THE NATIONAL ACADEMIES PRESS

This PDF is available at http://nap.edu/22668 SHARE o @ u.

Handbook on Applying Environmental Benchmarking in Freight

Transportation
NCFRP ’
DETAILS

63 pages | 8.5 x 11 | PAPERBACK
ISBN 978-0-309-25875-3 | DOI 10.17226/22668

AUTHORS

byO Rourke;lLarryi[Santalucia,[PepperPapson|/Andrew;Brickettlldennifery
Beshers, Eric; Cronin, Candace; Gentle, John A.; and Blanco, Edgar

FIND RELATED TITLES

Visit the National Academies Press at NAP.edu and login or register to get:

Access to free PDF downloads of thousands of scientific reports

10% off the price of print titles .

Email or social media notifications of new titles related to your interests

Special offers and discounts

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National Academies Press.
(Request Permission) Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy of Sciences.

Copyright © National Academy of Sciences. All rights reserved.


http://cart.nap.edu/cart/cart.cgi?list=fs&action=buy%20it&record_id=22668&isbn=978-0-309-25875-3&quantity=1
http://www.nap.edu/related.php?record_id=22668
http://www.nap.edu/reprint_permission.html
http://nap.edu
http://api.addthis.com/oexchange/0.8/forward/facebook/offer?pco=tbxnj-1.0&url=http://www.nap.edu/22668&pubid=napdigops
http://www.nap.edu/share.php?type=twitter&record_id=22668&title=Handbook+on+Applying+Environmental+Benchmarking+in+Freight+Transportation
http://api.addthis.com/oexchange/0.8/forward/linkedin/offer?pco=tbxnj-1.0&url=http://www.nap.edu/22668&pubid=napdigops
mailto:?subject=null&body=http://nap.edu/22668

Handbook on Applying Environmental Benchmarking in Freight Transportation

NATIONAL COOPERATIVE FREIGHT RESEARCH PROGRAM

Handbook on Applying
Environmental Benchmarking
in Freight Transportation

Larry O’Rourke
Pepper Santalucia
Andrew Papson
Jennifer Brickett
Eric Beshers
Candace Cronin
ICF INTERNATIONAL
Fairfax, VA

John A. Gentle
JOHN GENTLE ASSOCIATES
Toledo, OH

Edgar Blanco
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Cambridge, MA

Subscriber Categories
Environment e Freight Transportation

Research sponsored by the Research and Innovative Technology Administration

TRANSPORTATION RESEARCH BOARD

WASHINGTON, D.C.
2012
www.TRB.org

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22668

Handbook on Applying Environmental Benchmarking in Freight Transportation

NATIONAL COOPERATIVE FREIGHT
RESEARCH PROGRAM

America’s freight transportation system makes critical contributions
to the nation’s economy, security, and quality of life. The freight
transportation system in the United States is a complex, decentralized,
and dynamic network of private and public entities, involving all
modes of transportation—trucking, rail, waterways, air, and pipelines.
In recent years, the demand for freight transportation service has
been increasing fueled by growth in international trade; however,
bottlenecks or congestion points in the system are exposing the
inadequacies of current infrastructure and operations to meet the
growing demand for freight. Strategic operational and investment
decisions by governments at all levels will be necessary to maintain
freight system performance, and will in turn require sound technical
guidance based on research.

The National Cooperative Freight Research Program (NCFRP) is
a cooperative research program sponsored by the Research and
Innovative Technology Administration (RITA) under Grant No.
DTO0S59-06-G-00039 and administered by the Transportation Research
Board (TRB). The program was authorized in 2005 with the passage of
the Safe, Accountable, Flexible, Efficient Transportation Equity Act: A
Legacy for Users (SAFETEA-LU). On September 6, 2006, a contract to
begin work was executed between RITA and The National Academies.
The NCFRP will carry out applied research on problems facing the
freight industry that are not being adequately addressed by existing
research programs.

Program guidance is provided by an Oversight Committee comprised
of a representative cross section of freight stakeholders appointed by
the National Research Council of The National Academies. The NCFRP
Oversight Committee meets annually to formulate the research
program by identifying the highest priority projects and defining
funding levels and expected products. Research problem statements
recommending research needs for consideration by the Oversight
Committee are solicited annually, but may be submitted to TRB at any
time. Each selected project is assigned to a panel, appointed by TRB,
which provides technical guidance and counsel throughout the life
of the project. Heavy emphasis is placed on including members
representing the intended users of the research products.

The NCFRP will produce a series of research reports and other
products such as guidebooks for practitioners. Primary emphasis will
be placed on disseminating NCFRP results to the intended end-users of
the research: freight shippers and carriers, service providers, suppliers,
and public officials.
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FOREWORD

By William C. Rogers
Staff Officer
Transportation Research Board

NCEFRP Report 21: Handbook on Applying Environmental Benchmarking in Freight Trans-
portation identifies and evaluates approaches that can be used by public and private entities
to estimate, monitor, and reduce freight emissions and impacts across the supply chain by
examining how benchmarking can be used as a management tool in the freight and logistics
industry to promote environmental performance. The handbook provides a step-by-step
overview of the benchmarking process and describes a framework for applying this process
to freight carriers, shippers, and freight hubs.

The freight sector is increasingly recognized as a major source of air pollution. As such,
public agencies are rapidly developing policies and programs to reduce related emissions
and are challenged to maximize the environmental benefits of public investments. The
private sector, including shippers and carriers, is also working to decrease emissions and
meet expectations. In addition to complex, resource-intensive freight emissions models and
studies currently undertaken by public agencies, many think that other tools are needed.
Benchmarking presents an efficient approach to reducing freight emissions and impacts
because it can accelerate improvements by eliminating the trial and error process.

Under NCFRP Project 27, ICF International was asked to (1) review existing environ-
mental benchmarking practices and standards as well as best practices in freight, logistics,
and other industries that are relevant to environmental benchmarking; (2) develop a glos-
sary of key environmental benchmarking terms, including such properties as geographical
coverage, freight mode, overall supply chain, public and private environmental goals, and
metrics; (3) develop a general framework for environmental benchmarking and describe
how it can be applied to freight systems within specific geographical scales and how it can
be applied for supply chains, freight modes, and facilities; (4) describe how industry bench-
marking has been an economically efficient and practical tool for improving industry
in areas such as safety and quality; (5) conduct case studies, verified through industry
interviews, that discuss the applicability, outcomes, benefits, challenges and implications
of applying the benchmarking framework; and (6) develop a handbook that identifies
and evaluates approaches that can be used by public and private entities to estimate,
monitor, and reduce freight emissions and impacts across the supply chain and creates
a framework to apply environmental benchmarking to addressing air quality impacts of
freight transportation.
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CHAPTER 1

Introduction

This handbook is intended to be used by freight transportation professionals and other stake-
holders who are interested in reducing the air quality impacts of freight transportation. The
handbook is applicable to freight carriers (truck, rail, air, marine), shippers, logistics providers,
and intermodal freight transfer facilities (marine ports, airports). It describes how benchmark-
ing can be used as a management tool to improve environmental performance in freight trans-
portation. Organizations that systematically measure their performance, compare themselves
to industry leaders, and develop strategies to improve operations can gain substantial ben-
efits from improving their environmental performance. This resource provides a step-by-step
overview of the benchmarking process and describes a framework for applying this process to
freight carriers, shippers, and freight hubs. This handbook addresses air emissions at several
different levels, including vehicle fleets, facilities, organizations, and transportation corridors.

This document is organized into seven chapters. Chapter 1 provides this introduction. Chap-
ter 2 discusses the air quality impacts of freight transport. Chapter 3 provides an overview of
the benchmarking process and the benefits of benchmarking. Chapter 4 reviews each step in the
benchmarking process. Chapter 5 provides an overview of the benchmarking framework used
to analyze freight transportation. Chapter 6 discusses benchmarking approaches and metrics
for each sector. Chapter 7 addresses general implementation issues that are applicable across all
sectors. There are three appendices. Appendix A is a glossary of terms. Appendix B provides a
list of existing benchmarking programs relevant to the freight industry. Appendix C is a list of
resources for those looking for more information on environmental benchmarking for freight
transportation.

Copyright National Academy of Sciences. All rights reserved.
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CHAPTER 2

Air Quality and Climate Change
Impacts of Freight Transportation

Air pollution from freight transportation is a public health issue of concern in communities
and regions in the United States and around the world. Diesel-powered equipment is the most
important source of air emissions associated with freight transport. Air emissions from freight
facilities and equipment powered by other fuels are also discussed in the handbook. Air emis-
sions can be separated into three primary pollutant categories: criteria pollutants, greenhouse
gases, and air toxics. Each of these is described in detail below.

2.1 Criteria Air Pollutants

Criteria air pollutants (CAPs) are those for which either the federal government and/or the
California State government have established ambient air quality standards based on short- and/
or long-term human health effects. The federal government, via the U.S. Environmental Pro-
tection Agency (EPA) has established national ambient air quality standards (NAAQS) for the
following six pollutants: ground-level ozone (O,), carbon monoxide (CO), particulate matter
(PM) less than 10 (PM,,) and 2.5 microns (PM, ;), nitrogen dioxide (NO,), sulfur dioxide (SO,),
and lead (PDb).

Although they are not a criteria pollutant, volatile organic compounds (VOCs) are often con-
sidered along with criteria pollutants because they are chemical precursors for ground-level
ozone. Depending on the report or methodology, these gases are referred to in the following
various forms:

e Reactive organic gases (ROG),

e Total organic gases (TOG),

e Hydrocarbons (HC),

e Total hydrocarbons (THC),

¢ Non-methane hydrocarbons (NMHC), and
¢ Diesel exhaust organic gases (DEOG).

Although each term defines specific subsets of VOCs, references to these terms in various
methodologies all refer to the same class of VOC pollutants.

The major criteria pollutants and freight transportation’s contribution to emissions are
discussed below.

¢ Ozone, which is a product of reactions involving NOx and VOCs, can aggravate asthma and
other respiratory diseases, leading to more asthma attacks, visits to the emergency room, and
increased hospitalizations. Sunlight breaks down the precursor pollutants NOx and VOC:s.
The oxygen atoms then recombine to form ozone. Ozone formation is thus greatest during the

Copyright National Academy of Sciences. All rights reserved.
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Exhibit 1. Mobile source NOx emissions.
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summer months when there is more and stronger sunlight. Ozone can inflame and damage
the lining of the lungs. This may lead to permanent changes in lung tissue and to irreversible
reductions in lung function if the inflammation occurs repeatedly over a long time period.
Children, the elderly, and people with heart and lung disease are most at risk. Wind cur-
rents can transport ozone and ozone precursors for many miles. Major freight facilities that
have congested operations during the day can be significant contributors to ozone formation.
There are no reliable estimates for determining the proportion of ozone attributable to freight
transportation, but diesel engines are a significant source of NOx, which is an ozone precursor.

¢ Oxides of Nitrogen (NOx) form a group of highly reactive gasses that are also called “nitrogen
oxides” (NOx) and include nitrogen dioxide (NO,). NO, is the component of greatest interest,
and it serves as an indicator for the larger group of nitrogen oxides. In addition to contributing
to the formation of ground-level ozone and fine particle pollution, NO, is linked to a number
of adverse effects on the respiratory system. Current scientific evidence links short-term NO,
exposures, ranging from 30 minutes to 24 hours, with adverse respiratory effects, including
airway inflammation in healthy people and increased respiratory symptoms in people with
asthma. Freight transportation accounts for approximately half of mobile source NOx emis-
sions and 27 percent of NOx emissions from all sources.! Exhibit 1 shows the breakdown of
NOx emissions for all mobile sources.

¢ Particulate matter (PM) is a complex mixture of extremely small particles and liquid drop-
lets. PM is made up of a number of components, including acids (such as nitrates and sul-
fates), organic chemicals, metals, and soil or dust particles. The size of particles is directly
linked to their potential for causing health problems. EPA is concerned about particles that
are 10 micrometers in diameter or smaller because those are the particles that generally pass
through the throat and nose and enter the lungs. Once inhaled, these particles can affect the
heart and lungs and cause serious health effects.

EPA groups particle pollution into two categories: inhalable course particles and fine particles.
Inhalable coarse particles, such as those found near roadways and dusty industries, are larger
than 2.5 micrometers and smaller than 10 micrometers in diameter, and referred to as PM,,. The
transportation sector, which includes road dust, is responsible for approximately 54 percent of

'U.S. Department of Transportation, Federal Highway Administration. “Assessing the Effects of Freight Movement
on Air Quality at the National and Regional Level.” (Washington, D.C.: 2005), http://www.thwa.dot.gov/
environment/air_quality/publications/effects_of_freight_movement/, downloaded September 12, 2011.

Copyright National Academy of Sciences. All rights reserved.
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Exhibit 2. PM,, emissions from
freight sources.
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PM,, emissions. Freight movement produces approximately half of these emissions, with marine
vessels accounting for 29 percent of transportation emissions, heavy-duty trucks creating 17 per-
cent, and locomotive emissions creating 5 percent. See Exhibit 2.

Fine particles, such as those found in smoke and haze, are up to 2.5 micrometers in diameter
and are referred to as PM, .. These particles can form when gases emitted from power plants,
industry, and automobiles react in the air. PM, . has been associated with an increased risk of
premature mortality, hospital admissions for heart and lung disease, and increased respiratory
symptoms. There is significant evidence that PM, 5 emissions are more dangerous to human
health because they can be transported in the air for longer distances, tend to remain in the
lungs, and can enter the bloodstream. Fine particles are mostly created through the interac-
tion of diesel exhaust particles with NOx. Mobile sources (including rail and marine) create
approximately 10 percent of PM, ; emissions. Road dust makes up an additional 21 percent of
PM, ; emissions.?

¢ Oxides of Sulfur (SOx) form a group of highly reactive gasses that includes sulfur dioxide
(SO,). The largest sources of SO, emissions are from fossil fuel combustion at power plants
(73 percent) and other industrial facilities (20 percent). The burning of high sulfur containing
fuels by locomotives, large ships, and non-road equipment is also an important source of SOx.
SO, can combine with water vapor in the air to create acid rain. In addition, SO, is linked with
a number of adverse effects on the respiratory system.’

¢ Lead is a metal found naturally in the environment as well as in manufactured products. The
major sources of lead emissions have historically been fuels for on-road motor vehicles (such
as cars and trucks) and industrial sources. As a result of EPA’s regulatory efforts to remove
lead from gasoline for on-road motor vehicles, emissions of lead from the transportation sec-
tor dramatically declined by 95 percent between 1980 and 1999, and levels of lead in the air
decreased by 94 percent between 1980 and 1999. The major sources of lead emissions to the

*Freight and Air Quality Handbook. U.S. Department of Transportation, Federal Highway Administration.
http://ops.thwa.dot.gov/publications/thwahop10024/sect2.htm
*Sulfur Dioxide. U.S. EPA. http://www.epa.gov/air/sulfurdioxide/

Copyright National Academy of Sciences. All rights reserved.
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Exhibit 3. GHG emissions from U.S.
transportation sources.
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air today are ore and metals processing and piston-engine aircraft operating on leaded avia-
tion gasoline.*

e Carbon Monoxide (CO) is a colorless, odorless gas emitted from combustion processes.
Nationally, and particularly in urban areas, the majority of CO emissions to ambient air come
from mobile sources. CO can cause harmful health effects by reducing oxygen delivery to the
body’s organs (like the heart and brain) and tissues. Goods movement activities, and diesel
engines emissions specifically, are not significant sources of CO emissions.’

2.2 Greenhouse Gases

Carbon dioxide (CO,), the primary greenhouse gas (GHG) associated with combustion of
diesel (and other fossil fuels), accounts for over 95 percent of the transportation sector’s global
warming potential-weighted GHG emissions. Methane (CH,) and nitrous oxide (N,O) together
account for about 2 percent of total GHG emissions from the transportation sector. Both
gases are released during fuel consumption (although in much smaller quantities than CO,)
and are also affected by vehicle emissions control technologies. Hydrofluorocarbons (HFCs)
are the result of leaks and end-of-life disposal of vehicle air conditioners used to cool freight and
people. HFCs comprise approximately 3 percent of total transportation GHG emissions.

Exhibit 3 reports GHG emissions by U.S. transportation source in CO, equivalent units.
This metric combines CO, with all other major transportation GHG emissions (CH,, N,O, and

‘Lead. U.S. EPA. http://www.epa.gov/airquality/lead/
>Carbon Monoxide. U.S. EPA. http://www.epa.gov/airquality/carbonmonoxide/

Copyright National Academy of Sciences. All rights reserved.
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HFCs). It converts other GHGs into units of CO, equivalent based on their global warming
potential. The exhibit shows that freight-related emissions are a significant share of all transpor-
tation GHG emissions. Medium- and heavy-duty trucks are the largest source of GHG emissions
associated with freight transportation.

2.3 Air Toxics

Air toxics, also known as hazardous air pollutants (HAPs), toxic air contaminants (TACs),
mobile source air toxics (MSATs), and non-criteria air pollutants (NCAPs), are contaminants
found in ambient air that are known or suspected to cause cancer, reproductive effects, birth
defects, other health effects, or adverse environmental effects, but do not have established ambi-
ent air quality standards. HAP pollutants broadly fall into two categories—heavy metals and
hydrocarbons—and are often calculated as a fraction of PM and VOC emissions. HAPs may
have short-term and/or long-term exposure effects. EPA currently has implemented programs
to reduce emissions of 188 HAPs; however, 1,033 total HAPs are listed by EPA as related to
mobile source emissions. Of these, 644 are components of diesel exhaust, including benzene,
cadmium, formaldehyde, and 1,3-butadiene. For freight transportation, the toxic air contami-
nant of primary concern is typically diesel particulate matter; however, there are currently no
specific annual limits on diesel particulate matter.

Copyright National Academy of Sciences. All rights reserved.
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CHAPTER 3

Environmental Benchmarking:
Overview of the Process
and Benefits

Environmental benchmarkingis a business tool that helps companies evaluate their environ-

mental performance and identify operating practices that contribute to superior performance.
Many companies have begun conducting benchmarking studies for the purpose of identifying
work processes and practices that influence the environmental performance of their organiza-

tions. Organizations are aware that their operations may have detrimental, mitigating, or even
positive impacts on the environment depending upon how the practices are implemented.
The impacts of processes can be quantified and thus used as a statistic to evaluate the organiza-
tion’s performance and competitive standing in the industry. For example,
there is an increased awareness and interest in the contributions organi-

zations make to climate change and the risks of a variable climate. The

Financial Times FTSE4Good Index, the Dow Jones Sustainability Index,
and the Carbon Disclosure Project demonstrate the increased emphasis of
investors on organizations’ practices related to carbon and its association
with climate change.

organization’s needs, the general approach to an environmental benchmark-
ing study is as follows:

Although a benchmarking study should be customized with respect to the

Define criteria for establishing practices as best-in-class;

Define performance metrics/criteria that address the areas of specific inter-

est and allow for comparison across firms;

Research industry practices and trends, including collecting and analyzing

quantitative and qualitative data on the policies, actions, successes, and failures of industry
peers;

Select individual organizations for study based upon specific criteria that position the organi-
zation as leaders in the industry (e.g., environmental indices, sustainability report measures,
industry awards);

Evaluate the overall performance of individual organizations included in the analysis relative
to the metrics and develop rankings to identify best-in-class;

Perform a gap analysis to highlight an organization’s strengths and weaknesses relative to the
field; and

Provide targeted recommendations for cutting-edge projects, policies, and initiatives that
allow an organization to maximize operational efficiencies, improve environmental quality,
and reduce operating costs.

Copyright National Academy of Sciences. All rights reserved.

Benchmarking Defined

“Benchmarking is the continuous
process of measuring products,
services and practices against the
toughest competitors or those
recognized as industry leaders.”

—David Kearns, CEO of Xerox

Corporation 1982-1990
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Exhibit 4. Benchmarking to achieve
continuous improvement.

|
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N

Benchmarking can be viewed as a continuous process (see Exhibit 4). Once a study has been
planned, analysis conducted, findings integrated into an action plan, and the plan executed, the
process can begin anew to achieve continuous improvement.®

Integration

3.1 What Are the Benefits of Environmental
Benchmarking?

Although the primary objective of environmental benchmarking is to reduce a company’s
environmental impacts (or “footprint”), it can also contribute directly to the business objectives
of enhancing profitability and enterprise value for business owners and shareholders. The busi-
ness benefits of environmental benchmarking include improved information for management,
reduced costs, competitive advantage, improved relationships with key business stakeholders, and
reduced risk.

Improved Information for Management

Environmental benchmarking requires a company to collect and understand data on its use of
fuel, other resources, and its generation of environmental impacts, which can allow companies
to make more informed business decisions.

Reduced Costs

Because fuel is typically one of the largest contributors to operating costs for freight carri-
ers, fuel economy is a crucial industry performance metric. Because fuel consumption pro-
duces emissions of criteria air pollutants, air toxics, and GHGs, fuel economy is also a primary
measure of environmental performance for freight carriers. For this reason, improving a com-
pany’s environmental performance aligns with the business goal of reducing operating costs.
Comparative benchmarking can help a company judge how much further improvement in fuel
economy may be possible and motivate action to implement additional fuel efficiency strategies.
Voluntarily adopting best practices and best technologies can substantially reduce fuel use. For

The benchmarking framework shown here builds on Robert Camp’s book Benchmarking: The Search for Industry
Best Practices that Lead to Superior Performance, which was an early and important work in the field.
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instance, studies have suggested that adopting best practices could reduce truck fuel use by 10 to
15 percent in the near term through vehicle technology retrofits and other operational strategies.
Savings of as much as 30 percent in the long run would be possible as equipment is replaced. Vol-
untary adoption of best practices by marine, rail, and aviation carriers has also been estimated to
be capable of achieving fuel savings of 20 percent or more industrywide.”

Competitive Advantage

Companies that offer environmentally friendly products or operate in an environmentally
conscious manner often have a competitive advantage. Performing environmental benchmark-
ing will assist companies in offering environmentally distinguished products and services or
demonstrating environmentally conscious operations and practices. Future business opportuni-
ties may also require disclosure of environmental performance and benchmarking (e.g., ship-
pers may prefer to work with carriers participating in EPA’s SmartWay Transport Partnership,
discussed in Chapter 4). In this case, companies that track environmental performance and
benchmark will have a competitive advantage over those that do not.

Relationships with Stakeholders

Demonstrating environmental stewardship and improved environmental performance through
benchmarking can raise the standing of the company with key stakeholders.

¢ Customers—Becoming a good steward of the environment can enhance the reputation of the
company with its customers and the public more broadly, which can be of great value.

e Local communities—A company that enhances its environmental performance will show the
communities in which it operates that it cares about environmental issues. Good relations with
the local community can be valuable when a business needs to change or expand its operations.

¢ Potential and current employees—Improving environmental performance can make companies
more attractive to prospective employees and help businesses retain the talent they already have.

¢ Regulators and licensing agencies—Environmental benchmarking provides a tool to identify
best practices that exceed what is required by regulations. Improving environmental performance
beyond compliance with regulations can improve relations with government officials, policymak-
ers, and regulators who have a say in licensing the business to operate equipment or facilities.

¢ Investors—Environmental benchmarking can help companies reduce their environmental
impacts and raise their standing with investors. Over the last 10 years, socially responsible
investing has grown in importance. Sustainability indexes, such as the FTSE4Good Index
Series, are designed to provide investors exposure to companies that are managing their social
and environmental risks, while also helping ethical investors avoid companies that are not
doing so. To be included in the FTSE4Good Index companies must be shown to be making
progress toward becoming environmentally sustainable, among other criteria. Improving
environmental performance is an important component of participating in socially responsi-
ble investment indexes and attracting investments from socially responsible investment funds
or individual investors who track environmental performance.

Reduced Risk

Benchmarking environmental performance allows a company to reduce risks. Having an envi-
ronmental performance that exceeds that of business peers will reduce regulatory risk and other
uncertainties associated with unknown future policies.

"Transportation’s Role in Reducing U.S. Greenhouse Gas Emissions: Volume 1 Synthesis Report. Report to Congress,
U.S. Department of Transportation, April 2010.
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CHAPTER 4

Steps in Benchmarking Process

The benchmarking process consists of five phases. These phases are as follows: planning,
analysis, integration, action, and maturity. Exhibit 5 illustrates each phase of the benchmarking
process. These specific phases and the 12 adapted steps that constitute the phases are described
in more detail in the following sections.

4.1 Planning
The critical steps involved in planning are as follows:

e Identify function to benchmark;

e Identify best-in-class organizations in that function;
e Select performance measures; and

e Identify data collection methods.

Each of these steps is described in more detail below.

Identify Function to Benchmark

A key first step in planning a benchmarking study is to identify the function to benchmark.
This begins by establishing one or more measures of output to be benchmarked, which could be
a product or commodity, an amount of economic output, quantities of commodities shipped,
or activity units such as vehicle miles traveled. By identifying a specific output of interest, the
benchmarking sponsor (i.e., organization conducting the study) can more easily determine
the function responsible for that output. Knowledge of the responsible functional unit guides
the comparison of different departments, organizations, or industries on a “one-to-one” basis
as opposed to attempting to interpret how data from one functional level translates to another.
Furthermore, targeting the functions responsible for a given output allows the sponsor to col-
lect the appropriate data regarding specific processes and supporting practices that contribute
to the desired output.

Given that processes are driven by day-to-day practices, benchmarking studies typi-
cally focus on identifying the components and operational steps involved in an individual
work process. Through a series of deductive steps, the work process studied is the process
deemed responsible, at least in part, for the exemplary performance (i.e., desired outcome) of
the organization. A work process involves repeated steps that are performed within a par-
ticular sequence translating input into output to generate value for the consumer. The way
in which this work process is performed or the method used (“the how” of a process) is often
referred to as a practice. A benchmarking study helps to clarify the practices used to perform
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Exhibit 5. Typical benchmarking process.

—| 1. Identify function to benchmark. |

v
2. ldentify best-in-class organizations
in that function.
Planning 1
| 3. Select performance measures. |
¥
—| 4. |dentify data collection |
—| 5. Collect data internally & externally. |
Analysis 6. Mgasgre :imd compare
organizations’ performance
—| 7. Identify best practices to close gap. |
| 8. Communicate findings and obtain
buy-in.
Integration —— 1
—| 9. Develop action plan. |
Action —— 10. Implement actions and monitor
progress.
v
11. Close performance gap |
Maturity 1

12. Integrate practices into processes. |

Adapted from Camp, R. C. (1989). Benchmarking: The Search for
Industry Best Practices That Lead to Superior Performance, ASQ Quality
Press, 4-6.

the work process in order to answer the question, “how is this work process conducted?” See
Exhibit 6.

In the planning phase of the benchmarking study, the sponsor should also outline questions to
clarify such as, “how is success of this work process measured?” which refers to the performance
metrics used by the organization and “what resources and behaviors, including the people, tech-
nology, and other assets, enable the conduct of this work process?” which are referred to as the
“inputs” or “enablers.” To answer these questions, sponsors target the process owner for partici-
pation in the benchmarking study. The process owner is the employee or group of employees
who implement the steps involved in a particular work process.

To understand the systematic steps involved in a process, benchmarking sponsors should
plan to conduct process mapping. Organizations often use management tools such as Deming’s
concept of Total Quality Management or the Baldrige Criteria for Excellence to guide process

mapping.

The result of process mapping is typically a workflow diagram that helps to clarify the prac-
tices or steps involved in a process or series of parallel processes.

The following are the steps that constitute the development of a process mapping flowchart:

Determine the boundaries—This refers to where the process begins and ends and which
other processes feed into the process.

Copyright National Academy of Sciences. All rights reserved.
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Exhibit 6. Relationships among practices, processes, and outcomes.?

Enabler 1
(e.g., people; process
owner)

Process Step 1 Process Step 2
— ,—I/ — Outcome/
Practice Practice Practice Practice Practice Practice
1.1 1.2 1.3 2.1 2.2 2.3
B N

Process

Enabler 2
(e.g., technology)

List the steps—The developer must determine the desired level of specificity in the flowchart.
If a benchmarking sponsor is seeking to mimic the process to achieve a specific outcome, typically,
the process mapping will detail every decision point and finite action. Each process mapping step
or task should begin with a verb to illustrate an action to be taken.

Sequence the steps—Once the steps have been documented, the developer typically moves
the steps into their proper location in the process flowchart and includes arrows or lines to show
the relationship and sequence between steps in the process.

Draw appropriate symbols—Each different type of step has its own symbol. For example,
ovals are often used to represent the start or end of a process but boxes and rectangles are used
for tasks or activities performed as part of the process. Arrows are used to show the direction of
the process flow. Multiple arrows leading out of a box/rectangle typically represent a decision
point, which is represented by a diamond. Exhibit 7 shows an example of how a process mapping
flowchart should be constructed.

Use a system model approach—The process mapping flowcharts should be created using a
system model approach where the interrelationships among activities, practices, and processes
are highlighted. A complete flowchart would illustrate how a series of processes or parallel pro-
cesses work together to achieve an outcome. Thus, the final chart may include multiple flowcharts
like the one presented in Exhibit 7, all constructed in “swimmer lanes” to illustrate timelines and
sequencing. Contextual factors that should be included in the flowchart are the input (people,
machines, technology, and other materials), output (desired outcome or results), control (rules
followed by the best-in-class partners), and feedback (information obtained via data collection).

Check for completeness—This includes ensuring all of the information (such as dates and
titles) in the chart is accurate. Often, follow-up interviews with key stakeholders or the process
owners can help verify the contents of the process mapping flowchart.

8Based on concepts described in The Basics of Benchmarking by Robert Damelio.
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Exhibit 7. Process mapping flowchart.

An oval is used to show
the input to start the process or
the output at the end of the
process

A box or rectangle is used to
show a task or activity performed
in the process

A_rr;:aws show direction or
the flow of the process

A diamond
shows those points
in the process where a
yes/no question is asked
or a decision
is required

Yes

v

There is usually only one arrow
out of an activity box. If there is
more than one arrow, you may

| need a decision diamond
|

Make sure every
feedback loop is
closed, i.e., every path
takes you either back
to or ahead to another
step

Y

An oval is used to show
the input to start the process or

the output at the end of the
process

Source: Ahoy, C. (1999), Facilities News.

Finalize the flowchart—This final development step may include collecting additional data to
determine not only whether the process steps have been accurately documented but also whether
or not the process is being conducted in the proper way. The flowchart developer should docu-
ment any recommended deviations so process improvements can be noted.

Itis important that the data collector conducting the benchmarking study be intimately familiar
with the practices, processes, outcomes, and related enablers within his/her own organization. This
information is needed to guide the type of data collected, help define the questions that need to be
asked of the benchmarking partner, and determine how the processes might be transferable to the
sponsor organization.

Process mapping can be an important tool to examine business operations that affect
the environmental performance of a company. For example, a business might want to map its
process for vehicle maintenance to improve the operation and emissions performance of in-use
vehicles. A railroad might want to map the process by which trains and railcars are handled in
a classification yard to reduce locomotive idling. A shipper might want to map the process for
how freight transportation is procured and routed to assess whether its environmental footprint
can be reduced by using transportation options that are less energy intensive. A receiver could
map out how freight is scheduled and handled at its loading dock to determine if there are
opportunities to reduce truck idling. A trucking company might want to map procedures for
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vehicle procurement to determine if the company is purchasing equipment that is appropriately
sized for its transportation needs, and this could help the company to consider incorporating all
appropriate technologies to reduce fuel consumption and emissions.

Priorities—Focus on the most important key performance indicators, operating metrics, and
attendant environmental and business impacts.

Although a benchmarking sponsor may be interested in studying the processes that drive a
number of successful outcomes, it is important that the sponsor prioritize which ones are most
important. The sponsor needs to focus its interests in order to conduct a thorough study of a
particular outcome. This focus allows the organization to effectively prepare itself in terms of
structure, culture, and employee engagement for transformation that will likely occur as a result
of adopting new practices and processes that will help achieve a similar desired outcome. Focus-

Logistics Center of Excellence Benchmarking Study

A leading energy company'’s logistics center of
excellence benchmarked itself against its logistics
peers and developed a carbon measurement and
mitigation program based on this information.
Peer firms selected for comparison included Dell
Inc., Toyota Motor Corporation, Caterpillar Inc.,
and Siemens AG. In this context, peer firms were
leading manufacturers of industrial and other
types of equipment that faced similar logistics
challenges. The elements considered in this
benchmarking exercise included the commitments
of these firms to fuel efficiency and emissions
reductions, key performance indicators (KPIs),
current environmental performance, and future
targets for logistics activities. Among the peer
organizations, both Dell and Toyota had made
substantial improvements to their logistics
operations. Strategies employed included reducing
the use of packaging, increasing the loading

of containers, and reducing emissions per ton-
kilometer by changing the port of entry to reduce
truck miles traveled.

The logistics center of excellence used the
information obtained from the benchmarking study
to implement a carbon measurement program.
Mitigation programs were put into place to shift
freight to less polluting modes, including a wind
turbine supply chain optimization program that
shifted the port of entry for parts. In a single year,
the supply chain optimization program reduced
GHG emissions by 1,000 tons and reduced logistics
costs by $5.4 million.

ing on multiple areas of interest can distract the organization
in its study by straining resources, confusing data collection,
and segregating the organization in terms of the changes its
employees will be willing to accept and implement. Thus, it
is important that sponsor organizations identify priorities
in terms of which operating metrics and environmental/
business impacts are of most importance to target first. The
following factors should be considered and weighted in defin-
ing priorities relative to environmental benchmarking:

1. Which outcomes will have the greatest positive environ-
mental impact?

2. Which outcomes and processes will be the most cost-
effective to replicate?

3. Which processes will be most efficient to implement (i.e.,
which outcomes will be achieved in the shortest time-
frame)?

4. Which outcomes and processes will require the greatest
transformation when adopted by the sponsor organization?

In answering these questions, benchmarking sponsors
typically find it most advantageous to begin by studying the
outcomes and processes that will attain the greatest impact
with the least amount of resource allocation and transforma-
tion by the organization. In other words, it is recommended
that sponsors initially select priorities that will be easily pal-
atable to the organization and demonstrate a clear payoff in
the conduct of the benchmarking study. Logistics managers
often refer to setting “SMART” goals (i.e., those that are spe-
cific, measureable, attainable, with resources available for
implementation and that are time-bound).

Identify Best-in-Class Organizations
in that Function

An important component of designing a benchmarking
study is the selection of organizations to be used for pur-
poses of comparison. This is a particularly important issue
in freight transportation, because there are many features that
can influence performance, including the weight of cargo, the
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geography over which it is moved, the type of service provided, and the level of congestion of the
transportation facility. The choice of entities to benchmark against can be driven by a variety of cri-
teria, including a desire to compare against a similar type of operation, the location of innovation,
or the availability of willing partners. The benchmarking literature suggests a number of different
types of benchmarking and targets for comparison.

In general, benchmarking studies can be classified according to the type of partner that one
wishes to benchmark against, the nature and objective of the study, and the purpose of the
partnership. A benchmarking study can combine several of these different categories. Exhibit 8
describes these different types of benchmarking studies in detail.

Although benchmarking is often defined as an outward-looking exercise, some firms may have
business units that operate independently from each other. In those instances, internal benchmark-
ing can be done. Comparing oneself against direct competitors (competitive benchmarking) is per-
haps the most common conception of benchmarking; however, the desire of firms to protect trade
secrets may limit exchange of information among competitors in some cases. Many proponents of
benchmarking argue that firms need to go beyond the group of direct competitors to have access
to a larger universe of leading companies and innovative practices. Industry benchmarking draws
comparisons to competitors in the same industry who may not be direct competitors, like truck-
load and less-than-truckload (LTL) carriers. Functional benchmarking examines business func-
tions between dissimilar industries. For instance, the logistics function between a manufacturer and
a retailer could be compared. Generic benchmarking compares similar processes in significantly
different types of firms or organizations. For instance, a vehicle maintenance process in a trucking
company could be benchmarked against similar maintenance procedures used by the military.

The nature of the object of study may also vary. Firms may engage in both process bench-
marking and product benchmarking. Strategic benchmarking may look at higher level orga-
nizational and management practices. Future benchmarking is forward looking and seeks to
ascertain new technologies and breakthroughs that may eventually become benchmarks. Lastly,
the purpose of a benchmarking partnership may be collaborative or competitive.

Exhibit 8. Typology of benchmarking studies.

Classification Type Meaning

Comparing best practices within an organization — for instance, a large firm
Internal with multiple subsidiaries could have these entities compare their
performance

Comparing best practices with direct competitors — for instance a large
Competitive national truckload carrier benchmarking against another large national
truckload carrier

Comparing best practices within the same industry including non-competitors
— for instance comparing a truckload carrier to an LTL carrier

Comparing the same functional units in companies that may not be direct
Func