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Abstract 

Wholesale suppliers at fuel terminals blend gasoline with ethanol to create finished gasoline. Under the 
US Renewable Fuel Standard (RFS), this blending activity is subsidized through a renewable fuel credit, 
known as a RIN. We estimate whether these suppliers, known as rack sellers, pass through the value of 
RINS.  We find complete pass through in some locations and settings and not others. We argue that the 
incomplete pass-through we find stems from lack of salience about how the subsidy affects rack margins. 
If rack sellers have price-setting power in the RIN market, which is plausible, then the incomplete pass 
through we find creates an incentive for them to drive up RIN prices thereby raising compliance costs.  
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1. Introduction 

Multiple policies use tradable credits to achieve environmental objectives, including California’s Low 

Carbon Fuel Standard (LCFS) program, cap and trade programs such as the Clean Air Interstate Rule (CAIR) 

for NOX and SO2, and the California-Ontario-Québec program for greenhouse gas emissions. These 

programs require firms at a particular point in the supply chain to submit credits to the regulator to 

demonstrate compliance with the policy. The obligated party is not always a firm that emits pollution (e.g. 

coal-fired electricity plant) or a firm that produces a polluting product (e.g. coal mine) but may be a firm 

at a point in the supply chain where it is easier to monitor compliance. The effectiveness of a credit trading 

program hinges on efficient credit trading markets. A signal of market inefficiency is that credit prices are 

not passed through the supply chain, which can occur if firms have market power (e.g. Borenstein et al. 

2014; Fowlie, Reguant and Ryan 2016) or in the presence of other market imperfections.  

We study the Renewable Fuel Standard (RFS), which is one of the largest tradable credit programs 

in the United States. The RFS requires that increasing amounts of biofuel – mostly ethanol made from 

corn and biodiesel made from vegetable oils – be blended into the transportation fuel supply each year. 

The policy is implemented by the Environmental Protection Agency (EPA) using a system of tradable 

credits known as Renewable Identification Numbers (RINs).  In contrast to a cap and trade program, in 

which the regulator issues credits, biofuel firms create RINs by producing biofuel. The act of blending a 

gallon of biofuel into gasoline or diesel “separates” a RIN from the fuel, after which it can be sold to 

obligated parties that need RINs to demonstrate RFS compliance. The revenue from selling RINs is a 

subsidy received by the blender. 

We estimate the extent to which the RIN subsidy is passed through to gasoline prices at fuel 

terminals in 57 cities. We use firm-level daily data from January 2012 through May 2016 for a total of 

6,753,219 observations on daily wholesale (rack) prices. Our sample includes the period in early 2013 

when the corn-ethanol component of the RFS transitioned from non-binding to binding, which enables us 

to study how the markets adapted to a new credit trading scheme. In the last half of our sample corn-

ethanol RIN prices fluctuated primarily based on EPA announcements about future expected stringency 

of the RFS (Lade, Lin and Smith 2018), which provides insights into the effects of policy shocks. For much 

of the period since the end of our sample, corn-ethanol RIN prices have again been close to zero because 

EPA has issued exemptions from compliance to multiple obligated parties, which has essentially made the 

mandate non-binding in aggregate. 

Rack markets present an ideal setting to study pass through because variation in marginal cost is 

observable, which enables us to estimate profit margins accurately. Moreover, we have substantial spatial 
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variation because the chemical properties of ethanol prevent the blended fuel from re-entering the 

pipeline, so the gasoline market is local at a fuel terminal. We focus on corn ethanol, which makes up 

most biofuel, and on E10 gasoline, which makes up more than 99 percent of gasoline sales. E10 contains 

90% petroleum gasoline and 10% ethanol. We find substantial heterogeneity over space in the pass 

through of the RIN subsidy to the wholesale price of blended gasoline, with essentially complete pass-

through at terminals in the Gulf and Midwest, and less than complete pass-through in the East.  

Our findings cannot be explained by standard models of market power. We conclude that pass 

through is higher when the relevance of RINs for wholesale margins was more salient to market 

participants. For fuel buyers, salience means that they understand the value of the RIN subsidy to blenders 

and that they can observe the marginal costs of fuel sellers and therefore know whether the RIN subsidy 

is being pass through. For sellers, salience means that they understand that a higher RIN price means that 

they can offer a lower rack price without losing profit. Consistent with this interpretation, we find pass 

through is lower (i) when RIN prices first increased than later after market participants had time to learn, 

(ii) for branded fuel, which is less competitive than unbranded fuel, (iii) in cities away from the Midwest 

where ethanol is less available, and (iv) in cities with idiosyncratic fuel standards and volatile wholesale 

margins that obscure the marginal cost of fuel.  

Incomplete pass through of the RIN subsidy creates an incentive for blenders to increase the RIN 

price and thereby raise RFS compliance costs. RIN prices increased markedly in early 2013 and remained 

high for several years, generating acrimonious political debate. The RIN price jump occurred when the RFS 

ethanol mandate could no longer be met by E10 gasoline, but instead required increased sales of either 

specialty gasoline with high ethanol content (E15 or E85) or biodiesel.  The industry chose biodiesel. 

During our sample period, high-ethanol-blend fuels made up less than 0.1% of gasoline sold. Many 

stakeholders in the motor fuel industry have argued that the lack of expansion of E15 and E85 reflected 

anti-competitive behavior by blenders and terminal owners. Other parties argue that the required 

infrastructure to expand sales of these fuels is prohibitively expensive. Although we cannot ascertain 

which explanation for the slow penetration of E15 and E85, our results imply that if blenders did have 

power in the RIN market, then had a strong incentive to exploit that power to drive up in RIN prices. 

Oil refiners and fuel importers are the obligated parties in the RFS. They must acquire a specified 

number of RINs per gallon of petroleum they sell domestically. The cost of obtaining RINs is a tax on 

refiners and importers. Knittel, Meiselman and Stock (2016, 2017) study pass through of the RIN tax and 

find evidence that refiners fully pass it through, indicating that the RIN system at that stage of the supply 
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chain works as designed.2 Lade and Bushnell (2018) and Li and Stock (2018) study RIN pass-through to 

retail prices of E85 in Minnesota (Li and Stock) and in Minnesota, Iowa, and Illinois (Lade and Bushnell). 

Both studies find complete pass through in urban areas where there is competition for high-ethanol 

gasoline blends. However, in areas where there is less competition at retail for high-ethanol gasoline 

blends, Lade and Bushnell (2018) and Li and Stock (2018) find an incomplete RIN pass through. Because 

most consumers live in urban areas, where there is a high degree of pass-through, their results show that, 

for the three Midwestern states they study, that the RIN market works as designed. We confirm this 

finding for this region. 

We begin by providing background information about the gasoline and ethanol markets in Section 

2. We then describe our data in Section 3, and we show empirical evidence about the pass-through of RIN 

prices at the rack in Section 4. In Section 5, we investigate potential explanations for our results. 

 

2. Policy and Market Background 

In this section, we describe the RFS, the RIN system, and the fuel terminal market. In the interest of space, 

we only provide an overview of the basic working of the system sufficient to understand our empirical 

approach. 

 

2.1. Renewable Fuel Standard 

The RFS was first enacted in the 2005 Energy Policy Act. It was revised and expanded to its current form 

as part of the Energy Independence and Security Act of 2007. The RFS specifies minimum volumes of 

renewable fuel to be used each year in US motor fuel. The required volumes started out relatively modest 

at 4 billion gallons (bgal) in 2006, increasing to 36 bgal in 2022. For comparison, the United States used 

143 bgal of gasoline and 58 bgal of diesel in 2017. 

 Reducing greenhouse gas emissions was a major goal of the RFS, along with enhancing incomes 

in rural America and increasing energy independence. The statute specifies volumes for four different 

categories of biofuel, which differ by their estimated reductions in lifecycle greenhouse gas emissions 

relative to gasoline and diesel. The categories are:  (i) cellulosic biofuel, which can be produced from wood, 

grasses, or the inedible parts of plants and must generate a 60 percent reduction in emissions to qualify 

under the program; (ii) biomass-based diesel, typically produced from oilseeds such as soybeans or canola, 

                                                           
2 Knittel, Meiselman and Stock (2017) also examine pass-through from bulk wholesale prices to prices at terminals, 
however their data set includes only 12 terminals, only has monthly data, and only examines pass-through to E85, 
not to E10. 
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tallow or used cooking oil; (iii) other advanced biofuel that, along with biodiesel, must generate 50 percent 

emissions reductions; and (iv) conventional biofuel, which is mostly corn ethanol, and must generate at 

least 20 percent emissions reductions. Initially, most of the mandated volume was to come from 

conventional biofuel, which was to reach a cap at 15 bgal in 2015, after which volumes of cellulosic and 

other advanced biofuels were specified to grow quickly. 

 The EPA administers the program and has relatively broad discretion to reduce the mandates 

below statutory levels each year.  This discretion has proven useful as the RFS has run into two barriers. 

First, despite extensive research and development, the industry has been unable to produce much 

cellulosic biofuel. As a result, the EPA has reduced the annual cellulosic mandates to almost zero each 

year to date. Second, regular gasoline cannot contain more than 10 percent ethanol, yet the statutory 

volumes exceed this level. Increasing ethanol use beyond this barrier, referred to as the blend wall, 

requires increasing sales of a high-ethanol blend of gasoline known as E85, which contains up to 85% 

ethanol.  E85 can only be used in flex-fuel cars and requires fuel station owners to install dedicated fuel 

pumps. A small number of stations also sell E15, which can be used in any car built since 2001, but it does 

not meet air quality standards for summer gasoline in many areas and it requires additional infrastructure 

at terminals and gas stations.3 E15 and E85 make up less than one percent of gasoline sales.  

Rather than increasing ethanol use beyond the blend wall, firms have blended additional biodiesel 

to meet the RFS mandate. Biodiesel is significantly more expensive than petroleum diesel, but does not 

face any relevant blend restrictions. This trend appears likely to continue. Pouliot and Babcock (2016) 

show that, while feasible, meeting statutory mandates in the presence of the blend wall may come at a 

considerable cost, particularly to motorists. Korting, de Gorter and Just (2018) argue the cost of increasing 

biofuel mandates particularly falls on diesel fuel consumers. In short, the marginal cost of increasing 

ethanol use beyond the blend wall is high.  

 Figure 1 plots, for each of the four biofuel categories, both the statutory volumes (darker colors) 

and the final volumes set by EPA (lighter colors). We note several features of the volumes. First, the 

shortfall in cellulosic production is readily apparent. Second, the vast majority of biofuels are corn ethanol. 

Third, corn ethanol has reached the statutory volumes in all but 3 years (2014-16), which is the period 

when EPA first grappled with the blend wall (Lade, Lin Lawell, and Smith, 2018). Even in those years, the 

final volumes approached the statute. Finally, mandated biodiesel volumes have increased significantly to 

                                                           
3 In October 2018, the Trump Administration directed the EPA to begin a rulemaking process to allow the sale of E15 
year-round.  
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fill most of the advanced biofuel obligation. Much of this biodiesel is consumed in California, where it also 

receives favorable treatment under the state’s Low Carbon Fuel Standard. 

 

2.2. Renewable Identification Numbers (RINs) 

The EPA administers the RFS through a system of tradable credits, known as Renewable Identification 

Numbers (RINs). Figure 2 characterizes the compliance mechanism and industry structure. Oil refiners 

produce gasoline and diesel, which moves through pipelines to fuel terminals in each city. There, gasoline 

is blended with ethanol, and diesel with biodiesel, to produce the final fuel for sale to consumers. Every 

domestically blended gallon of biofuel produces a RIN. Each RIN is encoded with the category of biofuel it 

represents, i.e., cellulosic, biodiesel, other advanced biofuel and corn ethanol. Oil refiners must submit to 

the EPA a certain number of RINs for each gallon of petroleum fuel they sell. For example, in 2018, they 

must turn in 0.1067 RINs for each gallon of gasoline or diesel they sell. These RINs must include at least 

0.0237 advanced biofuel (D5) RINs. In turn, the advanced RINs must include at least 0.0174 biodiesel (D4) 

RINs and at least 0.0016 cellulosic (D3 or D7) RINs. The remaining quantity of RINs (0.0814=0.1067-0.0237-

0.0016) can be met using any type of biofuel but is mostly met using corn ethanol (D6) RINs.4 

For an oil refiner to comply with the RFS, it needs to obtain RINs from a downstream blender. 

Some oil companies own blending operations, so they do not necessarily have to buy RINs from another 

firm. However, there are enough obligated parties without blending operations to ensure that there is a 

robust market for RINs. The extra cost of using biofuel in place of petroleum determines the price of RINs.  

To the blender, RIN effectively reduces the net cost of using biofuel, compensating for the higher price of 

biofuel or its lower value to consumers relative petroleum fuel or compensating for the higher cost of 

handling biofuel relative to petroleum fuel. Hence, RINs serve two roles: 1) they provide a means of 

complying with the RFS; and 2) they in effect tax petroleum fuels to provide a subsidy to renewable fuels. 

In an efficient RIN market, prices reflect all public information about both current and expected 

future marginal costs of compliance. Future compliance costs affect current RIN prices because EPA 

                                                           
4 This description glosses over numerous details. Formally, a RIN is “generated” when biofuel is produced 
domestically by an ethanol or biodiesel plant or is imported into the United States, but it remains “attached” to the 
biofuel until it is blended with petroleum, at which time the RIN is “separated” and can be sold independently of the 
fuel. The biomass-based diesel category includes more than just biodiesel; it also encompasses renewable diesel, 
which is produced from biomass using a production process that gives it an identical chemical composition to fossil 
diesel. Biofuels other than corn ethanol can generate D6 RINs if they do not produce sufficient estimated greenhouse 
gas emissions reductions to qualify under the other categories. In 2016, about 97% of D6 RINs generated were corn 
ethanol. A gallon of biodiesel generates 1.5 RINs and a gallon of renewable diesel generates 1.7 RINs because those 
fuels have higher energy density than ethanol. Biogas can generate cellulosic RINs if used for transportation. In 
addition to refiners, importers of gasoline and diesel are obligated parties. 
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enforces RFS compliance annually, which means that RINs may be traded for months before they are 

submitted to EPA at the end of the year. Moreover, RINs generated in one year may be banked for 

compliance the next year; up to 20 percent of the annual obligation may be met by prior-year RINs. 

Consistent with an efficient market, Lade, Lin Lawell and Smith (2018) show that RIN prices follow a 

random walk and respond quickly when EPA announcements change expectations about future mandated 

volumes. 

When the supply chain is perfectly competitive, the RIN compliance mechanism minimizes the 

cost of RFS compliance. To see this, suppose EPA increases an already-binding ethanol mandate. This 

increase widens the gap between the marginal cost of producing ethanol and the fuel value of ethanol in 

finished gasoline. Because the price of RINs bridges this gap, RIN prices increase. The lower value of 

ethanol going into blending fuels lowers the per-gallon cost of producing E85 much more than E10 

because E85 contains more ethanol. This unequal impact creates an incentive for blenders to produce and 

market greater quantities of E85 which, in turn, facilitates compliance with the increased ethanol 

mandate. The higher RIN price also results in a higher tax on gasoline. In a perfectly competitive market, 

the higher gasoline tax propagates through the system so that in equilibrium part of the tax is paid by 

refineries, and part is paid by blenders and consumers through higher gasoline prices. The tax incidence 

depends on the relevant elasticities of demand and supply (Pouliot and Babcock 2016).  

 

2.3. Terminal Market Background 

The gasoline distribution system was set up in the 20th century to minimize the cost of bringing gasoline 

from refiners to consumers. It uses an extensive pipeline system that transports gasoline from refineries 

to terminals in population centers. Trucks deliver gasoline from terminals to retail outlets. When ethanol 

use expanded in the mid 2000’s, the motor fuel sector adapted to account for specific properties of 

ethanol such as its corrosiveness and its solubility in water, both of which prevent transportation of 

ethanol through existing pipelines. Instead of moving through pipelines, ethanol is transported to 

terminals either by rail or by truck. Terminals installed new ethanol tanks and rack outlets to receive 

ethanol and facilitate blending with gasoline. Currently, about 98% of non-diesel motor fuel contains 10% 

ethanol, which demonstrates the extent to which required blending infrastructure has been installed.  

Bulk markets are in areas of the country where fuel companies trade large quantities of motor fuel 

and where market prices are determined. There are six recognized bulk markets: 1) the Gulf (Texas), 2) 

New York Harbor, 3) Chicago, 4) Group 3 (Great Plains states), 5) West Coast, and 6) Pacific Northwest. 

Gasoline prices at other locations are typically quoted in terms of a basis relative to a reference bulk 
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market price. Prices for ethanol are set in the same manner. The reference price can be at any bulk market 

agreed upon by sellers and buyers of fuel. It is most common to use the bulk market that is closest to the 

location where the transaction takes place. 

 From the bulk markets, gasoline flows to distribution terminals by pipeline, water, rail or trucks. 

Ethanol plants often ship directly to distribution terminals although in some cases they deliver ethanol to 

major terminals from where it is re-distributed to regional terminals. Each terminal has a rack, at which 

one or more suppliers, also known as rack sellers, post prices for fuel. Rack sellers acquire bulk gasoline 

and ethanol, blend them, and then sell the finished product to retailers. Fuel retailers may also buy bulk 

fuel above the rack and use a terminal’s facilities to blend a finished product. Such firms do not post rack 

prices because they do not sell fuel at the rack.   

We refer to terminals that lease capacity to any rack seller or retailer as open terminals and their 

counterpart that do not provide open access to their facilities as closed terminals. Major oil companies 

often own these terminals, and include terminals owned by a refiner at a refinery gate. At an open 

terminal, a rack seller or retail chain may lease space in ethanol and gasoline tanks so that it can buy fuel 

in bulk. Having their own supply of bulk fuel gives retail chains an option to use their own ethanol if the 

prices offered at the rack by sellers are too high. The ability to arbitrage price differences suggests that 

ethanol and gasoline prices at open terminals should be more competitive than prices at terminals that 

do not.5  

The cost of handling ethanol at these terminals typically ranges from 3.5 to 4 cents per gallon. 

This cost is significantly higher than the 0.8 to 1 cent per gallon for petroleum gasoline blendstock. In some 

pipeline systems, the higher cost reflects the fact that ethanol replaces petroleum gasoline at these 

terminals, and the terminal owner typically charges 3 cents for gasoline delivered via its pipeline. In other 

systems, the higher cost reflects recovery of the cost of installing ethanol infrastructure at the terminal. 

Overall, a 3 cents higher cost for handling ethanol seems to be an accepted practice at distribution 

terminals.6 

Rack prices refer to fuel prices “over the rack” delivered into a truck. At an open terminal, each 

company posts prices for products available at a rack and fuel buyer can choose between all the fuels 

available. A buyer can choose to purchase E10, in which case the terminal is the blender. In some mid-

                                                           
5 This statement assumes that the rack sellers and retail chains would be able to access pipeline space to get bulk 
gasoline to the terminal.   
6 We obtained this information from discussions with executives at a major ethanol producer and a fuel retail 
chain. 
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continent markets, a buyer can choose to purchase E0 and E100 and splash blend these fuels to make E10. 

In that case, the buyer becomes the fuel blender, although splash blending to make E10 is not common.  

Ethanol plants have options about where to sell their ethanol. Plants typically hire brokers firms 

to market their ethanol for them. Ethanol shipped over long distances travels by train, sometimes in unit 

trains of 100 cars. Truck transportation also occurs for shorter-hauls.  We expect the market for ethanol 

to be competitive throughout the country because there are many ethanol plants and many ethanol 

buyers throughout the United States. Ethanol prices tend to be higher outside of the Midwest because of 

the higher transportation costs.  

 

3. Data description 

We use data for prices at the rack to estimate the pass-through of RIN price into the price of gasoline 

blends. We only consider the pass-through for the price of D6 RINs, which is the type of RINs for ethanol 

made from corn. Virtually all ethanol blended with gasoline is from corn ethanol as U.S. production of 

cellulosic ethanol is marginal and imports of sugar can ethanol from Brazil have been small in recent years. 

 

3.1. Fuel price data 

We use OPIS data on 6,753,219 daily rack prices at distribution terminals for 57 cities.  We selected cities 

for the dataset with three objectives. First, to cover the most important gasoline markets, we desired a 

broad geographic distribution of major cities. Second, to study markets that have high-ethanol-blend 

fuels, we included populous cities with multiple parties actively posting prices for such fuels. Third, to 

obtain comprehensive coverage in a particular region, we included all terminals in the states of Iowa, 

Illinois, and Minnesota as well as two border cities in neighboring states, Sioux Falls, SD and Omaha, NE. 

Thus, the cities in our dataset enter under three scopes: Scope 1: 10 large cities; Scope 2: E85 cities; Scope 

3: 3 states. Appendix Table A1 lists the cities. The data cover the period between January 1, 2012 and May 

31, 2016. The dataset includes the posted price of each supplier of each product at each terminal in each 

city each day. Later, in presenting some results, we sort the cities by the availability of high-blend ethanol 

fuels and by geographical area.  Appendix Table A2 lists the cities by area. 

 For the main analysis, we select the main E10 product offered in each city. The EPA requires 

reformulated gasoline (RFG) in cities with high smog levels. In such areas, the relevant E10 product is “RFG 

Ethanol 10%”. In most other cities, the relevant E10 product is denoted “Conv. Ethanol 10%” or “CBOB 

Ethanol 10%”. Exceptions are Phoenix, AZ and the California cities, which have distinct RFG products due 

to state and local regulations, and Atlanta, GA, which required low-sulfur gasoline until October 2015. 
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Appendix Table A1 lists the E10 products by city. We present results for both branded and unbranded 

gasoline. Branded fuel is sold under a trademark, typically associated with a major oil company, and often 

contains additives that are marketed to consumers. Branded gasoline can be sold at retail as unbranded 

product, but the reverse is not true. Retail fuel stations of a certain brand are constrained into purchasing 

petroleum products of that brand hence possibly facilitating the exercise of market power by branded 

blenders.  

OPIS also supplied bulk prices for gasoline blendstock and ethanol. Where appropriate, we use 

the OPIS-computed spot replacement index (SRI) as the bulk price of gasoline. OPIS computes this index 

by taking the spot price in the relevant bulk fuel market and adding the cost of transporting the fuel to 

the relevant city by pipeline and other costs such line loss due to evaporation in the line and terminaling 

and storage fees. For markets without a relevant SRI price in the dataset, we use the spot price at the 

nearest spot market. For bulk ethanol prices, we use the spot price at the relevant spot market. We assign 

ethanol spot markets to cities based on geography and discussions with industry participants. Appendix 

Table A1 lists the bulk prices we use for each city. 

 

3.2. RIN prices 

We plot in Figure 3 the prices of corn ethanol (D6) and biodiesel (D4) RINs.7 Before 2013, the corn ethanol 

RIN price was close to zero because the RFS was not a binding constraint on marginal biofuel volumes. 

The price of D6 RINs sharply increased at the beginning of 2013 and spiked in July 2013. This increase was 

caused by an increase in the required biofuel volumes beyond that which could be met by E10.  

RIN prices declined after the release of the EPA’S 2013 Final Rule in August 2013, in which the 

agency indicated a likely reduction in the required volumes in future years due to inadequate 

infrastructure to supply E85 to the market. Lade, Lin and Smith (2018) document that EPA announcements 

about future expected stringency of the RFS drive RIN prices during this period. After the August 2013 

decline two further events caused RIN price drops, an October 2013 leak of the Proposed Rule for 2014 

and the November 2013 official release of the 2014 Proposed Rule.  

In the ensuing year, there was a period of uncertainty during which the EPA did not release a rule.  

Three additional EPA announcements caused significant RIN price changes in the latter part of the sample. 

In November 2014, it delayed release of the 2014 volumes, which the market interpreted as a sign that 

                                                           
7 In 2016, these two categories made up 98.5% of RINs generated. In the remainder of the paper, we use the term 
RIN price to refer to corn ethanol RINs and only qualify the term when it is ambiguous or we are referring to other 
RIN categories.  
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the EPA was likely to push volumes beyond the blend wall causing RIN prices to increase. However, in June 

2015 it announced a Proposed Rule for 2014, 2015 and 2016 that was less aggressive than expected. RIN 

prices dropped by almost 50%. Finally, in November 2015 it published the Final Rule for 2014, 2015 and 

2016. This rule surprised markets by requiring more biofuel than expected, which caused another jump in 

corn ethanol RIN prices.  

The nesting of the RFS mandates across biofuel types is reflected in the price of RINs for each 

category. The D4 RIN can be used to replace a D6 RIN but the D6 RIN cannot be used to replace a D4 RIN. 

This means that the price of D4 RIN is greater or equal to the price of the D6 RINs. Moreover, the prices 

equal each other when firms use biodiesel (D4 RINs) as the marginal compliance fuel rather than corn 

ethanol (D6 RINs). Figure 3 shows that D4 and D6 prices were equal to each other in 2013, 2014 and 2016. 

Figure 3 delineates the three distinct RIN price periods since the beginning of 2012. The dramatic 

increase in 2013 caught fuel markets by surprise. If markets participants had been anticipating an increase 

in RIN prices, they would have been purchasing RINs prior to 2013, which would have pushed prices up 

sooner. Market observers expressed confusion about the cause of the jump in RIN prices and whether 

they were justified economically. Some speculated that financial traders were manipulating prices.8 For 

suppliers at the rack, adapting to and understanding the new reality of high RIN prices likely took some 

time. To allow for the possibility that market participants did not adapt immediately to this new market 

reality, we report pass-through regression results both for the full sample and a sample that omits the RIN 

shock period (1/1/13-8/31/13). 

 

3.3. Margin at the rack 

We calculate the margin at the rack to measure the difference between the rack price and the cost of the 

gasoline and ethanol that the blender uses as inputs. We use one-day lag of the bulk ethanol and gasoline 

blendstock prices so that the rack margin on day t is  

 ( )δ δ=k k k g k e
t t t tm p w w-1 -1- 1- - , (1) 

where the superscript 𝑘𝑘 identifies the fuel blend, 𝑝𝑝 is the price of the fuel blend and 𝑤𝑤𝑔𝑔 is the price of the 

gasoline blendstock and 𝑤𝑤𝑒𝑒 is the price of ethanol. The one-day lag captures the fact that rack prices tend 

to be set based on the previous-day price in bulk markets. For each gallon of fuel sold, the rack seller 

generates RIN revenue of 𝛿𝛿𝑘𝑘𝜌𝜌𝑡𝑡, where ρt denotes the D6 RIN price.  

                                                           
8 See http://www.nytimes.com/2013/09/15/business/wall-st-exploits-ethanol-credits-and-prices-spike.html. 

http://www.nytimes.com/2013/09/15/business/wall-st-exploits-ethanol-credits-and-prices-spike.html
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 Figure 4 plots the margin for the four largest cities in the US along with the negative of the RIN 

revenue. If rack sellers fully pass through the RIN revenue, then the margin would move one-for-one with 

the negative RIN revenue. With less than perfect pass-through, the margin would change by less than the 

amount of any changes in RIN revenue. All four cities show significant high-frequency (day-to-day) 

variation as well as shocks that persist for several months. Aside from Los Angeles, the spreads are 

typically less than 10 cents per gallon and trend downwards. This downward trend suggests at least partial 

RIN pass-through, given that the negative of the RIN revenue trended downwards as well during the same 

period (see Figure 3).  

The Los Angeles spreads were significantly affected by an explosion at the Exxon Mobil refinery in 

Torrance, CA on February 18, 2015. This event, which occurred at a refinery that accounts for 20% of 

Southern California capacity, caused an immediate increase in gasoline spreads and prices in the state, 

especially in Southern California. Los Angeles prices were as much as $1 per gallon higher than the US 

average in the ensuing months and averaged $0.70 above the US average between the explosion and the 

end of our sample. Based on historical averages and accounting for the California cap and trade program, 

Los Angeles prices should average about $0.40 more than the national average, so this event generated a 

persistent $0.30 premium.9 During this same period, as Figure 3 shows, the rack spread averaged about 

$0.15.  

The refinery restarted in May 2016, which is at the end of our sample. However, it is somewhat 

surprising that sufficient imports did not enter that state to bring the price premiums down before the 

restart. The California Energy Commission’s Petroleum Market Advisory Committee continues to 

investigate this episode in an attempt to understand why prices remained so high for so long.10 In our 

analysis, we account for this event by including a dummy variable in our regressions for the post-Torrance-

explosion observations. We include this dummy separately for San Diego, Los Angeles, and San Jose.  This 

approach may lead us to over-estimate pass-through in these cities. RIN revenue increased during this 

post-Torrance period and there may have been some mean reversion from the Torrance event. These 

concurrent trends would bias our results towards finding pass-through.  

Table 1 shows average RIN revenue and average spreads for several cuts of the data and for the 

three RIN price periods highlighted in Figure 3. Average RIN revenue was 6.9 cents/gallon higher in the 

                                                           
9 See https://energyathaas.wordpress.com/2015/09/28/why-are-californias-gasoline-prices-so-high/. 
10 See http://www.energy.ca.gov/assessments/petroleum_market/. 

https://energyathaas.wordpress.com/2015/09/28/why-are-californias-gasoline-prices-so-high/
http://www.energy.ca.gov/assessments/petroleum_market/
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RIN shock period than in 2012; it was 5c/gal higher in the high-RIN price period than in 2012. Under full 

pass-through, we expect the change in the margin to equal the negative of the change in RIN revenue.  

The entries in Table 1 are simple averages and they have no measures of precision associated with 

them. In the next section, when we present our regression results, we present rigorous estimates of pass-

through. The objective of this table is to display some descriptive characteristics of the data. The decline 

in spreads is larger for unbranded than for branded fuel, suggesting that the pass-through is more 

complete for unbranded fuel. Average margins in the West are much larger than the other regions, as was 

apparent for Los Angeles in Figure 4.  As we show in the next section, this region also has a very high 

variance, which causes our pass-through estimates to be imprecise. 

 

4. E10 RIN Pass Through  

We present several estimates of the share of RIN revenue passed through in E10. First, we estimate 

models of city-average prices that pool data across multiple cities. Next, we present estimated pass-

through for each city in Scopes 1 and 2 (see Appendix Table A1). Finally, for the four largest cities (New 

York, Los Angeles, Chicago, and Houston), we present the estimated pass-through for each rack supplier.  

 

4.1. Econometric model 

Our main regression model is 

 α β β β β ε− − − − += + + ∆ + ∆ + + ∆ +k k k k k
jt j t d t t d t d jtm R R R R0 1 1 1 1...   (2) 

where 𝑅𝑅𝑡𝑡𝑘𝑘 = −𝛿𝛿𝑘𝑘𝜌𝜌𝑡𝑡 is the negative of RIN revenue, 𝑘𝑘 is the fuel type, j is the city and −∆ = − 1
k k k
t t tR R R . This 

specification allows a RIN pass-through not to be instantaneous and possibly take several weeks. Indeed, 

there is evidence in the fuel market for the pass-through of input costs to take several weeks (Borenstein 

et al., 1997). The total pass-through of the RIN subsidy is measured as β, and the coefficients βj indicate 

the cumulative pass-through after j days. Given the definition of 𝑅𝑅𝑡𝑡𝑘𝑘, β equals one when the pass through 

is complete. We investigated additional specifications that allowed a seasonality in the spreads. These 

models produced very similar results to those reported in this section, so we proceed without including 

seasonal terms.  

 We estimate (1) by OLS. As we show in Section 3.2, most of the variation in RIN prices during our 

sample period stemmed from changes in the biofuel volumes mandated by EPA, or from changes in 

expectations about future volumes. These policy-motivated variations are exogenous to local terminal 

markets. Some variation in the RIN price originates from changes in the relative cost of producing ethanol, 

e.g., from the price of corn. Such variation is also exogenous to local terminal markets. If the RIN price 
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increases because the relative cost of producing biofuel increases, then that is a larger subsidy to blenders 

and we want to estimate whether they pass it through. 

 The regression equation in (2) imposes complete pass-through of the gasoline blendstock and 

ethanol prices to rack prices. This would bias our estimate of β if this assumption is incorrect and if input 

prices are correlated with the RIN price. Table 2 shows that the data support complete input price pass 

through by reporting results from models that do not impose it using a pooled sample of 20 large cities. 

We include one city from each of the 20 Metropolitan Statistical Areas (MSA) included in Scopes 1 and 2 

(see Appendix Table A1), and weight by MSA population. We use 10 lags in the distributed lag 

specification, but the results are very similar if we increase the number of lags to 30. We compute standard 

errors by clustering at the year-month level. As discussed in Section 3.2, the first half of 2013 was the first 

time that the markets had experienced RIN prices substantially greater than zero. To allow for the 

possibility that market participants did not adapt immediately to this new market reality, we report results 

both for the full sample and a sample that omits the RIN shock period (1/1/13-8/31/13). 

We report in the odd-numbered columns of Table 2 the long-run pass-through estimates from 

 α β γ θ β γ γ ε− − −= + + + + ∆ + ∆ + ∆ +   , , ( ) ( ) ( )k k g e k g e
jt j t d j t d j t d t jt jt jtp R w w L R L w L w   (3) 

where − −= , ,0.9g g
j t d j t dw w  and − −= , ,0.1e e

j t d j t dw w .  Alternatively, we report in the even-numbered columns 

of Table 2 results from 

 α β φ β φ ε− −= + + + ∆ + +, ( ) ( )k k k
jt j t d j t d t jt jtp R wc L R L wc   (4) 

where = +g e
jt jt jtwc w w0.9 0.1  is the wet fuel cost of E10. The estimated long-run pass-through the wet fuel 

price is not significantly different from one, whether we impose the blend ratio or not. 

 We use population weights as proxies for consumption volumes, which we do not observe. For 

the sample period that drops the RIN shock period, Table 2 shows that pooling the data and weighing 

observations according to the population yields a RIN pass-through between 0.75 and 0.80, regardless of 

whether fuel is branded or not. The pass-through is not precisely estimated as we cannot reject that it is 

not different than 1 or not different than 0.5. These results do not inform about spatial differences in the 

pass-through rate and possible causes for an imperfect pass-through. We look into these questions and 

the robustness of our results in alternative specifications of the regression model. 

Coincident trends could confound the pass through of the RIN price in equation (2). If the spread 

would have trended downwards regardless of what happened to RIN prices, then the regression in (2) 

would attribute that trend to RINs. A robust way to account for omitted trends is to estimate the model 

in first differences, i.e., to estimate 
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 k k k k k
jt j t d t t d t d jtm R R R R2 2 2

0 1 1 1 1...α β β β β ε− − − − +∆ = + ∆ + ∆ + ∆ + + ∆ + , (5) 

We report results from this specification in Appendix Table A3. The estimate pass-through coefficients are 

smaller than those our main results below, but they are estimated very imprecisely. The 95% confidence 

interval for branded fuel is [-1.06, 1.22] and the interval for unbranded fuel is [-0.54, 1.18] in the sample 

that excludes the RIN shock period. These intervals include both zero and complete pass-through, so they 

provide little information. We have no reason to believe that spreads would have trended downwards in 

the absence of the RIN trend, so we report results from levels regressions like (2) in the remainder of the 

paper. 

 

4.2. E10 RIN Pass-through: Pooled Models 

Based on the results in Table 2, we impose full pass-through of the wet fuel cost in subsequent regressions. 

Table 3 presents estimates from the regression in (2) for the same 20 large cities as in Table 2. In the full 

sample, we estimate RIN pass-through in these 20 large cities to be 0.46 for branded fuel and 0.77 for 

unbranded fuel. The estimates increase to 0.63 and 0.92 when we drop the RIN shock period, which 

implies that pass-through since September 2013 was better than it was in the first part of 2013.  Compared 

to Table 2, the unbranded estimate is slightly higher and the branded estimate is slightly lower. 

These estimates have wide confidence intervals. For branded fuel in the sample that excludes the 

RIN shock period, the 95% confidence interval is [0.24, 1.01] and for unbranded fuel it is [0.70, 1.14]. These 

intervals are wide because the RIN subsidy in E10 is relatively small; it averages $0.05/gal in the high-RIN-

price period since September 2013. The small per-gallon magnitude of this subsidy makes it impossible to 

estimate precisely the proportion that is passed through.  

 The pass-through dynamics are estimated quite imprecisely, but the point estimates suggest that 

the long-run pass-through occurs within a week. The last column of Table 3 shows that, for unbranded 

fuel, an estimated 38% of a RIN shock is passed through on the same day. The estimated cumulative pass-

through increases to 73% the next day and 87% two days later. However, the confidence interval on the 

contemporaneous pass-through is [-0.47, 1.22], followed by [0.03, 1.42] and [0.20, 1.54] in the subsequent 

two days. On branded fuel, the point estimates suggest full pass-through on the same days as a RIN price 

shock, but the standard errors on this estimate are even larger than for unbranded fuel. We continue to 

include the lag terms in subsequent regressions because they absorb the impacts of short-run RIN shocks 

and thereby enable more precise estimation of the long-run pass-through.  

 In section 2.3, we mentioned that the total cost a terminal charges to handle gasoline or ethanol 

is about of 3.5 to 4 cents per gallon. The median value of the constant (intercept) in Tables 2 and 3 is about 
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5 to 6 cents per gallon, which is slightly higher than the handling fees reported by the industry. The higher 

value is consistent with other blending costs charged to gasoline distributors.  

The Torrance dummy variables reveal that the Los Angeles spread was about 16 cents higher for 

branded fuel and 13 cents higher for unbranded fuel during the refinery outage. The San Diego premium 

was lightly smaller at 12 cents and 11 cents, and for San Jose it was 5 cents and -2 cents. If we drop Los 

Angeles and San Diego from the sample, we obtain pass-through estimates of 0.61 for branded fuel and 

0.87 for unbranded fuel in the sample that excludes the RIN shock period. Thus, the inclusion of these 

Southern California cities has little effect on our results. 

Figure 4 presents estimates of the parameter β for four different cuts of the data. Each diamond 

in the figure is an estimate of β a different regression and the vertical bars indicate 95% confidence 

intervals. Column 1 of Figure 4 shows results for the full sample and column 2 shows results for the sample 

that drops the RIN shock period. We highlight six results from these regressions. In the remainder of the 

paper, we focus on results that exclude the RIN shock period.  

 First, dropping the RIN shock period from the sample increases the pass-through estimate in all 

but one case. The single exception is the East region, which we discuss further below.  Second, in every 

case, the pass-through to unbranded fuel prices is higher than the pass-through to branded prices. This 

finding may reflect stronger competition in the unbranded market. A retail station purchasing unbranded 

fuel will shop for the lowest price, whereas a branded retail station has little choice about where to buy 

fuel. Third, average pass-through in the three states (MN, IA, IL) is close to complete for both branded and 

unbranded fuel. The point estimates are 0.90 for branded fuel and 1.02 for unbranded. These three states 

also tend to have the penetration of high-ethanol-blend fuels. For the cities in the E85 scope, estimated 

pass-through is somewhat lower, at 0.54 for branded and 0.76 for unbranded fuel. The estimated pass 

though in the 10 Cities scope is slightly higher than for the E85 Cities scope. 

Fourth, pass-through is close to one in the Gulf and Midwest regions, incomplete in the East, and 

highly uncertain in the West. Using the sample that drops the RIN shock period, the estimated pass-

through coefficients in these two regions are 0.88 and 0.86 for branded fuel and 0.89 and 0.99 for 

unbranded fuel. Estimated pass-through in the East is significantly less than one, at 0.38 and 0.50 for 

branded and unbranded fuel, respectively. The West estimates are very imprecise, due in large part to the 

highly variable margins in many Western markets. The branded pass-through estimate is 0.57, but the 

95% confidence interval ranges from -0.49 to 1.63. For unbranded fuel in the West, the confidence interval 

ranges from 0.58 to 2.06.  
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Fifth, in cities with more than five suppliers offering high-blend-ethanol fuel, the pass-through is 

close to complete. As shown in Figure 2, these cities are in the middle of the country and close to where 

ethanol is produced. For cities with fewer firms offering ethanol products, estimated pass-through is 

about 0.5 for branded fuel. The pattern is less clear for unbranded fuel, where estimated pass-through is 

less than complete for cities with 1-2 ethanol suppliers (0.54), but complete for cities with no high-blend 

–ethanol suppliers. 

Sixth, we do not observe a substantial difference in pass through between cities that use 

conventional gasoline and cities that use reformulated gasoline. The reformulated gasoline cities are 

Chicago, Dallas, Houston, Long Island, New York, Newark, Philadelphia, and Wood River (St Louis). Cities 

in California and Arizona have much larger and less precisely estimated pass through coefficients, as also 

shown for West region in the second row of Figure 4. 

 

4.3. E10 RIN Pass-through – City Models 

The top row Figure 5 shows pass-through estimates for each of the large cities in Scope 1, and the bottom 

row shows estimates for each of the E85 cities in Scope 2. The results reinforce the findings displayed in 

Figure 4.  

Estimated pass-through is close to complete in the three Midwest cities. Minneapolis produces 

the smallest estimated pass-through, but it is estimated much less precisely than the Des Moines and 

Chicago parameters.  In the Gulf region, the estimates for Austin, Oklahoma City and Wichita all have 

estimated pass-through coefficients close to one. The Houston estimate is statistically less than one for 

both branded and unbranded fuel, as is Dallas for branded fuel. Notably, Oklahoma City and Wichita, 

which exhibit full pass-through, also had more suppliers of high-ethanol-blends than the Texas cities. 

These two cities had more than five suppliers of high-ethanol-blends at the rack, whereas Austin and 

Houston had three and Dallas had two.  

The Eastern cities exhibit strong differences by branding and geography. For unbranded fuel in 

Philadelphia and the New York area, estimated pass-through is complete. However, estimated pass-

through in branded fuel prices is less than 0.6 in each of these cities and the confidence interval does not 

include one. In Atlanta and the Florida cities, estimated pass-through is less than 0.5 in all cases. The 

results from these southeastern cities are less precise than their northeastern counterparts. This likely 

reflects the fact that Florida is no connected to the rest of the country by pipeline. Most gasoline 

consumed in Florida travels by ship from Gulf Coast refineries. Atlanta lies along the Colonial pipeline, 

which is the major carrier of gasoline from the Gulf Coast to the Northeast. However, for almost all of the 
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sample, Atlanta required low-sulfur gasoline, which is a distinct product not consumed anywhere else. 

The idiosyncratic nature of this product likely contributes to the high volatility in Atlanta spreads. 

 Consistent with the pooled results in Figure 4, the western cities produce results with very wide 

confidence intervals. El Paso and Denver exhibit the widest confidence intervals. These two cities are 

somewhat isolated and have a local refinery that supplies a substantial proportion of the local supply. This 

feature means that the bulk gasoline spot prices we use in these markets may not always accurately reflect 

the marginal cost to blenders of acquiring gasoline blendstock. As a result, our estimated spreads are 

highly volatile and the estimated pass-through coefficients are imprecise. The Phoenix estimate is almost 

as imprecise as those for El Paso and Denver. Similar to the Atlanta region, the Phoenix area requires an 

idiosyncratic gasoline product to meet air-quality objectives, which appears to generate volatile spreads.11 

 On the West Coast, we find full pass-through for Portland for both branded and unbranded fuels. 

The estimates for the California cities are more precise than El Paso, Denver, and Phoenix, but still much 

less precise than those from the Gulf or Midwest regions. For branded fuel, the 95% confidence interval 

includes one in each of the three cities. For unbranded fuel the estimated pass-through coefficients 

exceed one. The Los Angeles and San Diego estimates become negative if we omit the Torrance-explosion 

dummy variable. This result arises because the Torrance explosion occurred at the end of the sample 

when RIN prices were high. However, it is clear that spreads were high because of the explosion and not 

because of RIN prices, so it is important to control for the explosion, as we do. 

 

4.4. E10 RIN Pass-through – Suppliers within Cities 

Figure 6 reports estimates by supplier for the four largest cities in the US: Los Angeles, Houston, Chicago, 

and Newark. We estimate a separate regression for each supplier at each terminal that posted prices on 

at least 800 out of the 909 days in the sample period. There are multiple terminals in each city and some 

suppliers post prices at multiple terminals. Such suppliers enter Figure 6 for each terminal at which they 

post. To preserve firm anonymity, we numbered and randomly ordered suppliers.  

 The pass-through coefficients on branded fuel are very similar within each city, especially for 

Chicago and Houston, which are the two with the highest average pass-through. This finding reflects the 

very similar, and often identical, prices that are posted for branded fuel across suppliers. It suggests that 

branded suppliers pay close attention to each other when posting prices. Los Angeles is an exception to 

                                                           
11 For both Atlanta and Phoenix, we use gasoline blendstock prices that are specific to those markets (see Table 
A1), so this volatility is not caused by using a generic blendstock price to compute the spread. 
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this observation – the branded prices in Los Angeles show quite variable pass-through, although the 

confidence intervals are very wide. 

Table 3 and Figure 4 showed that the average pass-through in unbranded fuel is higher than in 

branded fuel. Figure 6 shows that unbranded pass-through is also much more variable than its branded 

counterpart. It is possible that the posted prices overstate the variation in prices paid because low 

volumes may transact at some of these prices.  

 

4.5. High-Ethanol-Blend RIN Pass-through   

Suppliers post prices for high-ethanol fuel blends in numerous cities. These products range from E60 to 

E85 in increments of five. The most offered products are E70 and E75. Even though these fuels have less 

than 85 percent ethanol, they would be sold as E85 in retail stations. To be labeled E85, gasoline needs to 

be between 51 and 85 percent ethanol. Figure 7 plots the rack spread for branded and unbranded E70 in 

Minneapolis, computed as in (1) with δ=0.7. The figure shows strong pass-through for branded fuel in the 

last two years of the sample, but little evidence of any pass-through during the RIN shock period in 2013. 

In contrast, the unbranded product shows much less correlation between the spread and RIN revenue.  

 Visual inspections of the data revealed substantial heterogeneity across suppliers in each market. 

This heterogeneity means that city average prices often obscure the pass-through for individual suppliers. 

For this reason, we report in Figure 8 the estimated pass-through results for each supplier in each market. 

In most markets, some suppliers fully pass-through the RIN and some do not. Lade and Bushnell (2018) 

find complete pass-through of the RIN to E85 prices in Midwestern cities. Li and Stock (2018) find a similar 

result for Minneapolis. Thus, we expect that most retailers are purchasing from the suppliers that pass-

through the RIN.  

 

4.6. Summary and Interpretation of Results   

Together, these results imply higher RIN price pass through when the relevance of RINs for rack margins 

was more salient to market participants. For fuel buyers, salience means that they understand the value 

of RINs to blenders, especially that each 10 cent increase in the RIN price implies a 1 cent decrease in the 

competitive E10 rack margin. Salience also means that buyers can observe the marginal costs of rack 

sellers and therefore know whether the RIN price is being pass through. For rack sellers, salience means 

that they understand that a higher RIN price means that they can offer a lower rack price without losing 

profit. In this section, we note four features of our results that are consistent with the salience 
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explanation. In the next section, we investigate and refute other possible explanations for an incomplete 

pass through. 

The first feature is that we estimate substantially higher pass through when we exclude the period 

of the initial RIN price shock in 2013. This suggests that one or both sides of the rack market took some 

time to understand about how the RIN subsidy decreases competitive rack margins. Market participants 

may have been aware that RIN prices were high during the RIN shock period due to significant media 

coverage and the higher cost to obligated parties of purchasing RINs. However, as Figure 4 illustrates, rack 

margins took some time to adjust to the new reality.  

Second, we find lower pass through for branded fuel. Buyers of branded fuel have fewer options 

than unbranded buyers; a Chevron branded gas station has to buy Chevron gasoline. This means that 

branded buyers may do less comparison shopping and thereby exert less pressure on suppliers to pass 

through the RIN subsidy. In contrast, unbranded buyers can buy from any rack seller and therefore have 

an incentive to choose the lowest price supplier. 

 Third, we find that pass-through is close to complete in cities with more than five suppliers 

offering high-blend-ethanol fuel. These are locations in the Midwest, where buyers likely have a better 

understanding of ethanol and the RFS (Oklahoma City, Wichita, Omaha, Des Moines, and Minneapolis). In 

contrast, the coastal cities have fewer suppliers offering high-blend fuel and tend to have much lower 

pass through rates. 

Finally, pass through is lower and more volatile in isolated locations with idiosyncratic fuel 

standards (e.g., Atlanta, Phoenix) and locations away from the main supply pipelines (e.g., Florida, Denver, 

El Paso).  Volatile rack margins mean that the presence of a relatively small subsidy can be hidden. If a city 

lies on a major pipeline and uses the same fuel as other cities on the pipeline network, then suppliers can 

mitigate local shocks by diverting product from other cities or storage facilities on the network, which 

creates low rack margin volatility. The two major refined product pipeline networks are the Magellan, 

which runs from Houston to Minneapolis and Chicago, and the Colonial, which runs from Houston to New 

York through Atlanta.12 Until October 2015, Atlanta required a unique blend of low-sulfur gasoline, which 

implied much more volatile rack margins than other cities on the Colonial pipeline (as evidenced by the 

wide confidence intervals for Atlanta in Figure 5). Phoenix and the California cities also have distinct RFG 

products due to state and local regulations. Denver and El Paso are supplied mostly by local refineries, so 

rack margins in those cities are more volatile than the likes of Wichita and Oklahoma City, which lie on 

                                                           
12 https://www.eia.gov/state/maps.php  
 

https://www.eia.gov/state/maps.php
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the main Magellan pipeline.  The Florida are supplied by ship from the Gulf Coast, which also generates 

more volatile margins than in the cities on the major pipelines.13 

 

5. Imperfect Competition and RIN Pass-through 

Imperfect competition is a leading explanation offered in the economics literature for incomplete pass 

through (e.g., Dornbusch, 1987; Feenstra, Gagnon and Knetter, 1996; Hong and Li, 2017; Weyl and 

Fabinger, 2013). There is evidence that some terminals exercise market power in the fuel they sell (e.g. 

Borenstein and Shepard, 2002; Hastings and Gilbert, 2005), so we develop a simple model to investigate 

how market power could affect the pass through of RINs. We explore several potential manifestations of 

market power and conclude that none of them can explain our results.  

 

5.1. Model Setup 

We consider a blender that sells two gasoline blends that we simply refer to as low blend (superscript ℓ) 

and high blend (superscript ℎ). The low blend, E10, occupies most of the gasoline market. The high blend 

represents an aggregate of all the high-ethanol gasoline blends, mostly E85, and is a small share of finished 

gasoline consumption. Production of gasoline blends requires fixed proportions of gasoline and ethanol.14 

We denote the ethanol blend rates for the low and the high blend respectively as 𝛿𝛿ℓ and 𝛿𝛿ℎ. We do not 

consider in the model costs to the blenders other than those of gasoline, ethanol and the RIN.  

The profit of a blender 𝑖𝑖 from selling the two gasoline blends is 

 
h h g g e e r

i i i i i ip q p q w x w x xπ ρ= + − − + 

, (6) 

𝑝𝑝ℓ and 𝑝𝑝ℎ are the prices for the gasoline blends, 𝑞𝑞𝑖𝑖ℓ and 𝑞𝑞𝑖𝑖ℎ are the quantities of finished gasoline, 𝑤𝑤𝑔𝑔 is 

the price for wholesale gasoline, 𝑤𝑤𝑒𝑒 is the price of wholesale ethanol, and 𝜌𝜌 is the RIN price. From the 

fixed proportions in the gasoline blends, the quantity of gasoline is 𝑥𝑥𝑖𝑖
𝑔𝑔 ≡ �1 − 𝛿𝛿ℓ�𝑞𝑞𝑖𝑖ℓ + �1 − 𝛿𝛿ℎ�𝑞𝑞𝑖𝑖ℎ and 

the quantity of ethanol is 𝑥𝑥𝑖𝑖𝑒𝑒 ≡ 𝛿𝛿ℓ𝑞𝑞𝑖𝑖ℓ + 𝛿𝛿ℎ𝑞𝑞𝑖𝑖ℎ. Although the blending of one gallon of ethanol generates 

                                                           
13 Some cities require reformulated gasoline to reduce smog, even though the area surrounding the city uses 
conventional gasoline. We do not see significantly lower pass through for these cities on average, likely because 
many of these cities are large and interconnected enough to create a robust market.  For example, Houston, Dallas 
and Chicago require reformulated gasoline and are connected by the Magellan pipeline. 
14 By definition, E10 contains no more than ten percent ethanol. It is possible for a blender to make E10 with less 
than ten percent ethanol. However, with a binding ethanol mandate, blenders have strong incentives to use as much 
ethanol as possible, hence blending E10 at ten percent. Moreover, in most states, finished gasoline must have an 
octane index of 87. This can be done by blending nine parts of gasoline with an 84 octane index with one part of 
ethanol with an octane index of 113. Finally, under the Clean Air Act, gasoline with less than 9% ethanol faces stricter 
environmental (Reid Vapor Pressure) restrictions than blends E9 or E10, which effectively precludes blending ethanol 
at less than 9% in the summer ozone season.  
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one RIN, we do not assume that the number of RINs sold equals the quantity of ethanol used, i.e. we don’t 

impose 𝑥𝑥𝑖𝑖𝑟𝑟 = 𝑥𝑥𝑖𝑖𝑒𝑒. We make this assumption to approximate in our static model the possibility that a 

blender may use RINs saved from the previous year or bank RINs for the next year, and also to 

approximate the use of RINs from blending biofuels other than corn ethanol.  

We model competition employing “conduct” parameters to approximate responses of blenders 

in dynamic games in the output and input markets. The conduct parameter approach nests several models 

of imperfect competition (Weyl and Fabinger, 2013) and prior literature on pass through uses this 

approach (e.g. Seade, 1986; Hong and Li, 2017). We define 𝜃𝜃ℓ ≡ 𝜕𝜕𝑄𝑄ℓ 𝜕𝜕𝑞𝑞𝑖𝑖ℓ⁄ , 𝜃𝜃ℎ ≡ 𝜕𝜕𝑄𝑄ℎ 𝜕𝜕𝑞𝑞𝑖𝑖ℎ⁄ , 𝜃𝜃𝑔𝑔 ≡

𝜕𝜕𝑋𝑋𝑔𝑔 𝜕𝜕𝑥𝑥𝑖𝑖
𝑔𝑔⁄ , 𝜃𝜃𝑒𝑒 ≡ 𝜕𝜕𝑋𝑋𝑒𝑒 𝜕𝜕𝑥𝑥𝑖𝑖𝑒𝑒⁄ , and 𝜃𝜃𝑟𝑟 ≡ 𝜕𝜕𝑋𝑋𝑟𝑟 𝜕𝜕𝑥𝑥𝑖𝑖𝑟𝑟⁄  where capital letters denote aggregate quantities. A 

lower value for a conduct parameter indicates a more competitive outcome with a value of zero indicating 

perfect competition and a value of one indicating a monopoly/monopsony. 

Blending one extra gallon of E10 separates 0.1 RIN but it also increases the obligation of refiners 

by approximately 0.1 RIN. Thus, RIN supply and demand increase by the same quantity, so net supply does 

not change. This means that increasing output of the low blend has no effect on the RIN price. The high 

blend produces more RINs that the associated increase in obligation, so increasing high blend production 

increases the net supply of RINs. To incorporate this feature, we assume zero effect of low-blend sales on 

RIN prices, but we allow high-blend sales to affect the RIN price through a conduct parameter. 

Taking the first order conditions with respect to the output quantities yields 

 ( )1 0,θ θ δ θ δ θ δ ρ
   ∂ ∂ ∂ ∂

+ + − − + − + + =   ∂ ∂ ∂ ∂   
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From these two equations, we derive expressions to show the rate of pass through for exogenous shocks 

to the price of gasoline, the price of ethanol and the price of RINs. We assume throughout that 

𝜕𝜕𝑝𝑝ℓ 𝜕𝜕𝑄𝑄ℎ⁄ = 0 because most motorists cannot fuel their car with the high-blend gasoline and sales of the 

low blend gasoline are much larger than sales of high blend gasoline. We allow 𝜕𝜕𝑝𝑝ℎ 𝜕𝜕𝑄𝑄ℓ⁄ ≠ 0 because 

the inverse demand function for the high-blend fuel may depend on the quantity demanded of the low 

blend. 

As in the regressions, we normalize prices by the blending rates and as such we write that 𝑑𝑑𝑤𝑤�𝑔𝑔𝑘𝑘 =

�1 − 𝛿𝛿𝑘𝑘�𝑑𝑑𝑤𝑤𝑔𝑔, 𝑑𝑑𝑤𝑤�𝑒𝑒𝑘𝑘 = 𝛿𝛿𝑘𝑘𝑑𝑑𝑤𝑤𝑒𝑒 and 𝑑𝑑𝑅𝑅𝑘𝑘 = −𝛿𝛿𝑘𝑘𝑑𝑑𝜌𝜌 for 𝑘𝑘 ∈  {ℓ,ℎ}. With these normalizations, complete 
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pass through implies coefficients equal to one. Finally, as in (2) and to match our regression specification, 

we define the rack margins on each fuel as 𝑚𝑚𝑘𝑘 = 𝑝𝑝𝑘𝑘 − 𝑤𝑤�𝑔𝑔𝑘𝑘 − 𝑤𝑤�𝑒𝑒𝑘𝑘 for 𝑘𝑘 ∈  {ℓ,ℎ}.  

 

5.2. Perfect competition 

We begin with the case of perfect competition, where all conduct parameters equal zero (i.e. 𝜃𝜃𝑘𝑘 = 0 ∀𝑘𝑘). 

Taking the differential of (7) and (8) yields 

 
,

= + +

= + +
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h gh eh h

dp dw dw dR
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which implies =k kdm dR  and 1=k kdm dR  for 𝑘𝑘 ∈  {ℓ,ℎ}.  Thus, under perfect competition, we expect 

complete pass through of RIN price shocks to rack margins. Moreover, we expect complete pass through 

of gasoline and ethanol costs to rack prices or, equivalently, no effect of input price shocks on margins. 

Table 2 shows complete pass through of the wet fuel cost to rack prices, which is consistent with perfect 

competition, but the incomplete RIN pass through that we observe on average and in some locations is 

not consistent with perfect competition. However, the complete pass through we observe in the Midwest 

and in the Gulf is consistent with perfect competition. 

   

5.3. Market power in selling the low blend 

We allow for market power in selling the low blend by letting 𝜃𝜃ℓ > 0 while setting the other conduct 

parameters equal to zero. Taking the differentials of (7) and (8), using 𝑑𝑑𝑝𝑝ℓ = 𝜕𝜕𝑝𝑝ℓ

𝜕𝜕𝑄𝑄ℓ
𝑛𝑛ℓ𝑑𝑑𝑞𝑞ℓ and 𝑑𝑑𝑝𝑝ℎ =

𝜕𝜕𝑝𝑝ℎ

𝜕𝜕𝑄𝑄ℎ
𝑛𝑛ℎ𝑑𝑑𝑞𝑞ℎ + 𝜕𝜕𝑝𝑝ℎ

𝜕𝜕𝑄𝑄ℓ
𝑛𝑛ℓ𝑑𝑑𝑞𝑞ℓ, we can write for the low blend 

 
( ) ( )1

1 ( ) 1θ
= + +

+ +Γ
g edp dw dw dR

n
   



 

  , (9) 

where 𝑛𝑛ℓ is the number of blenders selling the low blend gasoline and Γℓ = 𝜕𝜕2𝑝𝑝ℓ 𝜕𝜕𝑄𝑄ℓ
2

⁄
𝜕𝜕𝑝𝑝ℓ 𝜕𝜕𝑄𝑄ℓ⁄ 𝑄𝑄ℓ. For the high 

blend, we find 𝑑𝑑𝑝𝑝ℎ = 𝑑𝑑𝑤𝑤�𝑔𝑔ℎ + 𝑑𝑑𝑤𝑤�𝑒𝑒ℎ + 𝑑𝑑𝑅𝑅ℎ. That is, with market power in selling the low blend, we 

expect the pass through in the low blend to be the same for gasoline, ethanol and RIN and we expect a 

complete pass through for the high blend for all inputs. 

The finding in equation (9) is consistent with previous literature that show that the pass through 

depends on the slope and curvature of the demand curve facing the firm (Bulow and Pfleiderer, 1983; 

Seade, 1986; Weyl and Fabinger, 2013).  Holding gasoline and ethanol prices constant, a RIN price shock 

would be passed through fully to the rack margin if Γℓ = −1, which is implied by the convex inverse 
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demand function 𝑝𝑝ℓ = 𝜋𝜋0 − 𝜋𝜋1ln �𝑄𝑄ℓ�. Pass through is incomplete (less than one) for less convex demand 

curves, including linear demand for which Γℓ = 0. If Γℓ < −1, such as for a constant elasticity demand 

curve, then RIN pass through exceeds one. In such cases, firms have a constant percentage markup, so a 

lower rack price implies a lower per-unit markup. 

This setting does not explain our results for two reasons. First, it implies firms pass through all costs 

to the rack price at the same rate. If RIN pass through is incomplete because of market power in selling 

E10, then we should also see incomplete pass through of the wet fuel cost. However, we observe complete 

pass through of the wet fuel cost (see Table 2).  

Second, RINs operate as both a tax on wholesale gasoline and a subsidy to blending biofuel. For the 

low blend, the tax and subsidy approximately cancel each other out. During our sample period, the 

mandated volumes imply that the tax is approximately 0.1 times the RIN price. The subsidy on E10 is also 

0.1 times the RIN price because E10 contains 10 percent ethanol. Given the consensus in the literature 

that refiners fully pass through the RIN tax to the price of wholesale gasoline (e.g., Knittel, Meiselman and 

Stock, 2016a,b), blenders face an input price increase that almost entirely offsets the amount of the 

subsidy. Thus, a RIN price shock has only a marginal impact on the price of the low blend and hence a very 

small change in the equilibrium quantity of the low blend. For the RIN pass through to differ substantially 

from one, we would need this small quantity change to have a large effect on markup, which in turn would 

require the curvature of demand curve to lie in a narrow and unlikely range.  

To explore this point more formally, consider a policy-induced shock to the RIN price. From (9), 

pass through to the E10 margin is 

( )
1

1 ( ) 1
1

θ
 

− + + Γ  
= + + −

g e g edm dw dw dw dw
dR dR dR dRdR n

    

   



  

   

 

Define the total blending rate mandated by the EPA as 𝜏𝜏. From Knittel, Meiselman and Stock (2016, 2017), 

the direct incidence of a RIN shock on the price of gasoline equals 𝜏𝜏 𝑑𝑑𝜌𝜌, hence implying that 𝑑𝑑𝑤𝑤𝑔𝑔 𝑑𝑑𝜌𝜌⁄ = 𝜏𝜏 

and 𝑑𝑑𝑤𝑤�𝑔𝑔 𝑑𝑑𝑅𝑅ℓ⁄ = −�1− 𝛿𝛿ℓ�𝜏𝜏 𝛿𝛿ℓ⁄ . In recent years, the total blending rate mandated by the EPA has been 

near 10 percent, so we can write 𝜏𝜏 ≈ 𝛿𝛿ℓ = 0.1. Suppose this shock has no effect on the amount of ethanol 

used and therefore no effect on the ethanol price, which is implied by the recent market reality that 

biodiesel is the marginal compliance fuel. Thus, we have 
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This expression shows the pass through rate in a model where the margin is the dependent variable and 

where we have only the RIN as explanatory variables, as in most of our regression models.  

Consider the pass through rate implied by (10) for the monopoly case, in which 𝜃𝜃ℓ = 𝑛𝑛ℓ, and for 

different demand functions. Obtaining pass through less than 0.9 requires Γℓ < −2. For pass through to 

lie between 0 and 0.8, we require −3 < Γℓ < −2.11. Parameters in this range are inconsistent with log-

linear demand (Γℓ = −1) and with linear demand (Γℓ = 0). For a constant elasticity demand, parameters 

in this range are infeasible for profit maximizing producers. To see this, it can be shown that 1 + Γℓ equals 

the inverse of the market demand elasticity. Thus, −3 < Γℓ < −2.11 implies a demand elasticity between 

-0.5 and -0.9. But, a monopolist never produces on the inelastic part of the demand curve because it can 

increase profit by reducing production and raising the price.15 Thus, unless curvature of demand lies in a 

narrow range and the demand function has a particular functional form not including linear, log-log or 

log-linear, RIN pass through should be close to complete even if blenders exercise market power in selling 

the low blend. Thus, local market power does not explain the positive incomplete pass through we find. 

 

5.4. Market power in selling the high blend 

Market power in selling the high blend is more likely than market power in selling the low blend because 

only a few blenders offer the high blend in certain markets. We let 𝜃𝜃ℎ > 0 and set the other conduct 

parameters equal to zero. The derivative of (7) is = + +g edp dw dw dR   

   and implies complete pass 

through for the low blend.  For the high blend, we differentiate (8) to obtain 
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 (11) 

                                                           
15 Similarly, for the constant elasticity case under Cournot competition (𝜃𝜃ℓ = 1), pass through can only be between 
0 and 0.8 if the firm produces at a point where it faces inelastic residual demand, i.e., at a point that is not profit 
maximizing. 
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where 𝑛𝑛ℎ is the number of blenders selling the high blend, 𝛾𝛾ℎ = 𝜕𝜕𝑝𝑝ℎ

𝜕𝜕𝑄𝑄ℎ
𝑄𝑄ℎ

𝑝𝑝ℎ
< 0, 𝛾𝛾ℓ = 𝜕𝜕𝑝𝑝ℓ

𝜕𝜕𝑄𝑄ℓ
𝑄𝑄ℓ

𝑝𝑝ℓ
< 0, 𝛾𝛾ℎ𝑙𝑙 =

𝜕𝜕𝑝𝑝ℎ

𝜕𝜕𝑄𝑄ℓ
𝑄𝑄ℓ

𝑝𝑝ℎ
≥ 0, Γℎℎℓ = 𝜕𝜕2𝑝𝑝ℎ 𝜕𝜕𝑄𝑄ℎ𝜕𝜕𝑄𝑄ℓ⁄

𝜕𝜕𝑝𝑝ℎ 𝜕𝜕𝑄𝑄ℎ⁄ 𝑄𝑄ℓ and Γℎ = 𝜕𝜕2𝑝𝑝ℎ 𝜕𝜕𝑄𝑄ℎ
2

⁄
𝜕𝜕𝑝𝑝ℎ 𝜕𝜕𝑄𝑄ℎ⁄ 𝑄𝑄ℎ < 0 for a convex demand curve. The sign of 

Γℎℎℓ depends on how the own-price elasticity for the high blend changes as the low-blend quantity 

changes. This expression is more complicated than (9) because of the non-zero cross-price elasticities 

between the low and high blends. It implies possible imperfect pass-through to the high-blend rack price, 

but it implies complete pass through to low-blend margins. Thus, it does not explain our results for E10. 

 

5.5. Market power in purchasing gasoline or ethanol 

We now consider cases where blenders have market power in purchasing either gasoline or ethanol. 

Gasoline and ethanol markets are national and very large compare to any regional market hence making 

it unlikely that a single blender could influence wholesale prices for gasoline or ethanol. Several refineries 

typically supply a terminal (Borenstein and Shepard, 2002). Gasoline can be shipped over long distance at 

a relatively low cost. Regional environmental standards for gasoline, transient shifts in storage capacity, 

or pipeline space constraints could create local markets for bulk petroleum products in the short run, but 

over the medium and longer run the ability of refiners to sell refined product at multiple terminals 

provides for competition among terminals. Similarly, ethanol is transported by train and trucks, produced 

in more than 100 facilities and is shipped throughout the United States, providing for competition among 

terminals for ethanol. Although the conditions for market power in purchasing gasoline or ethanol are 

unlikely met in practice, we nonetheless explore how it would manifest in the RIN pass through 

We begin with market power in purchasing gasoline. Taking the derivative of (7) and (8), letting 

𝜃𝜃𝑔𝑔 > 0 and setting the other conduct parameters equal to zero, we can write: 

 ( )1 1θ 
+ + Σ 

 
= + +

g
k gk e

g
k k

gdp d
n

w dw dR  ,  (12) 

for 𝑘𝑘 ∈  {ℓ,ℎ} and where Σ𝑔𝑔 = 𝜕𝜕2𝑤𝑤𝑔𝑔 𝜕𝜕𝑋𝑋𝑔𝑔2⁄
𝜕𝜕𝑤𝑤𝑔𝑔 𝜕𝜕𝑋𝑋𝑔𝑔⁄ 𝑋𝑋𝑔𝑔 > 0 for a convex supply. If we consider the pass through of 

the RIN on the margin, using as in (10) that 𝑑𝑑𝑤𝑤�𝑔𝑔 𝑑𝑑𝑅𝑅ℓ⁄ = −�1 − 𝛿𝛿ℓ�𝜏𝜏 𝛿𝛿ℓ⁄ , we find: 
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Similarly, for the case of market power in purchasing ethanol, letting 𝜃𝜃𝑒𝑒 > 0 and setting other conduct 

parameters equal to zero, we can write: 
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 ( )1 1θ 
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for 𝑘𝑘 ∈  {ℓ,ℎ} and where Σ𝑒𝑒 = 𝜕𝜕2𝑤𝑤𝑒𝑒 𝜕𝜕𝑋𝑋𝑒𝑒2⁄
𝜕𝜕𝑤𝑤𝑒𝑒 𝜕𝜕𝑋𝑋𝑒𝑒⁄ 𝑋𝑋𝑒𝑒 > 0 for a convex supply. Considering the pass through of 

the RIN on the margin, we find: 
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δ
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k k
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dm
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.  (15) 

Equations (12) and (14) show that purchasing market power only affects the pass through of the input in 

question to the rack price. Holding constant the prices of gasoline and ethanol, RIN pass through to the 

rack price is complete. The results in Table 2 show full pass through of the wet fuel cost, as well as 

incomplete RIN pass through in some settings. Thus, although market power in purchasing fuel could 

generate incomplete RIN pass through to margins, our overall results are inconsistent with this 

explanation. 

 

5.6. Market power in selling RINs 

Exercising RIN market power would require blenders to reduce the number of available RINs below the 

competitive equilibrium so as to increase the RIN price. The potential for such power may appear limited 

because the RIN market is nationwide, whereas there are many firms spread across many local markets 

who sell and purchase RINs. There are several potential scenarios. First, blenders could discard some of 

the RINs they generate rather than selling all of them. EPA data show that at least 99.9% of generated 

RINs were retired with EPA each year in our sample, so firms have not discarded more than a trivial 

number of RINs.16 Second, firms could reduce the number of available RINs in a given year by storing them 

until the next year. Under the RFS, obligated parties can meet up to 20 percent of their volume obligation 

using RINs generated in the previous year. Saving RINs is compatible with profit maximization and risk 

aversion by competitive firms, but firms could exercise market power by saving more RINs than a 

competitive firm would. Borenstein et al. (2014) describe a similar potential strategy that firms could 

employ to manipulate the price of credits in California’s Cap and Trade market. If firms were behaving this 

                                                           
16 Summary data of the EPA Moderated Transaction System, which collects RIN transactions, are available at 
https://www.epa.gov/fuels-registration-reporting-and-compliance-help/public-data-renewable-fuel-standard. 
Total retired RINs divided by total generated RINs was 99.91% in 2012, 99.97% in 2013, 99.95% in 2014, 99.92% in 
2015, and 99.96% in 2016. 
 

https://www.epa.gov/fuels-registration-reporting-and-compliance-help/public-data-renewable-fuel-standard
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way, we would expect the number of saved RINs to accumulate over time. However, in each year from 

2013 to 2016, prior-year RINs made up 9-15% of RINs retired with the EPA with no clear trend.17   

Third, firms could restrict the number of RINs for sale by blending less biofuel. As explained above, 

blenders cannot affect the net supply of RINs by restricting supply of the low-blend fuel because blending 

an extra gallon of E10 increases the supply and demand for RINs by the same amount. RIN market power 

is therefore irrelevant for the low-blend production decision, as indicated by the absence of the RIN 

market conduct parameter θr in (7).  It follows that RIN market power does not cause incomplete pass 

through to E10 rack margins and therefore does not explain our pass through results.  

Firms can exert market power in RINs if they can hold the supply of high-blend fuel below 

competitive levels. In Section 5.4, we considered the case in which firms have market power on the margin 

in selling high-blend fuels such as E15 and E85. During our sample period, high-blend fuels made up less 

than 0.1% of gasoline sold. Many cities in our sample had no suppliers offering high-blend ethanol fuels, 

including Los Angeles, San Diego, San Jose, Newark, and Philadelphia. Thus, if firms exert market power 

in high-blend fuels, they may do so by keeping high-blend fuels out of a local market completely rather 

than by reducing production on the margin. Getting high blend fuels to market requires additional tanks 

and other infrastructure at terminals as well as new tanks and pumps at gas stations to handle the extra 

corrosive properties of these fuels and keep them separate from E10. A firm that can prevent the required 

infrastructure from being added at a terminal, perhaps because it owns the terminal or has a controlling 

interest, can prevent the market from expanding E15 or E85 sales and therefore prevent it from expanding 

the net supply of RINs. 

Several market participants have claimed that some firms are able to restrict the expansion of 

infrastructure for selling high-blend fuels. Notably, in 2016 Valero Energy Corporation petitioned the EPA 

to make blenders the obligated party rather than refiners. Their argument was that blenders, or more 

generally firms that are long on RINs (i.e., net sellers of RINs), have the incentive and the power to keep 

the RIN price high by choosing not to expand high-blend infrastructure. As partial justification, they wrote: 

“Parties that are long on RINs (after meeting their own RVO) have little incentive, and 

indeed may have an affirmative disincentive, to expand existing blending capabilities to 

increase the volumes of renewable fuels or blend higher levels (E85 or E15). … Thus, the 

                                                           
17 Total prior-year RINs retired for compliance divided by the total renewable fuel RVO was 14.7% in 2013, 9.9% in 
2014, 10.4% in 2015, and 9.0% in 2016. Source: https://www.epa.gov/fuels-registration-reporting-and-compliance-
help/annual-compliance-data-obligated-parties-and  
 

https://www.epa.gov/fuels-registration-reporting-and-compliance-help/annual-compliance-data-obligated-parties-and
https://www.epa.gov/fuels-registration-reporting-and-compliance-help/annual-compliance-data-obligated-parties-and
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current system, which exists to expand renewable fuels, irrationally encourages RIN 

hoarding and creates a disincentive for expanding blending capabilities.”18 

Policy uncertainty may also have facilitated the exercise of market power in selling RINs. Uncertainty 

about the future of the RFS hindered investments in the offering of the high blend at retail because 

retailers did not know whether the RIN system that supports the competitiveness of the high blend would 

continue in the long run.19 Therefore, by slowing down investments in the offering of the high blend, 

uncertainty about the continuation of the RFS has reduced the generation of RINs and hence facilitated 

the exercise of market power in the RIN market by blenders that are naturally long in RINs.  

We are unable to determine using our data whether the RIN price is artificially high due to anti-

competitive restraints on infrastructure expansion. However, our pass through results indicate that some 

RIN-long firms would have benefited from such market power if they had it, especially during the RIN 

shock period in 2013. Thus, the existence of incomplete E10 pass through created an incentive to exert 

RIN market power. It follows that this incentive would be reduced if pass through were complete in E10 

rack margins.  

 

5.7. Other Potential Explanations 

The literature describes several factors other than market power that affect the rate of pass-through that 

we have not yet explored. They include vertical integration (e.g. Hallerstein and Villas-Boas, 2010; Bonnet 

et al., 2013; Hong and Li, 2017), price rigidity and menu costs (e.g. Hellerstein, 2008; Nakamura and Zerom, 

2010), and substitution either in demand or production (e.g. Weyl and Fabinger, 2013; Ganapati, Shapiro 

and Walker, 2017). 

Vertical integration typically leads to a higher pass through rate because it removes double 

marginalization. We do observe in our data prices for branded fuel, which is typically sold by vertically 

integrated firms, separately from non-branded fuel prices. We find that RIN pass through for branded fuel 

is lower rather than higher than that for unbranded fuel, so this explanation does not fit our findings. This 

is not too surprising given the form that vertical integration takes in the motor fuel industry. Retail fuel 

stations are franchisees that are required by contract to purchase branded fuel. Hence, this form of 

                                                           
18 https://www.regulations.gov/document?D=EPA-HQ-OAR-2016-0544-0023 
19 An example of how policy uncertainty affects investments in the offering of biofuel is the cancellation of orders 
for the installation of high blend pumps following the revision of mandated volumes in 2013. See for example 
https://www.reuters.com/article/us-usa-ethanol-e85-analysis/analysis-high-ethanol-gas-not-coming-to-a-pump-
near-you-idUSBRE9AQ1AU20131127.   

https://www.regulations.gov/document?D=EPA-HQ-OAR-2016-0544-0023
https://www.reuters.com/article/us-usa-ethanol-e85-analysis/analysis-high-ethanol-gas-not-coming-to-a-pump-near-you-idUSBRE9AQ1AU20131127
https://www.reuters.com/article/us-usa-ethanol-e85-analysis/analysis-high-ethanol-gas-not-coming-to-a-pump-near-you-idUSBRE9AQ1AU20131127
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vertical integration means that franchisees are captured by branded blenders, which allows for a lower 

pass through.  

Price rigidity and menu costs explain can explain incomplete pass through in markets where 

adjustment costs prevent firms from immediately passing costs into the output price. The cost of adjusting 

gasoline prices at the rack is small and sellers adjust wholesale prices, at least, at a daily frequency. For 

contractual transactions, a reference price that moves freely, such as a futures price or a bulk price, 

typically anchors the contract price. Indeed, contracts for blended fuel often use rack prices as the 

reference price. Hence, price rigidity and menu costs are not plausible explanations of an incomplete pass 

through in the gasoline sector. 

Substitution in demand could affect the RIN pass through as motorists substitute between gasoline 

blends or other types of motor fuels. Such substitution could occur in the long run as motorists adopt flex 

fuel vehicles or alternative fuel vehicles. During the period covered by our data, we do not expect 

substitution in demand to significantly affect the demand for E10 because most of the vehicles fleet ran 

of gasoline with less than 10 percent ethanol and the market for alternative has remained small.   

 

6. Conclusion 

We offer several estimates of the RIN pass through at blending that we can best summarize as follow. The 

average pass-through across 20 large cities (population-weighted) is 0.63 for branded fuel and 0.92 for 

unbranded fuel. Those national estimates are imprecise, and are consistent with low pass-through rates 

and with full pass-through. When we look at pass-through regionally, however, we find significant 

differences across regions, with essentially complete pass-through at the rack in the Gulf and Midwest, 

and less than complete pass-through in the East. High pass-though also aligns with the availability of 

higher blends at the rack. 

 From a simple theoretical model, we show that our results are not explained by market power in 

buying or selling fuel. We conclude that pass through was highest when the relevance of RINs for 

wholesale margins was most salient to market participants. Consistent with this interpretation, we find 

pass through is lower (i) when RIN prices first increased than later after market participants had time to 

learn, (ii) for branded fuel, which is less competitive than unbranded fuel, (iii) in cities away from the 

Midwest where ethanol is less available, and (iv) in cities with idiosyncratic fuel standards and volatile 

wholesale margins that obscure the marginal cost of fuel.  

Regional market features add context to our results. The Midwest and the Gulf are served by the 

Magellan pipeline system. Magellan terminals, as well as independent terminals, are opened access and 
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therefore promote competition in a blending market. The East Coast market is dominated by integrated 

blenders on the Colonial pipeline, with some naturally long in RINs. These are the firms with a strong 

incentive to restrict E15 and E85 sales to raise the price of RINs.  

Our findings indicate that, at many terminals, fuel suppliers are able to retain some of the RIN 

premium. As a result, the RIN value is not being fully passed through to consumers, at least at some racks 

in some locations. That blenders are able to exercise market power in selling RINs effectively undermines 

the effectiveness of the RFS which relies on the RIN system to send market incentives for the blending of 

biofuels through the motor fuel supply chain. Some industry stakeholders contend that the RIN system 

would work more effectively by moving the point of obligation from refiners and importers downstream 

to the owner of the fuel just above the rack. The point of obligation is irrelevant when there is complete 

pass-through and might not be relevant either when the pass through is less than complete. Our empirical 

findings allow us to state that the RIN system is not working as well as it would under perfect competition 

but does not allow us to make a prescription about shifting the point of obligation to improve pass-

through and economic efficiency.20  

Our finding of an incomplete RIN pass through on the East coast raises the concern that the 

exercise of market power should be considered when implementing policies that rely on tradable credits. 

In the specific case of RINs, it appears that the nested structure has facilitated the exercise of market 

power. The nesting was meant to facilitate compliance through the least costly biofuel but might have 

allowed some obligated parties to benefit from the system. Similarly, in the California’s Cap and Trade 

market, Borenstein et al. (2014) that firms could use an upper bound on allowance price in a strategic 

way. Our work raises additional concerns about the role of upper bounds on the price of tradable credits 

because of the possibility of strategic market manipulation. 

Since the end of our sample period, the EPA has granted an increasing number of exemptions 

from RFS compliance to small refineries. The RFS statute allows EPA to exempt small refineries that suffer 

“disproportionate economic hardship” from complying with the statute, but it had only issued a small 

number of such waivers in previous years. With these exemptions, the total biofuel required for RFS 

compliance has moved inside the blendwall. As a result, D6 RIN prices have been below 20c per gallon 

since mid-2018 and the corn-ethanol component of the standard has effectively been non-binding. 

However, it remains possible that court challenges to the small refinery exemptions or a change in EPA 

priorities will cause the standard to again bind.  

                                                           
20 In 2017, EPA denied the petitions to change the point of obligation, stating that that obligated parties “are 
generally able to recover the cost of the RINs they need for compliance with the RFS obligations” (EPA 2017, pg. 24). 
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Figure 1: Mandated Renewable Fuel Use in the RFS 

            

 

Notes: (s) signifies volumes in the RFS statute, (f) signifies final volumes set by EPA, and (p) signifies preliminary volumes set by 
EPA. Biodiesel volumes are displayed as 1.5 times the number of wet gallons because each gallon of biodiesel generates 1.5 RINs.   
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Figure 2: Compliance with the RFS 

 

 
 

Notes: The figure shows a retail sector that offers diesel and two gasoline blends: 1) E10, which is regular gasoline and contains 
no more than 10 percent gasoline, and 2) E85, which contains between 51 and 83 percent ethanol. 
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Figure 3: RIN Prices in cents per gallon for Corn Ethanol (D6) and Biodiesel (D4) 
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Figure 3: Rack Margins on E10 in Four Major Cities (cents per gallon) 
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Figure 4: Long-Run E10 Pass-Through to E10 Rack-City Prices – Pooled Models 

 
Note: Regressions contain city fixed effects and 10 lags. For each of the California cities, we include a dummy variable for the 
period after the Torrance refinery explosion (2/18/15 through the end of the sample). Standard errors clustered by year-month. 
The first column results use all data in the interval 1/1/12-5/31/16, whereas the second column results include 1/1/12-12/31/12 
and 9/1/13-5/31/16. The cities in each category are shown in Appendix Tables A1 and A2.  
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Figure 5: Long-Run E10 Pass-Through to E10 Rack-City Prices – City Models 

 
Note: The first row includes the cities in Scope 1 and the second row includes the cities in Scope 2 (see Appendix Table A1). 
Regressions contain 10 lags. Standard errors estimated using Newey-West with 30 lags. Sample period: 1/1/12-12/31/12 and 
9/1/13-5/31/16. For each of the California cities, we include a dummy variable for the period after the Torrance refinery 
explosion (2/18/15 through the end of the sample). 
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Figure 6: Long-Run E10 Pass-Through to E10 Supplier Prices 

 
Note: Separate regression for each supplier at each terminal that had at least 800 daily observations (maximum number of 
observations is 909). Suppliers are ordered randomly to preserve anonymity. Regressions contain 10 lags. Standard errors 
estimated using Newey-West with 30 lags. Sample period: 1/1/12-12/31/12 and 9/1/13-5/31/16. For Los Angeles, we include a 
dummy variable for the period after the Torrance refinery explosion (2/18/15 through the end of the sample). 
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Figure 7: Rack spreads on E70 in Minneapolis (cents per gallon) 

 

    

Note: The left figure is for branded fuel and the second figure is for unbranded.  The red line is -0.7 times the RIN price.  
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Figure 8:  Long-Run E65-E85 Pass-Through by Supplier 

  

Note: Separate regression for each supplier at each terminal for each fuel grade that had at least 400 daily observations 
(maximum number of observations is 909). Suppliers are numbered in cities with fewer than four suppliers to preserve anonymity. 
Regressions contain 10 lags. Standard errors estimated using Newey-West with 30 lags. Sample period: 1/1/12-12/31/12 and 
9/1/13-5/31/16. We include cities in Scope 2 (see Appendix Table A1). 
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Table 1: E10 Spread Summary Statistics 

 Full 
Sample 

 Sub-Periods  Pass-Through 

 
 Low RIN 

Price 
RIN 

Shock 
High RIN 

Price  RIN 
Shock 

High RIN 
Price 

 1/12-5/16  1/12-12/12 1/13-8/13 9/13-5/16    

 (1)  (2) (3) (4)  (3)-(2) (4)-(2) 
         

RIN Revenue (0.1*RIN price) 4.4  0.3 7.1 5.3  6.9 5.0 
         
Branded Spreads         

Scope 1: 10 Large Cities 5.4  6.8 4.2 5.1  -2.6 -1.7 
Scope 2: E85 Cities 0.6  2.6 -0.5 0.2  -3.1 -2.5 
Scope 3: 3 States (IA, IL, MN) 1.4  3.8 1.2 0.5  -2.6 -3.3 
         

West 7.4  8.1 1.7 8.6  -6.4 0.6 
Gulf 2.5  5.2 2.9 1.5  -2.3 -3.7 
Midwest -0.9  1.5 -1.7 -1.5  -3.2 -3.0 
East 2.8  3.9 2.3 2.5  -1.5 -1.4 

         
Unbranded Spreads         

Scope 1: 10 Large Cities 4.7  8.5 4.1 3.5  -4.4 -5.0 
Scope 2: E85 Cities 3.1  5.2 3.7 2.2  -1.5 -3.0 
Scope 3: 3 States (IA, IL, MN) 2.8  5.6 3.7 1.6  -1.9 -4.0 
         
West 7.2  10.9 4.8 6.5  -6.1 -4.3 
Gulf 2.5  5.0 3.8 1.3  -1.2 -3.7 
Midwest 0.9  3.8 1.5 -0.3  -2.3 -4.0 
East 5.2  6.9 5.0 4.6  -1.9 -2.2 

Note:  cents/gallon. The cities in each scope and each region are listed in Appendix Tables A1 and A2. 
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Table 2: Population-Weighted E10 Pass-through Estimates from Unrestricted Models 

 Full Sample  Drop Jan-Aug 2013 
 Branded  Unbranded   Branded  Unbranded  
 (1) (2) (3) (4)  (5) (6) (7) (8) 
Long-Run pass-through         

0.1 RIN (Rt-10) 0.470 0.431 0.431 0.657  0.796 0.783 0.749 0.788 
 (0.108)  (0.108) (0.108)  (0.094)  (0.154) (0.131) (0.154) (0.135) 
          

0.9 BOB , 10( )g
j tw −  0.994  1.012   0.985  1.009  

 (0.005)   (0.007)   (0.006)  (0.008)  
          
0.1 Eth , 10( )e

j tw −  1.097  1.053   1.034  1.000  
 (0.066)   (0.077)   (0.073)  (0.085)  
          
wet fuel cost  1.001  1.014   0.989  1.008 

  (0.004)  (0.005)   (0.006)  (0.006) 
          

Constant 4.653 4.988 2.896 3.310  9.099 8.927 5.025 5.204 
 (1.489) (1.362) (1.438) (1.359)  (2.112) (1.931) (1.753) (1.750) 

Note: Models in (3) and (4) estimated separately for branded and unbranded fuel. Dependent variable is E10 price. Metropolitan 
Statistical Area population from 2010 census used as weights.  Sample includes one city from each of the 20 MSAs included in 
Scopes 1 and 2 (see Appendix Table A1). For the New York MSA, we include Newark and not Long Island or New York. For the 
Miami MSA, we include Miami but not Port Everglades. For each of the California cities, we include a dummy variable for the 
period after the Torrance refinery explosion (2/18/15 through the end of the sample). Standard errors clustered by year-month 
in parentheses. All regressions include 10 distributed lag changes of each variable. 
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Table 3: Population-Weighted E10 Pass-through 

 Full Sample  Drop Jan-Aug 2013 
   Branded  Unbranded   Branded  Unbranded  
Long-Run Pass-through      

0.1 RIN (Rt-10) 0.46 0.77  0.63 0.92 
 (0.16) (0.10)  (0.20) (0.11) 
      

Pass-Through Dynamics      
ΔRt 0.40 -0.18  1.07 0.38 

 (0.51) (0.23)  (0.70) (0.43) 
      

ΔRt-1 0.57 0.26  1.22 0.73 
 (0.45) (0.26)  (0.48) (0.36) 
      

ΔRt-2 0.46 0.20  1.35 0.87 
 (0.50) (0.23)  (0.56) (0.34) 
      

ΔRt-3 0.53 0.37  1.27 0.86 
 (0.46) (0.22)  (0.55) (0.37) 
      

ΔRt-4 0.38 0.42  1.14 0.73 
 (0.46) (0.20)  (0.51) (0.35) 
      

ΔRt-5 0.36 0.50  1.34 1.18 
 (0.42) (0.32)  (0.65) (0.36) 
      

ΔRt-6 0.24 0.62  1.00 1.08 
 (0.35) (0.18)  (0.53) (0.31) 
      

ΔRt-7 0.05 0.32  0.84 0.78 
 (0.43) (0.20)  (0.58) (0.35) 
      

ΔRt-8 0.07 0.20  0.71 0.74 
 (0.47) (0.24)  (0.51) (0.30) 
      

ΔRt-9 0.22 0.37  0.62 0.90 
 (0.51) (0.29)  (0.73) (0.34) 

      

Torrance Dummy (LA) 15.72 13.23  15.93 13.56 
 (1.99) (2.22)  (2.05) (2.29) 
      

Torrance Dummy (SD) 11.84 10.65  12.32 11.25 
 (2.05) (2.68)  (2.09) (2.75) 
      

Torrance Dummy (SJ) 4.82 -1.78  4.99 -1.60 
 (1.34) (1.16)  (1.49) (1.37) 
      

Constant 5.69 7.29  6.29 7.65 
 (0.95) (0.50)  (1.04) (0.55) 
      

Observations 25,081 25,078  21,217 21,214 
Note: Metropolitan Statistical Area population from 2010 census used as weights.  Sample includes one city from 
each of the 20 MSAs included in Scopes 1 and 2 (see Appendix Table A1). For the New York MSA, we include 
Newark and not Long Island or New York. For the Miami MSA, we include Miami but not Port Everglades. For each 
of the California cities, we include a dummy variable for the period after the Torrance refinery explosion (2/18/15 
through the end of the sample). Standard errors clustered by year-month in parentheses. 

  



 

Table A1: Cities in Dataset by Scope 

Rack City St. E10 Product BOB Product 
BOB 
Source 

BOB Spot  
Market 

Ethanol Spot 
Market 

Scope 1: 10 Large Cities     

Austin TX CBOB Ethanol 10% Unleaded Regular SRI Gulf Coast Gulf Coast 

Chicago IL RFG Ethanol 10% RBOB Unleaded Regular SRI Chicago Chicago 

Dallas TX RFG Ethanol 10% RBOB Unleaded Regular SRI Gulf Coast Gulf Coast 

Houston TX RFG Ethanol 10% RBOB Unleaded Regular SRI Gulf Coast Gulf Coast 

Los Angeles CA CARFG Ethanol 10% CARBOB Regular Unleaded SRI Los Angeles Los Angeles 

New York NY RFG Ethanol 10% RBOB Unleaded Regular SRI NY Harbor Barge NY Harbor Barge 

Newark NJ RFG Ethanol 10% RBOB Unleaded Regular SRI NY Harbor Barge NY Harbor Barge 

Philadelphia PA RFG Ethanol 10% RBOB Unleaded Regular SRI NY Harbor Barge NY Harbor Barge 

Phoenix AZ CBG Ethanol 10% AZ RBOB Unleaded Regular SRI Los Angeles Los Angeles 

San Diego CA CARFG Ethanol 10% CARBOB Regular Unleaded SRI Los Angeles Los Angeles 

San Jose CA CARFG Ethanol 10% CARBOB Regular Unleaded SRI San Francisco Los Angeles 
       

Scope 2: E85 Cities     

Atlanta GA CBOB Ethanol 10% LS CBOB Unl Spot Gulf Coast Chicago 

Denver CO Conv. Ethanol 10%/ CBOB Ethanol 10% Unleaded Regular/Sub-Octane Unleaded Regular Spot Group 3 Chicago 

Des Moines IA Conv. Ethanol 10%/ CBOB Ethanol 10% Unleaded Regular/Sub-Octane Unleaded Regular SRI Group 3 Chicago 

El Paso TX CBOB Ethanol 10% CBOB Unl SRI Gulf Coast Chicago 

Long Island NY RFG Ethanol 10% RBOB Unleaded Regular SRI NY Harbor Barge NY Harbor Barge 

Miami FL CBOB Ethanol 10% CBOB Unl SRI 
Gulf Coast 
Waterborne Tampa Barge 

Minneapolis MN Conv. Ethanol 10%/ CBOB Ethanol 10% Unleaded Regular/Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Oklahoma City OK Conv. Ethanol 10%/ CBOB Ethanol 10% Unleaded Regular/Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Portland OR Conv. Ethanol 10%/ CBOB Ethanol 10% Sub-Octane Unleaded Regular SRI Pacific Northwest Pacific Northwest 

Pt. Everglades FL CBOB Ethanol 10% Unleaded Regular Spot 
Gulf Coast 
Waterborne Tampa Barge 

Tampa FL CBOB Ethanol 10% CBOB Unl SRI 
Gulf Coast 
Waterborne Tampa Barge 

Wichita KS Conv. Ethanol 10%/ CBOB Ethanol 10% Unleaded Regular/Sub-Octane Unleaded Regular SRI Group 3 Chicago 
Note:  Dallas enters the dataset as 3 separate cities “Dallas Metro”, “Dallas/Grapevine”, and “Dallas/Southlake”. Houston and Dallas are also in the E85 Cities dataset. Chicago, Des Moines and 
Minneapolis are also in the 3 States dataset. In fall 2013, the default E10 product switched from “Conv. Ethanol 10%” to “CBOB Ethanol 10%” in many cities. The corresponding BOB product 
switched from “Unleaded Regular” to “Sub-Octane Unleaded Regular” at the same time.  



 

Table A1: Cities in Dataset by Scope (continued) 

Rack City St. E10 Product BOB Product BOB 
Source 

BOB spot 
market 

Ethanol Spot 
Market 

Scope 3: 3 States     
Bettendorf IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Council Bluffs IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Dubuque IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Ft. Madison IA Conv. Ethanol 10%/CBOB Ethanol 10% CBOB Unl Spot Chicago Chicago 

Iowa City IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Lemars IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Mason Cty IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Milford IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Sioux City IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Waterloo IA Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Argo IL RFG Ethanol 10% RBOB Unleaded Regular Spot Chicago Chicago 

Champaign IL CBOB Ethanol 10% CBOB Unl Spot Chicago Chicago 

Decatur IL Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Des Plaines IL RFG Ethanol 10% RBOB Unleaded Regular Spot Chicago Chicago 

Heyworth IL CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Kankakee IL Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Lemont IL RFG Ethanol 10% RBOB Unleaded Regular Spot Chicago Chicago 

Lockport IL RFG Ethanol 10% RBOB Unleaded Regular Spot Chicago Chicago 

Mt. Prospect IL RFG Ethanol 10% RBOB Unleaded Regular Spot Chicago Chicago 

Norris City IL Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular Spot Group 3 Chicago 

Robinson IL Conv. Ethanol 10%/CBOB Ethanol 10% CBOB Unl Spot Chicago Chicago 

Rockford IL CBOB Ethanol 10% CBOB Unl Spot Chicago Chicago 

Wood River IL RFG Ethanol 10% RBOB Unleaded Regular Spot Group 3 Chicago 

Note:  Mason City enters the dataset as “Mason Cty/Clr.Lk.”. We dropped Ottumwa, IA, Ft. Dodge, IA and Foresview, IL due to incomplete data. Decatur enters the dataset as “Decatur/Forsythe”. 
In fall 2013, the default E10 product switched from “Conv. Ethanol 10%” to “CBOB Ethanol 10%” in many cities. The corresponding BOB product switched from “Unleaded Regular” to “Sub-Octane 
Unleaded Regular” at the same time. 

  



 

Table A1: Cities in Dataset by Scope (continued) 

Rack City St. E10 Product BOB Product BOB 
Source 

BOB Spot 
Market 

Ethanol Spot 
Market 

Scope 3: 3 States (continued)     

Alexandria MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Duluth MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Mankato MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Marshall MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Moorhead MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Rochester MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Rosemount MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Roseville MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular Spot Group 3 Chicago 

Sauk Centre MN Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Omaha NE Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Sioux Falls SD Conv. Ethanol 10%/CBOB Ethanol 10% Unleaded Regular/ Sub-Octane Unleaded Regular SRI Group 3 Chicago 

Note:  Rosemount enters the dataset as “Pn Bnd/FlntHlsRs”. Roseville enters the dataset as two separate cities “Rsvile/FlntHlsRs” and  “Roseville/Magellan”. Duluth enters the dataset as three 
separate cities “Duluth”, “Duluth/Esko” and “Duluth/Wrenshall”. In fall 2013, the default E10 product switched from “Conv. Ethanol 10%” to “CBOB Ethanol 10%” in many cities. The corresponding 
BOB product switched from “Unleaded Regular” to “Sub-Octane Unleaded Regular” at the same time.



 

Table A2: Cities in Dataset by Geography and High-Ethanol-Blend Offerings 

Region  
West Portland, San Jose, Los Angeles, San Diego, Phoenix, El Paso, Denver 
Gulf Austin, Houston, Dallas, Oklahoma City, Wichita 
Midwest Omaha, Des Moines, Minneapolis, Chicago 
East New York, Newark, Long Island, Philadelphia, Atlanta, Tampa, 

Miami, Pt. Everglades 
  
Number of Suppliers of High-Blend-Ethanol 

>5 Suppliers Oklahoma City, Wichita, Omaha, Des Moines, Minneapolis 
3-5 Suppliers Phoenix, El Paso, Austin, Dallas, Chicago, Atlanta 
1-2 Suppliers Portland, Denver, Houston, Wood River, Long Island, Tampa, 

Miami, Pt. Everglades 
0 Suppliers San Jose, Los Angeles, San Diego, Philadelphia, Newark, New York 
  

Fuel Type 
Conventional El Paso, Austin, Miami, Pt. Everglades, Tampa, Wichita, Omaha, 

Minneapolis, Oklahoma City, Denver, Des Moines, Portland 
Reformulated Chicago, Dallas, Houston, Long Island, New York, Newark, 

Philadelphia, Wood River 
CA/AZ San Jose, Los Angeles, San Diego, Phoenix 

Note:  These are the cities in each panel in Figure 4 

  



 

Table A3: Population-Weighted E10 Pass-through First Difference Models 

 Full Sample  Drop Jan-Aug 2013 
   Branded  Unbranded   Branded  Unbranded  
Long-Run Pass-through      

0.1 RIN (Rt-10) 0.09 0.51  0.08 0.32 
 (0.53) (0.23)  (0.58) (0.44) 
      

Pass-Through Dynamics      
ΔRt 0.21 -0.14  0.32 -0.25 

 (0.15) (0.14)  (0.30) (0.32) 
      

ΔRt-1 0.45 0.32  0.64 0.30 
 (0.24) (0.19)  (0.39) (0.33) 
      

ΔRt-2 0.34 0.26  0.76 0.41 
 (0.27) (0.17)  (0.57) (0.26) 
      

ΔRt-3 0.41 0.43  0.70 0.40 
 (0.25) (0.16)  (0.53) (0.30) 
      

ΔRt-4 0.24 0.47  0.65 0.29 
 (0.27) (0.13)  (0.60) (0.33) 
      

ΔRt-5 0.22 0.54  0.81 0.73 
 (0.43) (0.28)  (0.81) (0.37) 
      

ΔRt-6 0.10 0.67  0.47 0.62 
 (0.58) (0.20)  (0.73) (0.36) 
      

ΔRt-7 -0.11 0.35  0.37 0.34 
 (0.49) (0.20)  (0.76) (0.38) 
      

ΔRt-8 -0.09 0.22  0.21 0.27 
 (0.49) (0.23)  (0.61) (0.40) 
      

ΔRt-9 0.17 0.53  0.33 0.60 
 (0.50) (0.23)  (0.72) (0.44) 

      

Torrance Dummy (LA) 0.06 -0.01  0.07 -0.01 
 (0.20) (0.19)  (0.20) (0.19) 
      

Torrance Dummy (SD) 0.06 -0.05  0.07 -0.06 
 (0.20) (0.20)  (0.19) (0.20) 
      

Torrance Dummy (SJ) 0.05 -0.01  0.05 -0.01 
 (0.15) (0.10)  (0.15) (0.12) 
      

Constant 0.00 0.00  0.00 0.01 
 (0.04) (0.02)  (0.04) (0.02) 
      

Observations 25,061 25,058  21,197 21,194 
Note: Metropolitan Statistical Area population from 2010 census used as weights.  Sample includes one city from 
each of the 20 MSAs included in Scopes 1 and 2 (see Appendix Table A1). For the New York MSA, we include 
Newark and not Long Island or New York. For the Miami MSA, we include Miami but not Port Everglades. For each 
of the California cities, we include a dummy variable for the period after the Torrance refinery explosion (2/18/15 
through the end of the sample). Standard errors clustered by year-month in parentheses. 
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