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Development of a Freight System Conceptualization AND
Impact Assessment (Fre-SCANDIA) Framework

EXECUTIVE SUMMARY

The freight system is a key component of California’s economy, but it is also a critical
contributor to a number of externalities. Different public agencies, private sector stakeholders,
and academia engaged in the development of the California Sustainable Freight Action Plan
(CSFAP). This plan put forward a number of improvement strategies/policies. However, the
freight system is so complex and multifaceted, with a great number of stakeholders, and freight
operational patterns, that evaluating or assessing the potential impacts of such
strategies/policies is a difficult task. To shed some light, this project develops a freight system
conceptualization and impact assessment framework of the freight movements in the State. In
doing this, the framework assesses the impact of commodity flows from different freight
industry sectors along supply chains within, originating at, or with a destination in the state of
California.

The conceptual framework analyzes the freight flows in supply chains, and the type of freight
activity movements and modes. The framework uses a Life Cycle Assessment (LCA)
Methodology. The framework could be extended to support multidimensional cost/benefit
appraisals for both direct benefits (e.g., delays, costs, accidents, maintenance) and social
benefits to non-users which include impacts on regional and national economies as well as
environmental and health impacts. This report discusses the main components of the
conceptual framework based on a comprehensive review of existing methodologies. The
implementation is limited to the Life Cycle Impact Assessment (LCIA) following the
Environmental Protection Agency’s Tool for Reduction and Assessment of Chemicals and Other
Environmental Impacts (TRACI).

The report describes the results from the LCIA implementation for a number of case studies.
Specifically, the work estimated the impacts of moving a ton of cargo over a mile for various
industry categories and commodity types. These results show the relative difference across
industries and commodities and could serve to identify freight efficiency improvement
measures in the state of California.
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I. Introduction and Background

California has the largest State economy in the U.S. and is a major supplier of agricultural and
high-tech manufactured products for the rest of the nation (Viljoen et al., 2014). The State’s
freight transportation system is critical to California’s economy and to the economies of other
States—20 percent of all U.S. foreign trade passes through California (California Department of
Transportation, 2014). However, the vehicles, equipment, and facilities used by the different
economic agents that conduct these freight operations generate a great deal of externalities
including congestion, environmental emissions, and safety issues, among other impacts (Regan
and Golob, 1999; Holguin-Veras et al., 2015; Jaller et al., 2016a).

For example, freight accounts for about half of toxic diesel particulate matter (diesel PM), 45
percent of the emissions of nitrogen oxides (NOx) that form ozone and fine particulate matter
in the atmosphere, and six percent of the greenhouse gas (GHG) emissions in California
(California Air Resources Board, 2015). These statistics, however, only include emissions from
vehicles and the equipment used to move freight at seaports, airports, railyards, warehouses
and distribution centers. The actual impacts from freight, including the necessary
infrastructure, could be much higher. Different operational patterns, seasonality, lack of freight
data, the multiplicity of economic agents, diverse supply chain structures and their interactions
difficult the understanding of the freight system (Holguin-Veras and Jaller, 2014). These factors
make the actual estimation of the full impacts a complex task (Jaller et al., 2016b). At the same
time, public agencies are developing policies and methodologies to minimize the negative
impacts of the system, while trying to maximize its benefits.

In order to take these policies from well-intentioned to effective, there is an urgent need to be
able to evaluate the impacts of the freight transportation system (considering the supply chains
that move the goods and services required for this vibrant economy). This requires the
understanding and availability of a system conceptualization that characterizes the components
and structural forms of the key types of supply chains active in the State, whether the policies
are evaluated under horizontal or vertical equity considerations (Litman, 2009; Litman, 2016).

However, the freight system is so diverse that there could be a sheer number of inputs and
outputs, thus defining a common measure to evaluate the system would be problematic
(Barber and Grobar, 2001). Most supply chains are distributive networks, while others are
performed in spoke and wheel patterns or corridors; some are defined within the boundaries of
the state while others transcend its geographical and political limits (Rodrigue, 2013; SCAG,
2016). In some cases, products consumed, transformed, or exported in the State, may have
already entered and exited the boundaries several times. Whilst some flows of cargo pass
through urban areas, others have the urban areas as the destination. Therefore, evaluating the
components inside the State or within specific geographic locations could foster some overall
inefficiencies in the system. This is because supply chain optimization may be achieved when
looking at the holistic chain/system, and not, when only optimizing specific components. Within
the system, numerous market forces affect the way each individual player performs and their
roles; each subset of each supply chain aims to maximize its own utility and efficiency, and to
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minimize its own cost of doing business. Consequently, having each individual player
maximizing its own efficiency does not guarantee achieving system optimum.

The objective of this research is to help fill this gap by developing a Freight System
Conceptualization AND Impact Assessment (Fre-SCANDIA) Framework of the freight
movements in the State. The framework analyzes the main transportation flows of key supply
chains and serves as an impact assessment tool. The framework can help identify the industry
sector, or the commodity types that have the largest impacts, and potentially identify which
economic agents’ decisions or regulatory actions affect a particular impact category the most.
The framework, and the results discussed in this report can help agencies develop and
understand appropriate performance measures by providing a methodology to estimate the
baseline impacts of freight activity.

To achieve the objective, the research team developed a conceptual framework based on a Life
Cycle Assessment (LCA) methodology considering the movement of goods within supply chains
in different industries. The proposed LCA-based framework could be modified to support
multidimensional cost/benefit appraisals for both direct benefits (e.g., delays, costs, accidents,
maintenance) and social benefits to non-users as well as environmental and health impacts.
The team conducted a number of case studies on different economic sectors and specific
companies to illustrate the framework implementation and identify current methodological,
data, and modeling gaps.

This report discusses the results of the research and contains the following sections. Section Il
provides a brief overview of the freight system, concentrating on the various modes of
transport. Section Il discusses key concepts from supply chain management that are important
for the development of the proposed framework. Considering that the conceptual framework
uses the LCA structure as a basis, Section IV is a comprehensive review of the state of practice
of LCA. Section V discusses a wide range of impact assessment methodologies that range from
general impact assessment tools, to specific environmentally- or economically-focused
methods. Section VI reviews LCA implementations in transportation and the relationship with
supply chain assessments. Section VIl puts forward the Fre-SCANDIA framework. This section
discusses the data and methodological gaps in the literature, which would be required for the
development and implementation of the framework. Section VIII describes the basic
implementation of the framework limited to the LCIA of freight flows. The section discusses a
number of case studies. These include DELL as a leading computer hardware company; Nestlé
as one of the largest food supply chains around the world; and, Nike for its distinct third party
logistics. The research team selected these case studies because of their representation of
different industries and scope, and more importantly because of data availability to support
modeling assumptions.

lYNCST 3



Il. Brief Overview of the Freight Transportation System

Freight or cargo are the products or goods transported, usually for commercial benefit. The
transport of goods can be done through a different set of modes: air, land (truck, rail), and
water. However, besides the typical consideration of freight as the cargo itself, the freight
system can also be understood as the movement of those cargoes; and, it could also be defined
not only in terms of the commodity weight or value, but as the number of shipment and
resulting vehicle trips generated (National Research Council, 2012). Usually, freight was
associated with the large movement of break-bulk or containerized cargo, through large freight
vehicles. It is now common to include in the freight definition, the movement of express,
household goods, parcel, and other products that span the combinations of business and
consumer interactions (Fitzpatrick et al., 2016). Overall, the freight transportation system is a
complex system of systems, where a multiplicity of agents conduct a wide range of commercial
activities related to a large number of commodities, services, or other economic transactions
through different modes, vehicles, and operational strategies (Lamm et al., 2017).

In freight transportation, there are a number of terms that may have different understandings.
For instance, while shipping may be associated with the action of sending-out goods by a
“shipper” agent, shipping is also a general term originally used to refer to transport of goods by
sea (Talley, 2014). The infrastructure and the companies (carriers) that move the goods support
the supply of freight transportation. Receivers or consumers of the cargo could be the final
consumption point or an intermediary destination that can transform the goods (Holguin-Veras
and Jaller, 2014). Freight infrastructure includes the roadway system, railroads, airports, marine
ports, locks and dams on rivers, pipelines, and other facilities such as warehouses, distribution
centers, and intermodal yards, among others. In the U.S, the National Highway System (NHS)
contains approximately 160,000 miles of the roads directly affecting the national economy and
mobility (Rondinelli and Berry, 2000). The total road network in the US accounts for about 2.7
million miles of paved roads, and an additional 1.3 million miles of unpaved roads. Freight
carriers are the owners or operators of the trucks, trains, ships, and airplanes that provides
transportation to shippers. Other important private players in freight transportation include
freight brokers, freight forwarders, and third-party logistics providers. Freight brokers assist
shippers and carriers in assembling paperwork for international or complicated shipments.
Freight forwarders consolidate multiple small shipments into larger shipments for transport
(ICF International et al., 2011). The reader is referred Holguin-Veras et al. (2012) for a detailed
description of agents’ characteristics and interactions.

Cargo characteristics determine the type of transportation service demanded by shippers.
Companies shipping high-value or perishable cargo tend to select truck or air transport to
reduce transit time and gain higher levels of reliability. Airfreight carries high-value goods for
which delivery within a few hours is often critical, such as express parcels and fresh flowers.
Passenger and freight-only air carriers transport goods. Large freight-only carriers include Atlas
Air, ASTAR Air Cargo, and Polar Air Cargo (Rondinelli and Berry, 2000). In the U.S., there are
nearly 171,000 miles of railroad and hundreds of yards to assemble or dissemble the trains. Rail
usually transports lower value, slow-moving bulk cargo, coal and other high-volume cargo
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through longer distances (more than 200-300 miles), thus it is popular for refineries, coal, and
other large manufacturers. Trucks move a range of products, but they move a greater percent
of higher value commaodities like finished consumer products, computers, and pharmaceuticals
(Bell and lida, 1997). Domestic marine transport tends to carry low-value bulk cargo for which
speed is not an important factor. Pipelines primarily transport petroleum products and natural
gas.

The length of haul is also an important shipment characteristic that determines mode choice.
Trucks tend to carry a larger percentage of short-haul movements. Trucking services can also be
private or for-hire. Private services or private carriers are those that use their own fleets to
move their cargoes. On the hand, for-hire carriers offer their services to the open market. In the
private sector, large companies such as Coca-Cola, Walmart, and Safeway, tend to use private
fleets to move their cargo and maintain the reliability of service. Truck Load (TL) services
provide truck transport to move cargo throughout the nation, while Less-than-Truck-Load (LTL)
services move smaller shipments at the local level. These types of services can also incorporate
consolidation of shipments, or can carry shipments to a specific terminals to be moved to their
final destination (Crainic, 2003). Yellow Roadway, ABF, Con-way, Old Dominion Freight, FedEx
Freight, and UPS Freight are examples of the largest U.S national LTL carriers. The network of
LTL services requires terminals throughout the routes.

Rail, ocean, and air shipments tend to have a longer average shipment distance. Freight
shipments often use more than a single mode of transportation. Trucks connect shippers to rail
or maritime transportation modes or provide the “last mile” to the customer. “Intermodal”
freight typically refers to freight moving in containers or trailers transferred between ships,
railroads, and trucks. By reducing the cost of using multiple modes of transportation,
intermodal freight movements allow shippers to use lower cost modes (such as rail or
maritime) for long-haul movements and then switch to truck carriers to reach a final
destination (Crainic, 2003). Some express carriers like Federal Express and UPS use their own
multimodal transportation system to prove a door-to-door service (Rondinelli and Berry, 2000;
PROTECTION, 2003). While maritime services move the bulk of the cargo using water-based
modes, inland waterways also transport cargo in specific locations in the country.

Finally, the pipeline system carries specific cargo, usually petroleum products and other
chemicals. The pipeline system includes collection pipelines, which are those used for moving
natural gas or its products, and transmission pipelines, which transport over a far distance (e.g.,
moving natural gas to distant power plants, factories or distribution center). Additionally, the
distribution lines, which move cargos like natural gas in shorter distances (Ganeshan and
Harrison, 1995).

Although describing the system in terms of the cargo, modes, and the individual economic
agents is important, the reality is that most of these economic agents comprise a number of
supply chains. Some of these supply chains integrate the decision-making process, while others
have independent agents. Nevertheless, understanding the freight system requires knowledge
about supply chain structures, logistics, and management. In general, freight transportation
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results from economic and logistics decisions. Economic transactions between agents translate
into the physical movement of the cargo, but the ultimate decisions of the mode, shipment
size, vehicle size, and frequency of delivery come from logistics and supply chain management
processes.
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lll. Supply Chain Management

A holistic supply chain includes processes and procedures to extract raw material, transport
them to manufacturing facilities, produce final products, and distribute them to the consumers
(wholesale or retail). Consequently, there are different stockholders involved such as suppliers,
manufacturers, distributers, and retailers, among others. Supply chains flows include forward
and reverse physical (e.g., returns), and information flows (Stadtler, 2005). At its highest level,
a supply chain is comprised of two basic and integrated processes:

= The production planning and inventory control process; and,
= The distribution and logistics process.

The production planning and inventory control (first phase) consists of processes to gather raw
materials and finally transform them into the final (or intermediary) products. Inventory control
is embed into the manufacturing planning process and affects the procurement of raw material,
defines the ordering schedule, and is part of the design and control of processes and products
(Stadtler, 2005). The second phase determines the products’ distribution among wholesalers,
retailers, or the final consumer. That is, the distribution process determines the transportation
of goods directly to retailers, or transporting all the cargo to a wholesaler or a facility in order to
distribute them among retailers. According to these process, a supply chain can include all or
some parts of these activities which define the specific structure of the supply chain (Beamon,
1998). For instance, Figure 1 shows a supply chain configuration involving five stages.

Suppliers « Distribution Center
L 4 //(/ Y
Manufacturing .| Storage Transport |-° .
Facility ™ Facility  Vehicle | 7™ Retaller
Production Planning Distribution and Logistics

and Inventory Control

Figure 1. Supply Chain Process (Beamon, 1998)

Broadly, Supply Chain Management (SCM) focuses on the required processes to manage the
supply chains. SCM includes decisions and evaluations at different levels and needs.
Traditionally, the objective of SCM was to be cost effective across the whole system, including
the transportation systems, inventory and raw material management, as well as finished goods
and products. However, in recent years, the introduction of sustainable SCM considers other
criteria such as social acceptability, efficiency, and environmentally beneficial aspects. Although
there have been many methodological and technical advances during the last century, studying
a supply chain is still a challenging task and there are multiple reasons for it. The study of supply
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chains usually focuses on specific products or services, as there are many interconnected
dimensions as well as upstream and downstream supply chains. Designing and operating a
supply chain needs to be cost-effective, thus requiring a service-level that guarantees the
profitability of the business. Moreover, there are inherent uncertainty, risks, and disruptions
that threaten supply chains.

Supply Chain Components

Manufacturing refers to all the processes and facilities required to change the raw materials
into intermediate or final products. Manufacturing facilities vary according to the number and
type of their production processes.

After the procurement or extraction of raw materials, supply chains have to manage the stocks
or inventories of raw materials, work-in-progress and finished goods. Inventory systems
consider various typologies with different numbers of echelons or stages. These echelons
depend on the amount of products stored, the incoming supplies, production capacity, and the
types of handled commodities. In most of cases, ensuring some level of demand satisfaction
requires a safety stock because of the uncertainties associated with supply chains and demand.
The main inventory and supply chain structure systems include single-echelon and multi-
echelon (Siddhartha and Sachan, 2016). In a single echelon inventory system, a distribution
center works as a hub between supplier and consumer. The distribution center or warehouse
manages stocks and inventories (see Figure 2).

Supplier
DC (Inventory
Drivers) |
| Lead Time |
| |
Consumers Consumers Consumers
| Demand | | Demand | | Demand

Figure 2. Single Echelon (Hausman and Erkip, 1994)

In contrast to the single-echelon inventory system, multi-echelon inventory systems include
different layers along the supply from suppliers to consumers. The chain or network may have
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different distribution centers connecting suppliers to consumers. In a typical multi-echelon
system, a central warehouse stores all the cargo; from there, the cargo goes to various smaller
distribution facilities connected to the retailers and consumers (Figure 3). Many supply chains
with multi-echelon inventory systems implement a hierarchical design with some regional
larger distribution centers and some smaller facilities that service end customers. For instance,
Nike as one of the biggest supply chains around the world, distributes its products into seven
major regional distribution centers and from there products send to different retailers (Sanyai,
January 28, 2014).

Supplier
DC (Inventory RDC Inventory
Drivers) — Drivers)
| Lead Time | | Lead Time |
| |
Consumers Consumers Consumers
| Demand | | Demand | | Demand

Figure 3. Multi Echelon (Hausman and Erkip, 1994)

Assembly takes place in supply chains with multi-echelon manufacturing systems in which parts
from different suppliers comes to one place to finalize the product. For examples, the assembly
of electronic devices happens at one place where the different parts coming from several
sources merge. In these supply chains, the scheduling has a huge impact on the inventory level
as well as the product distribution. A multi-echelon supply chain needs to manage the inventory
in terms of fill orders and lead-time. These types of supply chain can maintain very high or very
low operation and inventory cost depending on their service to their downstream supply
chains. Strategies such as Just-in-Time (JIT) can have important implications for the inventory
and distribution process (Whatis, 2014). In general, JIT have reduced inventory levels along
supply chains; though have increased the frequency of distribution (resulting in more vehicle
trips, and smaller shipments).

Supply Chain Models and Classification Systems

Generally, there are four main categories of supply chain models based on the modeling
approach, the nature of the inputs and the objective of the study. The reader is referred to
Beamon (1998) for a detailed description of these models:
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= Deterministic analytical models;
= Stochastic analytical models;

=  Economic models, and

= Simulation models.

Moreover, there are varieties of supply chain models, which address both the upstream and
downstream processes, and can have different modeling objectives. Table 1 discusses

descriptive and prescriptive models.

Table 1. Modeling Objectives

Descriptive Modeling Demand forecasting using quantitative and qualitative models
Activity based costing (ABC analysis)

Collection of data and data mining

Performance metrics

Prescriptive Modeling Optimizations methods using simplex, duplex method of
mathematical programming, and other advanced techniques

Source: (Beamon, 1998; Hartmut and Christoph, 2016)

Similarly, there are different approaches to evaluate the performance of supply chains. In 1996,
the Supply Chain Council developed the Supply Chain Operations Reference (SCOR) (Huan et al.,
2004). The main reason for developing this tool was customers’ satisfaction through measuring,
developing and improving supply chain services by embedding steps like planning, source
finding, manufactory, delivery, and return (Stadtler, 2005; Latheef, 2011).

The SCOR model is a cross-functional model due to its four major pillars including process
modeling and reengineering, skills, best practices, and performance measurements. In another
effort, the Global Supply Chain Forum (GSCF) introduced a model to quantify and measure the
performance of supply chains, in collaboration with the SCOR model. Their model is based on
eight key factors that are both cross-functional and cross-enterprise. These factors include
logistics, finances, production, purchasing, R&D, and marketing regarding each supply chain.
According to this model, supply chain leaders need to fit these factors into the SCOR model
(Stadtler, 2005; Latheef, 2011). The main objectives of these performance measurement
models are to make sure that stakeholders are creating a beneficial and planned supply chain
(Latheef, 2011).

Supply chains are also categorizes based on functional and structural attributes. These
attributes are important for the management of supply chains, and the development of
performance measures and criteria. Table 2 shows an example of a comprehensive
classification system based on supply chain attributes.
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Table 2. Supply Chain Attributes

Functional attributes
Procurement Number and type of Few
Type products procured Many
Sourcing type Single
Double
Multiple
Suppliers’ flexibility Low
(Amounts to be supplied) High
Supplier lead time and Short (More reliable)
reliability Long (Less reliable)
Material’s life cycle Short
Long
Production Organization of the Flow shop
Type production process Job shop
Repetition of operations Mass production
Batch production
One-of-a-kind Products
Changeover characteristics | Fixed
Sequence dependent
Bottlenecks in production Stationary and known
Shifting
Working time flexibility Single shifts
Multiple shifts
Distribution Distribution structure One-stage (one link between warehouse and
Type customers)
Two-stage (one intermediate layer, e.g. having
central warehouse (CW) or regional warehouse
(RW))
Three stage
Pattern of delivery Cyclic (fixed interval times)
Dynamic (demand dependent)
Deployment of Routes (Standards, variable)
transportation means Capacity (limited, unlimited)
Loading requirement (full truck load, ...)
Distribution Availability of future Unforeseen
Type demands Forecasted
Demand curve Seasonal
Sporadic
Static
Product’s life cycle Number of days, months, years
Number of product types Few
Many
Degree of customization Standard
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Specific
Highly specific

Bill of materials (BOM)

Divergent (a single input product is disassembled
(or split) and several output products are the
result)

Convergent (several input products are
assembled (or mixed) to form a single output

product)
Mixture
Portion of service Tangible goods
operations Intangible
Structural Attributes
Typography of | Network Structure Serial
a supply chain Convergent
Divergent
Mixture

Degree of globalization

Single country to Several continents

Location of decoupling
points

Engineer-to-order
Manufacture-to-order
Assemble-to-order
Deliver-to-order

Major constraints

Capacity of flow lines, critical materials, lack of
capabilities

Integration
and
coordination

Legal position

Legally Separated
Intra-organizational
Inter-organizational

Balance of power

Dominant partner (focal)
Polycentric (Equals)

Direction of coordination Vertical
Horizontal
Mixture

Type of information Costs

exchanged

Material flows
Any type of information

Source: (Hartmut and Christoph, 2016)

Supply Chain Performance Measures and Decision Variables

Performance measures or a set of performance measures can help determine the efficiency
and/or effectiveness of an existing system, or help compare competing systems. The main types
of measures include qualitative and quantitative. Qualitative measures involve no numerical
measurements through the analysis, and assess performance using surveys or questionnaires.
Some of these performance measures assess customer satisfaction, supplier performance,
flexibility, and transaction satisfaction, among other 