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Introduction 

The SmartWay Transport Partnership is an innovative collaborative voluntary program between the 

Environmental Protection Agency (EPA) and the freight industry designed to improve energy efficiency 

and lower greenhouse gas (GHG) emissions and air pollution. Started in February 2004, the partnership 

aims to create strong market-based incentives that challenge companies shipping products, and the 

truck and rail companies delivering these products, to improve the environmental performance of their 

freight operations. In 2006, the trucking and rail industry consumed 37.9 and 4.2 billion gallons of diesel 

fuel, and contributed 404.6 and 51.5 million metric tons of carbon dioxide equivalent (MMTCO2E) to the 

atmosphere respectively (American Trucking Associations, 2008) (Association of American Railroads, 

2007) (Environmental Protection Agency, 2008). Overall, carbon dioxide (CO2) emissions from trucking 

and rail freight accounted for 23.4% of the total transportation sector emissions and 6.4% of the total 

U.S. GHG emissions in 2006 (Environmental Protection Agency, 2008). Ground freight is also a significant 

source of smog-forming emissions and other harmful air pollutants that impact public health. Through 

this voluntary partnership, EPA and its partners aim to reduce CO2 emissions by 33 to 66 MMTCO2E 

annually before 2012.  

Background 

In 2006, the total carbon dioxide CO2 emissions from the freight industry were 541.3 MMTCO2E which 

made up 27.5% of the total transportation industry allocations and 7.7% of total U.S. emissions. In 

addition, emissions from the freight industry had increased by 52% from 1990 to 2006 and are expected 

to continue growing. Within the freight industry, emissions from trucks constituted about three quarters 

of the total (Figure 1). Notably, class 8 trucks consumed 78% of the fuel use among class 3-8 trucks 

despite making up only 42% of the class 3-8 trucking fleet (Figure 2). This makes the freight industry and 

in particular heavy trucks one of the most prominent targets for CO2 emissions reductions. 

The average fuel economy for combination trucks has however remained mostly constant from 1980 to 

2006 (Figure 3). This is despite technology presently available that could increase fuel efficiency by at 

least 12% cost effectively and up to a potential of even 90% (DOE, 2000) (Elliott & Langer, 2006) 

(Ogburn, Ramroth, & Lovins, 2008). There are clearly significant market inefficiencies and barriers to the 

diffusion of technology into the heavy duty truck sector.  

• Lack of accurate, verifiable fuel economy information: The structure of the truck 

manufacturing and component industry poses several obstacles to the flow of accurate and 

useful information. Combination trucks are often highly customized and produced in limited 

quantities. Component manufacturers operate independently of truck manufacturers 

resulting in it being more difficult to demonstrate and market their efficiency enhancements. 

In addition, there are no clear standards or methodologies for measuring the efficiency of 

heavy trucks nor are these easily replicable. This leads to much uncertainty regarding payback 

times of technologies which often have high initial capital costs associated with them. 

• Failure to incorporate costs of CO2 emissions and other air pollutants: While a price on carbon 

might affect some of the price and payback dynamics, it is unlikely that such a price will be 
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incorporated at a significant enough price early enough to produce the needed change in 

behavior and uptake of technology. Complementary, non price based mechanisms including 

consumer purchasing pressure might provide the necessary push. This is presently limited due 

to the lack of information transparency regarding fuel economy and carbon emissions along 

the supply chain.  

Thus there is a real need for the design of policy that adequately addresses these issues and resolves the 

market inefficiencies present. The EPA SmartWay Transport Partnership is an example of an innovative 

public-private partnership policy that has successfully dealt with reducing carbon emissions in the 

freight transportation sector.  

 

Figure 1: Greenhouse Gas Emissions from Domestic Freight Transportation 2006 Total 541.3 Tg CO2-eq. (Source: EPA 

Inventory of Greenhouse Gases and Sinks Table A-101) 
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Figure 2: Percentage of Fuel Use by Class 3-8 Trucks. (Source: U.S. DOE Transportation Energy Data Book Table 5.4) 

 

Figure 3: Fuel Economy (miles per gallon) for Combination Trucks from 1980-2006. Source (U.S. DOE Transportation Energy 

Data Book Table 5.2) 
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Voluntary Partnership Programs 

The EPA has been involved in voluntary partnership programs for more than 20 years. These programs 

are designed to address a variety of issues ranging from recycling and human health to climate change. 

The EPA’s Office of Inspector General (OIG) reported the total number of voluntary programs in 

operation to be 75 in 2004 and 133 in 2005. This large rise between the two years was attributed largely 

to the changing definition of voluntary partnership programs used by EPA. Of these, 54 programs are 

headquarters-based and have a national scope (EPA Office of Inspector General, 2007).  

The number of staff, budget and participants varies widely across the different programs. In 2004, EPA’s 

Innovation Action Council was given oversight of voluntary partnership programs and has since 

developed general program guidelines and improved the support for partnership program managers 

(EPA Officer of Inspector General, 2006). Recently, the EPA released “A Business Guide to U.S. EPA 

Climate Partnership Programs” listing 36 voluntary and stewardship programs managed or supported by 

EPA for businesses to browse through and pick out programs which are relevant to them (Environmental 

Protection Agency, 2008). A separate report done by the OIG however suggested that voluntary GHG 

programs had limited potential with barriers to participation that included perceived emission reduction 

costs and reporting requirements. The report also commented it was unlikely that the programs could 

reduce more than 19% of the projected 2010 GHG emissions in their sector based on Marginal 

Abatement Curve (MAC) analysis. Other weaknesses of voluntary programs included data collection and 

reporting systems which were limited, non-transparent and unverifiable (EPA Office of Inspector 

General, 2008). This clearly highlights the need for voluntary programs to be well designed and to 

provide incentives for sustained participation. The EPA SmartWay Transport Partnership has done 

excellently in this regard and this report examines the importance of program structure in stimulating 

participation, growth and positive results.      

History 

In 2003, staff at the EPA’s Office of Transportation and Air Quality (OTAQ) developed an initial concept 

to build an innovative voluntary freight transportation program focused on energy savings and emission 

reductions. They worked for over a year in collaboration with a dynamic group of public and private 

stakeholders to develop the foundation of the EPA SmartWay Transport Partnership. Members of the 

group included the American Trucking Association, Business for Social Responsibility, Canon USA, Coca 

Cola Enterprises, CSX, FedEx, H-E-B Grocery, Home Depot, IKEA, Interface, Nike, Norm Thompson 

Outfitters, Schneider National, Swift Transportation, UPS and YRC Worldwide.  

Together, these stakeholders and the EPA designed a freight transportation program that addressed the 

goals and needs of both the freight industry and the EPA. The freight industry was interested in an 

improved public image, recognition for its efforts, and fuel savings to help companies in an extremely 

competitive industry. The EPA was interested in reducing emissions from diesel engines and improving 

energy security in the freight industry. The companies provided critical operational and technical insight 

into freight management and supply chain logistics. Their input helped the EPA to identify appropriate 

fuel saving technologies for heavy trucks and to develop a fuel and emissions tracking tool that carriers 
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and shippers could use to track their performance. Most important, was the laying of a groundwork and 

designing of a program structure that made both good business and environmental sense.   

Since program enrollment was going to be on a voluntary basis, it was important to make it attractive 

for companies to participate and work together towards a collaborative solution in addressing energy 

and environmental issues in the freight sector. This was thoroughly discussed and deliberated upon by 

the stakeholders involved. After much planning, the EPA formally launched the program with the full 

support of the trucking industry at the American Trucking Association’s annual conference on February 

9, 2004 with 15 initial charter partners.  

Structure 

The SmartWay Transport Partnership is catered to progressive corporations and organizations involved 

in shipping goods that recognize they can improve their business and the environment at the same time. 

Companies that provide and hire freight delivery services become SmartWay Transport Partners by 

committing to improve the environmental performance of their freight delivery operations. SmartWay 

Transport Carriers commit to integrate innovative cost saving strategies into their fleet operations. 

SmartWay Transport Shippers commit to ship the majority of their goods with SmartWay Transport 

Carriers. Companies that meet SmartWay Transport Partnership requirements benefit from reduced 

operating costs and enhanced visibility. In addition, partners that demonstrate superior performance 

earn the right to display the SmartWay Transport logo. Logistics providers and industry affiliates are also 

eligible to participate in the program.  

The SmartWay program provides technical assistance, helping partners benchmark and achieve their 

goals to improve energy efficiency and lower GHG emissions. The program also provides modeling tools, 

information exchange and data that identify fuel use, emissions output and the effectiveness of a broad 

range of technology, equipment controls and fuel-saving logistics management strategies. In addition, 

the SmartWay program has been working with financial institutions to provide flexible, reduced-interest 

loans to improve access to these fuel-saving technologies and pollution controls.  

Moving ahead, the SmartWay program is looking to expand and cover a broader scope of transportation 

related emissions. It has begun to target the private household vehicle fleet through its SmartWay 

Certified Vehicle program that identifies consumer vehicles with favorable air pollution and GHG scores. 

Private household consumers are being exposed to the program through advertising done via 

SmartWay’s New Leaf Campaign. The program has also continued to improve its services to the freight 

industry. One example is the newly rolled out SmartWay Tractor and Trailer certification system. In 

addition, the program staffs have been working on developing their next generation SmartWay 2.0 

program. This new version is expected to include other modes of freight transportation including sea 

vessels, as well as to incorporate transparent reporting and scoring methods that reflect the carbon 

footprint of carriers and shippers more accurately.  

System Dynamics Model 

The MIT Center for Transportation and Logistics (CTL) initiated a study with the EPA SmartWay team in 

May 2008. The objectives of the study were to (1) Evaluate the success of the program; (2) Understand 
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what the key factors contributing towards the program’s success/failure were; (3) Develop 

recommendations for how the success of the program could be sustained over the long run. The results 

of the study would provide guidance on how similar programs for the freight industry could be 

implemented in other countries or how the program could be used as a framework for future voluntary 

programs covering different scopes. The MIT CTL team decided to use the concept of Systems Dynamics 

and develop a model of the SmartWay program to aid in understanding of the program dynamics and to 

be able to conduct simulations on various scenarios. Systems Dynamics is a perspective and set of 

conceptual tools that enables users to better understand the structure and dynamics of complex 

systems. It has been increasingly used to design more successful policies in companies and public policy 

settings. One of its key strengths lies in the eliciting of mental models of the various actors and 

participants in the system and integrating them to form a more accurate understanding of the complete 

system (Sterman, 2000).  

The MIT SmartWay model focuses on the shippers, carriers and staff participation and interaction in the 

system. The MIT CTL team developed an initial framework for the model in May 2008. This was followed 

up with a visit to the SmartWay team in June 2008 where a series of interviews were conducted with the 

program staff. More interviews were conducted with selected partners enrolled in the program in 

October and November 2008 and the team presented our initial findings at the SmartWay International 

Summit in December 2008. The model has since been updated and improved upon after feedback from 

the EPA and participants at the summit.  
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Figure 4: SmartWay Causal Loop Diagram 

The causal loop diagram shown above in Figure 4 was developed after communication with staff and 

partners of the program about their experiences and understanding of the dynamics of the program. 
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Key variables in the diagram are connected by arrows which denote the causal influences between 

them. The hashed lines represent delays in the causal effects of the system. Through this process, we 

have identified four main reinforcing loops explaining the factors of success behind the SmartWay 

program: 

1. Word of Mouth: As the number of partners enrolled in the program increases, the level of 

program advertising increases as these partners highlight their involvement in the program 

during trade conferences, individual meetings with other companies and through promotional 

material such as newsletters and websites. In a 2007 tracking survey conducted by Harris 

Interactive, the top six main sources of awareness for companies were through trade 

publication advertising; state or national trucking associations; magazines; industry conferences; 

the internet and through colleagues or friends. Industry awareness as reported by the survey 

increased from 13% in 2005 to 32% in 2007 (Harris Interactive, 2007). As more companies 

become aware of SmartWay and as they realize a larger number of companies are enrolling in 

the program, they become more receptive to participating in it.  

 

2. Consumer Pressure: Similarly, as partners are enrolled in the program, they communicate this 

information to consumers through marketing strategies including labeling, the internet and 

various forms of corporate social responsibility branding. The assumption here is that the more 

consumers learn and understand about the program, the greater the pressure they will put on 

shippers to enroll in the program through their purchasing decisions and direct communications. 

Presently, awareness about the SmartWay program among consumers is estimated at around 

13% to 20% depending on whether description aid is provided (Harris Interactive, 2008). The 

effect of eco-labels on consumer behavior is still highly debatable as well with various studies 

supporting both sides of the argument. However, there is a general consensus that more people 

are becoming aware and concerned about the issue of climate change and that companies 

recognize and are taking steps to tackle these concerns.  

 

3. Shipper Pressure: One of the important features about the structure of the SmartWay program 

is the involvement of the shippers. While carriers are in direct control of their fleet, their 

incentives to exhibit corporate social responsibility practices are limited as compared to 

shippers who have direct contact with public consumers. The requirement for each shipper to 

have at least 50% of their shipments moved by carriers enrolled in the program has a huge 

multiplying and reinforcing effect with regards to program participation. For example, Wal-Mart 

has offered fuel subsidies to carriers who enroll in the program and IKEA has made participation 

in the program a requirement for carriers that they work with. Many others companies request 

information regarding SmartWay partnership in their requests for proposals and factor it in their 

decision making. Shippers in the program also tend to be strong advocates in encouraging their 

carriers to join the program. One suggested reason for this is that more efficient carrier 

performance leads to lower operating costs and greater savings which are distributed back to 

the shippers as well. The resulting increase in number of carrier partners leads to more publicity 
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and advertisement for the program, industry awareness and subsequently both carrier and 

shipper partners who join the program.  

 

4. Strategy Validation: While increasing participatory rates is one good indicator of the program’s 

success, it is also important to look at strategies implemented by companies and the resultant 

reduction in CO2 emissions. In general, most of these strategies are applicable to carriers. The 

SmartWay program provides a valuable service in this aspect as it serves not only to perform an 

initial screening of possible technological innovations, but also as an avenue for carriers to share 

their testing results with the community. Usually only larger carrier companies have the 

resources to experiment with new technologies. As these technologies become validated and 

proven to be cost-effective, they get shared with other companies through the SmartWay 

program, industry confidence in the strategies grows and smaller carrier companies start to 

implement them as well. 

As can be expected, there are limits to growth in program participation and strategy implementation 

and these cannot increase forever. Three of these balancing loops are discussed below. 

1. Program Resource Dilution: As more companies enroll in the program, the number of partner 

accounts each staff member has to handle increases. The amount of time each staff member 

has to dedicate to a partner decreases and the service he is able to render goes down. In 

addition, enrollment time for new partners is delayed as a result. Program staff have 

communicated via interviews that a ratio of 100 partners per staff would be ideally the 

amount of work they could handle effectively.  

 

2. Shipper/Carrier Brand Dilution: Another possibility is that as more companies start to enroll in 

the program, it results in the program losing its initial appeal of innovativeness and elitism. At 

the onset, the program is attractive to “leaders” in the field of transportation efficiency and 

sustainability as they can brand themselves as being so through their involvement in the 

program. But once a sizable percentage of the industry is participating in the program, the 

logo and branding becomes more of a commodity, taking away part of its appeal.  

 

3. Diminishing Returns of Strategies: Predictably, the “lowest hanging fruit” or strategies with the 

shortest payback and lowest upfront costs are typically selected first. Past a certain point, 

there are also technical limitations to the efficiencies which you can achieve and these usually 

experience diminishing returns with the number of strategies implemented. The current 

SmartWay recommended upgrade kit which includes a direct-fired heater, super single tires 

with aluminum wheels and a trailer aero kit estimates a combined fuel economy improvement 

of 17%. While technology is expected to improve exogenously over time, there is a theoretical 

limit regarding how much more efficient a vehicle can become.  
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Figure 5: SmartWay Stock and Flow Diagram 

Figure 5 shows a simplified stock and flow diagram that captures the main reinforcing and balancing 

loops of the SmartWay Partnership. This is an extension of the previous causal loop diagram (Figure 4) 

and is the foundation for our final model. Every carrier and shipper company is presumed to move 

through five stages. The initial stage is that of “unawareness”. Once a company has heard and learnt 

about the program, it moves to a stage of familiarity with the program, which we have titled 

“awareness”. If the company is interested in the program and makes a decision to learn more about the 

program with the intention to join, it becomes a “contact”. A proportion of these companies then 

continue to enroll in the program and become a “partner”. The final stage “excellence” is achieved when 

a carrier has implemented sufficient strategies to improve its fleet performance or a shipper has a 

certain proportion of its freight hauled by carrier partners. The ideal objective of the program would be 

to shift as many companies as possible from the left to the right stocks where tangible emission 

reductions are achieved. Variables in the model were calibrated based on data we received about the 

program from the SmartWay team, interviews with partners, industry references as well as our own 

best estimations. The detailed model is attached in the Appendix.  
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Carriers are further broken down into large and small carrier companies. The large carrier companies 

represent the 300 largest Full-Truckload (FTL), Less-than-Truckload (LTL), and privately owned fleets in 

the U.S. These largest companies were estimated to manage about 19% of the total combination 

trucking fleet. While there were 564,699 registered carriers in 2006, only 4.2% of these owned more 

than 20 trucks (American Trucking Associations, 2008). These 23,717 smaller carriers are considered 

potential targeted participants for the program. Shippers in the model are the 3,000 companies that use 

the greatest amount of freight services in the U.S.  

 The main flow rates are described briefly here: 

• Awareness Rate follows the Bass diffusion model used frequently in describing the adoption 

of new products (Sterman, 2000) (Mahajan, Muller, & Bass, 1995). Two main coefficients 

used are that to reflect the external advertising effect and the internal word-of-mouth 

effect. In addition, shippers and large carriers are directly recruited by the program. 

Shippers are more hesitant and those recruited go into the stock of awareness initially 

before flowing into the stock of contacts after a second round of recruitment. Large carriers 

are well aligned with the program and flow directly into the stock of contacts. 

• Contact Rate is affected by non-linear effects of partnership costs, program services 

provided, concern about environment, shipper pressure, branding dilution and consumer 

pressure. There is also a delay associated with the time taken internally for companies to 

decide whether the program is a suitable fit and initiate contact. 

• Partnership Rate is based on program data on the realization ratio of contacts that enroll to 

become partners and is also affected non-linearly by service level. There is a delay 

associated with enrollment that is inversely proportional to the service level. 

• Dropout Rate is based on program turnover and is likewise affected non-linearly by the 

service level provided. 

• Excellence Rate is affected by non-linear effects of payback time, interest rate and 

implementation ratio. There is a delay associated with the time taken for fleets to be 

upgraded.  

Service level represents the proportion of time spent by staff to the ideal time required by the program. 

Partnership staff are involved in helping companies in the enrollment process, submitting their annual 

updates and providing technical and marketing assistance where needed. To cope with initial increases 

in time demands as partnership numbers rise, the number of staff is increased until a maximum that is 

constrained by the program budget. After that, service level declines to ensure that staff overwork is 

kept within a limit.  

The CO2 emissions reduced are annual savings from combination trucks in the program that have 

implemented technology strategies compared to the baseline. Cost effective strategies are modeled to 

increase efficiency compared to current standards steadily by 12% to 39% over the next ten years. The 

industry accepted Best Available Technology (BAT) however is lagged behind laboratory standards 

though the lag time decreases as more trucks are equipped with and validate the technology strategies.   



 

12 

  Edgar Blanco, Kwan Chong Tan 

Simulation Results 
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Figure 6: Baseline Simulation of Carrier and Shipper Partnership Growth, CO2 Emissions Saved and Service Level 
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Figure 6 shows the baseline simulation of carrier and shipper enrollment, annual CO2 emissions savings 

from combination trucks in the SmartWay program and the service level provided. The simulation 

results of the model demonstrate a close fit with historic data. The first observable takeaway is the 

strong initial exponential growth expected in the first six years of the program. This can be attributed to 

the key reinforcing loops described earlier including advertising through word of mouth about the 

program and shippers incentivizing or pressuring their carriers to join the program. Service level 

however starts to decline as the number of staff operating the program becomes constrained by the 

program’s budget and there is not as much time as initially to provide for program services. 

While growth in program enrollment slows down over time due to the program losing its attractiveness 

with declining service levels provided and dropout rates increasing as staff have less time to work with 

partners on their annual updates, the strong reinforcing loops in the program ensure that growth is still 

positive and sustained. The emissions saved from the program are expected to rise steadily as more 

carriers enroll in the program and implement the technological strategies recommended. The 

reinforcing effects from strategy validation start to factor in as a higher percentage of trucks get 

upgraded as well.  
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Figure 7: No Shippers Scenario 

The first scenario we simulated was if the program had been designed without the inclusion of shippers. 

The results as shown in Figure 7 are that growth in carrier enrollment would be much slower. As a result, 

CO2 emissions reductions over the time frame examined are lower as well. Despite the fact that program 

staff would be able to handle a greater number of carrier partners if shipper partners were not involved, 

we realize that the beneficial reinforcing effect that shipper partners have on the program far outweighs 

the costs of incorporating them into the program. This is because each shipper works with a large 

number of different carrier companies. Due to the requirement for each shipper to achieve a certain 

percentage of its goods being moved by carrier partners, there is an incentive for shippers to put 

pressure or incentivize the carriers they contract work out to join the program.  

Focusing on attracting shippers to participate in the program results in a greater return on resources 

due to the leverage they can exert on carriers to join the program through their purchasing power in the 

market as consumers of trucking services. In addition, they assist the EPA by raising awareness about 

the program through their regular meetings with the carriers they work with, listing it on their requests 

for proposals and advertising about the program on their websites or through traditional media 

channels. It would have been much more difficult for the EPA to reach out and attract carriers to 

participate in the program initially without the support of shippers. A key take away from this scenario is 

how the structure of a program can dramatically affect its growth. This should be noted in the design of 

any future voluntary public private partnerships that usually face challenges in growing enrollment. The 

suitable use of market dynamics in a program’s design as demonstrated through the SmartWay program 

can be crucial to its success. Looking ahead, it is important for the program to continue to develop in a 

manner that still remains attractive for shippers in order to benefit from this key reinforcing dynamic.  
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Figure 8: Doubled Staff Capacity and No Maintenance Time Scenario Simulations 

The second set of scenarios we simulated was to investigate the balancing loops due to limited program 

resources further. The results shown in Figure 8 indicate that partnership growth is indeed limited by 

the number of program staff once enrollment numbers start to become overwhelming. This leads to 

decreased service levels that increase enrollment delays, dropout rates and reduces the attractiveness 

of the program. Simply doubling the number of staff is a quick and easy fix but merely delays the time 

before which service levels start to deteriorate. The staffing capacity of the program is also constrained 

by the budget allocated to it and we realize from the simulations that doubling the number of staff does 

not necessarily lead to twice the amount of CO2 emissions being saved.  

Another possible alternative would be to focus more attention on large carriers and shippers. A roughly 

60%-40% split in time allocated to large companies and small companies gave the optimized amount of 

CO2 emissions savings. This allows the program to maintain a higher service level for the large partners 

at the expense of neglecting smaller partners. The results are marginally better than those in the 

baseline scenario as while the larger carriers have bigger trucking fleets and the larger sized partners are 
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most influential in raising awareness about the program and recruiting others, small carriers still operate 

the majority of the trucks in the industry and need to be targeted as well. In addition, smaller carriers 

are often the ones operating the least fuel efficient trucks and would benefit the most from learning and 

implementing the technological strategies. 

A better solution would be to reduce the enrollment and maintenance time required by the program. 

Halving the enrollment and maintenance times per partner has an equivalent effect as doubling the 

number of staff. While reducing or eliminating enrollment time is not always possible, reducing the 

maintenance time is and even eliminating it entirely leads to significant increases in program capacity 

and CO2 emissions savings. This can be achieved through streamlined partner management processes 

and automated partner tools and systems. Hence investing in resources to complete next generation 

models, databases and systems that reduce maintenance time is likely to be more effective in the long 

run than quick solutions.  
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Figure 9: No Strategy Validation Scenario 

The fourth scenario was designed to highlight the importance of the SmartWay program in providing a 

platform for the validation and sharing of freight efficiency strategies. In this scenario, the SmartWay 

program does not emphasize the highlighting and sharing of technology verification results. While the 

enrollment rates in the program are not affected significantly by the lack of knowledge diffusion, the 

CO2 emissions reduced as a result of the program are. The reason for this is because many smaller 

carrier companies do not have the time and resources to test and validate vehicle technologies by 

themselves. The program saves them the effort by testing some of the technologies in the EPA vehicle 

laboratories as well as getting larger and more experienced carrier companies to share about the 

successes they have had in implementing the technologies. From a societal perspective, this is also more 

efficient as various companies do not have to waste unnecessary resources re-testing technologies 

which have already been proven and verified. The sharing of best practices and validation of vehicle 

technologies is one of the key components for the success of the program in reducing CO2 emissions.  



 

18 

  Edgar Blanco, Kwan Chong Tan 

 

Program Policy Evaluation 

The SmartWay program is an excellent example of how voluntary public private partnerships can be 

successful in meeting environmental goals. With over 1,400 partners enrolled in a span of five years, it 

has one of the highest membership numbers among all of the EPA sponsored climate change programs 

and has contributed to the achievement of significant reductions in CO2 and other mobile air pollutants 

including Nitrogen Oxides (NOx) and Particulate Matter (PM) in the freight industry. Policy intervention 

was clearly necessary due to the evident market failures present in the freight industry. These 

operational inefficiencies have resulted both from a lack of knowledge sharing to promote technological 

diffusion as well as a failure to adequately price the social cost of mobile emissions. This failure in the 

market is especially apparent in the heavy trucking sector where average fuel economy has not 

improved over the past 25 years despite technology that could make instant improvements being 

readily available at cost effective prices.    

 

Figure 10: Freight Transportation Policy Choices (Adapted from SmartWay/ICF) 

Policy intervention in itself is not a quick miraculous fix. The design of good policy requires a systemic 

understanding of the dynamics at play among the key stakeholders and is a thoughtful process. There is 

a whole spectrum of policy choices that entail different levels of intrusion to businesses which 

policymakers have to choose from (Figure 10). The application of grants and tax incentives while often 

seen favorably by industry are costly for the government and have the weakness of requiring 

policymakers to “pick winners” among different technologies or companies. On the other end of the 

spectrum, stricter regulations are usually opposed vehemently by industry and the resulting contention 

can lead to delays in the passing of suitable legislation and the waste of valuable time and resources in 

the process. Public private partnerships lie somewhere in the middle of this spectrum and seek to 

address the given issue using a collaborative approach with industry stakeholders. One benefit as can be 

seen from the SmartWay program is that greater co-operation between government and industry can 
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result in innovative and effective policy design that addresses the desired issues successfully without 

being unnecessarily intrusive to the market.  

In addition, these various policy choices can often supplement one another. For example, voluntary 

programs like SmartWay can complement regulations by achieving early adoption of new technology 

and strategies well in advance of when new regulations take effect. This is especially important in the 

trucking sector where the replacement of existing fleets takes a long time of up to ten years or a million 

miles travelled. The SmartWay program addresses this legacy fleet in the short term and helps in 

building the case that truck efficiency improvement can be achieved cost effectively which can help pave 

the way for future regulation.   

Partner companies interviewed were strongly supportive of the SmartWay program and attributed it to 

getting them learning about and implementing strategies to improve their freight efficiency. This was 

achieved by the program requiring partner companies to complete the FLEET partnership model; 

filtering out and sharing technologies with partners that were cost effective; and arranging for financial 

loans to be made available to fund technological upgrades. Many partners also highlighted the fact that 

the program being voluntary rather than regulatory in nature was highly desirable from their standpoint 

and the strong involvement of industry participation in the design and planning process of the program 

contributed to its attractiveness and success. Other benefits of the program raised included the 

fostering of closer carrier and shipper relationships and the personal guidance provided by the program 

staff in helping companies to evaluate and understand their current environmental performance. 

An obstacle commonly facing voluntary public private partnerships as well as other public policies is 

justifying their effectiveness. The Program Assessment Rating Tool (PART) was developed in 2002 by the 

Office of Management and Budget as a tool for formally evaluating the effectiveness of Federal 

programs. It is structured as a questionnaire and covers four critical areas of assessment – purpose and 

design, strategic planning, management, and results and accountability. Each of the four sections is 

scored from 0 to 100 and the scores are then combined to achieve an overall qualitative rating that 

ranges from Effective, Moderately Effective, Adequate, to Ineffective (Office of Management and Budget, 

2004). In 2004, the EPA Climate Change Programs were assessed together as a whole and received an 

assessment rating of Adequate. While scoring well in the areas of purpose, design and strategic 

planning, the program was assessed to be below par in terms of management, results and accountability 

(Environmental Protection Agency). As noted in the program assessment report, key challenges lie in 

demonstrating the link between program activities and near term GHG reduction as well as monitoring 

the performance of the program.  

In this paper, we have demonstrated the potential use of Systems Dynamics as a tool in designing policy 

and to possibly quantify the benefits of policy choices. This is particularly useful in the analysis of 

voluntary programs where results may not be deterministic and benefits only start to become evident 

once the program has gained sufficient momentum. Insufficient foresight or the lack of applied systemic 

thinking may lead to these programs being cut prematurely or not even implemented to begin with 

when they are in fact able to generate tangible mid to long term results. While the numerical analysis 

involved may not be the most rigorous around, its strengths lie in the capturing of mental models to 
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understand the key systemic causal linkages and reinforcing and balancing loops that make the results 

robust over a range of parameter uncertainty. The methodology can also be utilized to address 

questions regarding additionality in whether the technology strategies would have been implemented in 

status quo. An example of this is in the “no strategy validation” scenario where reinforcing loops from 

technology verification and knowledge sharing were removed showing significant reductions in the 

adoption of technologies. 

Conclusions 

Moving ahead, it is important to address the issue of monitoring program performance through suitable 

and accurate data collection. One way this is being done is through the improvement of the FLEET model 

that companies submit and update as part of the membership requirements to better capture the 

efficiency improvements that have been undertaken by companies since their enrollment. As the new 

administration pushes for tighter controls of GHG emissions via a possible cap and trade program as well 

as increases its focus on energy efficiency solutions, the SmartWay program has an increasingly valuable 

complementary role to play. From what we have seen in historic trends, putting a price on carbon will 

not necessarily clear the inefficiencies in the market as the lack of knowledge sharing and information 

asymmetries between consumers and suppliers of goods and services still act as obstacles to change. In 

addition, passing of new regulation will take time as the legislative process is tedious and time 

consuming. Furthermore, the final regulations passed might not even be strong enough to affect market 

and behavioral change. In the case of the trucking industry, the legacy fleets have a long turnover time 

meaning that the impact of regulations would take even longer to phase in.   

It is noteworthy that the SmartWay program is continuing to expand to more areas within the 

transportation sector which will allow it to address a larger scope of emissions. These initial expansion 

initiatives include covering personal transportation modes as well as short sea freight shipping. The 

program is also looking to further enhance information transparency across the supply chain through 

the introduction of more detailed carbon metrics in the model. While more information is definitely a 

plus in promoting efficiency in the market, it will initially be very challenging to capture carbon relevant 

information in a useful and accurate way. 

The SmartWay program serves as a useful case study for the successful implementation of voluntary 

public private partnerships to meet societal goals. Policymakers both in the U.S. and around the world 

can definitely learn valuable lessons on how the structuring of a voluntary program with the right 

market incentives can help to stimulate an industry and reduce inefficiencies. It is important to take a 

systemic approach towards the design of such programs and to establish communication and feedback 

channels with key stakeholders to better understand their mental models.      
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SmartWay Model Documentation 

Concept/Variable Comment Model 

Time Step Month Endogenous 

Shipper stocks and flows Shippers are companies that have freight which requires 

hauling. This model considers the 2000 largest companies 

that need freight services. Shipper companies fall into 

one of five discrete categories (initialization values): 

Shippers Unaware (1993), Shippers Aware (0), Shippers 

Contacts (0), Shippers Partners (7) and Shippers Excellent 

(0). Unaware companies are those that do not know 

about the program. Aware companies are familiar with 

the program. Contact companies have initiated contact 

with the program staff and are registered on the 

program’s database but have not made a commitment to 

join or fulfilled the program requirements. Partner 

companies are officially in the program and the stock is 

initialized based on the number of charter partners. 

Excellent companies have achieved a state of excellence 

in the program. For shippers this refers to having a 

majority of their goods hauled by carriers in the program. 

Carriers who achieve excellence are those who have 

implemented technology strategies into their fleet.  

Endogenous 

Carrier stocks and flows Carrier companies own and operate trucking fleets. For 

purposes of the model, they are divided into large and 

small companies. Large companies refer to the 300 

companies owning the largest trucking fleets in the 

nation. The total number of combination trucks 

registered in 2004 was 2.01 million with the largest 

companies estimated to own about 19% of the trucks. 

This gives an average number of trucks per large 

carrier/small carrier of (1273, 70). Number of small 

carriers is based on American Trucking Trends estimate of 

4.2% of the 564,699 registered carriers having fleet sizes 

> 20. They are further sub-divided into one of the same 

five discrete categories (initialization values: small, large): 

Carriers Unaware (23417, 292), Carriers Aware (0, 0), 

Carriers Contacts (0, 0), Carriers Partners (0, 8) and 

Carriers Excellent (0, 0).  

Endogenous 

Small Carriers Awareness 

Rate 

Awareness rate is modeled after the Bass diffusion model 

used often in the adoption of new products. The 

probability that a potential carrier will learn about the 

program is a result of exposure to advertising and from 

word of mouth. The awareness from advertising is the 

product of the stock of unaware carriers and the 

advertising effectiveness (0.0008). The awareness from 

word of mouth follows the logistic model and is the 

product of the stock of small carriers unaware, the word 

Endogenous 
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of mouth effectiveness (0.22), the small /large/shippers to 

small carriers interactions (0.05, 0.25, 0.7) and the small 

carriers/large carriers/shippers partnership ratio.  

Large Carriers Awareness 

Rate  

Similar to small carriers awareness rate. The 

small/large/shippers to large carriers interactions are (0, 

0.25, 0.75).  

Endogenous 

Shippers Awareness Rate Similar to small carriers awareness rate. The 

small/large/shippers to shippers interactions are (0, 0.2, 

0.8). Shippers are more difficult to recruit and initial 

recruitment raises awareness about the program before a 

second round of recruitment leads to them initiating 

contact. This additive effect is modeled by the product of 

the stock of shippers unaware and the shippers 

recruitment effectiveness (0.0045).  

Endogenous 

Small Carriers Recruitment 

Rate 

Small carriers are recruited into the program by shippers 

they work with and flow into the small carriers contacts 

stock. This flow is estimated based on the product of the 

number of shippers partners, the small carriers per 

shipper (25), the small carriers unaware ratio, the 

shippers recruitment effectiveness (0.12) divided by the 

shippers excellence delay (12).  

Endogenous 

Large Carriers Recruitment 

Rate 

Large carriers are similarly recruited by shippers with the 

large carriers per shipper being (4). In addition, large 

carriers are also recruited directly by program staff. This 

additive effect is the product of the stock of large carriers 

unaware and the large carrier recruitment effectiveness 

(0.0028). 

 

Carrier contact rate – small 

/large 

The carrier contact rate is due to additive effects of direct 

recruitment by shippers and the product of the 

small/large carriers contact ratio and the stock of 

small/large carriers aware divided by the decision delay 

(3). The carriers contact ratio is affected by multiplicative 

non-linear effects of program services provided by the 

program, company’s concern about the environment, and 

the current partnership cost. In addition, the large 

carriers contact ratio is affected by partnership dilution. 

The default contact ratio is (0.005).  

Endogenous 

Shippers contact rate The contact rate for shippers is similar to that for large 

carriers but with additional non-linear effects due to 

consumer awareness about the program and additive 

effects of direct recruitment by the program. 

Endogenous 
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Effect of Program Services 

on Contact 

The greater the number of program services provided, 

the higher the value the program has for companies (non-

linear). Increasing the number of program services 

provided however also increases the maintenance time 

per partner as well. 

 

 

 

 

 

 

 

 

Endogenous 

Effect of Environmental 

Concern on Contact 

The greater the concern companies have about the 

environment, the greater their interest in the program 

(non-linear). The default small/large carriers/shippers 

concern about the environment are (0.2, 0.5, 0.7) 

 

 

 

 

 

 

 

 

Exogenous 

Effect of Partnership Costs 

on Contact 

The greater the costs of partnership for the companies, 

the less interested they are in joining the program. These 

costs are mostly in terms of man-hours and are reduced 

by staff assistance (non-linear). 

 

 

 

 

 

 

 

 

 

Endogenous 

Effect of Service Level on 

Partnership Cost 

The lower the service level, the greater companies have 

to rely on their own resources to fulfill the partnership 

requirements and the higher the resulting costs on 

joining the partnership (non-linear). The default 

partnership cost is (40). 
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Effect of Partnership 

Dilution on Contact 

Brand dilution is potentially of significance especially to 

large carriers and shippers. As more companies join the 

program, the marketing appeal associated with being a 

leader in the field declines (non-linear). 

 

 

 

 

 

 

 

 

Endogenous 

Consumer Awareness Stocks These stocks reflect the proportion of consumers that are 

aware about the program. Consumer awareness is 

affected by program advertising and marketing by 

shippers to consumers. Awareness due to marketing by 

shippers is the product of the shippers to consumer 

interactions (0.01) and the shippers partnership ratio.   

Endogenous 

Effect of Consumer 

Awareness on Contact 

As more consumers become aware of the program, it 

becomes more attractive for shippers to enroll in it (non-

linear). 

 

 

 

 

 

 

 

 

 

Endogenous 

Staff Utilization This is the ratio of the total time needed for partners and 

the staff available time. The unit used is hours/week. The 

total time needed for partners in the program is the sum 

of the time needed for partner enrollment and the time 

needed for partner maintenance. The staff available time 

is the product of the stock of operations staff and the 

working hours per staff (40). 

Endogenous 

Time Needed for Partner 

Enrollment 

The time needed for partner enrollment is the product of 

the small/large carriers/shippers contacts and the current 

Endogenous 
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enrollment time per partner. The enrollment time per 

partner is the product of the service level and the ideal 

enrollment time per partner (1). 

Time needed for Partner 

Maintenance  

The time needed for partner maintenance is the product 

of the total partners and the maintenance time per 

partner. The maintenance time per partner is the product 

of the service level and the ideal maintenance time per 

partner which is the product of the average maintenance 

time per service (0.15) and the number of program 

services provided (3).  

Endogenous 

Service Level The current service level offered by the program. This 

reflects the amount of time the staff can provide for 

program services over the ideal time required. The 

service level has an adjustment delay (6) and is goal 

seeking towards the target service level. The resulting 

effect is that the program hires as many staff as needed 

to maintain service levels until a maximum number of 

staff is reached and the service level declines after that. 

Endogenous 

Effect of Maximum Service 

Level on Target Service Level 

The target service level depends on the maximum 

potential service level provided by the program. This is 

modeled using a fuzzy maximum relationship. The 

program aims to provide as high a service level as 

possible kept below 150% (non-linear). 

 

 

 

 

 

 

 

 

 

Endogenous 

Maximum Service Level The maximum service level looks at the service level 

provided at the current staff utilization and determines 

what the service level could be provided at a maximum 

operations staff level (9). 

Endogenous 

Operations Staff The current number of staff operating in the program. 

Initialized at 1. The hiring rate is goal seeking to set the 

number of staff so that staff utilization is closest to that 

of ideal staff utilization (1). The hiring rate has a hiring 

delay (2) and is bounded by the minimum and maximum 

operations staff (1, 9). 

Endogenous 

Partnership Rate The partnership rate is a modeled using a first order 

enrollment delay. The default partnership ratio is (0.3) 

based on program data of contacts that eventually enroll 

and is affected by non-linear effects of service level. 

Endogenous 

Effect of Service Level on The lower the service level, the less attracted companies Endogenous 

Maximum Service Level 0 

1.5 

1 
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Partnership are in joining the partnership. This is modeled close to 

linearly in the middle regions and flattening out at the 

low and high ends (non-linear). 

 

 

 

 

 

 

 

 

Enrollment Delay The enrollment delay is inversely proportional to the 

service level. The default enrollment delay is (1).  

Endogenous 

Dropout Rate The dropout rate of the program is the product of the 

stock of partners and the dropout ratio. The default 

dropout rates for small/large carriers and shippers are 

(0.005, 0.001, 0.001).  

Endogenous 

Effect of Service Level on 

Dropout Ratio 

As the service level decreases, companies are more likely 

to dropout as their needs in the program are not being 

met (non-linear). 

 

 

  

 

 

 

 

 

Endogenous 

Carriers Excellence Rate – 

Small/Large 

The carriers excellence rate is the product of the carriers 

implementation ratio and the stock of carriers partners 

divided by the implementation delay (6). The carrier 

implementation ratio is affected by multiplicative effects 

of payback time, the capital loans interest rate and the 

trucks upgraded ratio. The default implementation ratio 

is (0.01).   

Endogenous 

Shippers Excellence Rate The shippers excellence rate is the product of the shipper 

recruitment effectiveness (0.1), the stock of shippers 

partners divided by the excellence delay (12).  

Endogenous 

Effect of Payback Time on 

Implementation 

The higher the ratio of the current payback time to the 

desired payback time (3), the less likely carriers are going 

to make the capital investments to implement efficiency 

technologies (non-linear). 
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Effect of Interest Rate on 

Implementation 

The higher the ratio of the current capital loans interest 

rate to the desired interest rate (0.05), the less likely 

carriers are going to make the capital investments to 

implement efficiency technologies (non-linear). 

 

 

 

 

 

 

 

 

Exogenous 

Effects of Trucks Upgraded 

Ratio on Implementation 

The higher the ratio of trucks in the program that have 

implemented efficiency technologies, the greater the 

confidence that companies have on the realistic payback 

times of the investments (non-linear). 

 

 

 

 

 

 

 

 

Endogenous 

Effects of Trucks  Upgraded 

Ratio on Technology 

Validation 

The higher the ratio of trucks in the program that have 

implemented efficiency technologies, the shorter the 

time that new technologies take to get validated. The 

default technology validation time is (5). This is modeled 

is exponentially decreasing. 

 

 

 

 

 

 

 

 

 

Endogenous 

Efficiency Improvements Data showing the potential improvements in truck Exogenous 
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over Time efficiency technology up till 2015. Based on report by 

ACEE. 

 

 

 

 

 

 

 

 

Payback Time Calculated by the cost of strategies divided by the savings 

from fuel efficiency. Cost of strategies is the product of 

the best available technology efficiency at that point in 

time multiplied by the cost efficiency of strategies 

($372/%). The savings from fuel efficiency is calculated 

based on gallons saved per truck at the more efficient 

mpg compared to the baseline mpg (6.0). Fuel prices are 

modeled using historical data from EIA up till 2008 and 

are exponentially smoothed over a 6 month period. 

Exogenous 

CO2 Saved per Truck This is the amount of CO2 a truck using the current 

industry best available technology will save in a year. It is 

the product of gallons saved per truck and kg-CO2 per 

gallon (10.1). 

Exogenous 

CO2 Emissions Saved Off 

Baseline 

The total CO2 saved compared to if all trucks were still 

operating at baseline mpg. Takes into account trucks in 

the partnership from carriers that have achieved 

excellence. Based on trucks per large/small carrier as 

(1273, 70).  

Exogenous 
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