act of 2007. The goal of
SGIP is to provide a frameworkfor coordinating all
Smart Grid stakeholders in an effort to accelerate
standards harmonization and advance the
interoperability of Smart Grid devices and systems.
The public-private partnership, createdin
November 2009, wasinitially funded and managed
by NIST with the intent to ultimately transition to a
nonprofit, public/private funding model. This was
successfully accomplished in 2013 and SGIP 2.0 was
launched. SGIP now functions as a private entity
focused on critical power industry issues for
utilities, regulators, equipment vendors, and
integrators.

Source: Smart Grid Interoperability Panel. Web link.

customer’s participation from start to finish ensuringthat the customer receives the highest

financial compensation for their participation. As part of participation, the customer receives

access to on-demand energy data through DemandSMART, EnerNOC’s comprehensive demand

response application.71

Regardlessif an aggregator isused, the industrial customer will still need to dedicate time to

manage demand response participation. This additional labor burden may exceed the perceived
financial value from the demand response program. Some customers have indicated that they
do not want to participate in demand response programs due to additional paperwork and

other labor involved, along with other burdensome requirements.72
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5. Barriers to Industrial Combined Heat and
Power

5.1 Background

Combined heat and power, also known as cogeneration, is the simultaneous production of
electricand thermal energy from a single fuel source. Instead of purchasing power from the
grid and then producing thermal energy on-site ina furnace or boiler, a CHP system produces
both forms of energy—useful thermal energy (e.g., hot water or steam) and electricity.
Currently, 82.7 gigawatts (GW) of CHP are installed at over4,300 sitesacross the United
States.' These CHP systems, a type of efficient distributed generation, produce 12 percent of
the electricity generated inthe United States, and account for over 8 percent of total U.S.
power-generation capacity.2

CHP systems provide significant energy efficiency and environmental benefits. Figure 23 shows
an industrial CHP systemthat offsets the needfor grid electricity and the need for steam or hot
water that would otherwise be produced from an on-site boiler. When electricity and thermal
energy are provided separately, the overall energy efficiencyisin the range of 45-50 percent.’
While efficiencies vary for CHP installations based onsite specific parameters, it is reasonable
to expectthat a typical topping-cycle CHP system will operate at 65—80 percent efficiency (75
percent shownin figure).z"5

Figure 23. Efficiency Comparison between CHP and Conventional Generation®

Traditional System CHP System

Power Plant Electricity

: - |

Eff|C|ency EfflClency

Source: Efficiencies adapted from “Combined Heat and Power: A Clean Energy Solution”” and information published
by the U.S. Environmental Protection Agency’s Combined Heat and Power Partnership®
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CHP systems are described as eithertopping or bottoming cycles. In a conventional topping-
cycle system, a fuel (e.g., natural gas or biomass) is combusted ina prime mover,® such as a gas
turbine or reciprocating engine.lOThe prime mover produces mechanical energy inthe form of
a rotating shaft, and this mechanical energy drives a generator that produces electricity. The
thermal energy that is not used to generate electricity (e.g., exhaust heat) is captured from the
prime mover and used for an end-use need such as process heating, hot water heating, or
space conditioning.'’ Ina bottoming cycle, also referred to as waste heat to power (WHP), fuel
is combusted to provide thermal input to a furnace or other industrial process and some of the
heat rejected from the process isthen used for power production.

Within the context of this study, the topic of waste heat recovery islimited to WHP. Most
industrial WHP applications are bottomingcycle systems as describedin the previous
paragraph. Industrial WHP can alsoinclude systemsin which heat isrecovered from the
exhaust of an engine or turbine generator and used to generate additional electricity through
an organic Rankine cycle or similartechnology. This type of systemis lesscommon in industrial
applications and is not a CHP system, because thereis no thermal energy deliveredtoan e nd-
use. That said, the barriers to implementing non-CHP WHP are similarto those that apply to
CHP, such as interconnection and utility rate structures. Therefore, both types of WHP are
addressedin conjunction with the discussion of CHP, and both types of WHP are addressed by
successful policy examples and opportunities included in this study.

5.1.1 Background on Industrial CHP

CHP is efficient distributed generation thatis located at or near the point of energy use or the
source of recoverable thermal energy. Most existing CHP capacity (80 percent)is located at
industrial manufacturing facilities, with commercial and institutional sites accounting for the
balance (see Figure 24).12 In the industrial manufacturing sector, there are an estimated 1,251
CHP installations representing a collective capacity of 66,275 MW.
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Figure 24. Existing CHP Capacity in the United States (82.7 GW)
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Source: CHP Installation Database, 2014
Note: “Other/Misc.” includes agriculture, mining, construction, and sites where the application

is unknown.

Industrial CHP installationsinthe United States have an average system size of 53 MW and a
mediansize of 7 MW. The difference between average size and median size shows that there is
a skewedsize distribution, withasmall number of larger systems accounting for a relatively
large fraction of the installed CHP capacity. Data show that 463 industrial CHP systems are
greater than 20 MW, which account for 76 percent of the total installed capacity of all CHP
systems but only 11 percent of the number of systems of all installed CHP in the U.S.*

Table 10 shows a breakout of CHP installations for 10 industrial markets that account for the
largest share of capacity. The top 10 markets account for 98 percent of total capacity and

87 percentof all sites. The top five markets—chemicals, refining, paper, food processing, and
primary metals—account for 92 percent of the industrial CHP capacity (Figure 25) and

76 percentof the sites (Figure 26).
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Table 10. Industrial Sector CHP Market Breakout

Market NAICS Code Capacity (MW) No. of Sites
Chemicals 325 23,171 266
Refining 324 15,577 106
Paper 322 11,711 229
Food Processing 311 6,676 254
Primary Metals 331 3,976 52
Transportation Equipment 336 1,257 22
Wood Products 321 1,013 102
Rubber 326 811 15
Textiles 313,314,315 549 27
Non-metallic Minerals (stone, clay, glass) 327 359 20
312,316,323,332,333,
Other 1,175 158
334,335,337,339
Total 31-33 66,275 1,251

Source: CHP Installation Database, 2014

Figure 25. Industrial CHP Capacity (66,275 MW)

Other
8%

Primary Metals
6%

Food Processing
10%

Paper
18%

Chemicals
35%

Refining
23%

Source: CHP Installation Database, 2014




Figure 26. Industrial CHP Sites (1,251 sites)
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Source: CHP Installation Database, 2014
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5.1.2 Benefits of CHP

CHP systems are well suited to industrial
sector applications that have well-matched
large thermal and electricloads and long
operating hours. Cost-effective CHP may
provide a number of well-established benefits
to both the industrial end-userand the nation,
including:

Benefits for U.S. businesses:'***

e Reducesenergy costs for the user.

Reducesrisk of electricgrid disruptions
and enhances energy reliability.

Provides stability inthe face of uncertain
electricity prices.

Benefits for the nation:*®

e ImprovesU.S. industrial competitiveness.

Offers a low-cost alternative foroverall
energy needs, including for new electricity
generation capacity.

Provides an immediate path to lower
emissions of GHG and air pollutants
through increased overall energy
efficiency.

Reduces or defersthe needfor new T&D
infrastructure and enhances power grid
security.

Texas).

Louisiana and Texas Legislation—CHP in
Critical Government Buildings

Recognizing the ability of CHP to keep critical
facilities up and running during emergency
events, Louisiana adopted Resolution No. 171 in
2012. This law requires all government entities
to identify which government buildings and

III H

facilities are considered “critical” in an
emergency situation. Prior to constructing or
renovating a “critical facility,” a study must be
completed to determine if CHP is economically

feasible for the facility.

Examples of buildings and facilities that may be
considered “critical” include hospitals, prisons,
police stations, fire stations, and emergency
shelters. CHP can be deemed feasible in
technical assessments if it can provide a facility
with 100 percent of its critical electricity needs,
can sustain emergency operations for 14 days,
and meets a minimum efficiency of 60 percent.
The energy savings must also exceed
installation, operating, and maintenance costs
over a 20-year period.

Texas has passed similar legislation with House
Bill (HB) 1831, HB 4409, and HB 1864. HB 1864
contains guidance on how to conduct a CHP
feasibility analysis prior to the construction or
renovation of any critical government facility.

Source: ICF. Web link.

Uses abundant clean domesticenergy sources (e.g., natural gas and biomass).
Uses highly skilled American laborand Americantechnology.

Supports energy infrastructure reliability and resiliency (see sidebar on Louisiana and
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5.1.3 U.S. CHP Technical Potential®

In August 2012, President Obama issued -
Executive Order 13624 --

an Executive Order to accelerate the Accelerating Investment in Industrial Energy Efficiency

adoption of industrial energy efficiency,

witha goal of adding 40 GW of CHP by igc‘fgf“z‘”g.the be”eﬁtsl°f CH: theg";&‘/’" f
2020 (see SidEbar),lg Estimates indicate ministration set a g0a to achieve or new, cost-

that approximately 130 GW of effective CHP by 2020. The Administration released

Executive Order 13624 in August 2012, Accelerating
additional CHP could be installed at Investment in Industrial Energy Efficiency, outlining this
existingindustrial, commercial, and goal. Achieving this target would save energy users an
institutional sites—slightly less than 65 estimated $10 billion per year compared to current
GW at industrial sitesand slightly more | energy use, and would save 1 quadrillion Btu of energy,
than 65 GW at commercial and which is the equivalent of 1 percent of current energy
institutional sites.?° Figure 27 shows the | use. Addressing the key barriers to CHP can help reach
existinginstalled base of CHP along with | this 40 GW goal.

the estimated technical potential by . ;
Source: Executive Order 13624. Web link.
market sector.

Figure 27. Existing CHP (82.7 GW) and Technical Potential (130 GW)
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Sources: CHP Installation Database, 2014 (existing capacity); ICF CHP Technical Potential Database, 2014
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5.2 Barriers

While the numberof CHP installations continuesto grow, key barriers to the accelerated
adoption of CHP still exist. These barriers are grouped into the followingthree categories:
(1) economic and financial, (2) regulatory, and (3) informational.

5.2.1 Economic and Financial Barriers

Many factors influence the deployment of CHP, and some of these factors can be barriers to
widespread adoption. Barriers relatedto economicand financial constraints include:

e Internal competition for capital. Payback expectationsand capital budget constraints
influence CHP investment decisions.

e Natural gasoutlook. The availability and long-term price forecast for natural gas
impacts investmentsin CHP.

e Accounting practices. Emphasis on minimizing upfront capital costs, and the “split-
incentive” between capital improvementand operation and maintenance (O&M)
budgets.

e Financial risk. Industrial facilities may have difficulty securing low-cost financing due to
financial risks.

e Access to favorable tax structures. Lack of financinginstruments such as Master Limited
Partnerships (MLPs) or Real Estate Investment Trusts (REITs).

e Sales of excess power. The inability tosell excess poweror access to reasonable sales
agreements for excess power.

Internal Competition for Capital

Industrial facility capital budgets are limited and there is strong competition for new capital
investment. Evena CHP system that has an attractive financial return may not be funded over
other alternatives that are closer to a company’s core business, such as investmentsin
productivity or product quality or investments torespond to regulatory requirements. A 2012
article estimatesthat 9 out of every 10 potential CHP projects do not move forward because of
capital budget constraints.?* Another study on financial barriers for energy efficiency projects
found that internal capital competitionisa major barrier—30 percent of respondents listed this
as the top barrier to moving efficiency projects forward, and 28 percent listed insufficient
capital as the main constraint.?
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CHP usually entails a substantial
upfront investment, which may
overshadow life-cyclereturnsina
capital-constrained environment,
particularly one where other financing
is challenging. In addition, companies
that are unfamiliar with CHP may seek
stronger financial numbers(i.e., a
shorter payback period or a higher
return on investment) comparedto
other capital investmentalternatives
because they may perceive the
investmentas more risky than another,
further disadvantaging CHP as an
option (see sidebar on Sikorsky for one
example of a company that decidedto
spend capital on a CHP system).?

Natural Gas Outlook

Several economic factors influence CHP
investments, and one of these factors is
the cost of natural gas, whichis a
common fuel used for CHP systems. As
indicated in Figure 28, new CHP
installations peaked at over 6,000 MW
peryearin 2001, coincidingwith the

Sikorsky Aircraft’s
Decision to Spend Capital on CHP

Sikorsky Aircraftinstalled a 10.7 MW CHP system in
2011 at their manufacturing facility in Stratford, CT.
When their environmental manager initially proposed
the project to the corporate board, there was concern
due to the estimated $26 million system cost. Sikorsky
had competing alternatives for capital expenditures but
electedto fund the CHP project, which had an
estimated payback of 3.2 years.

The CHP system exceeded expectations. The actual
payback is estimatedat 2.3 years and CO, reductions
are approximately 9,000 tons annually.

During Hurricane Sandy, the CHP system continued to
operate, providing resiliency benefits. The CHP system
remained up and running throughout the storm and its
aftermath, allowing production to continue as well as
providing employees with access to power for personal
purposes (e.g., cell phone charging).

Due to the positive experience at the Stratford plant,
Sikorsky is now looking at utilizing CHP at all of its
facilities. Sikorsky has manufacturing facilities in 12
states and in 6 countries.

Source: Environmental and Energy Study Institute. Web
link.

end of a period of high overall growth in the electricpower sector. The pace of installations

declined after2001, concurrent with increasingvolatility in natural gas prices and changesin

energyregulations. In recent years, there has beena significantincrease in the availability of

domesticnatural gas, and the long-term price forecast for natural is relatively stable. Since

2010, there has beenan upward trend in CHP capacity additions, consistent with long-term

stable price forecasts for natural gas.**
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Figure 28. CHP Capacity Additions
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Accounting Practices

Accounting practices for capital equipmentand operatingexpense budgets can impede
investmentsin CHP. One such practice is the “splitownership” problem. It is common for
companiesto separate plant operation and maintenance budgets from capital improvement
budgets. This practice results in costs and savings accruing to differentbudgets.” This type of
accounting can make it difficult toshow the benefit of a CHP system or discourage a
departmentfrom making an investmentwhenthe return will accrue elsewhere. Itisalso
common to account for taxes and capital expenses in separate budgets. Therefore, ifa CHP
installation receives atax credit, the company may not always accrue those savings to the CHP
project. Tax treatment of CHP and availability of tax credits are related topics that are discussed
in a following section.

Financial Risk

Industrial facilities interested ininstalling CHP systems may have a hard time findinglow -cost
financing due to financial risks.?®?’ Gaining access to capital at affordable rates can be especially
difficultforlong-terminvestmentsinfacility upgrades, such as CHP. This difficulty arises from
several complicating factors inaddition to normal underwriting reviews of loan requirements,
including:
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e Lenderuncertainty about CHP technology and the viability of process-related changes

(e.g., how the system works, how it will be incorporated into the process, and whether

it will perform as expected).

e Lenderuncertainty about fuel and electricity price fluctuations.

e Risk of closure of the industrial plant due to economic recession or bankruptcy of the

host company.

e Environmental uncertainties associated with manufacturing projects that may raise

. ™ . 28
lenderliability or collateral devaluation concerns.

Access to Favorable Tax Structures

Favorable tax structures have been
beneficial in stimulatinginvestmentsin
both conventional energy projects (e.g.,
coal miningand oil and gas pipelines)
and clean energy projects, including
solar, wind, and some types of CHP (see
sidebaron U.K. tax policy reforms to
benefit CHP).”® In addition to receiving
tax credits, conventional energy
technologies have access to low-cost
capital through two financing
mechanisms that are not currently
available to CHP and otherclean energy
projects: Master Limited Partnerships
(MLPs) and Real Estate Investment
Trusts (REIT).*° If CHP projects could
qualify for MLP and REIT funding, it
could improve CHP’s attractiveness
under current conditions.*

Master Limited Partnerships

United Kingdom’s New CHP Energy Tax Exemptions

In 2013, the U.K. changed their energy tax policies, no
longer exempting CHP from a climate change levy and
leading to a double tax hike for CHP systems. By
removing this tax exemption that was supposed to be
in effect until 2023, energy tax costs for CHP increased
up to three times as high as less-efficient gas power
plants.

The U.K.’s Combined Heat and Power Association led a
campaign—Less Waste, More Jobs and Growth—calling
on government officials to support industrial energy
efficiency by exempting CHP systems from the Carbon
Price Floor (CPF). The CPF is a tax on fossil fuels used to
generate electricity that beganin April 2013. In March
2014, the U.K. government exempted CHP from the
Carbon Price Floor as part of a £7 billion package to cut
energy bills for British manufacturers.

Source: HM Revenue & Customs. Web link.

An MLP is a business structure that providestax advantages to the partners and allows

investorsto trade shares in the MLP, much like a public stock. As a result, energy projectsthat

gualify as MLPs have access to lower cost of capital, and investorsin MLPs generally receive a

higherrate of return. MLPs were created in 1981 and are available to projects that involve

fossil-fuelextraction (e.g., coal mining) and fossil fuel transportation (e.g., oil and gas pipelines).
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Congress has proposed legislation (see Proposed Master Limited Partnerships Parity Act
sidebar)®*that would allow clean energy

projects to qualify as MLPs.

In April 2013, Senator Chris Coons and
Congressman Ted Poe introduced the Master
Limited Partnership Parity Act, H.R. 1696. This bill

A recent study found that if policies were would enable renewable generatorsand CHP

changed SUCh_ that CHP prOJ.ects could qualify systems to take advantage of MLPs. The bill is
for MLP funding, the adoptionrate of CHP intended to give clean energy resources access to

. 33 .
wouldlikely accelerate.™ ANew York Times low-cost capital, similar to treatment provided for
article in 2012 by two researchers at Stanford | fossil fuel projects. The generation, storage, or

University’s Steyer-Taylor Centerfor Energy distribution of thermal energy from CHP qualifies
Policy and Finance articulated the benefitsof | under H.R. 1696, along with waste heat to power.

applying MLP status to renewables (such ; ;
Source: Library of Congress, H.R. 1696. Web link.

benefitsalso extendto financing energy

efficiency projects):"Masterlimited partnerships carry the fund-raisingadvantages of a
corporation: ownershipinterests are publicly traded and offerinvestorsthe liquidity, limited
liability and dividends of classic corporations. Their market capitalization exceeds $350 billion.
With average dividends of just 6 percent, these investment vehicles could substantially reduce

the cost of financingrenewables."**

Real Estate Investment Trusts

REITs offeran opportunity to access low-cost capital from the private sector (i.e., investors).
Congress created REITs in 1960 to stimulate private sector investmentin residential
construction, commercial buildings, and industrial factories. A company that qualifiesasa REIT
can reduce its tax burden by the amount of dividends it pays to shareholders provided the
dividends are at least 90 percent of the REIT’s taxable income.

CHP installations and other clean energy assets can be considered as eligible real estate
investment trust properties. At present, the IRS is determining qualifying status on a case -by-
case basis. Rather than a case-by-case IRS ruling, Congress could expand the definition of REITs
to clearly include CHP assets, similarto what has been proposed for MLPs. Examples of current
or past Federal tax incentivesthat encourage CHP and can be expanded to further support CHP
developmentorto include waste heat to power projects as eligible include the following:

e The Federal Modified Accelerated Cost Recovery System (MACRS) tax incentive program
has helped encourage CHP development. MACRS allowed for a 5-year depreciation
schedule for eligible CHP projects. *®> MACRS expired at the end of 2014. Renewably-
fueled systems, including CHP projects, were able to receive a 50 percent first year
bonus depreciation through the end of 2014. *® Some have criticized MACRS since it did
not allow for traditional CHP systemsto qualify for bonus depreciation and did not allow
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for most waste heat to power projects to qualify for the bonus depreciation or 5-year
depreciation schedule. The MACRS tax incentive can be renewed and eligibility can be
extendedtoinclude waste heat to power. An analysis by ACEEE discusses the
drawbacks of CHP having a different depreciation period, statingthat “CHP equipment
should have one depreciation period...” and not the five periods as described in their
whitepaper.’’

The Federal Investment Tax Credit (ITC) has also helpedincentivize CHP, although it has
beencriticized due to its exclusion of waste heat to power projects, and credit
limitations for CHP projects. The Emergency Economic Stabilization Act of 2008 added
CHP system property to the list of technologieseligible foraninvestment tax credit
under Section 48 of the Internal Revenue Code. Qualifying CHP projects are eligible fora
10 percentITC through the end of 2016. Waste heat to power projects do not qualify for
the ITC. A recent study by the Heat is Power (HiP) Association found that given equal tax
treatment, industrial waste heat could provide enough emission-free electricity to
power 10 million American homes, provide thousands of new American jobs, and
support critical U.S. manufacturing industries.* Research sponsored by the World
Alliance for Decentralized Energy (WADE) in 2010 looked at the impact on CHP
development of expandingthe 10 percent ITC to the first 25 MW of capacity for systems
of any size as well as expandingthe ITC to 30 percent for high efficiency CHP (projects
with overall efficiencies of 70 percent lower heating value or greater).>® The analysis was
limited totopping cycle CHP systems using reciprocating engines, gas turbines, or
microturbines (waste heat to power wasn’t assessed). Thisanalysis found that:

o The expanded 10 percent ITCincreases CHP deploymentbyabout 20 percent overa
no ITC baseline (550 additional MW between now and 2017).

o The expanded 10 percent ITC resultsin an annual energy savings of 118 trillion Btus
and an annual reductionin CO;, emissions of 14 million metrictons (MMT),
equivalenttoremoving 2.6 million cars from the road. Investmentin the projects
represented by the expanded 10 percent ITC resultsin over 17,000 highly skilled,
well-payingjobs.

o The 30 percentITC for highly efficient CHP increases CHP deployment by more than
60 percentover a no ITC baseline (1,600 additional MW between now and 2017).

o The 30 percentITC resultsin an annual energy savings of 162 trillion Btus and an
annual reductionin CO, emissions of over 19 million metrictons (MMT), equivalent
to removing 3.4 million cars from the road. Investmentinthe projects represented
by the 30 percent ITC resultsinover 23,000 highly skilled, well-payingjobs.
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Sales of Excess Power

Designinga CHP systemto meet the thermal
needs of a facility often resultsin the system
achievinga high overall efficiency. Industrial
facilities that have large thermal needs—such as
chemical, paper, refining, food processing, and
metals manufacturing plants—often size a CHP
systemto meetthe thermalload, which may
resultin more electricity generated than required
at the site. Excess power sales may provide a
revenue stream for a CHP project, possibly
enablingthe project to go forward.*° The inability
to sell excess poweror to sell excess powerat a
competitive price can serve as a deterrentto CHP
projects sized to meetthe facility’s thermal
needs. Optionsfor sellingexcess powerinclude
Power Purchase Agreements (PPAs) with a local
electricutility, or retail sales to nearby facilities
(seesidebaron FERC rulingrelated to the use of
feed-in-tariffsin Californiato encourage CHP).*

PPAstypically guarantee that a CHP system owner
can sell powerat a predeterminedrate for a fixed
number of years. Under the Public Utility
Regulatory Policy Act (PURPA), electric utilities are
requiredto purchase electricity and capacity from
qualifying CHP facilities at the utility’s avoided
cost (see avoided cost sidebar).**** However,
there has beensignificant debate overhow to
calculate a utility’s avoided cost, and
amendmentsin 2005 have limited PURPA’s
applicability in many regions, which may be
perceived as a barrier to CHP. The challenge for

FERC Rules That Multi-tiered Avoided Cost
Structures Are Consistent with PURPA

To encourage CHP, California established a
feed-in-tariff (FIT) for CHP systems up to
20 MW. The California FIT used a multi-
tiered avoided cost calculation, and this
avoided cost calculationapproach was
challenged as not being consistent with
PURPA. FERC ruled, however, that a multi-
tiered avoided cost rate structure is
consistent with PURPA. Specifically, FERC
affirmed that state procurement obligations
(e.g., capacity additions required by a
Renewable Portfolio Standard) can be
considered when calculating avoided costs.

In evaluating the avoided costs calculated by
the utilities in the state and ensuring
alignment with PURPA, state utility
regulatory agencies may consider:*

e The technical criteria for CHP eligibility
(system size and efficiency thresholds) to
sell electricity to utilities;

e Use of standard contracts and pricing to
simplify the procedures governing CHP
electricity sales; and

e Inclusion of locational adders for avoided
T&D investments to benefit CHP systems
thatarein high-value areas that yield
significant savings from avoided T&D
upgrades.

Source: State and Local Energy Efficiency
Action Network. Web link.

state utility regulatorsis to structure an avoided cost for CHP that provides fair treatment of all

benefits and costs.

In some cases, industrial plants with CHP can also sell excess electricity to neighboringfacilities

through third-party PPAs. In many states, industrial plants that operate CHP systems do not
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have the ability to deliverexcess electricity to nearby plants that are under common ownership,
or sell excess powerto any entity other than the electricutility that servesthe CHP site. This
may hinder the industrial site from securing

financing or moving forward with the project. Texas House Bill 2049

Texas has recently taken stepsto allow HB 2049 was signed into law in June 2013, and
electricity salesto neighboringfacilities (see clarifies language in the Texas Utility Code to
sidebar).* Some states have adopted allow CHP facilities to sell electricity and heat to
provisions that allow electricity sales through | any customer located near the CHP facility.
non-utility distribution wires to nearby Previously, CHP facilities could only sell electricity

to one customer—the electricity service provider.

facilities. Forexample, Californiaand New
Enactment of HB 2049 opens the market for

Jersey (see below for additional information) i - :
selling electricity and thereby has the potential to

facilitate the adoption of CHP, particularly in
industrial facilities with large thermal demands.

have statutesthat expressly permit CHP
ownersto serve properties separated by a
publicright of way, but only if the properties
are under common ownership or meetother Source: Texas Combined Heat & Power Initiative.
specificconditions.* States can consider Web link.

similar provisions, as well as allowing CHP
users to sell excess electricity to third parties. ®Successful example policiesinclude the
following:

e NewlJersey has legislationthat defines contiguous property as any site that takes
thermal energy from the CHP host, enablingthe CHP host to sell electricity to that off-
taker as well, potentially improving the economicfeasibility of projects by expandingthe
electricand thermal loads.

® (Californiaallowsa limited exceptionto CHP facilities selling powerto neighboringloads.
A CHP facility sellingto contiguous loads is not an electrical corporation under certain
conditions. In addition to using power to meetits own load, a CHP facility can sell
electrical powerto its neighbors over private wiresto not more than two other
corporations on the same property or to the immediately adjacent properties.47

Regulatory Barriers
Regulatory barriersto CHP can be diverse and range from unevenimplementation of output-

based emissions standards to not including CHP in incentive programs such as Clean Energy
Portfolio Standards (CEPS). Regulatory barriers for CHP may include the following:

e Utility business model. The structure of utility cost recovery and lost revenue
mechanisms can reduce a utility’sinterestin promoting industrial CHP projects.
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e FEnvironmental permitting and regulatory issues. Output-based regulationsand New

Source Review (NSR) permittingrequirements.

e Inconsistent interconnection requirements. Lack of standardized interconnection

requirements can impede CHP.

e Lack of recognition of environmental benefits. Lack of financial value for the potential

emissions benefits of CHP.

e Failure to recognize the full value of CHP in regulatory evaluations. Utility procurement

and resource plans may omit some value streams provided by CHP.

e Standby rates. Structure of standby rates that are not designed to closely preserve the

. 48
nexus between charges and cost of service.

e Exclusion from clean energy standards. CHP’s eligibility under CEPS programs.

e Capacity and ancillary services markets. Electricity markets and programs may limit

CHP’s ability to participate.

Utility Business Model

The traditional business model for
regulated utilities canlimitinvestments
in CHP. In traditionally regulated
electricity markets, utilities recover
fixed costs and earn revenue by selling
energy, with the cost of buildingnew
power plantsand transmissionand
distributioninfrastructure recovered
through energy sales.” The reduction of
electricity sales (includingenergy
efficiency and CHP) may reduce utility
income and may make it more difficult
for the utility to cover fixed costs. This
utility model is perceivedto create a
disincentive for utilities to support
efficiency and on-site generation
projects like CHP.”® However, some
utilities such as Alabama Power have
successfullyintegrated both the costs

Alabama Power’s “Win-Win” Scenarios for CHP

Alabama Power, owned by Southern Company, has
2,000 MW of CHP in its service territory. Approximately,
1,500 MW is customer-owned CHP and more than 500
MW is company-owned CHP located at large industrial
sites. This customer-owned CHP generation was primarily
installed in the 1990s and has provided Alabama Power
with significant benefits, allowing the company to avoid
building an estimated 1,700 MW of central station
capacity.

Alabama Power continues to assess customers for CHP
potential, seeking “win-win scenarios” that benefit the
customer, the utility, and the utility’s customers.
Alabama Power has been able to incorporate the costs of
both new CHP PPAs along with utility-owned CHP into its
rate base.

Source: State and Local Energy Efficiency Action Network.
Web link.

associated with purchasing electricity through PPAsand company-owned CHP intoits rate base

(see sidebar).>*>?
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To address concerns about utility revenue losses due to efficiency, rate designs that remove the

link between utility fixed cost recovery and profits from sales volume have progressedin some

states.” Appropriate rate designis critical for allowing utility cost recovery and to prevent costs

from beingunfairly shifted between customers. As the grid evolves toward a structure where

customer resources are fully compensated for the value of the services they provide to the grid,

and utilities are likewise fully compensated forthe services they provide to customers, tariffs

will need to evolve to fairly reflect the value of these two-way transactions.>

State utility regulatory agencies can review, and if necessary, modify regulations to address

these utility revenue concerns. Modification of these regulations may encourage utilities to

promote CHP projects, while still allowingthemto earn a fair rate of return on investments. For

example, New York Governor Andrew Cuomo announced a new initiative called Reforming the
Energy Visionon April 24, 2014. The proposal calls for redesigning the regulatory framework

that appliestothe state’s electricutilities, and focuses on increasing systemreliability and

promoting clean energy. The proposed reforms envision that customers will be able to generate

theirown electricity through CHP and other forms of clean energy. The proposal also envisions
that the distribution utility, which will become a Distributed System Platform Provider (DSPP),
will function more like a traffic cop instead of a monopoly distributor of power, and will be

compensated by the distributed resource providers that deliverelectricity. Under Reforming

the Energy Vision, the New York PublicService Commission will considerthe degree to which

DSPPs can own, operate, and/or finance distributed energy resources.”>

Environmental Permitting and Regulatory Issues

Air quality regulations and permitting
requirements can limit CHP development.
Many air regulations establish emissions
l[imitson an input basis—pounds of
pollutant per unit of fuel input(e.g.,
Ibs/MMBtu of fuel input).*® Input-based
limits do not recognize more-efficient
generatingtechnologies, including CHP.
When output-based limits are used, they
should recognize both the thermal and
electrical output of CHP to properly account
forits energy efficiency. Output-based
emissions regulations relate emissionsto
the productive output of the process rather
than the amount of fuel burned, meaning

Texas Permit-by-Rule

Texas has implemented streamlined permitting for
CHP systems using a permit-by-rule (PBR)approach.
The Texas PBR was issued in 2012 and applies to CHP
powered by “pipeline-quality natural gas-fired
engines, including turbines.” To qualify, anindividual
CHP system or any group of units may not exceed 15
MW in capacity. The PBR differs from a standard
permit and recognizesthe efficiency benefits from
CHP by establishing higher output-based NOy limits
for systems from 8 to 15 MW in size. Inone case, the
Texas PBR allowed a CHP system to obtain an air
permit in just 4—6 weeks. Prior to PBR, the average
time was typically over a year.

Source: U.S. Environmental Protection Agency. Web
link.
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limits are based on the amount of pollutant per useful energy output(e.g., lbs/MWh,
Ibs/MMBtu delivered, orlbs/bhp-hr).>’

With input-based emissions limits, the reduced emissions fromimproved energy efficiency are
not recognized. Expanded use of output-based limitsin state or Federal regulations may
encourage energy efficiency improvements such as CHP. A number of states and Federal
regulations have begun to include output-based limits (see sidebar on Texas Permit-by-Rule on
the previous page for streamlined permitting that considers output-based NOy
emissions).*®State regulators can also encourage the use of consistently formatted output-
based emissions standards that account for both the electricand thermal output of the CHP
system. The EPA Combined Heat and Power Partnership provides a variety of resources for
states to draw upon when developing output-based regulations.59

Ensuring that state permitting processes are straightforward and predictable helps to avoid
costly delays and uncertainty in the planning process. For example, Texas and Connecticut have
implemented streamlined air permitting for CHP systems and lowa is considering such an
approach. State air agencies can adopt simplified, standardized permitting for CHP systems. The
EPA’s Combined Heat and Power Partnership works to promote streamlined, priority permitting
process for qualifying CHP projects.

Other Federal permitting regulations may also inadvertently deter CHP and efficiency
upgrades.60 Federal regulatory requirements, such as NSR, are perceived by the industry to
hinder CHP development. The NSR permitting process appliesto any new source whose
potential emissions qualifyitas a “major source” or a “major” modification that can increase
emissions above a certain threshold (typically the thresholdis between 10 and 100 tons of
emissions peryear, dependingon the source category and air quality withinthe area). NSR
rulesrequire affected sources to conduct a review of air quality analysis, conduct additional
impact analyses, install state-of-the-art pollution control equipment, and undergo a public
notice process.61
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NSR is often perceived to be an uncertain and
time-consuming permitting process. CHP systems
can commonlyincrease a facility’s on-site
emissions, butsignificantly reduce total emissions
across multiple facilities throughout the air shed,
as compared to separate heat and power
production. The NSR process, however, does not
account for these offsite emission reduction
benefitswhen determining permitapplicability,
but offsite emissions can be consideredin
assessing the impacts of the control technology
options. An industrial site may be reluctant to
pursue a CHP projectif thereis a perceived
potential that the CHP project will trigger NSR
requirements.

Itis important to note that states, not the federal
government, issue NSR permits (see the Frito-Lay

NSR example in the sidebar®®®).

Inconsistent Interconnection Requirements

Standardized interconnectionrulescan help
establish clearand uniform processes and
technical requirements for on-site generationto
connect to the electricgrid. Most CHP systems
rely on the utility grid for supplemental, standby,

Frito-Lay’s CHP NSR Permit

Frito-Lay’s manufacturing plant in Killingly, CT,
installed a CHP system in 2008. The system is a
4.6 MW, natural gas—fired combustion turbine,
which provides 90 percent of the facility’s
electricity needs and 80 percent of its steam
needs.

Frito-Lay received an initial NSR permitin May
2008 for its CHP system, and was issued a
modification to its permit in May 2012. Control
equipment consists of a selective catalytic
reduction system for NOy control. In addition,
Frito-Lay’s CHP system has the following
benefits:

* Fuel efficiency exceeds 70 percent on
average annually.

¢ Reduces GHG emissions by more than 5
percent.

e Enables continued facility operations
during power outages, including during
Hurricane Irenein 2011 and Hurricane
Sandy in 2012.

* Reduces energy costs, saving the facility
over $910,000 annually.

Source: Connecticut Department of Energy &
Environmental Protection. Web link.

and backup powerservices, and in some cases for selling excess power. Beingable to safely,

reliably, and economically interconnect with the existing utility grid is a key requirementforthe

success of a CHP project. Technical standards governinghow on-site generators connect to the

grid serve an important function, ensuring that the safety and reliability of the electricgrid is

protected. Non-standardized interconnection requirements and uncertainty in the timingand

cost of the application process can be a barrier to customer-sited generation.

Forty-three states and the District of Columbia have adopted some form of interconnection

standards or guidelines; howeverrequirements and implementation are inconsistent between

states and sometimes within states.® Effective standards can reduce uncertainty overissues

such as technical requirements, costs, dispute resolution, insurance requirements, and

timeframes for approval decisions. The lack of uniformity in application processes and fees, as

106



http://www.ct.gov/deep/lib/deep/air/permits/titlev/frito-lay/p_089-0105.pdf

well as the degree to which these requirements are enforced, makes it more challenging for
equipment manufacturersto designand produce modular packages and may reduce economic
incentives for on-site generation. Lack of interconnection standards for projects of all sizes can
cause confusionand delayin project development (e.g., interconnection standards that apply
only to small or mid-size systems, orstandards that apply only to certain fuels or net-metered

systems). Larger CHP systems (typically greater than 20 MW), such as those found at most

industrial sites, typically work through
the interconnection process
independently with utilities. Having an
established dispute resolution process
or established timeframes for utility
approval may assist in more timely
development of CHP projects.

The ability for generatorsto
interconnect to both radial and
network grids is important. Some
utilities may not allow interconnection
of generators on electrical circuits
known as network grids. These
electrical distribution systems are
typically foundin urban areas, and the
interconnection of CHP systems may be
forbidden or may require additional
switch gears that could add cost to the
interconnection.65(see sidebarforan

New York’s Interconnection Standards

New York first adopted interconnection standards in 1999
that allowed for distributed generation systems up to
300 kW in size to connect to radial distribution systems.
In 2005, New York modified its interconnection
requirements to allow for distributed generation systems
up to 2 MW in size to interconnect to both radial and
secondary network systems.

Most buildings with CHP systems in New York City are
interconnected, with the CHP providing some portion of
their electricity load on-site while receiving the rest of
their power from the Con Edison electric grid. This setup
occurs due to the density of the city and the high price of
local real estate, which often makes it too costly to build
a CHP system large enough to meet all of a building’s
energy needs.

Source: State and Local Energy Efficiency Action Network.
Web link.

example oninterconnection standards for distributed generation systems).%®

The lack of uniform standards for interconnection proceduresis due in part to the fact that

jurisdiction overinterconnection can be splitbetween the Federal Energy Regulatory
Commission (FERC) and each state’s utility regulatory body. FERC has issued model
interconnection guidelines, which some states and utilities have adopted, while others have
not. FERC issued model interconnectionrules forlarge systems (i.e., greaterthan 20 MW) in
2003 and issued rules for small systems up to 20 MW insizein 2005.” FERC recentlyimproved
upon theirsmall generator guidelines by releasingrevised standards in November 2013. ®8 The
FERC model rules seekto promote more consistentand well-structured standards throughout
by the country by offering guidance that can be adopted by states and utilities. The FERC model
rules establish technical requirements, provide application forms, and define whois responsible
for utility system upgrades. For example, FERC’s large generator interconnection standards
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include a Large Generator Interconnection Procedure (which setstechnical requirements) anda
Large Generator Interconnection Agreement (which sets contractual provisionsand identifies
who pays forimprovements to the utility’s electricsystemif such modifications are neede d).69
The intent of FERC's small generator standards package of reforms adoptedin November 2013
is to reduce the time and cost to process small generator interconnection requests, maintain
reliability, increase energy supply, and remove barriers to the development of new energy
resources.*

Lack of Recognition of Environmental Benefits

Treating environmental benefits as an externality that cannot be monetized reducesthe value
of CHP projects. For example, in 2008, CHP systems were estimated to have avoided over

1.9 quadrillion Btu of fuel consumptionand an estimated 248 million metrictons of CO,
emissions when compared to the separate production of heat and power.”®”* This CO,
reductionis equivalent to the emissions of more than 45 million cars.”” CHP systems may also
lead to significantreductionsin NOy, SO,, and hazardous air pollutants. These emissions savings
typically do not receive economicvalue from companies because they typically cannot be
monetized underexistingregulation. However, there may be significantvalue (monetary and
shareholder) from such emissions savingsin certain markets, such as CHP systems receiving CO,
emissions credits under the Regional Greenhouse Gas Initiative (RGGI), as well as in corporate
sustainability reporting.

Failure to Recognize the Full Value of CHP in Regulatory Proceedings

Utilities compare the value of resource alternativesinintegrated resource plans that are
prepared for state utility regulatory commissions; however, these comparisons frequently omit
sources of CHP value. For example, the locational benefits of distributed generation can be
significant but are oftenignored; average line loss benefits are frequently considered even
when marginal line loss benefits are relevant; and the benefit of reducing electricsalesreduces
the cost of complying with clean energy standards. Resource assessmentsthatinclude a
complete set of benefits and a fair value for each provide equitable treatment for all
alternatives, including CHP.”

Standby Rates

Utility rates and fees can have an impact on CHP economics. Most industrial customers are
motivatedto install CHP systemsto meetelectricity and thermal energy needs at a lower cost.
Standby rates,”* or partial requirements tariffs, are a potential impedimentto CHP if the rates
are not properly designed.”” Utility rates, including standby charges, should allow a utility to
recover costs from customer classes based on energy usage patterns for each class. This
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principle of “cost causation” is implemented through rate designs that fairly allocate costs
based on measureable customer characteristics.”®

Utility standby rates cover some or all of the followingservices:”’

e Backup power duringan unplanned generator outage.

e Maintenance power during scheduled generator service for routine maintenance and

repair.

e Supplemental power for customers whose on-site generation under normal operation

does not meetall of their energy needs, typically provided underthe full requirements

tariff for the customer’s rate class.

e Economic replacement power when it costs less than on-site generation.

e Delivery associated with these energy services.

For industrial customers, costs of utility service are typically separatedinto customer, energy,

and demand charges. Customer
charges are designedtorecover costs
incurred to provide meteringand billing
servicesand service drop facilities.
Energy charges recoverthe variable
costs incurred to generate electricity
(i.e., chiefly fuel cost).”® Demand
charges are designedtorecover the
utility investment costincurred to
provide generating, transmission, and
distribution capacity and may vary by
season and time of day (see the sidebar
on Pacific Powerbelow for an example
of a standby rate policy).”*®

Standby rates must be balanced to
preventthe utility from needingto
unfairly shift costs among customers, as
well as recognizing the benefitstothe
utility from distributed generation. The
key standby rate implementation
approaches that state utility regulators
can considerare whetherthey:81

Pacific Power Standby Rates in Oregon

Pacific Power has established standby rates in Oregon
that balance the value of on-site power generationand
utility cost recovery needs. Several key elements of these
standby ratesinclude the following:

Pacific Power assesses charges for shared distribution
facilities, such as substations and transmission lines,
based on 15-minute net demand for the month
during on-peak hours. There is no annual ratchet.

Cost recovery for local distribution facilities is based
on the average of the two highest monthly peak
demands for the past 12 months.

Scheduled maintenance service must be scheduled
30 days in advance. Pacific Power offers partial
requirements customers the option to buy
replacement energy at market prices.

Energy service for unscheduled outages is based on
real-time market prices. Demand and transmission
charges during scheduled maintenance periods and
unscheduled outages are based on daily demands
and do not affect chargesfor T&D services under the
base standby tariff.

Source: State and Local Energy Efficiency Action Network.
Web link.
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e Offerdaily or monthly as-used demand charges for backup powerand shared
transmission and distribution facilities;

o Reflectload diversity of CHP customers in charges for shared delivery facilities;

e Provide an opportunity to purchase economic replacement power;

e Allow customer-generators the option to buy all of their backup power at market prices;
e Allowthe customer to provide the utility with a load reduction plan; and

e Offera self-supply option forreserves.

In addition Pacific Power, another example of successful standby rates is Consolidated Edison’s
rates. Consolidated Edison offers replacement or supplemental service forapproved projects
for self-generation customers whose generation capacity is greater than 15 percent of their
potential load. Pricing for this service is based on a contract demand representingthe highest
demand the facilityis likely to meet for the customer under any circumstances. The charge for
the contract demand reflects both the customer’s contribution to local facilitiesusedon a
regular basis for baseload demand, as well as customer-specificinfrastructure necessary to
meet the maximum potential demand with or withoutthe customer’s generationin service.
The rate for the entire contract demand is generally lowerthan the otherwise applicable rate.
In addition, the company assesses a demand charge based on the actual demand recorded each
day. The rate varies by season and time of day—peak versus off-peak. This variable charge
recovers shared system (upstream) costs. It is calculated on a daily basis.

Demand charges in standby rates are sometimes “ratcheted,” meaningthe utility continuesto
apply some percentage (oftenas high as 100 percent) of the customer’s highest peak demand
in asingle billingmonth for up to a year after its occurrence. The use of ratchets can be
controversial —some view ratchets as increasing the equity of fixed-cost allocation, while others
view ratchets as barriers to CHP. Although demand ratchets may be appropriate for recovering
the cost of delivering energy to customers in the vicinity of the generator, some argue that they
do not reflect cost causation® for shared distribution and transmission facilities. Distribution
and transmission facilities are designed to serve a pool of customers with diverse loads. Utility
charges based on ratcheted demands may fail to recognize the diversityinload among CHP
customers and the cost savings associated with that diversity, particularly regarding shared T&D
facilities. Requiring CHP customers to pay ratcheted demands may resultin CHP customers
overpayingfor utility-supplied electricity relative to full requirements customers. Establishing
tariffs with fair standby charges can be difficult, but there are best practices from existing tariffs
that State utility regulators can draw from (see recentreport form Oak Ridge National Lab and

the Regulatory Assistance Project on tariff best practices).®>%°
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Exclusion from Clean Energy Standards

State Clean Energy Portfolio
Standards (CEPS)® commonly
require a certain percentage of
retail electricity salesin a given
state to come from qualifying
renewable resources or highly
efficienttechnologies suchas
CHP, or require that a certain
amount of energy savings be
achievedfrom energy efficiency
projects. CEPS are an effective
tool for encouraging clean or
efficientsources of generation.®
Some CEPS have separate tiers or
targets for energy efficient
technologies, ascompared to
those for traditional renewables.
Some states, such as
Massachusetts and Minnesota

89,90,91
), have

(seesidebars
established separate energy
efficiency resource standards
(EERS) that allow energy efficient
projects to qualify.” Well-
designed CEPS programs — those
that establish separate targets or
tiers for different categories of
resources to ensure that a certain
class of resource is not
encouraged to the detriment of
others — have proven effective in
encouraging the development of
clean energyresources and
meetingoverall state policy goals
(see sidebaron a successful CHP
program in Maryland®?).

Massachusetts’s Energy Efficiency First Fuel Requirement

Massachusetts’s Green Communities Act of 2008 called for a
number of energyreforms in the State, including the
establishment of an Energy Efficiency Resource Standard
(EERS), termedthe Energy Efficient First Fuel Requirement.
Under the EERS, electric and gas utilities must prioritize cost-
effective energy efficiency and demand reduction resources
over supply resources, and they must submit 3-year plans
outlining how they plan on meeting the requirement. No
defined list of eligible technologies can be used to meet the
requirements.

Funding to implement the utility plans comes from a number of
sources: a $0.0025/kWh surcharge imposed on customers of all
electric I0OUs in the State; the Forward Capacity Market
administered by ISO-NE; funds from the Regional Greenhouse
Gas Initiative funds and the NOx Allowance Trading Program;
and other sources approved by state agencies.

Funds then support the Mass SAVE program along with other
initiatives. The Mass SAVE programs provides rebates to CHP
systems that pass a benefit/cost ratiotest. Rebates are
$750/kW, and funding is also provided for 50 percent of cost
feasibility studies. Program results for 2011 showed that CHP
systems represented 30 percent of commercial/industrial
energy efficiency target savings, and the $/kWh savings from
CHP have been the lowest of all Mass SAVE measures.

The first EERS 3-year plan (2010-2012) delivered 2,390
gigawatt hoursand 49 million therms of energy savings, and
nearly 1.4 million metric tons of greenhouse gas reductions.
These reductions are equivalent to the annual electricity
consumption of over 314,000 homes, the natural gas usage of
52,000 homes, and the greenhouse gasemissions from 290,000
cars. Under the EERS plans, Massachusetts is investing more in
energy efficiency per capita than any other state.

Source: Massachusetts Office of Energy and Environmental
Affairs. Web link.
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Minnesota Waste Heat Recovery Law (HF 729)

Minnesota’s recent Waste Heat Recovery Law signed in May 2013 specifies that “waste heat
recovered and used as thermal energy” from existing machinery, buildings, or industrial processes,
including combined heat and power, for heating or cooling is eligible for utility conservation programs.
HF 729 also specifies, “‘energy conservation improvement’ means a project that results in energy
efficiency or energy conservation. Energy conservation improvement may include waste heat that is
recovered and converted into electricity,” where waste heat recovery converted to electricity is
defined as “an energy recovery process that converts otherwise lost energy from the heat of exhaust
stacks or pipes used for engines or manufacturing or industrial processes, or the reduction of high
pressure in water or gas pipelines.” Resulting energy savings from waste heat recoveredand used as
thermal energy or recovered and converted into electricity is also now eligible towards a utility’s
natural gas or electric energy savings goals. The Minnesota Department of Energy Resources is
currently working on guidelines for programimplementation.

Source: Minnesota Department of Energy Resources. Web link.

Maryland— CHP Incentive Program

Maryland passed the EmMPOWER Maryland Energy Efficiency Act of 2008, which sets a goal of reducing
overall per capita energy consumption and demand in the State by 15 percent by 2015. The Act
requires utilities to develop cost-effective energy efficiency and demand response programs for all
customer classes. The State’sinvestor-owned utilities—Baltimore Gasand Electric (BGE), Pepco, and
Delmarva Power—implemented similarly structured CHP incentive programsto help meet the
objectives of the EmMPOWER Act. All applications under these CHP incentive programs must be
submitted by the end of 2014. Reciprocating engine or gasturbine CHP systems that meet a minimum
efficiency of 65 percent or higher typically qualify for incentives, including:

e Design incentive (S75/kW)

e |nstallation incentive ($175/kW)

e Production incentive ($0.07/kWh for 18 months)

e The preproduction incentives and the production incentive (both capped at $1,000,000 each
such that the totalincentive for any one project does not exceed $2,000,000)

This CHP incentive programis expectedto help significantly increase the use of CHP in Maryland. For
example, the 2012 EmPOWER compliance report states that, based on proposals received, BGE will
likely approve 16 CHP system applications with potential annual energy savings of 102,000 MWh.
Pepco is expectedto approve 11 applications with potential annual savings of 219,000 MWh, and
Delmarva is expected to approve 6 applications with potential annual savings of 33,000 MWh.

Source: State and Local Energy Efficiency Action Network. Web link.
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Performance-basedincentives have beenshownto be an effective tool in encouraging efficient,
new CHP installations, and can help meetstate CEPS goals. For example, to help meet
EmPOWER Act of 2008 energy savings targets, Maryland’s three IOUs all have similar
performance-basedincentive programsfor certain CHP systemtypes that meeta minimum
efficiency of 65 percent. The programs provide eligible CHP systems with a production incentive
of $0.07/kWh (see detailsinthe sidebar below). States can consider allowing for performance-
based incentive programs for CHP systems where italigns with state policy goals.

Many states differentiate between topping cycle CHP projects and bottoming cycle, or WHP
projects. Twenty-five states explicitlyinclude CHP and/or waste heat recovery as an eligible
resource; however, from state-to-state the specifics of how CHP or WHP qualifies vary.94 Fifteen
of these states explicitlyinclude WHP in their renewable portfolio standards. In some states,
CHP is treated as an efficiency resource and WHP is treated as a renewable resource.
Elsewhere, both are treated as efficiency resources. Thisinconsistent treatment creates
confusion among end-usersand project developers.

Capacity and Ancillary Services Markets

The electricgrid is dynamic and grid operators continuously monitor the system to ensure that
proper voltages, frequencies, and reserve margins95 are maintained. In regions with organized

markets, much of this supportis
Remarks from Former FERC Chairman Jon

o ) > Wellinghoff at CAISO Stakeholder Symposium
Providingthese servicesto the grid isone (October 7, 2009)

coordinated through market programs.

form of additional revenue that may be : : .
y “Ancillary services are essential to keep the system

eamedby a CHP project. Short-term balanced and prevent it from cascadinginto a

adjustmentsto the grid (measuredin blackout. And it turns out that demand response,
minutes or hours) are referredto as ancillary | |ocal storage, and distributed generationare
services. Longer-term support for the grid among the best ‘dance partners’ to ensure we can
(measuredin years) is covered by capacity reliably integrate renewable energy resources into
markets. Specifically: the grid. Indeed, it has been demonstrated that

these distributed resources are more efficient than
central station fast response natural gas—fired
generatorsat matching load variations and

FERC Chairman Wellinghoffonvalue providing ancillary services needed to ensure

of ancillary services) ;%0 reliability. They are even faster, generally cheaper,
and have a lower carbon footprint than the
traditional power plant provided ancillary service.”

e Ancillary Services Markets include
(see sidebarcomments from former

e Capacity or Forward Capacity
Markets are markets where new and

existing resources bidinto grid Source: Wellinghoff, J. Web link.
operator auctions to acquire capacity
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for future years.

e Operating & Spinning Reserves supply electricity if the grid has an unexpected need for
more power on short notice.

e Regulation and Frequency Response service corrects for short-term changes in electricity
use that might affect the stability of the power system. This service helps match
generationand load, and it adjusts generation output to maintain the desired
frequency.

e Reactive Power and Voltage Control service corrects for reactive power and voltage
fluctuations caused by customer operations.

Regional transmission organizations (RTOs) and independent system operators (1SOs)
administerand manage capacity and ancillary services markets. As more CHP and distributed
generation resources are added as electricsupply resources, ISOsand RTOs are allowingor
evaluating participation by these resources in capacity and ancillary services markets. As an
example, inISO-N E,” CHP systems with a capacity of 1 MW or larger can participate in capacity
and ancillary service markets.?®

Current CHP participationin capacity and ancillary services markets is low.* One reason for the
low participation is that each of the markets for these servicesis highly specialized with
detailed rulesto ensure that the electricsystem remains safe and reliable, which placestime
demands on the CHP owner or operator. In capacity markets, compensation is established
through a competitive auction and paid to resources that commit several yearsin advance to
beingavailable to meet peak demand. A penalty may be invoked if the supplierfailsto meetits
contractual obligation. The ancillary services market isalso governed by detailed rules,and in
many cases a system aggregator or the load-serving entity will arrange participation on behalf
of the CHP owner. Participationrequirementsinclude meteringthatallows for financial
settlement, active market engagement, and periodiclSO training courses to maintain
certification—all of which place time demands on the CHP owner.

Anotherreason for low participationis that CHP operating characteristics may not align with
participation requirements. CHP systems are usually sized to meet site thermal loads and are
normally operated in a baseload manner or follow the operating schedule of the facility to
maximize savings.100 Because electricity productionis typically driven by thermal needs, in most
cases, electricity produced by these systems is typically less than customer demand and no
excess electricity is generated. It may be possible for CHP to participate in ancillary services
markets if operational flexibility is designedinto the system (e.g., the CHP systemis sized with
single or multiple prime movers that provide excess capacity when needed or the systemcan
operate duringtimes when the thermal load is lower).
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5.2.2 Informational Barriers

Industrial facilities typically view CHP as one option —often among several competing options —
for reducing energy costs. To make an informed decision, industrial customers need accurate
and complete information to reach valid conclusions on whetherand how CHP may benefit
theiroperation. The core business for industrial customersis not producing electricity or
recoveringthermal energy, and they generally have very limited time to evaluate non-core
topics such as CHP. CHP implementation will lagif relevantinformationis not readily available,
is difficultto comprehend, is subjectto change, or if resources are not available to hire outside
expertise. Informational barriersinclude:

e Awareness of available incentives. Insufficient knowledge of federal, state and utility
incentives and eligibility requirements for CHP projects.

e Technical knowledge and resource availability. Lack of in-house technical expertise or
the resources to hire outside staff for the design, development, and operation of a CHP

system.
NYSERDA FlexTech Program
Awareness of Available
. NYSERDA'’s FlexTech program provides New York State industrial,
Incentives

commercial, institutional, government, and nonprofits with technical
A variety of incentive assistance to help them make informed energy decisions. The goal of
the FlexTech programis to increase the productivity and economic

competitiveness of facilities by identifying and helping assist with the

development of certain energy efficiency projects, including CHP.

programs can support CHP,
through capital cost buy-

downs, tax credits, o : : - :
Cost-sharing incentives are available for a range of studies, including

CHP project classification studies and industrial process efficiency
analysis. For CHP project classification studies, site-specific technical

regulatory incentives, utility
rates, and other measures.

The diversity of such state requirements and economic feasibility of installing natural gas—fired

programs makesit difficult
for CHP projectdevelopers
to be aware of the available
incentives. Insufficient
awareness of CHP incentives

CHP are assessed. For energy efficiency and CHP studies, NYSERDA
will cost share up to $1 million.

Source: New York State Research and Development Authority. Web

can resultin missed opportunities. The New York State Energy Research and Development

Authority’s (NYSERDA’s) FlexTech program (see sidebar)'®isan example of successful

coordination of information on the availability of incentives and technical assistance resources.

Many incentive programs are periodically redesigned orfunding may be available foronly a

limited period. To help raise awareness of available incentives and policies that support CHP

development, the North Carolina Solar Centerand EPA’s Combined Heat and Power Partnership

have developed databases (see sidebar).

102,103
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Technical Knowledge and
Resource Availability

A 2013 surveyfound that lack of
technical expertise isone of the
top barriers to energy efficiency
in the United States and

1941 ack ofin-house

Canada.
technical expertise, especially in
small- to medium-size
companies without
sophisticated energy
management systems, can limit
the ability to evaluate
opportunitiesfor CHP and the
economic benefits thereof. The
complex nature of most
industrial facilities means that
incorporating a CHP system
oftenrequires extensive
engineeringtointegrate them
into the facility’senergy
infrastructure. Specialized
experienceisneededto
conduct the technical
assessmentsto determine the
appropriate CHP system size,
technologytype, and other
characteristics required to meet
a facility’senergy needs.

This design and sizing of CHP
installations typically requires
an engineerwith site design
and operational experience.
Many industrial companies do
not have on-site staff that can

CHP Incentive Resources —DSIRE and dCHPP

The Database of State Incentives for Renewables & Efficiency
(DSIRE) is operated and funded by the NC Solar Center at NC State
University. DSIRE contains information on federal, state, city,
utility and other incentive programs and policies to encourage
clean energy projects, including CHP. DSIRE contains a program
overview and summary information for eachincentive program.
DSIRE serves as an important resource for project developers,
policymakers, and state regulators.

EPA’s Combined Heat and Power Partnership developed the CHP
Policies and Incentives Database (dCHPP), and contains
information on incentives and beneficial policies for CHP. The
database allows users to search for policies and incentives at the
state or federal level. It contains information on items such as
state energy plans that include CHP, utility rate structures
favorable to CHP, and grant/loan programs.

Source: North Carolina Solar Center. Web link, and EPA dCHPP.
Web link.

Department of Energy CHP Technical Assistance Partnerships
(TAPs)

DOE’s CHP Deployment Program provides stakeholders with
resources necessary to identify CHP market opportunities and
supports implementation of CHP systems in industrial,
commercial, institutional, and other applications. Site-specific
technical assistance is provided by regional CHP Technical
Assistance Partnerships (CHP TAPs). The CHP TAPs promote cost-
effective CHP, waste heat to power, and district energy with CHP.
Services include: market assessments for CHP; education and
outreachto provide information on the benefits and applications
of CHP to state and local policy makers, regulators, energy end-
users, trade associations, and others; and technical assistance,
including project screenings and feasibility analyses, for energy
end-users and others to help them consider CHP

Source: U.S. Department of Energy. Web link.

devote theirfull-time attention to assessment and design tasks, and may have to seek outside

support, which can add cost and delay to project development. To overcome this, many
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industrial companies work with firms that offera full suite of CHP project services, including
design, build, ownership, and operation of a CHP system.

A variety of resources are available through state, federal, and utility programs, which provide
information on CHP and guidelines on how to develop a project.'® However, industrial
companies may not be aware of these programs and resources (see DOE CHP Technical
Assistance Partnerships [TAPs] sidebar above for an example program that provides CHP
support).'®® Several examples of other successful CHP effortsinclude:

e Executive Order 13624—Accelerating Investmentin Industrial Energy Efficiency. This
Executive Order, issuedin August 2012, sets a national goal of 40 GW of new, cost-
effective CHP in the United States by the end of 2020. If the target is met, it will save 1
quad of energy (~1 percent of annual energy consumptionin the United States).

e EPA CombinedHeat and PowerPartnership—The CHP Partnershipis a voluntary
program that promotes high-efficiency CHP technology to reduce the environmental
impact of power generation. The CHP Partnership promotes CHP by fostering
cooperative relationships with the CHP industry, state and local governments, and other
relevant stakeholders. Accomplishmentsfrom 2001 through 2011 include: Assisting
more than 640 CHP projects, representing 5,490 MW of new CHP capacity. On an annual
basis, these projects will preventthe emission of 14.5 million metrictons of carbon
dioxide equivalent.

e SouthwestGas, Inc., providesincentives for CHP projects in Arizona, California, and
Nevada. Southwest Gas Key Account Management group has Industrial Gas Engineers
who will work with customers or customer consultants to determine the feasibility of a
CHP project and prepare economic studies. Southwest Gas also partners withthe
Southwest CHP Technical Assistance Partnership to promote CHP regionally through
outreach efforts.

EU Energy Efficiency Directive—The EU's 2004 CHP Directive has played an important part in
the encouragementand recent introduction of CHP incentives across several member states,
according to an International Energy Agency report on Cogeneration and District Energy. The
Directive establishes general principlesfor CHP policy but leaves detailed implementation to
member states. The purpose of the CHP Directive isto “increase energy efficiency andimprove
security of supply by creating a framework for promotion and development of high efficiency
cogeneration of heat and power based on useful heat demand and primary energy savings”in
the internal energy market. As such it covers a number of definitional issues, as well as
calculation methodologies and several key areas.”’
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6. Economic Benefits of Energy Efficiency Grants

The Act requests the development of estimated economicbenefits from Federal energy
efficiency matching grants. The specificlanguage is:"

[... shall conduct a study of ...the] estimated economic benefits to the national economy of
providing the industrial sector with Federal energy efficiency matching grants of
55,000,000,000 for 5- and 10-year periods, including benefits relating to—
i.  Estimated energy and emission reductions;
ii. Direct and indirect jobs saved or created;
iii. Direct and indirect capital investment;
iv.  The gross domestic product; and
v. Trade balance impacts.

This chapter discusses estimated economic benefits, including the assumptions and approach
used to derive these estimates. This chapter is organized as follows:

e Section6.1—Assumptions

e Section6.2—Approach

e Section6.3—End-Use Energy Efficiencyand Demand Response
e Section6.4—CHP

e Section6.5—Summary
6.1 Assumptions

To develop estimates of economicbenefits, assumptions are required to establish a framework
for the analysis. These framework assumptions are shown in Table 11 alongwith a brief
discussion of the rationale for each assumption. These framework assumptions describe the
foundation for the economicanalysis that estimates benefitstothe national economy from a
S5 billion dollar Federal matching grant program. As described in the assumptions, the Federal
grant funds will be leveraged with 80 percent cost sharing from participants, resultingin a total
funding pool of $25 billion (S5 billion Federal, S20 billion participant). The $25 billion dollar
funding pool will be usedto deploy end-use energy efficiency, demand response, and CHP
technologiesinthe manufacturingsector.

As noted, 100 percent of the funds for this hypothetical grant program are usedfor deployment
of commercially available technologies. In practice, an actual grant program could also allocate
funds for related activities that stimulate industrial energy efficiency. For example, amodest
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percentage of funding could be allocated for marketing and outreach, and also for research and
development, while preserving the majority of grant funds for deployment.

Table 11.

Economic Analysis Framework Assumptions

Assumption

Rationale

S5 billion of Federal funds are
spread equally over 10years (i.e.,
$500 million per year for 10 years).

Subpart 7(b)(2)(C) of the Act specifies $5 billion of Federal matching
grants, withanimplied timeframe of 10 years. Aprescribed
allocation of funding between years is not provided. For the economic
analysis, itis assumed thatthefundingis allocated equally across a
10-year period.

Estimates are devel oped for the
national economy.

The national economy is specified in Subpart 7(b)(2)(C) of the Act. For
the economicanalysis, the entire United Statesis treated asone
region. Estimates are notdeveloped ata moregranular level (e.g.,
state by state).

Grantfundsareused to support
end-use energy efficiency, demand
response,and CHP.

Energy efficiency, demand response, and CHP are all identified in
Subpart7(a)(1) of the Act. Subpart 7(b)(2)(A) provides additional
guidance, whichsuggests that on-site power generation (e.g., CHP) is
of particularinterest for this study. Subpart 7(a)(1) calls out waste
heatrecovery. In the context of this study, waste heatrecoveryis
limited to waste heatto power (WHP), and included with CHP (CHP
bottoming cyclesarea form of (WHP).

Funds areused fordeployment
projects. Funds are not used for
research and developmentor
demonstration projects.

Subpart7(b) of the Actspecifies that the focusis deployment of
industrial energy efficiency. For the economic analysis, deployment
projects areinterpreted to use commercially available, or near
commercial, technologies.

Funds support projectsin the
manufacturing sector (NAICS codes
31-33).

This assumptionis consistent with Subpart 7(a)(2) of the Act.

Participant costshareis 80 percent

Subpart 7(b)(2)(C)states that the Federal funds will be providedas
matching grants, but no matchingratiois provided for expected
participant cost sharing. For the economicanalysis, the participant
costsharingisassumedto be 80 percent (rationale for costsharingis
discussed below).

Funds aresplit 50 percent for CHP
and 50 percent for End-Use Energy
Efficiency/DemandResponse

The Actdoes notspecify howthefunds should be allocated between
technologies. Thelanguagein Subpart 7(b)(2)(A) suggest that that
thereis a focus on powergeneration and based on this language 50
percent of thefunds areassumed to support CHP deployment. The
remaining 50 percentis allocated to deployment of end-use energy
efficiency and demandresponse. For the economicanalysis, energy
efficiency and demandresponse are combined intoa single group
(rationale for combining end-use energy efficiency and demand
responseis discussed below).

125




6.1.1 80 percent Cost Sharing from Participants (Assumption6in Table 11)

The required participant cost share is typically proportional to the maturity level of the
technology. A simplified maturity path for a product may start with fundamental research and
development, followed by laboratory testing, prototype development, field testingand
demonstration, and finally commercial deployment. For early stage research and development,
little or no participant cost share may be required. As technologies mature and approach
commercialization, cost sharing requirements generally increase. Guidelinesfromthe U.S. DOE
state that the minimum cost share for demonstrationand commercial projects is 50 percent. 2
The economic analysisin this study is focused on deployment projects, which are viewed as
established commercially available products. Deployment projects are beyond the
demonstration phase and it would be reasonable to set the required participant cost share
above the minimum DOE guideline of 50 percent for these commercially available technologies.
For the economic analysis described in this chapter, the participant cost share is assumed to be
80 percent of the total project cost.

For comparison, an analysis based on 50 percent participant cost share is described in Appendix
B. Asthe participant cost share declinesthe overall beneficial impactsto the U.S. economy
decrease. These resultsindicate that to maximize the benefits of a Federal grant program, it is
advantageous to leverage Federal funds to the maximum extent possible. The 80 percent
participant cost share scenario is viewed as a reasonable leveraging level that will stimulate the
deployment of commercially available industrial energy efficiency technologies along the
technology developmentcurve.

6.1.2 Combined End-Use Energy Efficiencyand Demand Response (Assumption 7 in Table 11)

For the purposes of this study, end-use energy efficiency technologies and demand response
technologies are grouped into a single category. As stated in Chapter 4, the distinction between
energy efficiency and demand response can be blurry, and the two combined could be
considered a continuum in terms of customer impacts and energy grid benefits. Innovationsin
energy efficiency technologies are moving towards devices or systems that are demand
response enabled. Ademand response-enabledtechnology includes integration of featuresand
software that allow the device to be more easily operated as a demand response resource. For
example, a manufacturing plant may be interestedin utilizing electricchillercyclingto
participate in a utility demand response program. If the manufacturing plant replacesan old
inefficient chiller witha modern energy efficient chillerthatis demand response -enabled, this
new chillercan be relatively easily configured as a demand response resource. The
manufacturing plant can determine whethertoretain internal control of the chillerin response
to demand response events, or allow utility control (auto-demand response) inresponse to
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events. In eithercase, a demand response-enabled technology provides flexibility and ease -of -
use advantages to the manufacturing plant.

6.2 Approach

Based on the assumptionsshown in Table 11, the total funding pool amounts to $25 billion
over a 10-year period. These funds are divided equally amongthe years and equally between
the end-use energy efficiency/demand response technol ogies and the CHP technologies, which
resultsin an annual fundingamount of $1.25 billion foreach technology category.

An Excel model was created to estimate energy and emission impacts derived from deploying
technologies consistent with the funding pool described in Table 12. IMPLAN, whichis a
commercially available regional economicimpact model, was used to estimate economic
impacts such as on jobs and gross domestic product.

Table 12. Total Funding for Energy Efficiency/Demand Response and CHP

Description Technology Total
Energy Efficiency/Demand CHP
Response
Federal Funds | (S billion) S2.5 S2.5 $5.0
(percent of total project cost) 20% 20% 20%
Participant Cost | (S billion) $10.0 $10.0 $20.0
Share (percentof total project cost) 80% 80% 80%
TOTAL (S billion) $12.5 $12.5 $25.0
(S billion/year) $1.25 $1.25 $25

Note: Unless indicated otherwise, all monetary values are expressed in 2012 dollars.

6.2.1. Approach for Estimating Energy and CO, Impacts

Using an Excel model, estimates were developedfor energyand CO, emissionsimpacts from
end-use energy efficiency/demand response and CHP technologies deployedinall
manufacturing subsectors (as defined by 3-digit NAICS codes). The energy consumption
patterns (e.g., levels of energy, electricity, and fuel consumption) and energy prices for each
group differ, and estimating the impacts at the subsector level providesaclearer understanding
of the results. Thus, the Federal grant funds were distributed by industry group based on
factors such as number of establishments, electricity use, and fuel loads.

Although the approach usedto estimate energy and CO, impacts of the end-use energy
efficiency/ demandresponse and CHP technologiesis generally similar, there are differencesin
the methodology. The CHP technology characteristics are relatively well defined, and it was
therefore possible to evaluate CHP impacts at the technology level. The end-use energy
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efficiency/demand response measures are less defined forthe purposes of this study, and
calculations were completed with higherlevel assumptions compared to the CHP analysis.
Further information on how the calculations were completedis discussedinthe sections that
follow with supporting material in Appendix C (end-use energy efficiency and demand
response) and Appendix D (CHP).

6.2.2 Approach for Estimating Jobs and GDP Impacts

The IMPLAN model was used to estimate employmentand gross domestic product (GDP)
impacts. The IMPLAN model, developed and maintained by the Minnesota IMPLAN Group
(MIG), is an economic model for the U.S. economy based on input-output relationships of
various sectors. The model divides the economy into 440 NAICS-based sectors, including 278
manufacturing sectors (NAICS codes 31-33). In this study, costs of CHP and end-use energy
efficiency/demand response scenarios were calculated exogenously and used as inputs to
IMPLAN. Usingtheseinputs, IMPLAN generatesimpacts on GDP, jobs, householdincomes, and
tax impacts across the 440 economic sectors. Additional detailsare includedin Appendix E.

6.3 End-Use Energy Efficiencyand Demand Response

The economic benefits of investing $12.5 billion overa 10-year period to deploy end-use energy
efficiency and demand response technologies was completed usingthe following steps:

1) The portfolio of end-use energy efficiency/demand response technologies was assumed to
have an average payback of 2% years. With 20 percent of the installed capital cost covered
by Federal matching grants, the payback is reduced to 2 years for manufacturing sites that
implementthese technologies.

2) Three end-use energy efficiency/demand response scenarios were evaluated (see

3) Table 13):

e Scenario 1: 80 percent of available funds used to deploy natural gas end-use
technologies, and 20 percentused to deploy electricend-use technologies.

e Scenario 2: 50 percent of available funds used to deploy natural gas end-use
technologies, and 50 percentused to deploy electricend-use technologies.

e Scenario 3: 20 percent of available funds used to deploy natural gas end-use
technologies, and 80 percentused to deploy electricend-use technologies.

4) Energy and emissionimpacts were estimated with an Excel model. Estimates of jobs, gross
domestic product, and trade impacts were completed with IMPLAN.
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Table 13. Funding for Energy Efficiency/Demand Response Scenarios
Description Scenario
1 2 3
Total Funding for End-Use Energy (S billion) $12.5 $12.5 $12.5
Efficiency/Demand Res ponse Measures
Sharefor Electric Measures (percent) 20% 50% 80%
($billion) [ $2.5 $6.25 $10.0
Sharefor Fuel Measures (naturalgas) (percent) 80% 50% 20%
(Sbillion) | $10.0 $6.25 $2.5

6.3.1 Energy and Emission Impacts

The Excel model used for energy and emissionimpacts was constructed as follows:

1)

2)

3)

4)

The total electricity and fossil fuel (natural gas, petroleum, coal) expenditures were
developed foreach industry (following 3-digit NAICS code aggregation). Cost estimates
include heat and power and non-fuel (feedstocks) uses (see Table 43 in Appendix C).

The fuel and electricity funds were further allocated by industry group (3-digit NAICS
aggregation) according to total fuel and electricity consumption, respectively. Table 44 and
Table 45 in Appendix C show the allocation of the funds by industry group, for electricity
and fuel end-use energy efficiency/demand response measures, respectively.

Giventhe assumed 2%-year simple payback, energy savings are calculated. To estimate the
impacts on energy savings, energy prices were differentiated by industry group.
Manufacturing facilitiesand companiesincur different energy prices driven by location
(areas with abundant energy supply tend to have lower prices) and energy demand loads
(larger userstend to enjoy lower prices). Table 46 in Appendix C shows the energy price
assumptions. Energy savings are presented as delivered energy savings and end-use energy
savings (see definitions below). To estimate the end-use energy savings, fuel inputs for
electricity generation (at central stations) are incorporated. Appendix F shows how the end-
use energy factors, which are used to estimate end-use energy savings, were calculated.
This appendix also contains information on calculation CO, emissions associated with the
electricgrid.

To calculate CO, emissions saved, a fuel combustion CO, emissions factor was estimated for
each industry group, based on itsfuel mix and use of feedstocks (whichis assumedto have
zero CO, emissions). Table 47 in Appendix C shows the CO, emissions factors used by
industry group.
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In this chapter, energy results are expressedinterms of delivered energy and end-use energy.
These terms are consistent with the EIA definitions discussed in Chapter2, and summarized
below:

e Delivered energy (also referred to as site energy). Delivered energy is the amount of
energy consumed at the point of use. In practical terms, delivered energyisthe amount
of energy purchased by an industrial site.

e End-useenergy (also referred to as source energy). End-use energyisdelivered energy
plus electricity system losses that occur during generation, transmission and
distribution. Electricity losses are allocated to each end-use sector in proportionto the
amount of electricity consumed by each sector

Results for All Three Scenarios

This section presents the resultsfor energy use, energy cost savings,and CO, emissions
reductions from investmentsin end-use energy efficiency/demand response technologies. Note
that energy use in this sectionrefersto delivered energy use (referto Section 2.1.1 for
definition).

Table 14 summarizesthe results of the energy efficiency/demand response measures. These
resultsare discussed in the sections that follow.
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Table 14. Summary Results for End-Use Energy Efficiency/Demand Response Measures

Description Scenario
1 | 2 | 3

Funding (S billion)
Electricity Measures $2.5 $6.25 $10.0
Fuel Measures $10.0 $6.25 $2.5
TOTAL $12.5 $12.5 $12.5
Delivered EnergySavings (TBtu/yr)
Electricity 52 129 207
Fuel 591 369 148
TOTAL® 642 499 355
End-Use Energy Savings (TBtu/yr)
Electricity 150 375 601
Fuel 591 369 148
TOTAL® 741 744 748
Energy CostSavings (S billion/yr)
Electricity $S1.0 $2.5 S4.0
Fuel $4.0 $2.5 S1.0
TOTAL $5.0 S5.0 S5.0
CO, Emissions Reduction (million metrictons/yr)
TOTAL | 36.9 | 473 | 57.6

Notes: a)Sums may differ due to rounding.
b) See Appendix F for conversion between delivered electricity and end-use electricity.

131



Energy Savings

As indicated previously, end-use (or source) energy accounts for energy losses that occur during
the generation of electricity at central power plants, and transmission and distributionlosses
that occur duringelectricity delivery. Delivered (orsite) energy only accounts for the energy
consumed on-site at industrial plants.

Figure 29 shows annual delivered and end-use energy savings for each of the three scenarios.
As indicated, Scenario 1 results inthe largest delivered energy savings. The delivered energy
savingsfor Scenario 1 are 642 TBtu, followed by Scenario 2 (499 TBtu) and Scenario 3 (355
TBtu). Total end-use energy savings are relatively constantacross all three scenarios, ranging
from 741 TBtu in Scenario 1 to 748 TBtu in Scenario 3.

Figure 29. Total Annual Energy Savings
(end-use energy efficiency/demand response measures)
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Energy Cost Savings

Figure 30 shows energy costs savings for each of the three scenarios. As indicated, the total
savingsare equivalentforall scenarios. Thisoutcome is a direct result of settingthe average
payback at 2% years for the entire portfolio of measures. The savings split betweenfuel and
electricity follows the assumptions used for each scenario. Scenario 1 saves 80 percentinfuel
costs ($4 billion) and 20 percent in electricity costs (S1 billion). Scenario 2 saves 50 percentin
fueland 50 percentin electricity (52.5 billion each). Scenario 3 saves 20 percent in fuel costs (S1
billion) and 80 percent in electricity costs ($4 billion).

Figure 30. Total Energy Cost Savings
(end-use energy efficiency/demand response measures)
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CO, Reductions

Figure 31 presentsa summary of the CO, emissions reduction results foreach of the three
scenarios. The figure shows that total CO, emissions reductionsare largestin Scenario 3 (59
million metrictons of CO,), followed by Scenario 2 (48 million metrictons of CO,), and Scenario
1 (38 million metrictons of CO,). For Scenario 2 and Scenario 3, electricity CO, emissions
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reductions account for the largest reduction. Scenario 1 shows fossil fuel emissionsaccounting
for the largest reduction.

Figure 31. Total CO, Emissions Reduction
(end-use energy efficiency/demand response measures)
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Comparison of Results between Manufacturing Subsectors

Delivered Electric Energy Savings

The results by industry subsector are presentedinthe figuresthat follow. Figure 32 shows that
the chemical industry has the largest delivered electricity savings across all three scenarios,
followed by primary metals, food, paper, petroleum refining, and plastic and rubber,

respectively.
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Figure 32. Total Delivered Electricity Savings
(end-use energy efficiency/demand response measures)
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Fuel Savings

Figure 33 shows delivered fuel savings by major industry subsector. Similarto electricity, the
chemical industry has the largest fuel savings, in all three scenarios. Thisindustry consumesthe
largest amount of fuelsand electricity in the manufacturing sector. As such, given the
assumption that funds are allocated based on the energy consumption levels of an industry
group, this results with the chemical industry accounting for the largest funds. Also, the
chemical industry consumes much more fuel than electricity, sowith Scenario 1 investing more
on fuel energy efficiency measures, and with electricity prices higherthan fuel prices, fuel
savingswould be significant. Petroleum refining, primary metals, food, paper, and non-metallic
mineral industries follow, but with substantially less savings than the chemical industry.
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Figure 33. Total Delivered Fuel Savings
(end-use energy efficiency/demand response measures)
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Total Energy Savings

Figure 34 shows total delivered energy savings by major industry group. The chemical industry
has the largest total energy savings, across all three scenarios. The primary metals industry has
the secondlargest total savings, followed by food, petroleum refining, paper, and non-metallic
industries, respectively. Figure 35 shows total end-use energy savings by major industry group.
The results are similarto the delivered energy savingsin which chemical, primary metals, food,
petroleum refining, paperand non-metallicindustries show the largest savings.
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Figure 34. Delivered Energy Savings, End-Use Energy Efficiency/Demand Response
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Figure 35. End-Use Energy Savings, End-Use Energy Efficiency/Demand Response
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Energy Cost Savings

The results of energy cost savings by major industry group are presentedinthe nextthree
figures. Figure 36 illustrates electricity cost savings and shows that the primary metals industry
has the largest electricity cost savings, followed by chemicals, food, transportation equipment,
plastics, and fabricated metal industries, respectively. Figure 37 shows that the chemical
industry has the largest fuel cost savings, followed by primary metals, petroleum refining, food,
paper, and non-metallicindustries, respectively. Figure 38 shows the results of total energy
savings by industry. The chemical industry shows the largest energy savings, followed by
primary metals, food, petroleumrefining, paperand non-metallicmineralsindustries,
respectively.

Figure 36. Electricity Cost Savings, End-Use Energy Efficiency/Demand Response
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Figure 37. Delivered Fuel Cost Savings, End-Use Energy Efficiency/Demand Response
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Figure 38. Delivered Energy Cost Savings, End-Use Energy Efficiency/Demand Response
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CO, Reductions

Figure 39 shows CO, emissions reduction by major industry group. The figure shows that the
largest reductionsin CO;, emissions occur in the primary metalsand chemical industries, with
the primary metals having the largestreduction under Scenario 3 and the chemical industry
having the largest reductions under Scenarios 1 and 2. These two industries are followed by
food, paper, petroleum refining, paper, and non-metallicmineral industries, respectively.

Figure 39. CO, Emissions Reduction, End-Use Energy Efficiency/Demand Response
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6.3.2 Job, Gross Domestic Product, and Trade Impacts

This section describes national level impacts on jobs, gross domestic product (GDP), and trade
as a resultof deploying end-use energy efficiency and demand response technologiesinthe
industrial sector. These impacts were evaluated using the IMPLAN model withinputs based on
the three scenarios described at the beginning of this section. For reference, these scenarios
are:
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e Scenario 1: 80 percent of available funds used to deploy natural gas end-use
technologies, and 20 percentused to deploy electricend-use technologies.

e Scenario 2: 50 percent of available funds used to deploy natural gas end-use
technologies, and 50 percentused to deploy electricend-use technologies.

e Scenario 3: 20 percent of available funds used to deploy natural gas end-use
technologies, and 80 percent used to deploy electricend-use technologies.

The IMPLAN evaluationis based on equal investments each year over a 10-year period (2015—
2024). The total fundingamount over 10 years is $12.5 billion, with $1.25 billioninvested each
year.

IMPLAN was used to estimate benefitsto the U.S. economy measured by jobsand economic
output (GDP). Future projections of job impacts and GDP estimatesin years 2020 and 2024
were based on the year 2015 results, underthe assumptionsthat thereis no change in labor
productivity, the dollarvalue stays constant during this time frame, and funds realized through
avoided energy expenditures are utilized starting from the first year of investment.

The $1.25 billion was assumed to be invested annually towards the construction and
installation of end-use energy efficiency systems and demand response systems, leadingto
direct economicbenefits for selected economicsectors that manufacture end-use energy
efficiency and demand response products such as lighting fixtures and electrical appliances (and
secondary impacts arising from those direct impacts).

Additionally, when manufacturing sectors install end-use energy efficiency and demand
response systems, there are associated energy savings. Based on the 2)-year payback
assumption (2-year payback from participant perspective after Federal grant funds are
considered), the $1.25 billion annual investment produces savings of $500 million peryearin
energy costs. For modeling purposes, itis assumed that the $500 million peryearinavoided
energy expendituresisreinvested by the manufacturing sectors in NAICS codes 31-33
according to theirenergy expenditures datafrom the 2010 MECS survey. Additionally, because
resources are scarce, we assumed that investingin energy efficiency and demand response has
an opportunity cost for the economy, in that these vital resources could have otherwise been
invested by the manufacturing sectors (and the Federal grant portion by the Federal
Government). Thus, the modelingimplicitly assumedthat undera status quo business-as-usual
(counterfactual) scenario, these resources would have generated economic output and jobs in
the national economy, but not through the same channels as investingin end-use energy
efficiency and demand response technologies. Hence, the job impacts due to energy efficiency
and demand response investments are considered to be net impacts that account for the
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impacts that would otherwise occur without the end-use energy efficiency/demand response
investment.

Job Impacts

Job results are describedin terms of direct, indirect, and induced jobs, which are defined as
follows (see Appendix E for more information on IMPLAN, and how jobs are defined):

e Direct Jobs — Employment changes due to investments that resultin final demand
changes. For example, financial expenditures forinstallation of energy efficiency
projects generate direct jobsin the construction sector.

e Indirect Jobs — Employment changes due to industryinter-linkages. Forexample,
construction companies purchase materials and supplies from other sectors of the
economy in the course of completing energy efficiency projects. Jobs created in the
supply chain are calledindirectjobs.

e Induced Jobs — Employment changes due to local expenditures. Forexample, increased
household expendituresinthe local economy support additional jobs. These local
economy jobsare calledinduced jobs.

The IMPLAN model was usedto determine job impacts for Scenarios 1, 2, and 3. There are
similaritiesinthe modelingapproach for all three scenarios; the discussionin this section uses
Scenario 2 as a representative scenario for highlighting the inputs and results, followed by a
summary discussion of the main findings forthe remaining scenarios.

Table 15 shows the netjob impacts from Scenario 2. A direct investment of $1.25 billion per
year in end-use energy efficiency and demand response resultsin an annual net gain of about
6,000 jobs. Of these, about 4,000 jobs come from the investmentinthe construction sectors
(firstrow in Table 15). The remaining 2,000 jobs are driven by the changes in energy
consumption as a benefitof the end-use energy efficiency/demand response investment.
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Table 15. Net Job Impacts, End-Use Energy Efficiency/Demand Response, Scenario 2
Description Annual Net Job Impacts
Direct Indirect Induced Total

Jok.Js.dueto Construction/Installation of Energy 3,155 -700 1551 4,007
Efficiency/Demand Response
Job Losses Dueto Reduced Energy Demand -593 -1,165 -1,363 -3,120
Jobs Dueto ReinvestingEnergy Savings 1,058 2,070 1,941 5,069
Annual Net Job Impacts 3,620 205 2,129 5,956

Notes: 1) Jobimpactsshown are netjobs, and take into accountjobs that would have occurred absent the grant
program.
2) Sums may differdue to rounding.

Investingin end-use energy efficiency/demand response leads to two competing effects for the
national economy. On the one hand, it leadsto job losses (negative numbersin Table 15) inthe
utility sector as businesses reduce theirdemand for energy. On the other hand, reduced energy
consumption allows businesses to reinvest utility bill savings in other opportunities, which leads
to business growth and increased hiring. The net effect of these two competingfactors results
in a net gain of about 2,000 jobs (sum of second and third rows in Table 15).

The IMPLAN modelingresults show that construction and installation of the end-use energy
efficiency and demand response systems creates 3,155 direct jobs for Scenario 2 (see Table 15).
Seven hundredindirect construction/installation jobs are lost because end-use energy
efficiency/demand response technologies create fewerjobs compared to business as usual.
There are 1,551 induced construction/installation jobs created, resultingin a total of 4,007
construction/installation jobs. Asindicated in Table 15, there are 3,120 total jobslost due
reduced energy demand, and 5,069 jobs created due to reinvestment by manufacturing plants
that save energy. The total annual impactis 5,956 jobs.

The energy savings generated by investmentsin end-use energy efficiency/demand response
have a negative impact on the utility sectors. Reduced energy demand creates direct job losses
for utility sectors (both electricand natural gas utilities), and correspondingindirectand
inducedjob lossesin other sectors that depend on these utility sectors. The economic modeling
assumed that investmentsin end-use energy efficiency/demand response led to $500 millionin
annual energy savings, and correspondingreductionsin expendituresinthe utility sectors. The
IMPLAN results showed directjob losses of 593 in utility sectors, along withindirect job losses
of 1,165 and inducedjob losses of 1,363. The total jobslost annually due to reduced energy
demand isaround 3,100 with the bulk of these lossesin upstream supporting industries as well
downstream industries that depend on consumption expenditures from utility sector workers
(i.e.,inducedjoblosses).
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For the IMPLAN modeling, itisassumed that the manufacturing sectors will immediately
reinvest energy savingsinto additional production. This reinvestment produces a direct gain of
1,058 jobsin the manufacturing sectors along withindirectand induced job gains of 2,070 and
1,941, respectively, in supportingindustries.

Taking all these factors into consideration, a $1.25 billioninvestmentis estimated to create
about 6,000 net jobsin the economy.” Of these, the total directjob gain is approximately 3,600
jobs, with the highest gain inthe construction sectors. Of the total secondary impacts due to
these investments, the majority of those job gains are likely to come from induced job impacts
of about 2,100, with the remaining 200 jobs coming from indirectimpacts in upstream sectors.

The top ten sectors in terms of netjobs gained annually as a result of the investmentinend-use
energy efficiency and demand response are listed in Table 16. As indicated, most jobs are
created directlyin the construction sectors. The electrical equipmentand appliance
manufacturing sector also experiences significant direct job gains.

Table 16. Top Ten Net Job Impacts by Economic Sector (Scenario 2)

NAICS Code Annual Net Job Impacts
No. Description Direct Indirect [Induced |Total
23* Construction 4,877 -255 27 4,648
335 Electrical Equipment & Appliance Manufacturing 1,447 131 2 1,580
42%* Wholesale Trade -3 134 68 199
541 Professional, Scientific, & Technical Services -60 140 107 187
722 Food Services & Drinking Places -9 -50 196 137
333 Machinery Manufacturing 93 31 2 127
621 Ambulatory Health Care Services -18 0 143 125
531 Real Estate -3 -16 104 84
622 Hospitals -4 0 88 84
452 General Merchandise Stores -9 31 62 84

Note: “*” designates sectors that have been mapped to 2-digit, rather than 3-digit, NAICS codes by IMPLAN

The methodology used to determine the net job impacts for Scenarios 1 and 3 were largely the
same as described for Scenario 2. The only difference wasthe percentage of e nergy savings
attributed to electricity and fuel.
e InScenario 1, fuelswere the source of 80 percent of the energy cost savings with the
remaining 20 percent coming from electricity energy cost savings.
e InScenario 3, electricity wasthe source for 80 percent of the energy cost savings (20
percent from fuels).
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As discussed previously for Scenario 2, while energy savings were overall beneficial forthe
economy, it does reduce the demand for the utility energy and thereby lead to corresponding
job losses. Thus, in Scenario 1 more jobs were lostin the sectors that consumed more fuels,
while more jobs were lost in the electricity sector in Scenario 3. In Scenario 2, which has an
evensplitbetween electricity and natural gas, the electricity sector lost about 1,500 jobs, while
the natural gas sector lostabout 1,600 jobs. In Scenario 1, job lossesinthe natural gas sector
are more than four timesthe joblossesin the electricity sector. The opposite trend holds for
Scenario 3, where electricity sectorjob losses are close to four timesthe job lossesinthe
natural gas sector. Despite these variations, the overall job impacts on the national economy
are relatively consistent across all three scenarios, with an average annual netgain of about
6,000 jobs. Among the three scenarios, the direct job impacts varied between approximately
3,575 and 3,650 jobs. The indirect jobs varied between approximately 175 jobs and 225 jobs
while the induced jobs varied by fewerthan 30 jobs among the scenarios. Table 17 summarizes
the results for each scenario.

Table 17. Net Jobs for End-Use Energy Efficiency/Demand Response Scenarios
Scenario Annual Net Job Impacts
Direct Indirect | Induced | Total
1 3,578 176 2,116 5,871
2 3,620 205 2,129 5,956
3 3,664 234 2,142 6,041
Note:  Sums may differdue to rounding.

Gross Domestic Product (GDP)

In IMPLAN, the GDP, represented asthe total value added, isthe sum of employee
compensation, proprietorincome, and other property income and indirect business taxes.
Based on the resultsfrom 2015, an investmentof $1.25 billioninend-use energy efficiency and
demand response adds approximately $223 million peryear to the economy invalue added
GDP.

The top ten sectors in terms of annual net GDP impacts as a result of the investmentinend-use
energy efficiency and demand response programs are listed in Table 18. As shown, the
construction sectors add the most value to the economy.

Table 18. Top Ten Net GDP Impacts by Economic Sector (Scenario 2)
NAICS Code Annual Net GDP Impacts ($ millions)
No. [Description Direct Indirect Induced Total
23 * [Construction $291.22 -$15.28 $1.90 $277.85
335 |[Electrical Equipment & Appliance $174.98 $15.03 $0.29 $190.29
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NAICS Code Annual Net GDP Impacts ($ millions)
No. |Description Direct Indirect Induced Total
Manufacturing

333 [MachineryManufacturing $34.54 $4.25 $0.25 $39.03
42 * |Wholesale TradeBusiness -$0.42 $18.30 $9.33 $27.21
N.A. |- -$1.70 -$0.55 $17.92 $15.67
541 |Professional, Scientific, & Technical Services [-$5.28 $8.43 $11.19 $14.35
621 [Ambulatory Health Care Services -$1.10 -$0.03 $10.94 $9.80
531 |Real Estate -$0.39 -$1.88 $12.07 $9.80
524 |Insurance Carriers & Related Activities -$0.68 -$0.31 $7.75 $6.75
622 [Hospitals -$0.29 $0.00 $6.67 $6.39
Notes 1) “*” designatessectors which have only been mappedto the 2 digit NAICS code by IMPLAN.

2) “N.A.” represents IMPLAN sectors 428—440, which includes government enterprises and government

payroll. These sectors do not have corresponding NAICS codes.

As shown in Table 19, the annual net GDP impact ranged from $206 millionto $240 millionfor
the three scenarios. Scenario 3 is estimated to have the lowest GDP i mpact for the national
economy at slightly above $200 million. Scenario 1is expected to have the largest impact,
estimated at about $240 millionin positive GDP impact. Scenario 3 has the smallest GDP
impact, but has the largest jobs impact. This outcome occurs because the majority of the
energy savings in Scenario 3 come from the electricpower sector. In this scenario, the demand
for electricityis significantly lowerthan the demand for natural gas. Because electricity costs
are relatively high compared to natural gas costs, the decrease in demandresultsina higher
lossin GDP. However, the electricity sector has a lowerimpact on jobs compared to the natural
gas sector, resultingin a higher net job impact for Scenario 3.

Table 19. Net GDP Impacts for Energy Efficiency/Demand Response Scenarios
Scenario Annual Net GDP Impact ($ Millions)
Direct Indirect Induced Total
1 S79 -$16 $177 $240
2 $49 -$5 $178 $223
3 $20 $8 $179 $206
Note:  Sums may differdue to rounding.

Trade Impacts

The economic modeling conducted with IMPLAN focused on the impacts on the national
economy and quantifyingthe trade balance impacts from this type of modelingis not possible.
Whileitis likely that there could be some changes intrade from these investments, the IMPLAN
model does not have the capability to model these effects. The benefits of investingin end-use
energy efficiency and demand response, however, are expected to primarily benefitthe U.S.
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economy, with only minor impacts on trade. The application of end-use energy efficiency

measures and demand response measures is likely to be implemented using American labor

and products manufactured inthe United States.

6.4

CHP

This section discusses the economic benefits of investing $12.5 billion overa 10-year periodto

deploy CHP technologiesin the industrial sector. The analysis was completed through the

following steps:

1)

2)

Characteristics were developedforthree representative CHP systems that would likely be
installed in the manufacturing sector. The systems are a 3 MW reciprocating engine,a 12.5
MW combustion turbine, and a 40 MW combustion turbine. Key characteristics are shown
in Table 20, with additional detailsincludedin Appendix D, Table 48.
Three CHP scenarios were evaluated:

e Scenario 1: All funds ($12.5 billion) invested to deploy 3 MW systems

e Scenario 2: All fundsinvestedto deploy 12.5 MW systems

e Scenario 3: All fundsinvestedto deploy 40 MW systems

3) An Excel model was created to estimate energy and emissionimpacts. IMPLAN was used to
estimate the jobsand gross domesticproduct impacts.
Table 20. CHP Systems Assumptions
Characteristic Technology
Reciprocating CombustionTurbine CombustionTurbine
Engine
Size (MW) 3.0 12.5 40.0
Operating Time (percent) 80 85 92
ElectricEfficiency(percent) 35 29 37
Thermal Efficiency (percent) 43 40 35
Total Efficiency (percent) 78 69 72
O&M Costs (¢/kWh) 1.6 0.9 0.5
Installed Cost (S$/kW) $2,400 $1,980 $1,580
Installed Cost ($ million) $7.2 $24.8 $63.2

Note: Operating time is percentage of total time. Forexample, 80 percent corresponds to approximately 7,000

hours peryear.
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6.4.1 Energy and Emission Impacts
The Excel model used for energy and emissionimpacts was constructed as follows:

1) Deploymentfunds($12.5 billion) were allocated by the number of potential sites by
industry group (aggregated by 3-digit NAICS) and by CHP system using the following steps
(summary table shown in Appendix D, Table 49):

a) Censusof Manufacturers 2010 data was usedto determine the number of
manufacturing establishments that have load capacities that match each type of CHP
system.’

b) The number of facilities with existing CHP systems was subtracted from the result
from step (a) to arrive at a remaining potential.®

2) To estimate the impacts on energy savings, electricity and natural gas prices were
differentiated by industry group. Table 50 in Appendix D shows the energy price
assumptions. Also, energy savings are presented as delivered energy savings and end-use
energy savings (see definitions below). To estimate the end-use energy savings, fuel inputs
for electricity generation (at central stations) are incorporated. Appendix F shows how the
end-use energy factors, which are used to estimate end-use energy savings, were
calculated.

3) To calculate reduced CO, emissions, CO, emissions factor were used for grid electricity and
on-site natural gas use (factors shown in Appendix F).

Results for All Three Scenarios

This section presentsthe resultsfor energy use, energy cost savings, and CO, emissions
reductions from CHP investments. Note that energy use inthis section refersto delivered
energy use (referto Chapter 3 for definition). The CO, emissions reductionincludes CO,
emissions reduction from reduced fuel use in the manufacturing plant and the reduced
emissionsfromdisplaced grid electricity. Also, these impacts are the yearly benefits afterall
CHP systems have been installed as a result of the 10-year grant program.

Table 21 summarizesthe resultsfor each scenario. The results show that Scenario 1 (3 MW) has
the largest number of CHP systems installed, butthe lowest total installed capacity compared
to Scenarios 2 and 3. This resultis consistent with the installed cost trend, which shows that the
installed cost on a S/kW basis declines with size. Asinstalled cost declines, the total installed
capacity increasesfor a fixed investmentlevel. Consistent with the installed capacity trends,
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Scenario 3 (40 MW) shows the largest reductionin grid electricity consumption and the largest
reductionin CO, emissions comparedto the other two scenarios.

Table 21. Summary of CHP Results

Description CHP Scenario

1 2 3
Deployment Funds (Federal plus participant cost S$12.5 $12.5 S$12.5
share, S billion)
UnitSize (MW) 3.0 12.5 40.0
Installed Cost (S/kW) $2,400 $1,980 $1,580
Number of CHP Systems Installed 1,736 505 198
Total Installed Capacity (MW) 5,208 6,313 7,911
Increased Gas Consumption (billion cubicfeet 163 273 327
[befl/yr)
DecreasedElectricity Use (millionMWh/yr) 37 47 64
Total End-Use EnergySavings (TBtu) 195 187 297
Net CO, Reduction (million metrictons [MMT]/yr) 11 11 17

Figure 40 shows the energy savings from the CHP investments forthe 3 scenarios. Electricity
generated from CHP that could resultin an equal amount of grid electricity savings reaching
218 TBtu under Scenario 3, with Scenarios 1 and 2 generatinglowerelectricity savings. The net
increase in natural gas useis the consumption of the CHP system minus avoided natural gas
that would have otherwise been required for boiler fuel to produce the same useful thermal
output as the CHP system. The net increase for natural gas reaches 334 TBtu for Scenario 3. The
delivered energy savings (increased gas use minus decreased electricity use at the site) is
negative for all three scenarios. If the fuel to generate grid electricity is considered, the fuel
savingsincrease significantly, reaching 361 TBtu for Scenario 1 and 631 TBtu for Scenario 3. This
is because the real positive impact of CHP is the savings from the fuel inputto generate
electricity at the central generatingstation. The end-use (i.e., source basis) energy savings are
positiveinall cases, ranging from 187 TBtu for Scenario 2 to 297 TBtu for Scenario 3.
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Figure 40. Energy Impacts from CHP
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While there is no reduction indelivered energy consumption between the three scenarios,
thereis a reductionin energy costs based on the assumptions used. Figure 41 shows that total
energy cost savings exceed S2 billion underScenario 3, with electricity cost savings at almost $4
billion and gas expenditures at $1.7 billion. Scenarios 1 and 2 have lowerenergy cost savings.
With electricity prices over four times gas prices, CHP investmentsresultin energy cost savings,
despite an increase in gas use at thesite. It should be noted that total energy savings will vary
dependingon price assumptions for both electricity and natural gas and as relative efficiencies
between state-of-the-art central station electricgeneration and CHP narrow.
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Figure 41. Energy Cost Savings from CHP
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CHP Capacity

Figure 42 shows new CHP capacity added by manufacturing subsector. The amount of CHP
capacity isthe amount of electricity generating capacity installed by the industry. It is noted
that the results by industry are based on the potential number of sitesfor each industry. Itis
difficultto predict how the market might truly developinthe future. Nevertheless, thisanalysis
is a good initial assessment of which industries mightinstall CHP. The figure shows that the
largest installed capacity occurs in the chemical and primary metalsindustriesin Scenario 3.
Most chemical and primary metals plants are relatively large energy consumers compared to
plants in other manufacturing subsectors, and these plants are a good match for the CHP
system capacity usedin this scenario (40 MW). In Scenario 3, the rubber and plastics, food,
transportation equipment, and petroleum refining follow the chemicals and primary metals
subsectors interms of added capacity. In Scenario 1, the food industry has the largest capacity

151



because it has a relatively large number of facilities thatare well matched to the CHP system
usedin this scenario (3 MW).

Figure 42. Total CHP Capacity Added by Industry Group

2875
Chemicals

2875
Primary Metals

Total CHP Capacity

Scenario 1: 5,208 MW
Scenario 2: 6,313 MW
Scenario 3: 7,911 MW

983
Plastics and Rubber Products

Food m Scenario 3
® Scenario 2
® Scenario 1
Transportation Equipment
Petroleum and Coal Products
Other 2308
0 500 1000 1500 2000 2500 3000 3500

MW

Energy Cost Savings

Figure 43 shows energy cost savings by manufacturing subsectorfor each scenario. The figure
shows that the chemical industry will save the most under Scenario 3 at $773 million peryear.
The primary metals industry also has substantial savings under Scenario 3 but like the chemical
industry, the savings are lowercompared to Scenarios 1 and 2. The food industry has the
highest savings under Scenario 1, whichis consistent with the largest capacity addition
previously discussed.
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Figure 43.

Total Energy Costs Savings from CHP Scenarios by Industry Group
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CO, Reductions

Figure 44 shows CO, emissions reduction by industry group for each scenario. The figure shows

that the chemical and primary metals industries have the largest emissions reductionat 6.3

million metrictons of CO, under Scenario 3. The CO; emissions reductions forthese two

industries are lowerfor Scenarios 1 and 2. The food industry shows the largest CO, emissions

reduction under Scenario 1, and the transportation industry shows the largest reduction under

Scenario 2.
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Figure 44, CO, Emissions Reduction from CHP Scenarios by Industry Group
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6.4.2 Job, GDP, and Trade Impacts

This section describes national level impacts on jobs, GDP, and trade. Similarto the end-use
energy efficiency/demand response analysis, these impacts were evaluated usingthe IMPLAN
model. IMPLAN was used to evaluate the three scenarios described at the beginning of this
section. For reference, these scenarios are:

e Scenario 1: All funds ($12.5 billiontotal, $1.25 billion peryear)investedto deploy 3
MW CHP systems

e Scenario 2: All fundsinvestedto deploy 12.5 MW CHP systems
e Scenario 3: All fundsinvestedto deploy 40 MW CHP systems
The IMPLAN evaluationis based on equal investments each year over a 10-year period (2015—

2024). Therefore, $1.25 billionisinvested each year in the deployment of CHP systems. As
indicated in Table 21, Scenario 1 resultsin a total installed population of 1,736 CHP units,
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Scenario 2 supports the deployment of 505 total units, and Scenario 3 corresponds to the
installation of 198 total CHP systems.

Future projections of jobimpacts and GDP estimatesinyears 2020 and 2024 were based on the
year 2015 results, underthe assumption that there is no change inlabor productivity, the dollar
value stays constant during thistime frame, and funds realized through avoided energy
expenditures are utilized starting from the first year of investment.

The $1.25 billion was assumed to be invested toward capital and labor involved in CHP system
installation. ForScenario 2—used as an example scenario for discussingthe methodology and
results—15 percent of total annual funding ($187.5 million) was allocated toward labor costs,
which directly impacts the construction sector, while 85 percent ($1.06 billion) was allocated
toward capital costs, which directly impacts the manufacturing sector.

It was determined that witha $1.25 billioninvestment, the manufacturing plants that
implement CHP could save up to $223 millionin associated energy savings. For IMPLAN
modeling, it was assumed that these plants immediately reinvestall savings to increase
production.7

Because resources are scarce, the IMPLAN model was set-up with the assumption that investing
in CHP has an opportunity cost for the economy, in that these vital resources could have
otherwise beeninvested by the manufacturing sector (and the Federal grant portion by the
Federal Government). The IMPLAN modelingimplicitly assumed thatunder a status quo
business-as-usual case these resources would have generated economic output and jobs inthe
national economy. Therefore, the job impacts due to investmentsin CHP are consideredto be
net impacts taking into account impacts that would have occurred absentinvestmentin CHP.

Job Impacts

This section discussesthe job impacts of the three CHP scenarios as modeledin IMPLAN. The
discussion focuseson the model for Scenario 2 to illustrate the inputs usedin IMPLAN. While
the same type of input variableswere usedin all three scenarios, the numerical values varied
because of different characteristics for the three CHP systems.

Table 22 shows the netjob impacts from CHP Scenario 2. The direct investment of $1.25 billion
peryear resultedinan annual netgain of about 4,500 jobs. Of these, about 4,000 total jobs
came from the construction and installation of CHP systems. Similarto the energy
efficiency/demand response analysis, installation of new CHP systems is likely to lead to two
additional competingtypes of employmentimpacts. On the one hand, itis likely tolead to
some joblossesdue to reduced energy demand. On the other, reduced energy consumptionis
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also likely toimprove businesses ability to reinvest “bill savings” back into other productive

avenues, creating or supporting additional jobs for the national economy. Unlike the energy

efficiency/demand response analysis, these two competing effects for CHP appear to be similar

in scale, resultingin a net gain of about 500 additional jobs per year.

Table 22.

Annual Net Job Impacts (CHP Scenario 2)

Description Annual Net Job Impacts
Direct Indirect Induced Total
Jobs dueto Construction/Manufacturing of CHP 961 1,278 1,713 3,954
Job Losses Dueto Reduced Energy Demand -233 -499 -599 -1,331
Jobs Dueto Reinvesting Energy Savings 582 516 762 1,861
Total Annual Net Job Impacts 1,310 1,296 1,876 4,483

Notes: 1) Jobimpactsshown are netjobs, and take into account jobs that would have occurred absent the grant

program.
2) Sums may differdue to rounding.

Of the roughly 4,000 total jobs created during the construction/installation phase for CHP, less
than one thousand jobs are likely to come from the direct installation of these CHP systems.
Roughly 52 percent of the jobs come from the construction sector, while 48 percent come from
the manufacturing sector. Moreover, these direct jobs could create an additional 3,000 jobsin

support industriesdue to indirectand induced expenditures.

The energy savings generated by investmentsin CHP have a negative impact on certain sectors.
Reduced energy demand creates direct job lossesinthe utility sector, and corresponding
indirectand induced job lossesin other sectors that depend on this sector. For IMPLAN
modeling, it was assumed that investmentsin CHP for Scenario 2 yield $223 millioninenergy
savings, and an equivalentreductioninrevenue for the electric utility sector. IMPLAN modeling
estimated the direct lossesin the electricsector to be about 200 jobs, along with additional
indirectjob losses of about 500, and induced job losses of about 600, for a total of slightly
above 1,300 job losses. For the manufacturing sector, it was assumed that all energy savings
would be reinvestedto buy fuel for the CHP technologies, and to maintainthe CHP
technologies. IMPLAN results showed an estimated direct gain of about 600 jobs, of which
roughly 42 percent were in the oil and gas extraction and utilities sector, and the remaining 58
percent werein repairand maintenance sectors. Additionally another500 indirectand about
750 induced jobs are created in supportingindustries due to these reinvestments.

Taking all of these factors into consideration, a $1.25 billion annual investmentin 12.5 MW CHP
systemsis estimated to create a nettotal of about 4,500 jobs inthe economy. The IMPLAN
analysis showed the direct gain to be 1,300 jobs, with the highest gain in the construction
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sector. Additionally, another 1,300 jobs could be created through indirectimpacts, with the
remaining 1,900 jobs coming from induced impacts insupporting industries.

The top ten sectors in terms of total netjobs gained annually as a result of the investmentin
CHP for Scenario 2 are listedin Table 23. As shown, most jobs are created in the machinery
manufacturing and construction sectors.

Table 23. Top Ten Net Job Impacts by Economic Sector (CHP Scenario 2)

Sector Description Annual Net Job Impact

Direct Indirect | Induced | Total
333 Machinery Manufacturing 1,625 57 2 1,684
23 Construction 1,750 -434 23 1,339
561 Administrative & Support Services -59 1,106 106 1,153
332 Fabricated Metal Product Manufacturing -43 412 7 376
811 Repair & Maintenance 307 39 29 375
541 Professional, Scientific, & Technical Services -60 269 95 304
331 PrimaryMetal Manufacturing -10 235 2 227
42 Wholesale Trade -3 111 60 168
621 Ambulatory Health Care Services -18 0 127 108
531 Real Estate -3 -7 91 80

The methodology used to determine the net job impacts for Scenarios 1 and 3 was essentially
the same as described above for Scenario 2. The two main components inthe model that
created variationsin the job impact estimates between the three scenarios werethe
installation and labor costs for each system type. The installation and labor costs for Scenario 3
are approximately nine times higherthan the comparable costs for Scenario 1. Because of the
higher per unit cost for Scenario 3, the number of systems installed with a fixed amount of
fundingis lowercompared to the other scenarios. Hence, a $1.25 billion annual investment
translates to 174 CHP unitsin Scenario 1, 50 unitsin Scenario 2, and 20 under Scenario 3. This
variation tracks the job impacts, where Scenario 1 creates the largest number of net jobs and
Scenario 3 creates the fewest.

Table 24 shows a summary of the net job impacts for all three scenarios. The net job totals take
into account job losses that occur in the electric utility sector. Scenario 1 had the lowest
number of job lossesin the electricity sector (1,015 jobs), followed by Scenario 2 (1,331 jobs)
and Scenario 3 (1,490 jobs). Despite job lossesin the electricity sector, net job impacts are
positive forall three scenarios. The total jobs supported are proportional to the number of CHP
systems beinginstalled inthe economy. As discussed above, all money inScenario 1 is invested
to install the smallest CHP system (3 MW), resultingin over 174 installationsannually. Under
Scenario 3, however, all funds are invested to install the largest CHP system (40 MW), resulting
in approximately 20 installations annually. The economic analysisin this study suggeststhat
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manufacturing and installing relatively small capacity CHP systems leads to greater job creation
compared to an equal investmentinrelatively large capacity CHP units, likely due to economies

of scale.
Table 24. Comparison of Net Job Impacts for Three CHP Systems
Scenario Annual Net Job Impacts
Direct Indirect Induced | Total
1,904 1,189 2,070 5,163
2 1,311 1,296 1,877 4,483
3 758 1,385 1,698 3,840
Note:  Sums may differdue to rounding.

Gross Domestic Product

Based on the results from the year 2015, aninvestmentof $1.25 billionin Scenario 2 added

approximately $200 million peryear to the economy. The top ten sectors interms of annual net

GDP impacts because of the investmentin CHP in Scenario 2 are listed in Table 25. As shown,

the construction sectors add the most value to the economy.

Table 25. Top Ten Annual Net GDP Impacts by Economic Sector (CHP Scenario 2)
Sector Description Annual Net GDP Impacts ($ millions)
Direct Indirect Induced Total
333 Machinery Manufacturing $504.41 $6.60 $0.22 $511.23
23 Construction $103.93 -$25.97 $1.67 $79.63
561 | Administrative& Support -$2.80 $48.32 $4.16 $49.69
Services
F i Metal P
33, | Fabricated Metal Product -$4.38 $39.61 $0.64 $35.86
Manufacturing
811 Repair & Maintenance $26.96 $2.54 $1.58 $31.08
541 | Professional, Scientific, & -$5.28 $20.60 $9.87 $25.19
Technical Services
4?2 Wholesale Trade Business -$0.42 $15.19 $8.20 $22.98
331 Primary Metal Manufacturing -$0.92 $20.73 $0.16 $19.97
531 Real Estate -$0.39 -$0.87 $10.61 $9.35
Ambulatory Health Care
621 Services -$1.10 -$0.02 $9.65 $8.53

Similarto the job impacts, thereis a variation in the net GDP impact for the three CHP

scenarios. Scenario 1 resultsin a $212 million GDP gain to the economy, followed by Scenario 2
(5189 million) and Scenario 3 (5168 million). The smaller GDP impact from Scenario 3 results in
part from a slightloss of GDP through direct impacts. Scenario 3 produces the largest reduction
in the demand for grid electricity, and thisreduced demand resultsina loss of direct GDP in the
economy. Table 26 summarizesthe GDP results.
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Table 26. Comparison of Net GDP Impacts for Three CHP Systems

Scenario | Annual Net GDP Impacts ($ millions)

Direct | Indirect | Induced | Total
1 $23 $16 $173 $212
2 S4 $28 $157 $189
3 -$10 | $36 $142 $168

Note:  Sums may differdue to rounding.

Trade Impacts

The IMPLAN economic modeling focused on the impacts on the national economy.
International trade balance impacts were not includedin this evaluation. While itislikely that
there would be some changes in international trade from these investments, the IMPLAN
model does not have the capability to model these effects. The majority of the impacts of CHP
investments are expected to occur withinthe U.S. economy. While some components of the
CHP technologies may be produced outside of the United States, this model was structured
with the assumption that all CHP technologies will be acquired from manufacturing plants and
supplierswithinthe United States, though some of the secondary benefits mightaccrue to
firms outside the U.S.

6.5 Summary

Table 27 shows a summary of the end-use energy efficiency, demandresponse, and CHP results
for Year 10 (final year of Federal matching grants). In Year 10, all technologiesthat were
acquired overthe 10-year program are assumed to remain in place, and all technologies are
assumed to operate in the same manner as originallyinstalled (e.g., no degradationin efficiency
and other performance characteristics over time). Year 10 therefore representsthe energy and
CO, savings that are derivedinYear 10 from all technologies acquired with $25 billion of
investment. Forjob and GDP impacts, an underlyingassumptionisthat these results are
sustained within a single year because of the investment that occurs in that year. For jobs and
GDP, thereis no carry over from one year to the next.
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Table 27. Summary of Results for Year 10

Description End-Use Energy CHP Scenarios

Efficiency/Demand Response

Scenarios

1 2 3 1 2 3
Capacity (MW) N/A N/A N/A 3.0 12.5 40.0
Funding forElectric Technologies (percent) | 20% 50% 80% N/A N/A N/A
Funding for Natural Gas Technologies 80% 50% 20% N/A N/A N/A
(percent)
Total Investment Over 10 Years (S billion) $12.5 $12.5 $12.5 $12.5 $12.5 $12.5
Investment Rate (S billion / yr) $1.25 $1.25 $1.25 $1.25 $1.25 $1.25
Delivered EnergySaved (TBtu/yr) 642 499 355 -42 -118 -116
Total End-Use EnergySaved (TBtu/yr) 741 744 748 195 187 297
Value of Saved Energy to Industrial $5.00 $5.00 $5.00 $1.70 $1.68 $2.13
Customers (S billion)
Reduced CO, Emissions (million MT/yr) 37 47 58 11 11 17
Job-Years 5,871 5,956 6,041 5,163 4,483 3,840
Net Jobs (per $ million invested) 4.7 4.8 4.8 4.1 3.6 3.1
Net GDP (S million/yr) $240 $223 $206 $212 $189 $168

As indicatedin Table 27, the end-use energy efficiency/demand response scenarios generally
provide larger benefits compared to the CHP scenarios. This outcome is driven, in part, from
the relatively high performance expectation established forthe portfolio of end-use energy
efficiency and demand response measures. One of the underlying assumptions for the end-use
energy efficiency/demand response portfoliois that these technologies have a 2% -year payback
(2-year payback based on cost share provided by industrial participant). In contrast, the CHP
scenarios are created using cost and performance specifications forcommercially available
equipment. These commercially available CHP systems have paybacks in the range of 4 to over
10 years dependingon the technology and site specificoperating parameters.

The scenario trends within a technology category show interesting results. For example, within
CHP, Scenario 3 shows the largest value of saved energy (i.e., reduced energy bills for
manufacturers that adopt technology), but shows the smallestlevel of jobscreated in the
national economy. Within end-use energy efficiency/demand response, the value of saved
energy remains constant due to the assumption that the technologies have a 2% -year payback.
Scenario 3 (80 percent electric) shows the lowestlevel of saved energy, but shows the highest
level of job creation.
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The Act requires that estimated economicbenefits be provided at 5- and 10-year intervals for
the following five metrics:

e Direct and indirect capital investment.

e Energy and emissionreductions.

e Directandindirect jobssaved or created.
e Gross domesticproduct.

e Trade balance impacts.

Quantitative estimates were developed forthe first four bullets. The economic impact modeling
conducted for this study was completed with the IMPLAN model, which does not have the
capability to rigorously account for trade balance effects (last bulletin precedinglist).

Table 28 shows quantitative metrics that were calculated for Year 5 and Year 10 of a
hypothetical Federal industrial energy efficiency grant program. The direct capital investment
is $2.5 billioninYear 5 and $5.0 billioninYear 10 (annual Federal investment rate of $500
million peryear). The Federal grant funds are matched with 80 percent participant cost share
(indirectinvestment), resultingin a total funding pool of $12.5 billioninYear 5, and $25 billion
in Year 10. These funds are allocated equally across all 10 years of the hypothetical program,
yieldingan annual investmentrate of $2.5 billion peryear.

As indicated in Table 28, the S5 billion Federal grant program is expectedto reduce annual
energy consumption by 119 to 300 TBtu in Year 5, and 237 to 600 TBtu in Year 10. The value of
this reduced energy consumption is expected to save participating manufacturers $3.3 to $3.6
billion peryearin Year 5, and $6.7 to $7.1 billion peryearin Year 10. Annual CO, emissions are
expectedto be reduced by 24 to 38 million metrictonsin Year 5, and 48 to 75 million metric
tonsin Year 10. The grant program is expectedtosupport approximately 9,700 to 11,200 jobs
peryear, which equates to 3.9 to 4.5 jobs per million dollars of investment. The GDP impact is
expectedto bein the range of $374 to $452 million peryear.

The economic analysis did not considerimpacts that might be derived from increased
awarenessthat would be generated as a resultof a $5 billion Federal grant program. Based on
observations from the American Recovery and Reinvestment Act (ARRA) and other energy
efficiency incentive programs, there is frequently a “spillover” effect that creates activity by
market participants that do not receive incentive payments. Inthe case of the hypothetical S5
billion grant program, some manufacturing plants would likely move ahead with industrial
energy efficiency projects eventhough they do not receive grant funds. These plants could
decide to move ahead with an energy efficiency project that they would not otherwise consider
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because of increased awareness and education resulting from the grant program. Due to
modelinglimitations, this spillover effect was not captured in the analysis completed for this
study.

Table 28. Summary of Benefits from Grant Program
(80 percent cost share case; end-use energy efficiency/demand response plus
CHP)
Benefit Description Year Following Start of Grant Program
5 10
Capital Direct Capital Investment (Federal $2.5 $5.0
Investment matchinggrant, $ billion)
Indirect Capital Investment (participant $10.0 $20.0
costshare, S billion)
Total Investment (S billion) $12.5 $25.0
Investment Rate (S billion/yr) S2.5 $2.5
Energyand Net Energy Impact (TBtu/yr) 119to 300 237 to 600
Emission Reduced Energy Costs ($ billion/yr)[2] | $3.310$3.6 $6.71057.1
Reductions [1] educed Energy Costs (S billion/yr) [2] .3t0S$3. 7t0S$7.
Reduced CO, (million MT/yr) 24t038 48to 75
Jobs Saved or Average AnnualJobs Supported 9,711t0 11,204 9,711t011,204
Created [3
Bl Net Jobs (per $ million invested) 3.9to04.5 3.9t04.5
Net Gross Domestic Product (S million/yr) [3] S$374t0$452 $374t0$452

Notes: 1)Energy and emission reductions were estimated with an Excel model, andthe results shown in the table
are cumulative forthe year shown in the table heading (grant programYear5 or Year 10).
2) Reduced energy costs are cumulative. The single yearvalue forreduced energycosts in Year5 of the
grantprogramis S670millionto S710million. The single yearvalue forreduced energy costs in Year 10 is
identical to Year 5, which is consistent with a constant annual investment rate.
3).Jobs saved or created and gross domestic product were evaluated with IMPLAN. IMPLAN is a static
model that does not account for cumulative effects. The values shown are theimpacts in a single year.
The results are identical for Year5 and Year 10 of the grant program, which is consistent with a constant
annual investment rate.
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Endnotes

! Section 7 of the Actis contained in the front matter of this study. Economic benefits are discussed in Section
7(b)(2)(C). Thecomplete Act canbe accessed at Web link.

2 “Cost Sharing and DOE Financial Assistance Awards,” Web link.

* Thesejob impacts could be interpreted as job-year or full time equivalent (FTE) jobs.
* This translates into 4.8 jobs per $1.0 millioninvested.

> U.S. Census Bureau, Census of Manufactures 2010.

® CHP Installation Database, Web link.

” Energy Information Administration (EIA), AEO 2013. Energy savings estimates are based on el ectricity cost of
$17.88 per MMBtu and natural gas cost of $4.42 per MMBtu (2011 dollars).
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https://www.govtrack.us/congress/bills/112/hr6582/text
https://www.eere-pmc.energy.gov/NetCDP/CDP_Forms/CDP_Cost_Share_Info.pdf
http://www.eea-inc.com/chpdata/index.html

7. Energy Savings from Increased Recycling

The Act requests to estimate energy savings from increased use of recycled material in energy -
intensive manufacturing processes. The specificlanguage is:t

[... shall conduct a study of ...the] estimated energy savings available from increased use of
recycled material in energy-intensive manufacturing processes.

Estimating the benefits and impacts of recycling can be a complex undertaking. For estimating
specifically the energy impacts of increased recycling, there are several analysis concepts that
can be considered. The most comprehensive analysis conceptsinclude life cycle analysis (also
called cradle-to-grave analysis), environmental impact assessment, cost-benefit analysis, and
regulatory impact analysis (ifincreased recyclingis introduced as a regulation). For these
concepts, the usual goal is to provide an overarchingassessment (with energy as only one of
several factors beinganalyzed) of the impacts of recycling.

However, the Act asks for the estimated energy savings only, so a simplerassessment
methodology focusing only on energy savings was a major consideration. Nevertheless, there
are complexities as well when focusing only on energy impacts of recycling. Each product that is
manufactured and ultimately entersthe waste stream has energy impacts at each stage of its
life cycle — raw material acquisition, manufacture of the products, use of the products and
disposal. Section 7 (Reducing Barriers to the Deployment of Industrial Energy Efficiency) of the
Act, under which this analysisis requested, focuses on barriers to deployment of industrial
energy efficiency. As such, it was assumed that the analysis would focus on how recycling can
support the increase in industrial energy efficiency. [t was assumed that this meant energy
savingsin the industrial plant or withinthe realm of the industrial sector only. Further, as the
specificstatement from the act states to estimate “...energy savings available increased use of
recycled material in energy-intensive manufacturing processes”, whichisinterpretedto focus
on energy savings on energy intensive manufacturing processes.

A further complication of the analysisis data availability. Asis typical inany industrial sector
analysis, data can be sparse. For this study, most the data used were from the U.S. EPA,
industry and trade associations, and recent studies. In cases where data were grossly
unavailable or severely weak, it was decided to exclude those cases from the study. An example
of thissituation is the data source for supply of waste materials and recovery rates. This study
was limited to focus only on MSW sources of waste materials since data are abundant. Useful
data on recyclingand recovery from other sources of waste materials (e.g., construction and
debris) are not available and so were excluded from the study.
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Thus, as will be presentedin this section, the analysis approach used for this study may be seen
as limitedto expertsinthe recycling field. However, the limits were intentional (so that the
analysiswill be more focused on the objectives of the Act) and were also due to inherentdata
issues. This chapter discusses estimated energy savings from increased recycling possible with
currently deployed technologies, including the assumptions and approach used to derive these
estimates. This chapter isorganized as follows:

e Section7.1—Introduction

e Section 7.2—Current Use of Recycled Materials and Opportunities forIncreased Use

e Section7.3—Framework for Analyzing Possible Energy Savings from Increased Recycling
e Section7.4—Estimated Energy Savings from Increased Recycling

e Section7.5—Summary
7.1 Introduction

EPA definesrecyclingas collecting and processing materials that would otherwise be thrown
away and turning these materials into new products.? It excludes the reuse of products (e.g.,
clothesand furniture donated to charitable organizations for use by others), as well as the use
of the waste product as a fuel source. Recycling provides opportunitiestoreduce energy use,
decrease carbon dioxide emissions, and minimize the quantity of waste requiring disposal. This
chapter providesan estimated range of energy savingsthat might be expectedinthe
manufacturing sector from increased recycling.

Based on information from EPA, Table 29 shows non-hazardous materials that are recovered
for recyclingin the United States:?

Table 29. Non-hazardous Materials Recovered for Recycling

Aluminum Disaster Debris Scrap Tires
Antifreeze Food Waste Steel

Automotive Parts Glass Textiles

Batteries Household Hazardous Waste Used Oil

Composting Paper Yard and Wood Waste
Consumer Electronics Plastics

While many products are recycled, this study focuses on how energy can be saved by recycling
in the followingenergy-intensiveindustries:

e Paper

e Aluminum

165



e Glass
e Steel

e Plastics

Table 30 shows the energyintensities of the paper, aluminum, glass, steel, and plastics
industries and compares them to the energyintensities of the total manufacturing group. Three
energy intensity metrics are shown: energy consumption per employee, energy consumption
per dollar of value added, and energy consumption per dollar of value of shipments. The table
shows that for each metric, the energy intensities of the above industries are much higherthan
the intensities for total manufacturing. The previous chapters discussed how these i ndustries
could be more energy efficientthrough end-use energy efficiency, demand response, and CHP
investments. This chapter discusses how the recovery and use of recycled products can save
energyin energy-intensive industries.

Table 30. Energy Intensities of Industries, 2010
Energy Consumption Metric
Million Btu per Thousand Btu per Thousand Btu per
Industry Employee Dollar of Value Added | Dollar of Shipments

Paper (NAICS 322) 6,022 26.4 12.1
Aluminaand Aluminum(NAICS 3313) 4,517 25.7 6.8
Glass Containers (NAICS 327213) 4,380 20.2 12.2
Steel (NAICS331111) 12,697 29.8 9.3
Plastics (NAICS 325211) 8,583 17.3 6.2
All Manufacturing (NAICS 31-33) 861 4.8 22

Source: EIA Manufacturing Energy Consumption Survey, 2010

The analysisin this chapter does not include the cement industry. The chemical process used to
create cementisirreversible and cement cannot be recycled.* It is important to recognize,
however, that concrete —a mixture of cement, sand, gravel, and water—can be recovered and
reused. Also, cement manufacturers consume alternative fuels such as recycled tires and
plastics.>®’” While these benefits are significant, they do not have a direct impact on the energy-
intensive cement production process. Because cement cannot be recycled and concrete
recyclingdoes not have a direct impact on the cement production process, the cement industry
was not includedin the recycling analysis prepared for this study.

Conceptual frameworks used to describe recyclinginclude:®

e Primary or closed-looprecycling, in which the recycled product is mechanically
reprocessed into a product with equivalent properties. This category also includes
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recycling of products to replace all or some of the virgin materials. The five products
listedin Table 30 have beensuccessfully recycled underthis category.

e Secondary or downgrading, in which the recycled material is mechanically reprocesse d
to produce another product generally viewed to have lower quality or value. Examples
include recycling plastic bottles and milk jugs to form plastic lumberor the use of
recycled glass as road-bed aggregate or cover at landfill operations.

e Tertiary recycling, where chemical constituents from the waste material are recovered.
9

Despite beingtechnically feasible, thistype of recyclingis generally not cost-effective.
The intent of the analysisin this chapter isto determine energy savings that could be derived
from increasing the amount of recycled material used as a manufacturing feedstock. To focus
the evaluation, only primary recyclingis considered where the recycled material is used to
produce a product similarto the original. Downgrading (secondary recycling) and chemical
recovery (tertiary recycling) are not includedin the evaluation.

Within the industry, the term “secondary process” is often usedto describe a process that uses
recycled material in eithera primary or secondary recycling framework (see preceding bullets).
In the remainder of this chapter, the term “secondary process” is used exclusively to mean the
use of recycled material in a primary recycling framework.

The remainder of this introduction provides background on the five energy-intensive industries
previously mentioned—paper, aluminum, glass, steel, and plastics (Sections 7.1.1-7.1.5). These
industries were selected based on statutory guidance that directs the recycling analysis to focus
on energy intensive manufacturing processes (see Statutory Requirement on page iii, (b) (2) (D).
Section 7.2 discusses the current level of recyclingin these industries, Section 7.3 describes two
possible scenarios (modestand aggressive) with currently deployed technologiesforincreased
recycling, Section 7.4 providesthe energy savings results from these scenarios, and Section 7.5
provides a brief summary of key findings.

7.1.1 Paper

Figure 45 shows a simple flow model of paper production, illustrating the various processes,
includingthe incorporation of recycled (scrap) paper in paper production. Paper is made from
pulp, which in turn is created from a variety of sourcesincludingwood products and recycled
paper products. The two main methods for deriving pulp from wood are through a chemical
process or a mechanical process, both of which are energy-intensive.

The dominant method for producing pulp inthe United States isthrough the chemical process
(Kraft, sulfite). The chemical process uses “white liquor” —amixture of sodium hydroxide
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(NaOH), sodium sulfide (Na,S), and other chemicals—to break down lignin bonds holding the
cellulosicfiberstogetherina process knownas “cooking.” After being cooked, the pulp is
separated from the liquor, washed, and dried. The chemical process creates strong paper,
which is used to make products like boxes, paper bags, wrapping paper, writing paper,
paperboard, and diapers. Yields from chemical pulps average about 45 percent of the original
virgin feedstock.™

Figure 45. Paper Production Process Flow
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Source: EIA NEMS Industrial Model Documentation, 2013

The mechanical process—which includesthe groundwood and thermomechanical processes —
loosensthe lignin bonds by pressingthe wood chips against a grinder, or refinerplate. In the
thermomechanical process, the wood chips are heated before they are ground. The mechanical
process creates weaker paper but yields 95 percent of the original virgin feedstock. ™
Mechanical pulps can be used to make products such as newsprint, printing papers, specialty
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papers, tissue, toweling, paperboard, and wallboard. After pulping, the pulp mixture s
convertedinto paper and paperboard products by performingseveral more stepssuch as
washing, bleaching (if needed), forming, pressing, and drying. In addition, otherenergy -
intensive auxiliary processes are performed, particularly for chemical pulping. These processes
include lime calcining, pulp drying (for market), and recovery of chemicals and using them as
fuelinrecovery boilers.

Producing paper products from recycled material is a much less resource -intensive process
compared to producing paper from virgin material. Production with recycled materials begins
with several preprocessing steps: sorting, collection, transportation, and storage. When
recycled paper is processedfor use, itismoved to a bigvat (pulper) of water and chemicals. In
the pulper, the recovered paper is chopped into smaller pieces. The pieces are further broken
down to fibers by heating, which eventually turnsthem intorecycled pulp. The pulpis further
processed by screeningto remove small contaminants and further cleaned by spinningand
deinking. Deinkingisthe process of removing printingink and glue residue and adhesives. After
deinking, the pulpis refined to remove any large bundles of fibers and remove dyes from the
paper. If white paper isbeing made, the pulpis bleached.

The resultingrecycled fiber can be used alone, or blended with virgin fiberto make it stronger
or smoother. The pulpis further processed with water and chemicals, then drained and rolled.
The resultingsheetis thendried through heated metal rollers. Final processing and coating, if
needed, isthen performed. Ingeneral, recovered paper is recycled back to a similaror lower
grade than the original product.

Figure 46 compares the unitenergy requirements of paper production using chemical pulping
of virgin fibers, mechanical pulping of virgin fibers, and using recycled paperin a secondary
process. In the figure, fuel includes all non-electricity energy sources. The figure shows large
differencesinenergyrequirements between the virgin chemical, virgin mechanical, and
recycled paper processes. Making pulp from recycled paper saves over 80 percent of energy
compared to the virgin fiber chemical process and saves over 50 percent compared with the
virgin fiber mechanical process.

169



Figure 46. Paper Unit Energy Requirements, Excluding Use of Byproduct Fuels
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One important factor that Figure 46 does not take into account isthe generationand on-site
use of paper manufacturing byproduct fuelsinthe chemical and mechanical pulping methods. 12
When these are taken into account, the picture is significantly different (Figure 47). When
byproduct fuelsare includedin energy use accounting, chemical pulping shows negative energy
use (i.e., netenergy producer), mechanical pulpingenergyis reduced substantially, and
recycled paper use becomesthe process with the highest unit energy requirement. Chemical
and mechanical pulping processes are net energy producers because they generate more
byproduct fuels than they use during the manufacturing process. The excessfuelsare
frequently used to generate steam, whichis then used for downstream processes such as
bleachingand paper drying. The production of byproduct fuels makesthe energy analysis more

complex, as discussed later in this chapter.

170



Figure 47. Paper Unit Energy Requirements, Including Use of Byproduct Fuels
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7.1.2 Aluminum

Aluminumisthe most abundant metallicelement and the third most abundant of all elements
in the earth’s crust. It is usedin many applications because of its strength and its lightweight
characteristics. It is corrosion-resistantand is an excellent conductor of electricity and heat. As
indicated in Figure 48, the three largest applications of aluminuminthe United States are
transportation (33 percent), containers and packaging (25 percent), and buildingand
construction (13 percent).13

Significant growth inthe use of aluminumin the automobile industry has occurred in the past
15 years, specificallyintransmissions and wheels. Containerand packaging applicationsinclude
aluminum beverage cans, food containers, and household and industrial aluminum foils.
Aluminum beverage cans are the single largest use of aluminum in the container and packaging
sector. In 2011, 93.6 billion aluminum cans were sold.** Aluminum beverage cans are also one
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of the largest sources of recycled aluminum. The principal uses of aluminumin the construction
industry are interiorand exterior building applications, including window frames, roofing,
siding, and air ducts for heating, ventilating, and conditioning (HVAC).

Figure 48. U.S. Aluminum Shipments, 2011
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Note: Transportation applications foraluminum include airplanes, trucks, buses, railroad cars, andtractor trailers.

Source: U.S Geological Survey—Aluminum, 2013

Because of itsinnate ability to bond, aluminumis not found inits pure form in nature. The
production of primary aluminum (produced from virgin ore) consists of five stages: mining of
bauxite (the primary raw material), production of alumina, primary aluminum production,
aluminum fabrication, and production of finished products.

Primary aluminum production begins with the mining of bauxite in open pits. After the bauxite
is crushed, itis processed using the Bayer process, which converts the aluminumin the bauxite
to alumina. The aluminais thentransported to a smelting plant, where primary smelting occurs
using the electrolyticHall-Heroult process. The Hall-Heroult process is one of the most electric-
intensive manufacturing processesin the industrial sector. Afterthe aluminumalloyis made, it

172



is transported to semi-fabrication plantsthat produce aluminum products such as metal sheets,
plates, and forged parts. The semi-fabricated products are then shipped to fabrication plants,
where finished products are made for consumers.

Unlike primary aluminum production, secondary aluminum production (usingrecycled
aluminum scrap) isrelatively simple. The first stepis preprocessing, which involvesthe
crushing, shredding, and drying of the scrap. This step also removes contaminants to minimize
air pollution from the melting furnace and to lowerthe amount of oxidation during the melt
process. The process of meltingaluminum scrap uses reverberatory furnaces. These are fossil -
fired, usually with natural gas.

Figure 49 compares the unitenergy requirements between primary and secondary aluminum
production. The unitenergy requirementsforsecondary aluminum are lessthan 5 percent of
the unitenergy requirements for primary aluminum.

Figure 49. Aluminum Unit Energy Requirements
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7.1.3 Glass

The U.S. glassindustry consists of flat glass, container glass, and pressed/blown glass. Each of
these product types has a different set of consumersand markets. Container glass, which has
the highest production level amongthe three, is used primarily in the food and beverage
industries. Flat glass is used primarily in the construction and automotive industries, while
pressed/blown glass, whichis the smallestamong the three, is used for tableware, kitchenware,
and electronicproducts.

Glass production is an energy-intensive process. The major processes involvedinthe
production of glassare similaracross the major products. There are four major process stepsin
glass production: (1) batch preparation, (2) meltingand refining, (3) forming, and (4) post-
forming. Batch preparation involves mixing the raw materials, includingsilica, limestone, and
soda ash. Other ingredients are added depending on the type of glass being produced. Cullet,
which isrecycled glass, is also added into the batch.

The melting and refining of the batch isthe most energy-intensive step. Dependingon the type
of glass being produced, the batch is processedin different types of furnaces and at different
temperatures. Glass-melting furnaces, which are mostly fueled with natural gas, are capital -
intensive to build. To avoid thermal cycling damage, these furnaces are designed for continuous
operation. It is not uncommon for glass meltersto operate continuously for many years,

365 days, 24 hours per day.

The forming stepis highly dependentonthe final product. The forming step for flat glass
includes eitherthe float process or the rolling process. For container glass, the forming stage
includes blowingand pressing processes. The post-forming step includes a variety of processes
that finalize the glass product requirements. This step might involve annealing, tempering,
coating, and other finishing processes.

Glass can be recycled an indefiniteamount of times withoutloss of quality. As mentioned
above, cullet (recycled glass) is usually mixed with the glass batch. This mixing has important
benefits, includinglower raw material and processing costs, reduced landfill wastes, and lower
energy costs. However, to use recycled glass effectively, the recycled material must be free
from contaminants such as ceramics and metals. In addition, most glass needs to be separated
by color. As such, the collection, separation, and processing of recycled glass is critical.

The collection of recycled glass includes several methods. The most prevalentare curbside
collection, bottle deposits, and post-consumer collection (e.g., at public venues). When recycled
glass is mixed with other recyclables during collection, contaminants present a significant
problem for manufacturers. Therefore, separating the glass from other materialsis a critical
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step. Currently, most sortingis done mechanicallyand is labor-intensive.™ If problemsin
acquiring quality cullet are overcome, energy savings are significant. Glass recycling has been
shown to save 2 to 3.5 percent of energy for every 10 percent of recycled glass usedin the
manufacturing process.16 Recycled glass could come from glass waste in the glass plantitself, or
from post-consumerrecycling. Glass manufacturers already capture glass waste from the plant;
thus, the opportunity for increased glass recyclingis based on increased supply of
uncontaminated post-consumer glass.

Figure 50 showsthe unit energy requirements of glassmaking using 100 percent virgin raw
materials, and glassmaking using 75 percentvirgin raw materialsand 25 percent recycled glass.
With the use of 25 percent recycled glass, and assuminga 2.5 percent energy savings for every
10 percent use of recycled glass, energy savingsis around 6 percent.

Figure 50. Glass Unit Energy Requirements
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7.1.4 Steel

Steelisa widely used commodity. It is one of the largest bulk commoditiesin commercial use,
having many structural applications, and it competes for applications with other structural
materials such as aluminum, plastics, and wood. Steel is produced in many forms, including
sheetand strip, structural beams and plates, bars, pipesand tubes, wire and wire products, and
tin mill products. The markets for steel are many and diverse, with the major markets being
automotive, steel service centers, construction, machinery and equipment, containers and
packaging, and the oil and gas industry.

Steel producers can be classified as eitherintegrated plants or mini-mills. Animportant feature
of energy use inthe steelindustryis the marked difference betweenintegrated millsand mini-
millsinthe types of fuelsused and the level of energy use. In integrated plants, where the
major iron-bearing raw material isiron ore, reducing the ore to molten pigironin a blast
furnace is the most energy-intensive step. The coke that is used as the reducing agent is
produced by carbonizing coal in coke ovens. Both coke ovens and blast furnaces produce
byproduct fuels. Use of these byproduct fuelsisa characteristic feature of energy consumption
in integrated mills. The major byproduct formedin coke ovensis coke oven gas, a mixture
consisting primarily of hydrogen and methane. Other byproducts are tar and pitch (similarto
heavy oil) and breeze, a finely powdered coke. The off-gas produced in the blast furnace, called
blast furnace gas, consists mainly of nitrogen, carbon dioxide, and carbon monoxide.Inan
integrated steel plant, these internally generated fuelsare used in various on-site processes
and supplemented by purchased fuels. Afterthe pigiron is produced inthe blast furnace, itis
convertedto steelina basic oxygen furnace (BOF).

Mini-mills produce raw steel by meltingrecycled steel scrap inelectricarc furnaces, thereby,
eliminating the cokingand iron-making steps. Hence, mini-mills do not consume metallurgical
coal. Also, they rely heavily on purchased fuels, since byproduct fuels are not available. The
consumption of electricity is proportionally higherin a mini-mill compared to an integrated
plant because the sole steelmakingtechnologyina mini-millisthe electricarc furnace (EAF).

Figure 51 compares the unitenergy requirements betweeniron and steelmaking using the
integrated process (metallurgical coal, blast furnace, and BOF) and the use of EAFs, which use
steel scrap. The figure shows that the electricity requirementforthe EAF is higher (six times)
than for the primary process. However, for fuel, the EAF unitenergy requirementisless than
4 percent of the primary process. Overall, EAF saves 87 percent of energy used in the primary
process.
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Figure 51. Iron and Steel Unit Energy Requirements
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7.1.5 Plastics

Plastics are synthetic materials that are moldedinto a variety of shapes by applying heat and
pressure. There are two groups of plastics: thermoplastics and thermosets. Thermoplastics can
be repeatedly melted and re-formed without any major property changes. Thermosets, in
contrast, are cross-linked plastics that cannot be re-melted or reprocessed without major
property changes. Thus, thermoplastics (e.g., polyethylene) can be recycled, but thermosets
(e.g., polyester) cannot.

The major thermoplasticsin the U.S. waste stream are polyethylene terephthalate (PET), high
density polyethylene (HDPE), low density polyethylene (LDPE), linear low density polyethylene
(LLDPE), polyvinyl chloride (PVC), polypropylene (PP), and polystyrene (PS). These thermoplastic
materials comprise the vast majority (87 percent) of plasticsin the waste stream. Common uses
for these plastics include the following:
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e PET isused in softdrinks packaging (PET bottles) and some syntheticfibers. It has a high
recovery rate among plastics.

e Polyethylene (PE), because of its versatility, is used for various packaging materials. PE is
used to make LLDPE (usedto make stretch wrap), LDPE (used to make plastic bags), and
HDPE (usedto make jugs).

e PVCisused primarilyin plumbingand other construction applications, althoughiitis
sometimes used for syntheticleathers.

e PP has many varied applications such as film and automotive interiors.

e PSisusedto make Styrofoam and rigid products such as drinking straws and coffee cups
and lids, and takeout containers.

Figure 52 shows the breakdown of plastics in municipal solid waste (MSW), showing generation
and recovery by resintype.'” The figure shows that the main recycled plasticresins are PET,
HDPE, and LDPE/LLDPE. These resinsaccount for 55 percent of total plastics generated in MSW
and 66 percent of recovered plasticproducts. Thus, these resins are the focus of thisanalysis.
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Figure 52. Generation and Recovery of Plastic Wastes, 2011
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The post-consumerrecycling of plasticbottles and milk jugs consists of several stages:
collection, sorting, cleaning, size reduction, and separation of different polymertypes. The
collection of recycled plasticsincludes several methods. The most prevalentare curbside
collection, plasticbottle deposits, and post-consumer collection (e.g., at publicvenues). The
sorting process, which separates the plastic from the non-plastic material and which separates
different polymers fromone another, is a critical step. Currently, sorting is done mechanically
and is labor-intensive. New technologies are being developed to streamline sorting, including
froth flotation, density separation, and others.

A critical challenge in the production of resins from plasticwastes is that different plastictypes
are not compatible with one anotherbecause they are not molecularlyimmiscible. Further,
there are major differencesin processingrequirements. Usually, itis not technically feasible to
add recovered plastic to virgin polymer without compromising some quality properties (e.g.,
color or clarity) or mechanical properties. The blending of recycled resin with virginresin is
usually performed with polyolefin films forapplications such as refuse bags, and certain types
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of irrigation or drainage pipes. The substitutability of virgin polymerwith recycled plastic
dependson the purity of the recovered plastic feed and the property requirements of the
plastic product to be manufactured. Because recovered plastics need to be properly identified
for recycling purposes, post-consumer waste collection systems typically concentrate on the
most easily separated packages, such as PET soft-drink and water bottlesand HDPE milk
bottles, which can be positively identified and sorted out of a commingled waste stream.®

The manufacture of plastic resins requires substantial amounts of fuel, particularly oil and
natural gas liquids, as these are typically the main raw materials in making plastics. PET, HDPE,
and LDPE/LLDPE are all resins made from ethylene (an olefin). Ethylene isan energy-intensive
chemical product that requires substantial amounts of oil or natural gas liquids as feedstock.
The feedstocks are broken down to ethylene, propylene, and butadiene at relatively high
temperatures. These molecules are processed to create polymers, which are then used to make
resins such as PET, HDPE, and LDPE/LLDPE. In the secondary process, afterthe recycled plastic
materials are sorted, they are cleaned, washed, and shredded. Next, the materials are tested,
identified, classified, and mixed with virgin polymerresins. These resins, which are a mixture of
virginand recycled polymer, are then used to manufacture plastic products.

Figure 53 compares the unitenergy requirements between (1) virgin PET and recycled PET
manufacturing; (2) virgin HDPE and recycled HDPE manufacturing; and (3) virgin LDPE/LLDPE
and recycled LDPE/LLDPE." The figure shows that there are significant differencesin the unit
energy requirements between the primary process and secondary process for each of the
resins, and that substantial energy savings are incurred when recycled materials are used
instead of producing virgin polymers.
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Figure 53. Plastics Unit Energy Requirements
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7.2 Current Use of Recycled Materials and Opportunities for Increased Use

According to EPA, the United States generated 250 million tons of municipal solid waste in
2011.%° Of the total MSW, waste from the five energy-intensive industries accounted for

53 percent, or 133 milliontons. Figure 54 breaks down the MSW by type of waste material.
Paperis the most abundant MSW material, accounting for 28 percent of MSW. Food and other
organic wastes representthe second largest share at 14 percent, followed by yard trimmings
(13 percent) and plastics (13 percent). Steel, glass, and aluminum represent much smaller
shares at 7, 5, and 1 percent, respectively. Itisimportant to note that the EPA MSW report
does not include automobile and engine scrap inthe steel estimate, whichis the largestsupply
of scrap steel.”
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Figure 54. MSW Generation in the United States, 2011
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Figure 55 shows the recovered materials from the MSW stream. In 2011, 87 milliontons of the
250 milliontonsthat were generated were recovered. Of the total recovered waste, the five
energy-intensive industries accounted for 58 million tons or 67 percent. Paper products
accounted for more than half of the total recovered wastes, with 53 percent. Yard trimmings
accounted for the second largest share with 22 percent, followed by steel with 6 percent.
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Figure 55. MSW Recovery in the United States, 2011
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Focusing on the five energy-intensiveindustries, Figure 56 shows the recovery rates for each
industryin 2000 and 2011. Again, itis important to reiterate that the steel data do notinclude
the estimates of scrap from automobilesand engines. The figure shows that in 2011, paper had
the highestrecoveryrate at 66 percent, followed by steel at 33 percent. Glass had a recovery
rate of 28 percentand aluminum had a recovery rate of 21 percent. The plastics sector had the
lowestrecovery rate at 8 percent. Comparing the 2011 recovery rates to the 2000 recovery
rates revealsthat a significantincrease in recovery occurred in the paper industry, with glass
and plastics showing modest growth. Steel recovery rates have remained steady, while the
aluminum recovery rate has declined. The next section discusses the recycling situation of these
energy-intensive industries and identifiesissues that can limitimprovements of recovery
(recycling) rates.
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Figure 56. Recovery Rate of Energy-Intensive Products, 2000 and 2011
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7.2.1 Paper

Paper (including paperboard products) is the most abundant material in the waste stream,
accounting for 28 percent of U.S. municipal solid waste (by weight) in 2011. In 2011, the United
States recovered almost 66 percent of total paper, or 45.9 million tons, from waste streams. >
Anotherway of looking at the recyclingrate is through the reuse rate, which compares the
amount of recovered paper (45.9 milliontons) to total paper and paperboard production
(instead of total paper waste generated in the MSW stream). Given that total paper and
paperboard production in 2011 is estimated to be 80 milliontons, then the recyclingrate, or
reuse rate, is 58 percent. Figure 57 showsthe trends in the production and recycling rate of
paper and paperboard products. The figure shows that paper and paperboard production in the
United States has declined inrecent years. The decline was driven by factors that included the
economic recession, increased imports, and increased use of digital media. Despite the decline
in production, however, in recentyears the recovery of paper has actually increased. According
to one study, 70 percent is the approximate ceiling for paper recycling (based on production of
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paper and paperboard).23 Several factors prevent the paper industry from reachinghigher
recyclingrates. One factor that has impacted paper recyclingis that the price of virgin pulp has
beenlow inrecent years, which has reduced the demand for recoveredfibers. Anotherfactor is
the existence of alternative uses of waste paper (e.g., as fuel), which take waste paper products
from the recycling stream. Another factor is that some paper products are not recyclable (e.g.,
bath tissue). Also, paper used for durable applications, such as books and photographs, does
not enter the recycling stream until the product is discarded, which may be several years after
initial production. Further, a large portion of the weight of some paper products is composed of
non-recyclable materials (brochures, greeting cards, calendars, posters, etc.), which makes
them unusable. Also, paperfibersare shortened each time a product is recycled. This
degradation eventually makes the fibers unusable. According to one study, each time paperis
recycled, it loses 11 to 33 percent of its cellulosiccontent.?

Figure 57. Paper and Paperboard Production and Paper Recycling
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7.2.2 Aluminum

Several aluminum products are recycled. Figure 58 shows the distribution of these products.25
The figure shows that the basis of the post-consumerscrap recycling market is the aluminum
used beverage can (UBC). In 2011, approximately 44 percent of post-consumer aluminum scrap
comes from aluminum UBCs.

Figure 58. Recycled Aluminum Products, 2011
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If scrap is pre-treated and/or sorted appropriately, the recycled aluminum can be used for
almost all aluminum applications, thereby preserving raw materials and making considerable
energy savings. Figure 59 shows the recycling rate for aluminum UBCs from 1990 to 2010 from
the ContainerRecycling Institute and EPA. The figure showsthat the recyclingrate in the United
States for UBCs peaked near 68 percentin1992 and, since then, has trended downward,
although some recovery is seeninthe late 2000s. As indicated in Figure 59, recycling rates for
aluminum UBCs are significantly higherthan industry average recyclingrates for all types of
aluminum scrap (see Figure 56). Giventhe benefitsassociated with aluminum recycling, it is
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interesting that the UBC recyclingrate has declined since the early 1990s. Possible factorsfor
this trendinclude:

e Low price of primary aluminum.

o Lifestyle changes, such as more traveling, which resultsin lower use of curbside
recycling bins.

e lack of financial incentive forconsumers. The depositin many states has not changed
for many years; hence, the value of the deposit has declinedin real terms. Deposit
amounts range from 2 cents to 15 cents, depending on state and type of bottle.

Figure 59. Recycling Rate Trends for Aluminum Used Beverage Cans
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7.2.3 Glass

Glass products in the MSW stream consist of glass containers and glass in durable goods such as
appliances, furniture, and electronics. Figure 60 shows the distribution of glass products in the
waste stream.?’ Similar to aluminum, the basis of glass recycling is the beverage container. In
2011, glass containers accounted for 81 percent of glass waste and 100 percent of recovered
glass.
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Figure 60. Glass Recycled Products, 2011
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There has been a steady increase in the recovery of post-consumer glass (see Figure 61).
Recycling of container glass has increased from around 22 percent in 1990 to 34 percent in
2011. Glass containers are recycled and used to make new containers, and they are also used as
raw materials for other glass products such as fiberglassinsulation, road construction materials,
and tiles. Recycled glass can be used to substitute virgin raw materials in glassmaking up to
90 percent.28

Glass recycling helps manufacturers save energy and reduce equipment maintenance and
replacement costs. For every 10 percent of recycled glass substituted for raw materials, energy
at a glass container plant is reduced by approximately 2 to 3.5 percent. The life of a glass-
melting furnace that operates with recycled glass can be increased up to 30 percent due to
decreased furnace temperatures required to melt feedstocks that contain recycled glass.29
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Figure 61. Glass Recycling Trends
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Several barriers impact the use of recycled glass due to qualityissues:

While food and beverage glass containersare 100 percentrecyclable and experience no
lossin quality or integrity whenrecycled multiple times, other glass products such as
Pyrex, crystal, and ovenware do not have the same qualities. Mixingthese materialsin
the glassmaking process causes production problems and defective products, as they
meltat differenttemperatures and have varying compositions.30

Recycled glass must meet specificationsin orderto be re-melted into new containers or
fiberglass. Recycled glass can contain large quantities of metals, ceramics, gravel, or
other contaminants when it is mixed with other material during collection, and it may
be cost prohibitive to sort the glassand remove the contaminants.

There are cases when some recycled glass containers are too contaminated or have

beendeterminedto not meet manufacturing specifications, due primarily to recycling
collection methods, such as single-stream collection where all recyclable materials are
mixed together. This recycled glass is then used for non-container glass products, such
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as tile, landfill cover, and road bed aggregate. It should be noted that the majority of
these single-use applications are not for use inindustrial processes and are not
considered primary recycling, which is the focus of this study.

e Glass container customers require specificcolors intheir products. Thus, color sorting of
recycled bottlesis important.

The precedingbarriers can be overcome with the adoption of advanced technology and market
incentive structures. lllustrationsinclude the following:

e The majority of glass-recycling processors have optical sorting equipmentto separate
colors and ceramic detectiontechnology to help ensure that recycled glass can be used
by industrial end markets.

e Data from states demonstratesthat containerrecycling refund programs yield 80
percent recovery among covered containers. Thereis a strong market for this
uncontaminated material and glass manufacturers will transport cullet from states that
have these programs to states where manufacturing plants are located. !

e When single-streamrecycling collection systems are utilized with containerrecycling
refund programs, they are estimated to increase statewide recovery by at least 11
percent overa comprehensive single-stream system and recovery of included beverage
containers by 162 percent.32

7.2.4 Steel

Steel scrap supply consists of imports (e.g., from other countries such as Canada and Mexico),
home scrap, prompt (new) scrap, and obsolete (old) scrap. Home scrap, consisting of trimmings
of mill products and defective products, is produced in the mill, particularly during the
production of steel. Home scrap supply has beendeclining, mainly because of the adoption of
more efficient castingtechniques. New or prompt scrap is the scrap produced from
manufacturing steel products. Obsolete, orold, steel scrap results from steel recovered from
products that have reached the end of theiruseful life. Old scrap requires preparation, such as
sorting, de-tinning, and de-zincing before it can be used in steelmaking.

EPA reports that old scrap of ferrous (iron and steel) materialsin the form of durable goods
(e.g., appliances) represents the largest share of ferrous scrap in the United States. Durable
goods accounted for 87 percent of total ferrousscrap in the waste stream. It is important to
reiterate that these data do not include automobiles and engines that have been scrapped. The
rest of the ferrous scrap reported by EPA consists of containers and other steel packaging.
Figure 62 shows the recovery rates of each ferrous scrap type. Although durable goods account
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for the most generation, it has the lowestrecovery rate at 27 percent. Steel cans have a much
higherrecovery rate at 71 percent, and other steel packaging has the highestat 79 percent. The
overallrecoveryrate for ferrousscrap is 33 percent.

Figure 62. Iron and Steel Scrap Generation and Recovery
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Two major factors limit the use of recycled steel: (1) the available supply and (2) the price of
scrap. Supply constraints stem from the long life of products made from steel —typicallyin the
range of 15-19 years, or evenlonger. This long product life makes a large portion of steel
unavailable forimmediate recycling. Anotherreason for limited supply is the usability of steel
products at end of life. Forexample, a steel barrel, which has typically a life of 6 months, can be
reused (for other purposes) instead of ending up in the waste stream.

Anotherimportant factor that limitsthe use of recycled steel is the price of scrap relative to the
price of raw materialsrequiredto produce steel fromiron ore. Figure 63 shows that, over the
last decade, the price of scrap increased significantly as global demand expanded, while the
price of iron ore remained steady. Because of the high cost of scrap, some mini-mills have
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started using directreduced iron, instead of scrap, as a source of iron. The cost of scrap is not
onlydriven by the demand for scrap, but also on the difficulty and cost in its collectionand
treatment (priorto usein EAFs).

Figure 63. Steel Scrap and Iron Ore Prices, 2000-2011
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7.2.5 Plastics

Figure 64 showsthe amount of plastic waste generatedin MSW streams and the amount
recovered. The figure shows that, although recovery of plastic products has been growing (from
0.3 percent in 1980 to 8 percentin2011), it has not paralleled the high growth rate for waste
generation. The viability of recycled plastics to replace virgin polymer generally relieson the
purity and properties of the polymer of recovered plasticand its compatibility to the
requirements of the plastic product being made. With these requirements, post-consumer
recycling efforts have beenfocused on PET soft drink bottles, HDPE milk jugs, and LLDPE/LDPE
plastic bags, since they can be easily identified and sorted. Recycling of plastic products with
more complex resin combinationsis technologically challengingandis therefore limited at this
time.
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Figure 64. Plastic Products Waste Generation and Recovery, 1980-2011
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As shown previouslyin Figure 52, the recovery rates of eventhe most recyclable of the plastic
resins—HDPE, PET, and LDPE/LLDPE—are also low. Curbside collection of bottles and jugs is the
primary source of recyclable plastic products, but at low recovery rates. LDPE filmis typically
recovered from businesses and not through curbside collection.

7.3 Framework for Analyzing Possible Energy Savings from Increased Recycling

To evaluate how much energy could be saved if recyclingis increased using currently deployed
technologies, two scenarios were developed for this study: (1) a Modest Scenario and (2) an
Aggressive Scenario. The Modest Scenario assumesthat recycling rates remain well withinthe
boundaries of existingtechnology and material availability limitations, whilethe Aggressive
Scenario pushesthese boundaries.

Table 31 shows the current recyclingrates and the assumptions for recyclingrates for the
Modest and Aggressive Scenarios. Note that each of the three plasticresins discussed above is
handledindividually because theirgeneration and recovery rates are different, as well as their
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unit energy requirements. Itis important to note that the recyclingrate assumptionsfor the
moderate and aggressive scenarios are not based on industry data. Rather, the authors of the
study considered data on current recyclingrates and the technical recycling limits, and
developedthe recyclingrate assumptions for the scenarios within those ranges of data.
Explanations on how the recyclingrate assumptions used for the scenarios are presented

followingthe table.

Table 31. Current Recycling Rates and Assumed Scenario Rates
Sector Recycling Rates
Current Modest Aggressive
Scenario Scenario

Paper 58% 60% 65%
Aluminum 65% 75% 90%
Glass 34% 60% 80%
Steel 33% 50% 80%
PET 19% 30% 40%
HDPE 10% 15% 20%
LDPE/LLDPE 5% 7% 10%

Paper. The technical limitin usingrecycled products is 70 percent. It was assumed that the
Aggressive Scenario will be slightly lowerat 65 percent. The Modest Scenario was set
betweenthe Current and Aggressive Scenarios at 60 percent. It is important to note that
these rates are not the rates derived from dividing “recovery” by “generation” for paper
and paperboard waste. Rather these rates are based on “recovery” divided by “production”

of paper and paperboard.

Aluminum. The aluminum scenarios are limited to an analysis of recycling rates for
aluminum beverage cans. The upper limitfor reusingaluminum cans is 100 percent. A
slightly lowerrecycling rate of 90 percentwas assumed for the Aggressive Scenario, and a
75 percentrate was assumed for the Modest Scenario—a rate between the Current level
and the Aggressive value.

Glass. The technical limitinusing recycled products is 95 percent. It was assumed that the
Aggressive Scenario will be slightly lowerat 80 percent. For the Modest Scenario, a recycling
rate of 60 percentwas established, whichisbetweenthe Current and Aggressive rates.

Steel. The upper limit was set to the successful recyclability of automobile and engine
scraps, whichis around 90 percent. This limitfollows the current recovery rates of steel
durable goods that are not in the MSW stream.>* Hence, for the Aggressive Scenario, an

80 percentrate was assumed. This 80 percentis applied onlyto the EPA steel scrap values,
which excludes automobile and engine scrap. For the Modest Scenario, a rate of 50 percent
was set, whichis between the Current and Aggressive rates.
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e Plastics. There are no established numbers on the technical limits for the use of recycled
plastics. For the analytical purposes of this study, it was assumed that the Aggressive
Scenario will have recyclingrates at twice the Current rates, and the Modest Scenario will
have be betweenthe Current and Aggressive rates.

7.4 Estimated Energy Savings from Increased Recycling

To evaluate the impacts of the increased recycling rates from the Modest and Aggressive
Scenarios, energy consumption using the primary and secondary processes was calculated using
the unitenergy requirements presentedin Section 7.1 and the production and other relevant
process information for 2011. Ananalysis was performed for 2011, lookingat the Current,
Modest, and Aggressive recycling rates. Giventhe same total production levels, increasing the
recyclingrate will decrease the production through the primary processes, while increasingthe
production usingthe secondary processes. The results that follow compare the energy
consumption for the Current recycling rates in 2011 (the base case)to energy consumption
estimates for the Modest and Aggressive Scenarios. It is important to note that the energy
savings results from runningthe scenarios are additional savingsto the already achieved energy
savings from Current recyclingrates. Further, the analysis was not expanded to evaluate the
broaderimpacts of increased recycling such as economic, trade, and global competitiveness
impacts. This analysis focuses on direct impacts of increased recycling on energy use of the
industriesidentified in thissection.

7.4.1 Paper

Figure 65 shows the potential energy savings at paper millsfrom increasing recycling rates from
a base case of 58 percent (Current) to 60 percent (Modest) and 65 percent (Aggressive). The
resultsfor paper mills are interesting given the impacts of byproduct fuels. Because of reduced
production usingthe primary process, thereis less byproduct fuel generated, and so overall
energy consumption at paper millswould actually increase. The figure shows that when
byproduct fuels are not counted, paper mills save almost 2 percent in the Modest Scenario and
almost 6 percentin the Aggressive Scenario. If byproduct fuels are included, however, the
results show no savings at the mills, but rather an increase in energy consumption when more
recycled paper is used. In the Modest case, thereis a 7 percent increase and inthe Aggressive
case there isa 2.1 percent increase.

The paper industry recycling results discussed above are calculated based on energy savings at
paper mills. Otherstudies have examined impacts based on a lifecycle approach, and these
studies have shown that recycled paper resultsin lowerenergy consumption for scenarios that
do notinclude byproduct fuels as well as scenarios that do include byproductfuels. 3
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Figure 65. Paper Industry Energy Savings by Scenario
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7.4.2 Aluminum

Figure 66 showsthe estimated additional energy savings from increased recycling of aluminum
beverage cans. The Modest Scenario has a recycling rate of 75 percentcompared to a recycling
rate of 65 percentfor the Current case. The results show an additional savings of 3 percent. The
Aggressive Scenarioincreasesrecycling to 90 percent and shows an additional savings of

12 percent.
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Figure 66. Aluminum Industry Energy Savings by Scenario
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7.4.3 Glass

Figure 67 shows the additional energy savingsin the glass industry under the Modest and
Aggressive Scenarios. With the Modest Scenario, the recycling rate increases from 34 percent
(current) to 60 percent. The results show an additional energy savings of around 2 percent.
With the Aggressive Scenario, the recycling rate increases further to 80 percent, yieldingan
additional energy savings of 5 percent.
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Figure 67. Glass Industry Energy Savings by Scenario
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7.4.4 Iron and Steel

Figure 68 showsthe energy savings results for the Modest and Aggressive Scenarios for the
steel industry. The Modest Scenario shows an energy savings of 6 percent when the recycling
rate is increased from 33 percent (Current) to 50 percent. The Aggressive Scenario, which
assumes an increase to 80 percent, showsan energy savings of 15 percent.
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Figure 68. Iron and Steel Energy Savings by Scenario
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7.4.5 Plastics

Figure 69 showsthe energy savings from increasingthe recyclingrates for three types of
plastic. PET recycling shows the highestenergy savings, with the Modest Scenario saving 14
percent and the Aggressive Scenario saving 27 percent. HDPE and LDPE/LLDPE have lower
energy savings. HDPE shows 3 percent energy savings in the Modest Scenario and a 7 percent

energy savings inthe Aggressive Scenario. LDPE/LLDPE showsa 2 percent energy savings for the

Modest Scenario and a 4 percent energy savings for the Aggressive Scenario.
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Figure 69. Plastics Industry Energy Savings
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7.5 Summary

The five energy-intensive industries generate substantial waste products. These industries
account for 53 percent of total waste products in the MSW stream. However, the products of
these industries are also the most recovered, accounting for 67 percent of total MSW recovery.
Still, substantial amounts of waste products coming from these industries could be recovered,
which could inturn yield significantenergy savings.

Figure 70 summarizesthe energy savingsresultsunder the Modest and Aggressive scenarios. In
terms of percentage savings, PET offers the greatest savingsin both scenarios, with 17 percent
savingsin the Modest Scenario and 32 percent savingsin the Aggressive Scenario. Steel offers
the second largest savings, also in both scenarios, with 6 percentsavings in the Modest
Scenario and 15 percentin the Aggressive Scenario. The paperindustry providesa more
complex picture because of its heavy use of byproduct fuels. If byproduct fuels are not counted,
the energy savings could be as much as 6 percent (underthe Aggressive Scenario). However, if
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byproduct fuels are counted, the energy consumption actually increases, which resultsin
negative energy savings.

Figure 70. Summary of Energy Savings from Recycling (percent)
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Figure 71 summarizesthe resultsin trillion Btu (TBtu). To calculate energy consumption in TBtu,
the unitenergy requirements were multiplied by virgin production and recycled production for
2011. The difference (virgin minusrecycled) is the total energy savings. The results show total
energy savings underthe Modest Scenario of 93 TBtu when byproduct fuelsinthe paper
industry are counted, and 130 TBtu if byproduct fuels are not counted. Under the Aggressive
Scenario, total energy savings reach 225 TBtu with byproduct fuels, and 340 TBtu without
byproduct fuels. The steel industry has the largest energy savings, with 43 TBtu underthe
Modest Scenario and 118 TBtu under the Aggressive Scenario. Paper (if byproduct fuels are not
counted) has the second largest savings, followed by the three plastics categories (PET, HDPE,
and LDPE/LLDPE), aluminum, and glass.
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Figure 71. Summary of Energy Savings from Recycling (TBtu)
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In terms of energy source, most energy savings shown in Figure 71 are in fuel. Total fuel savings
under the Modest Scenario are 89 TBtu when byproduct fuelsinthe paperindustry are counted
and 126 TBtu if byproduct fuels are not counted. Under the Aggressive Scenario, total fuel
savingsare 213 TBtu with byproduct fuels, and 328 TBtu without byproduct fuels. Total
electricity savingsin the Modest and Aggressive Scenarioare 3 and 12 TBtu, respectively.
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! Section 7 of the Actis contained in the front matter of this study. Economic benefits are discussed in Section
7(b)(2)(C). Thecomplete Actcanbeaccessed at Web link.

2 U.S. Environmental Protection Agency, 2013. “Recycling Basics,” Web link.
* U.S. Environmental Protection Agency, 2013. “Common Waste and Materials,” Web link.

* WorldBusiness Council for Sustainable Development, July 2009. “Cement Sustainability Initiative, Recycling
Concrete.”

> The Portland Cement Association provided the estimates of how many tons of alternative fuels and materials are
used by thecementindustry.

® The list of alternative fuels and materials consumed by the industry are from: Schreiber, Yonley & Associates,
2007. “Beneficial Reuse of Materials in the Cement Manufacturing Process,” prepared for the Portland Cement
Association.

’ Portland Cement Association, Market Intel ligence Group, 2012. “2011 U.S. & Canadian Input Survey.”

® Hopewell, J., Dvorak, R., and Kosior, E., June 2009. “Plastics Recycling: Challenges and Opportunities.”
Philosophical Transactions of the Royal Society B, 364, doi: 10.1098/rstb.2008.0311, Web link. Note that Hopewell
alsoidentifies a fourth (quaternary) category. Quaternary recyclingis where the waste material isusedas a fuel in
combustionequipment. Quaternary recycling is excluded from this analysis.

° Ibid.
% paper Online, 2014. “Types of Pulping Processes.” European Paper and Packaging Industries, Web link.
11 .

Ibid.

2 The chemical and mechanical pulping processes generate combustible waste products that are burned as fuel.
The chemical process generates black liquor, which is basicallya mixture of spent pulping chemicalsanddissolved
wood. The mechanical process generates wood wastes.

3 U.S. Geological Survey, November 2013. “2012 Minerals Yearbook (Aluminum).”

¥ Aluminum Association, 2013. “U.S. Aluminum Can Recycling.”

> Worrell, E., et al., March 2008. “Energy Efficiency Improvement and Cost Saving Opportunities for the Glass
Industry, An ENERGY STAR® Guide for Energy and Plant Managers,” Lawrence Berkeley National Laboratory.

*® Ibid.

7 U.S. Environmental Protection Agency, 2013. “Municipal Solid Wastes in the United States 2011 Factsand
Figures,” Web link.

¥ Hopewell, J., etal., June 2009. “Plastics recycling: challenges and opportunities,” Philosophical Transactions of
the Royal Society Biological Sciences.

' Franklin Associates, August 2011. “Cradle-to-gate Life Cycle Inventory of Nine Plastic Resins and Four
Polyurethane Precursors, Prepared for the Plastics Division of the American Chemical Society,” Web link.

2 U.S. Environmental Protection Agency, 2013. “Municipal Solid Wastes in the United States 2011 Factsand
Figures,” Web link.

*! The Steel Recycling Institute’s Website reports that 18 milliontons of steel are recovered from automobiles
everyyear.In general,thesedo notend upinthe MSW stream, soare notincludedin the EPAMSW estimate.

22 U.S. Environmental Protection Agency, 2013. “Municipal Solid Wastes in the United States 2011 Facts and
Figures,” Web link.

203


http://www2.epa.gov/recycle/recycling-basics
http://www.epa.gov/solidwaste/conserve/materials/index.htm
http://rstb.royalsocietypublishing.org/content/364/1526/2115.abstract
http://www.paperonline.org/paper-production/pulping/types-of-pulping-processes
http://www.epa.gov/epawaste/nonhaz/municipal/msw99.htm
http://plastics.americanchemistry.com/LifeCycle-Inventory-of-9-Plastics-Resins-and-4-Polyurethane-Precursors-Rpt-Only
http://www.epa.gov/epawaste/nonhaz/municipal/msw99.htm
http://www.epa.gov/epawaste/nonhaz/municipal/msw99.htm

2 Bratkovich, S., etal., September 2008. “Paper Recycling inthe United States and Beyond: An Update.” Dovetail
Partners, Inc.,, Web link.

*|bid.

% Extrusions are aluminum products used primarily for constructionand buildings. Auto shredder scrap is
aluminum recovered from automobiles. Aluminum castings include a variety of cast products suchas those used in
airplanes, appliances, andengines. Wrought products include rollsandfoils.

%6 Bottle Bill Resource Guide, June 2009. “All U.S. Bottle Bills,” Web link.

%7 U.S. Environmental Protection Agency, 2013. “Municipal Solid Wastes in the United States 2011 Facts and
Figures,” Web link.

%8 Glass Packaging Institute. “Glass RecyclingFacts.,” Web link.

» Worrell, E., et al., March 2008. “Energy Efficiency Improvement and Cost Saving Opportunities for the Glass
Industry, An ENERGY STAR® Guide for Energy and Plant Managers,” Lawrence Berkeley National Laboratory.

**Ibid.
31 Bottle Bill Resource Guide, June 2009. “All U.S. Bottle Bills,” Web link.
32 Resource Recycling Systems (RRS), January, 2014. “Optimized Bottle Bill (OBB) Study,” Web link.

33 The Steel Recycling Institute reports that scrap recovery of automobiles that are notinthe MSW streamis
around 95 percent. The other steel durable goods outside the MSW stream also have high recovery rates (71
percentfor steel packaging, and 90 percent for appliances).

¥ Kinsella, S., April 2012. “Paperwork: ComparingRecycled Paper to Virgin Paper,” prepared by Conservatreein
collaborationwith the Environmental Paper Network’s RePaper Project, Web link.

204


http://www.dovetailinc.org/node/133
http://www.bottlebill.org/legislation/usa/allstates.htm
http://www.epa.gov/epawaste/nonhaz/municipal/msw99.htm
http://www.gpi.org/recycling/glass-recycling-facts
http://www.bottlebill.org/legislation/usa/allstates.htm
http://gpi.org/sites/default/files/OBB%20Model%20Overview%20and%20Results%20FINAL%201-14-14%20-%20FOR%20RELEASE%5Bsmallpdf.com%5D.pdf
http://environmentalpaper.org/wp-content/uploads/2012/02/Paperwork.pdf

Appendix A.

Stakeholder Experts that

Collaborated with DOE

Organization

Representative

Alliance for Industrial Efficiency

Jennifer Kefer
VicePresident
Delegate for David Gardiner, Executive Director

The Aluminum Association

Charles Johnson
Vice-President of Policy
Delegate for Heidi Biggs Brock, President

American Chemistry Council

Owen Kean
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President & CEO
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National Association of State Utility ElinKatz
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National Governors Association
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Delegate for Dan Crippen, Executive Director

Natural Resources Defense Council
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Delegate for Frances Beinecke, President

National Rural Electric Cooperative
Association

Mary Ann Ralls
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Delegate forJo Ann Emerson, CEO
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The Pew Charitable Trusts
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Manager, Clean Energy Program
Delegate for Rebecca Rimel, President & CEO
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Senior Consultant, Emerging Markets
Delegate for W.Terry Boston, President & CEO

Portland Cement Association
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Regulatory Assistance Project
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Principal
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United States Energy Association
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Executive Director

U.S. Environmental Protection Agency
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Director, Climate Protection Partnership Division
Delegate for Gina McCarthy, Administrator

World Resources Institute

Nate Aden
ResearchFellow, Climate & Energy Program
Delegate for Andrew Steer, President & CEO
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Appendix B.  Results of 50 Percent Cost Share
Scenario

The resultsdiscussedin Chapter 6 are based on an assumption that industrial manufacturing
participants will cost share 80 percent of the total project cost for an energy efficiency project,
with the balance funded by a federal grant program. This appendix presentsthe results of an
alternative scenario based on a participant cost share of 50 percent(referredto as “50-50
scenario”).

Funding Assumptions

Table 32 shows the total fundingand distribution underthe 50-50 scenario. As expected, witha
fixed federal grant fundinglevel of $5 billion, the funding underthe 50-50 scenario is lower
than the 80-20 scenariodiscussedin Chapter 6. The 80-20 scenario has a total funding pool of
$25 billion ($12.5 billion for EE/DR programs and $12.5 billion for CHP programs), while the 50-
50 scenario has a funding pool of $10 billion (S5 billion for EE/DR and S5 billionfor CHP). Table
33 and Table 34 show the fundingdistribution forthe EE/DR and CHP programs, respe ctively.

Table 32. Total Funding, Efficiency/Demand Response and CHP, 50 Percent Cost Share

Description Technology Total
Energy Efficiency/Demand CHP
Response
Federal Funds (S billion) $2.5 $2.5 $5.0
(percent of total project cost) 50% 50% 50%
ParticipantCost | (S billion) S2.5 S2.5 $20.0
Share (percent of total project cost) 50% 50% 50%
TOTAL ($ billion) $5.0 $5.0 $10.0
(S billion/year) S0.5 S0.5 $1.0

Note: Unless indicated otherwise, all monetary values are expressed in 2012 dollars.

Table 33. Funding for Energy Efficiency/Demand Response, 50 Percent Cost Share
Description Scenario
1 2 3
Total Funding for Energy Efficiency/Demand (S billion) $5.0 S5.0 S5.0
Response Measures
Sharefor Electric Measures (percent) 20% 50% 80%
($ billion) $1.0 $2.5 $4.0
Sharefor Fuel Measures (naturalgas) (percent) 80% 50% 20%
($ billion) $4.0 $2.5 $1.0
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Table 34. Funding for CHP Scenarios, 50 Percent Cost Share
Description CHP Scenario

1 2 3
UnitSize (MW) 3.0 12.5 40.0
Deployment Funds (Federal plus participant costshare, S $5.0 $5.0 $5.0
billion)

End-Use Energy Efficiency and Demand Response Results

Table 35 compares the results of the 50-50 scenario and the 80-20 scenariofor EE/DR. The
table shows that the energy savings, energy cost savings, CO, emissions reductions, jobs
creation, and GDP growths are smallerin the 50 percent cost share scenario. These results
occur because the investment for EE/DR projects is significantly smallerinthe 50 percent cost
share scenario compared to the 80 percent cost share scenario.

Table 35. End-Use Energy Efficiency and Demand Response Comparison

(50-50 and 80-20 Scenarios)
Description Scenario

1 2 3

Capacity (MW) N/A N/A N/A
Funding for Electric Technologies (percent) 20% 50% 80%
Funding for Natural Gas Technologies 80% 50% 20%
(percent)
Participant CostShare 80% 50% 80% 50% 80% 50%
Total Investment Over 10 Years (S billion) S$12.5 S5.0 $12.5 S5.0 S12.5 S5.0
Energy Saved, Source Basis (TBtu/yr) 741 296 744 298 748 299
Energy Saved, Site Basis (TBtu/yr) 642 257 499 199 355 142
Value of Saved Energy to Industrial $5.00 $2.00 $5.00 $2.00 $5.00 $2.00
Customers (S billion)
Reduced CO, Emissions (million MT/yr) 37 15 47 19 58 23
Job-Years 5,871 1,454 5,956 1,476 6,041 1,497
Net Jobs (per $ million invested) 4.7 2.9 4.8 3.0 4.8 3.0
Net GDP (S million/yr) $240 $66 $223 $62 $206 S57

Table 36 shows more detailed results onthe job impacts. As expected, a$500 million annual

investmentinthe EE/DR program resultedin a significantly lowereconomicimpact in the 50-50
analysis, where the correspondingannual investmentamountwas $1.25 billion; however, the
trends among the three scenarios were similarto the 80-20 analysis. In the EE/DR model,
Scenario 1 had the lowestjobimpact, but the highest GDP; while Scenario 3 had the highest job
impact, yet the lowest GDP. On average, approximately 1,480 jobs were created in the 50
percent cost share scenario (range from 1,454 job-yearsto 1,497 job years). In terms of net
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jobs (perS millioninvested), the 50-50 scenario results are approximately 37 percentlower
compared to the 80-20 scenario (see second row of Table 36).

Table 36. End-Use Energy Efficiency and Demand Response Job Impacts
Description 80% Participant Share 50% Participant Share
Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3
Job-Years over 10 years 5,871 5,956 6,041 1,454 1,476 1,497
Net Jobs per $ million invested 4.7 4.8 4.8 2.9 3.0 3.0
Net GDP (S million/year) $240 $223 $206 $66 $62 $57

Table 37 and Table 38 provide detailed job impacts and GDP impacts results, broken down by
direct, indirect, and induced impacts.

Table 37. Net Jobs, Energy Efficiency/ Demand Response Scenarios, 50 Percent Cost
Share
Scenario Annual Net Job Impacts
Direct Indirect Induced Total
896 -50 607 1,454
907 -42 610 1,476
918 -35 614 1,497
Table 38. Net GDP, Energy Efficiency/Demand Response Scenarios, 50 Percent Cost Share
Scenario Annual Net GDP Impact ($ Millions)
Direct Indirect Induced Total
1 $25 -$10 S51 $66
$17 -$7 $51 $62
3 $10 -S4 S51 $57
CHP Results

Table 39 presentsthe results of the 50-50 cost share scenario and the 80-20 scenario for CHP
programs. Similarto the EE/DR results, the CHP analysis shows that energy savings, energy
costs, CO, emissions reductions, jobs creation, and GDP growth are smallerin the 50 percent
cost share scenario compared to the 80 percent scenario. These results are expected as the
investmentfor CHP projectsis smallerin the 50 percent cost share scenario compared to the 80
percent scenario.
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Table 39. CHP Results for 80 Percent and 50 Percent Participant Cost Share
Description Scenario

1 2 3
Capacity, eachCHP system (MW) 3.0 125 40.0
Funding for Electric Technologies (percent) N/A N/A N/A
Funding for Natural Gas Technologies N/A N/A N/A
(percent)
Participant CostShare 80% 50% 80% 50% 80% 50%
Total Investment Over 10 Years (S billion) $12.5 $5.0 $12.5 $5.0 $12.5 S5.0
Total Installed Capacity, all CHP systems 5.2 2.1 6.3 2.5 7.9 3.2
(GW)
Energy Saved, Source Basis (TBtu/yr) 195 78 187 75 297 119
Energy Saved, Site Basis (TBtu/yr) -42 -17 -118 -47 -116 -46
Value of Saved Energy to Industrial $1.70 $S0.68 $1.68 $S0.67 $2.13 $S0.85
Customers ($ billion)
Reduced CO, Emissions (million MT/yr) 11 5 11 4 17 7
Average Simple Payback (years) 9.9 6.2 9.1 5.7 6.11 3.8
Job-Years 5,163 873 4,483 595 3,840 337
Net Jobs (per $ million invested) 4.1 1.7 3.6 1.2 3.1 0.7
Net GDP (S million/yr) $212 S56 $189 $45 $168 $37

Table 40 shows detailed resultsforjob and GDP impacts. Like the EE/DR results, the impact on

both employmentand GDP decreases from Scenario 1 to Scenario 3 in proportion to the

number of installed CHP systems. The number of CHP systemsis a function of the total funding,

thus a $500 million annual investmenttranslatesto 70 CHP units in Scenario 1, 20 unitsin

Scenario 2, and 8 unitsin Scenario 3.

Table 40. CHP Job Impacts
Description 80% Participant Share 50% Participant Share
Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3
Job-Years over 10 years 5,163 4,483 3,840 873 595 337
Net Jobs (jobs /S million 4.1 3.6 3.1 1.7 1.2 0.7
invested)
Net GDP ($ million /year) $212 $189 $168 $56 $45 $37

Table 41 and Table 42 provide detailed job impacts and GDP impacts results, broken down by

direct, indirect, and induced impacts.
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Table 41. Net Jobs for CHP Scenarios, 50 Percent Cost Share

Scenario Annual Net Job Impacts

Direct | Indirect | Induced Total

150 218 503 873

2 -87 258 423 595
-308 294 351 337

Table 42. Net GDP for CHP Scenarios, 50 Percent Cost Share

Scenario Annual Net GDP Impacts ($ millions)
Direct | Indirect | Induced Total

$24 -$11 $42 $56

S16 -$6 $35 $45

$10 -$3 $29 $37

Conclusions

Because the federal grant funding level remains constant at S5 billion, the 50-50 scenario has a
lower funding pool compared to the 80-20 scenario. In the 50-50 case, the pooledresources
total $10 billion, and in the 80-20 scenario the pooled resources total $25 billion. Deployment
of industrial energy efficiency technologies reduces energy consumption and reduces energy
costs to the manufacturing sector. The 50-50 scenario will stimulate a loweramount of
economic activity compared to the 80-20 scenario, and the benefitsto the national economy
are loweras a result of thisreduced economicactivity. Furthermore, the IMPLAN analysis
shows that the 50-50 scenario produces lowerjobs per million dollarsinvested comparedto the
80-20 scenario. These resultssuggestthat the 80-20 scenario will be more beneficial forthe
national economy compared to the 50-50 scenario, yieldinglargerenergy savings and higher
net jobs.

212



Appendix C. Details for End-Use Energy
Efficiency and Demand Response

This appendixincludes supporting data related to investments designedto accelerate
deploymentof end-use energy efficientand demand response technologies.

Table 43. Projected Energy Expenditures by Industry Group, 2015 ($ million)
NAICS Energy Expenditure

No. Description Electricity Fuel Total
311 Food 5,908 4,630 10,538
312 Beverage and Tobacco Products 797 331 1,128
313 Textile Mills 913 327 1,240
314 Textile Product Mills 189 87 277
315 Apparel 112 18 129
316 Leather and Allied Products 32 8 40
321 Wood Products 1,711 819 2,530
322 Paper 3,145 3,549 6,694
323 Printing and Related Support 1,339 268 1,607
324 Petroleum andCoal Products 2,274 5,140 7,414
325 Chemicals 7,932 34,243 42,175
326 Plasticsand RubberProducts 3,907 844 4,751
327 Non-metallic Mineral Products 2,896 3,263 6,159
331 Primary Metals 9,906 8,175 18,082
332 Fabricated Metal Products 3,666 1,353 5,019
333 Machinery 2,217 672 2,890
334 Computer and Electronic Products 2,452 266 2,717
335 Electrical Equip., Appliances, and Components 916 281 1,197
336 Transportation Equipment 3,952 1,244 5,197
337 Furniture andRelated Products 501 131 633
339 Miscellaneous 789 155 944

31-33 Total 55,553 65,806 121,359

Source: EIA, MECS 2010 and AEO 2014
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Table 44. Allocation of Funds for Electricity Measures by Scenario, Industry Group

NAICS Scenario
No. Description 1 2 3
311 Food 266 665 1,063
312 Beverage and Tobacco Products 36 90 143
313 Textile Mills 41 103 164
314 Textile Product Mills 9 21 34
315 Apparel 5 13 20
316 Leather and Allied Products 1 4 6
321 Wood Products 77 192 308
322 Paper 142 354 566
323 Printing and Related Support 60 151 241
324 PetroleumandCoal Products 102 256 409
325 Chemicals 357 892 1,428
326 Plasticsand RubberProducts 176 440 703
327 Non-metallic Mineral Products 130 326 521
331 Primary Metals 446 1,114 1,783
332 Fabricated Metal Products 165 412 660
333 Machinery 100 249 399
334 Computer and Electronic Products 110 276 441
335 Electrical Equip., Appliances, and Components 41 103 165
336 Transportation Equipment 178 445 711
337 Furniture andRelated Products 23 56 90
339 Miscellaneous 36 89 142
31-33 Total 2,500 6,250 10,000
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Table 45. Allocation of Funds for Fuel Measures by Scenario, Industry Group

NAICS Code Scenario
No. Description 1 2 3
311 Food 704 440 176
312 Beverageand Tobacco Products 50 31 13
313 Textile Mills 50 31 12
314 Textile Product Mills 13
315 Apparel 3 2
316 Leather and Allied Products 1 1 0
321 Wood Products 124 78 31
322 Paper 539 337 135
323 Printing and Related Support 41 25 10
324 PetroleumandCoal Products 781 488 195
325 Chemicals 5,204 3,252 1,301
326 Plastics and RubberProducts 128 80 32
327 Non-metallic Mineral Products 496 310 124
331 Primary Metals 1,242 776 311
332 Fabricated Metal Products 206 128 51
333 Machinery 102 64 26
334 Computer and Electronic Products 40 25 10
335 Electrical Equip., Appliances, and Components 43 27 11
336 Transportation Equipment 189 118 47
337 FurnitureandRelated Products 20 12 5
339 Miscellaneous 24 15 6
31-33 | Total 10,000 6,250 2,500
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Table 46. Industrial Energy Prices, 2015 ($/MMBtu)
NAICS Code Energy Price
No. Description Electricity Fuel
311 Food 21.07 5.37
312 Beverage and Tobacco Products 26.13 6.25
313 Textile Mills 19.29 7.37
314 Textile Product Mills 22.52 6.39
315 Apparel 26.52 7.94
316 Leather and Allied Products 30.52 6.97
321 Wood Products 22.73 10.23
322 Paper 16.85 5.48
323 Printing and Related Support 27.09 6.87
324 PetroleumandCoal Products 16.98 5.22
325 Chemicals 16.65 7.48
326 PlasticsandRubber Products 23.15 6.84
327 Non-metallic Mineral Products 21.10 5.17
331 Primary Metals 14.58 7.71
332 Fabricated Metal Products 25.11 6.76
333 Machinery 25.46 7.27
334 Computer and Electronic Products 23.77 6.04
335 Electrical Equip., Appliances, and Components 23.22 6.77
336 Transportation Equipment 22.29 6.73
337 FurnitureandRelated Products 28.04 8.53
339 Miscellaneous 28.86 8.27
31-33 Total 19.48 6.54
Source: EIA, MECS 2010; extrapolated to 2012 following overall electricity and fuel price trends.
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Table 47. Industrial CO, Emission Factors

NAICS Code Emission Factor (lb of

No. Description CO,/MMBtu)

311 Food 139
312 Beverageand Tobacco Products 137
313 Textile Mills 139
314 Textile Product Mills 140
315 Apparel 117
316 Leather and Allied Products 117
321 Wood Products 129
322 Paper 149
323 Printing and Related Support 120
324 PetroleumandCoal Products 109
325 Chemicals 56

326 PlasticsandRubber Products 107
327 Non-metallic Mineral Products 157
331 Primary Metals 75

332 Fabricated Metal Products 120
333 Machinery 120
334 Computer and Electronic Products 117
335 Electrical Equip., Appliances, and Components 119
336 Transportation Equipment 120
337 FurnitureandRelated Products 119
339 Miscellaneous 120

31-33 Total 89

Note:  Electricity CO,emissions factorused was 1,874 Ib of CO,/MMBtu. See Appendix F for more information.
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Appendix D.

Details for Combined Heat and
Power

This appendixincludes supporting data related to investments designed to accelerate

deployment of combined heat and power technologies.

Table 48. Technical Characterization of CHP Systems
Description CHP System Reference Number
1 2 3
Description of Prime Mover Lean Burn Gas Turbine with Gas Turbine with
CHP System Reciprocating Engine SCR SCR
with SCR
Fuel Natural Gas Natural Gas Natural Gas

Thermal Recovery

Hot water or steam

Hot water or

Hot water orsteam

steam
Electrical Capacity (kW) 3,000 12,500 40,000
Usage Capacity Factor (percent) 80.0 percent 85.0 percent 92.0 percent
Equivalent Full (hrs/yr) 7,008 7,446 8,059
Load Hours
Efficiency Electric (percent) 35 percent 29 percent 37 percent
Thermal (percent) 43 percent 40 percent 35 percent
Overall CHP - 78 percent 69 percent 72 percent
Heat Rate, HHV (Btu/kWh) 9,800 11,765 9,220
Basis
Other Metrics Thermal Output (Btu/kWh) 4,200 4,674 3,189
Power to Heat - 0.81 0.73 1.07
Ratio
Efficiency of Boiler for Avoided Fuel (percent) 80 percent 80 percent 80 percent
Installed Cost Total (S/kW) $2,400 $1,980 $1,580
($ million) $§7.2 $24.8 $63.2
Hardware (not (percent) 65.0 percent 75.0 percent 85.0 percent
including SCR) (S/kw) $1,560 $1,485 $1,343
SCR (percent) 15.0 percent 10.0 percent 5.0 percent
(S/kw) $360 $198 $79
Labor (percent) 20.0 percent 15.0 percent 10.0 percent
(S/kw) $480 $297 $158
Maintenance Costs (S/kwh) $0.0160 $0.0088 $0.0050
Life | (yrs) 15 15 20

Source: Characteristics developed by ICF International based oninternaldata and published reports. One published
source “Catalog of CHP Technologies,” U.S. Environmental Protection Agency (EPA), 2008. DOE and EPA are

currently updating this document.
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Table 49. Number of Potential CHP Sites
NAICS Code Size (MW)
No. Description 1-5 5-20 >20 Total
311 Food 4,845 120 0 4,965
312 Beverageand Tobacco Products 77 25 4 106
313 Textile Mills 596 137 0 733
314 Textile Product Mills 27 2 0 29
315 Apparel 22 0 0 22
316 Leather and Allied Products 4 0 0 4
321 Wood Products 1,216 2 0 1,218
322 Paper 957 181 0 1,138
323 Printing and Related Support 231 81 0 312
324 PetroleumandCoal Products 0 110 23 133
325 Chemicals 2,425 319 117 2,861
326 Plastics andRubber Products 2,203 108 40 2,351
327 Non-metallic Mineral Products 748 217 0 965
331 Primary Metals 651 275 117 1,043
332 Fabricated Metal Products 704 0 21 725
333 Machinery 777 76 0 853
334 Computer and Electronic Products 698 150 0 848
335 Electrical Equip., Appliances, and 402 0 0 402
Components

336 Transportation Equipment 674 579 0 1,253
337 FurnitureandRelated Products 99 0 0 99
339 Miscellaneous 118 0 0 118

31-33 Total 17,474 2,382 322 20,178
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Table 50.

Projected Industrial Energy Prices

NAICS Code Energy Price (2015 S/MMBtu)
No. Description Electricity Natural Gas
311 Food 21.07 5.39
312 Beverage and Tobacco Products 26.13 5.97
313 Textile Mills 19.29 6.40
314 Textile Product Mills 22.52 6.23
315 Apparel 26.52 7.94
316 Leather and Allied Products 30.52 6.97
321 Wood Products 22.73 6.05
322 Paper 16.85 5.11
323 Printing and Related Support 27.09 6.45
324 Petroleumand Coal Products 16.98 448
325 Chemicals 16.65 4.48
326 PlasticsandRubber Products 23.15 5.94
327 Non-metallic Mineral Products 21.10 5.43
331 Primary Metals 14.58 4.94
332 Fabricated Metal Products 25.11 6.20
333 Machinery 25.46 6.50
334 Computer and Electronic Products 23.77 6.04
335 Electrical Equipment, Appliances, and Components 23.22 6.24
336 Transportation Equipment 22.29 6.11
337 FurnitureandRelated Products 28.04 7.93
339 Miscellaneous 28.86 7.66
31-33 Total 19.48 4,94

Source: EIA, MECS 2010; extrapolated to 2015 following overall electricity and gas price trends.
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Appendix E. IMPLAN Background

IMPLAN providesthe ability to model impacts in 440 sectors, of which 278 are manufacturing
sectors (NAICS 31-33). IMPLAN was developed by the Minnesota IMPLAN Group (MIG). The
IMPLAN modelis a static input-output framework used to analyze the effects of an economic
stimulus on a pre-specified economicregion, in this case, the United States as a whole. This
model is considered static because the impacts calculated by any scenario in IMPLAN estimate
the direct, indirect, and induced impacts for one time period. The modelingframeworkin
IMPLAN consists of two components—the descriptive model and the predictive model. The
descriptive model definesthe economyinthe specified modelingregion, andincludes
accounting tables that trace the “flow of dollars from purchasers to producers withinthe

region."1

It alsoincludesthe trade flowsthat describe the movement of goods and services,
both within, and outside of the modelingregion (i.e., regional exports and imports with the
outside world). In addition, itincludes the Social Accounting Matrices (SAM) that traces the
flow of money between institutions, such as transfer payments from governments to
businesses and households, and taxes paid by households and businesses to governments. The
predictive model consists of a set of “local-level multipliers” that can then be usedto analyze
the changes in final demand and their ripple effects throughout the economy. These multipliers
are thus coefficients that “describe the response of the [local] economy to a stimulus (a change

in demand or production).”’ Three types of multipliersare used in IMPLAN:

e Direct—represents the jobs created due to the investments that result in final demand
changes, such as investments needed to build and operate a combined heat and power
unit.

e Indirect—represents the jobs created due to the industry inter-linkages caused by the
iteration of industries purchasing from industries, brought about by the changes in final
demands.

e Induced—represents the jobs created in all local industries due to consumers’
consumption expenditures arising from the new household incomes that are generated
by the direct and indirect effects of the final demand changes.

In this model, the jobs reported are netof a business-as-usual case that takesinto account the
opportunity cost of the private sector and Federal funds spentthrough the grant program. The
business-as-usual case foreach scenario calculates the jobs that would have likely been created
had the grant and matching funds been used for other more typical business purposes.

IMPLAN is limitedinits ability to model economicimpacts from year to year. For example, ifan
investmentin energy efficiency by a manufacturingindustry is modeledin 2015, the resulting
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job and value added impacts from that input will only be modeledin 2015. For thisreason, job
impacts are reported on an annual basis rather than as the cumulative effect of the investment
over the period 2015-2024.
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Endnotes

Y IMPLAN Pro Version2.0 User Guide.
2 1bid.
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Appendix F. Calculation of Electricity Energy
Savings and CO: Reductions

Electricity Savings

There are two types of electricity savings: delivered and end-use:

e Deliveredelectricity — This is the amount of electricity used at the site. In the analyses
in this study, savings of delivered electricity were estimated first since the savings are
firstincurred on-site. The heat rate value of delivered electricityis 3,412 Btu/kWh.

e End-use energy (as appliedto electricity) — This isthe amount of fuel consumption (Btu)
per electricity generation (kWh).
To estimate the heat rate value at the end-use level, the following 2011 EIA data were used:
e Total fuel consumptionto generate electricity: 39,049 TBtu*
e Total electricity generation: 3,948,186 million kWh?

e Heatrate = 39,049 / 3,948,186 = 9,890 Btu/kWh

A sample calculation is shown below:

e Assume delivered electricity savings =100 TBtu (based on heat rate value of 3,412
Btu/kWh)

e Convert to end-use electricity savingsin Trillion Btu:
o =100 TBtu X (9890 Btu/kWh) /(3,412 Btu/kWh)
o =290 TBtu

CO; Reductions

Reductionsin CO, were calculated using the values shown in Table 51. Data sources are shown
in the endnotes.

Table 51. Industrial CO, Emission Factors
Description Value
Natural Gas Higher Heating Values (HHV) (Btu/scf) 1,020°
CO, Emission Factor (Ib/MM scf) 120,000"
(Ib/MMBtu) 117.6
Electricity CO, Emission Factor (Ib/MWh) 1,874°°
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Endnotes

1 U.S. EIA, Annual Energy Review 2011, September 2012, Web link.
2 U.S. EIA, Monthly Energy Review, June 2014, Web link.

* Environmental Protection Agency (EPA), “AP-42, Compilation of Air Pollutant Emission Factors,” Natural gas HHV
from Chapter 1, Section 1.4.1, Web link.

*|bid, Table 1.4-2.

> Environmental Protection Agency (EPA), “eGRID2012, Version 1.0, Year 2009 Summary Tables,” Table 3, Fossil
Fuel Output EmissionRate, Web link.

® eGRID CO, emissionrate (1,743 Ib CO,/MWh) adjusted by 7 percent el ectricgrid | oss.
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http://www.eia.gov/totalenergy/data/annual/archive/038411.pdf
http://www.eia.gov/totalenergy/data/monthly/pdf/sec7_6.pdf
http://www.epa.gov/ttn/chief/ap42/ch01/final/c01s04.pdf
http://www.epa.gov/cleanenergy/documents/egridzips/eGRID2012V1_0_year09_SummaryTables.pdf
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