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Motivation:
Develop infrastructure necessary to support alternative, cleaner fuels:

What is technology diffusion?

Contact: glade@econ.rutgers.edu

Characterize  technological development in three key stages:
1. Invention – Development of new ideas; 
2. Innovation – Commercialization of new ideas into business models for 

deployment;
3. Diffusion – Adoption of new technologies by the population and/or firms.

I study the diffusion of E85 fueling pumps by gasoline stations in the US:

• Characterized by large, upfront costs, which could lead to firms adopting 
slowly.  

• After adoption the process typically follows a logistic, S-shape as firms 
quickly adopt until the market is satiated.  

• Network effects exist if the presence of more firms in a market induce other 
firms to enter the market who otherwise would not.  

• In E85 station context, network effect exists if states with more E85 stations 
experience higher growth rates in E85 stations, holding all else equal.     

• Reasons for network effects: Firms and customers become more aware of 
E85; Informational effects as station owners are more aware of incentive 
programs available.

Figure 5: Number of E85 stations in the US 
from 1992-2009 from Lade (2011).  

Figure 4: Example of previous study on  
diffusion of hybrid corn from Griliches
(1957).  

Why would gas stations invest in an E85 terminal?
Theoretical Model: 

Firms maximize the present  discounted value of the sum of stream of future 
revenues by choosing when to invest in an E85 terminal, mathematically:

Result: Firms invest in E85 fueling infrastructure whenever the gain in revenue 
from being able to sell E85 fuel is greater than the fixed cost of installation, net 
of any subsidy and given the discount rate. 

Estimating policy effects:

Conclusions:
•At the state level, grant programs have on average been more effective in 
promoting the diffusion of alternative fuel infrastructure than tax credits.  
•Important to consider network effects when modeling policy impacts on the 
diffusion of new technologies.

Possible future extensions:
•Access firm-level data, allowing for more precise estimates of gas station 
owners’ investment decisions in alternative fuel infrastructure;
• Estimate impact of oil shocks on the diffusion of E85 stations.

Figure 1: Oil refinery. [Image 
courtesy of Cosmos magazine.]

Figure 2: Cellulosic ethanol plant.  
[Image courtesy of Cargill.]

Figure 3: Propel E85 fueling 
station in California.  [Image 
courtesy of Propel fuels.]
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Estimating network effects:

Figure 6: E85 stations and policies in the US 
from Lade (2011). 

(Note: Orange dots represent E85 compatible 
stations; Blue states are states with grant 
programs; Yellow states are states with tax 
credits; Green states are states with both 
programs.) 

Measure the importance of networks by estimating:

where all variables are the same as before, with the exception of including a 
lagged value of E85 stations on the right hand side of the equation.

Using the estimates from the equation above, I am able to project the growth of 
E85 stations in a representative state:

Figure 7: Projected E85 stations (from Lade (2011) ***)

Our IGERT:
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•Biomass feedstock development and optimization;
•Fuels/energy processing and conversion 
technologies;
•Land use, sustainability, environmental impact;
•Fuels deployment logistics, economics, policy.

Renewable and Sustainable Fuel Solutions 
for the 21st Century
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Conclusions & future work:

***Note:  All variables, with the exception of lagged E85 stations and the policy variables, 
were set to their mean US values and held constant through all time periods.   As such, the 
estimates isolate the effects of the grant program and state tax credit and the network effect.  

Measure effect of state tax credits and grant programs by estimating:

Findings:
i. State grant programs, on average, are associated with approximately a 

100% increase in the number of E85 compatible stations in each state;
ii. State tax credits have, on average, have no statistically significant effect on 

E85 stations;
iii. Federal tax credit, on average, has a strong and significant effect on E85 

stations. 
Explanations for difference between grants and state credits:
i. Salience– Station owners are more aware of grant programs and federal tax 

credits than they are of state tax credits;
ii. High discount rates – Station owners prefer immediate grants over taking 

tax credits over a number of years.
**Note: Control variables include: gas stations, corn production, population, vehicle miles
traveled, flex fuel vehicles, as well as the prices of various fuels
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My research:
i. Develops a theoretical model of technology diffusion;
ii. Uses a unique data set to estimate the effectiveness of alternative 

government incentive programs;  
iii. Estimates network effects in gas station owner investment decisions in E85 

fueling terminals.  1
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