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Impacts of Federal Biofuel Policy and Market Structure on 
the PNW Cellulosic Ethanol Industry

Introduction

This publication examines the impact of the federal biofuel 
policy and market structure on the growth potential of the 
cellulosic ethanol industry in the Pacific Northwest (PNW). A 
multi-sectoral model is used to demonstrate how changes in 
the policies related to the federal Renewable Fuel Standards 
(RFS) and market power affect cellulosic ethanol production 
and consumption. The results fill a gap in our understanding of 
the effect of economic incentives from the federal RFS in 
promoting cellulosic ethanol production in the PNW.

This publication is a non-technical and abbreviated version of 
the study by Skolrud et al. (2016), which provides a detailed 
description of a market model of potential regional cellulosic 
ethanol production and presents simulated estimates of the 
effects of changes in the federal biofuel policy and market 
structure of the industry. The full study focuses only on 
Washington State, while this publication extends the analysis 
to cover the three PNW states of Idaho, Oregon, and 
Washington.

Highlights

Due to a small projected domestic supply of 
cellulosic biofuel, the EPA has reduced the 
mandated volume of cellulosic biofuel production. 
It has also allowed the purchase of waiver credits 
to substitute for production and use of cellulosic 
biofuels. The current waiver price is $0.25 per 
gallon of cellulosic biofuel, and it increases only 
if the average annual wholesale gasoline price 
exceeds $3.00 per gallon.
The low waiver price is largely responsible for the 
failure of the current biofuel policy to stimulate 
cellulosic ethanol market development.
Raising the waiver price will result in a significant 
increase in the quantity of cellulosic ethanol over 
the long run.
When more firms enter the market, the effect of 
an increase in the waiver price on the quantity of 
cellulosic ethanol decreases and the growth of the 
sector accelerates.

Cellulosic Ethanol Policy and 
Industry Development

Cellulosic Ethanol as a Renewable 
Fuel

Most liquid fuel ethanol is produced with starch feedstock 
sources, such as corn, or sugar feedstock sources, such as 
sugarcane or sugar beets. Cellulosic materials, such as field 
crop residues, energy crops (e.g., switchgrass, hybrid poplar), 
woody waste in landfills, and forestry residues from logging, 
tree thinning, mills, and land clearing, can also be used to 
produce biofuels such as ethanol.

The Energy Independence and Security Act of 2007 (EISA) 
includes an RFS that mandates use of renewable fuel. The 
mandate increases renewable fuel use from 13.95 billion 
gallons in 2011 to 36 billion gallons by 2022. In 2022, 16 
billion gallons of renewable fuels must come from cellulosic 
feedstocks.

Renewable Fuel Policy and 
Implementation

The mandate is enforced by the Environmental Protection 
Agency (EPA) via requirements that a minimum proportion of 
the fuel sold by fuel refiners, importers, and blenders is 
renewable fuel (EPA 2007). The mandate for most fuel types 
can be met either through firms’ own renewable fuel refining, 
blending, or importing activities or by purchasing obligations 
from other firms in a market for Renewable Identification 
Numbers (RINs). Types of fuel produced include ethanol, 
gasoline, diesel, compressed or liquefied natural gas, and 
heating oil.

To implement the EISA, the EPA created the RIN as a 
mechanism for RFS compliance accounting and it has 
continued under the reduced RFS mandates. A RIN is a 
unique, 38character number assigned to each gallon of 
renewable fuel produced in the US or imported. When 
renewable fuel is blended into motor vehicle fuel, the RIN 
attached to the renewable fuel can be separated, and then the 
RIN can be used for current or future compliance or it can be 
sold.
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The obligated parties (refiners and importers of gasoline and 
diesel) must comply with the RFS mandate by accumulating 
enough RINs to meet their renewable volume obligations. 
Obligated parties can either purchase and blend their required 
volume of biofuel and report the separated RINs to the EPA, or 
they can buy RINs in a secondary market (McPhail et al. 2011; 
Yacobucci 2013).

Cellulosic Ethanol Production in the 
US

The initial RFS for cellulosic biofuel were 100 million gallons 
for 2010, 250 million gallons for 2011, 500 million gallons for 
2012, and 1 billion gallons for 2013. Cellulosic biofuel types 
include ethanol, gasoline, compressed or liquefied natural gas, 
and heating oil. The majority of the companies and facilities in 
the US produce cellulosic ethanol from corn stover, corn 
kernel fiber, or vegetative waste (EPA 2015a). However, there 
was essentially no production of cellulosic ethanol in the US 
until 2012, when only 20,069 gallons were produced by pilot 
facilities owned and operated by Blue Sugars and KiOR (EPA 
2013a, 2013b; Schill 2012).

Two commercial-scale plants, INEOS Bio in Florida and 
KiOR in Mississippi, started their operations in 2013 (DOE 
2013), but production by INEOS Bio was delayed due to 
problems encountered in the fermentation process (Lane 
2014), while KiOR filed for bankruptcy in late 2014 (Voegele 
2014). The EPA has listed six potential domestic producers of 
cellulosic ethanol by 2016. They include:

Quad County Corn Processors in Iowa, a 2-million-
gallon-per-year (MGY) facility that started its 
production in October 2014 and reported 1 million 
gallons of cellulosic ethanol produced in April 2015 
(Lane 2015);
POET-DSM’s Project LIBERTY in Iowa (24 MGY);
Abengoa in Kansas (25 MGY);
Dupont in Iowa (30 MGY), with their first production 
of cellulosic ethanol projected in the last quarter of 
2015; and
INEOS Bio (8 MGY) that was projected to produce 
cellulosic ethanol in the first quarter of 2016 (EPA 
2015).

As of this writing, the actual production of POET-DSM, 
Abengoa, and Dupont in 2015 has not yet been publicly 
reported. While there has been progress in producing cellulosic 
ethanol, the volume of production remains very limited despite 
the RFS mandate. Because of the small domestic supply from 
commercial-scale cellulosic ethanol plants (EPA 2013b), the 
EPA reduced the RFS cellulosic biofuel mandate to 6.6 million 
gallons for 2011 (EPA 2010), 8.65 million gallons for 2012

(EPA 2012), and 6.6 million gallons for 2013 (EPA 2013b), 
each of which is less than 0.1% of the EISA mandate.

Renewable Fuel Waiver Credits

In addition, the EPA allows the purchase of waiver credits to 
substitute for actual cellulosic ethanol use. This is a separate 
“relief valve” from reductions in EISA mandates. Waiver 
credits can be purchased by fuel producers and importers 
instead of using cellulosic ethanol. One waiver credit can be 
purchased and applied to one gallon of an obligated party’s 
cellulosic ethanol end-of-year obligation.

The waiver price is calculated and set by the EPA as $0.25 per 
gallon or the average annual wholesale gasoline price minus 
$3.00, whichever is larger. The price for cellulosic ethanol 
waiver credits was $1.13 per credit in 2011, $0.78 per credit in 
2012, $0.42 per credit in 2013, $0.49 per credit in 2014, and 
$0.64 per credit in 2015 (EPA 2010, 2012, 2013b, 2015b). In 
comparison, POET biorefinery’s estimated cost of producing 
cellulosic ethanol is $2.35 per gallon (Governor’s Biofuel 
Coalition 2011), making waiver credits substantially cheaper 
than producing cellulosic ethanol.

Cellulosic Ethanol Production in the 
PNW

Six of the nine companies approved by EPA to produce 
cellulosic biofuel are currently producing cellulosic ethanol. 
Hence, this publication focuses on ethanol specifically. It 
investigates the impact of federal biofuel policy and market 
structure on the growth potential of the cellulosic ethanol 
industry in the PNW states of Idaho, Oregon, and Washington. 
Even though these states do not have comparative advantage in 
the production of corn or soybeans for ethanol like the 
Midwestern states, they do have a relative abundance of 
cellulosic feedstock in the form of woody biomass, some of 
which could be used to produce renewable fuels (Yoder et al. 
2010).

A number of studies analyzed the effect of the RFS on 
other biofuels, but we are only aware of one other study 
that analyzed cellulosic ethanol. Miao et al. (2012) 
concluded that a waivable mandate may induce 
investment if refinery-level costs are increasing in output 
at an increasing rate, but it has no effect on investment 
level if costs are increasing at a constant rate. However, 
Miao et al. (2012) did not consider the impact of waiver 
credits, which allow obligated parties to buy their way 
out of their cellulosic obligation.
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To date, there are no commercial cellulosic ethanol plants in 
the region, which underscores the minimal impact of the 
current RFS. As of March 2016, plans have been announced 
for development of only one commercial biorefinery in the 
region. The developer is Colorado-based ZeaChem and poplar 
trees will be used as feedstock to produce cellulosic ethanol in 
Boardman, Oregon (Ma 2015).

Market Structure and Industry 
Development

The rationale for this paper is to identify potential changes in 
the federal biofuel policy concerning cellulosic feedstock that 
will spur sustainable biofuel production in the PNW. We 
examine the impacts of possible changes in the RFS mandate 
on the growth of cellulosic ethanol production when waiver 
credits can be purchased.

We also examine the impact of a change in the market 
structure of the cellulosic refining sector. Since there are 
currently so few commercial cellulosic refiners, an oligopoly
market structure is likely to exist initially. As technology 
develops, however, a small number of commercial-scale 
refiners may coexist with a much larger number of small-scale 
producers, and the structure could resemble a perfectly 
competitive market system.

We calibrate and simulate a multi-sectoral general equilibrium 
model to demonstrate impacts for the PNW, specifically Idaho, 
Oregon, and Washington State. A general equilibrium market 
model allows us to simultaneously examine supply, demand, 
and price changes in an economy with several interacting 
markets (or sectors).

Methodology

We develop a six-sector model to evaluate the effects of the 
RFS on the production and consumption of cellulosic ethanol:

1. agricultural sector;
2. forestry sector;
3. composite good sector;
4. cellulosic refining sector;
5. blended fuel sector; and
6. consumers.

The agricultural sector and forestry sector are potential sources 
of cellulosic feedstock (Yoder et al. 2010). Switchgrass and 
lumber mill residues are used as the specific outputs from 
these two sectors, respectively. The inputs for these productive 
sectors include labor, capital, and resources (feedstock inputs). 
The cellulosic materials from both sectors are purchased by the 
composite good sector to produce a final product, or by the

cellulosic refining sector that uses labor and capital to process 
the feedstock into cellulosic ethanol.

The blended fuel sector then uses cellulosic ethanol, crude oil, 
labor and capital to produce blended fuel. This sector is 
directly responsible for fulfilling the obligations of the RFS. 
Finally, consumers purchase a blended fuel product and a 
composite consumption good which consists of agricultural 
and forestry products not used in the production of cellulosic 
ethanol. Figure 1 shows the six sectors and their 
interdependencies.

For the cellulosic refining sector, we initially assume an 
oligopoly market structure since there are only a handful of 
commercial cellulosic refining firms currently operating, but 
we allow for changes in its market structure to determine the 
effect on cellulosic ethanol production as the sector grows. We 
examine the two mechanisms involved in implementing the 
RFS regulation: the mandated standard of cellulosic ethanol 
use and the waiver price set by the EPA.

The model is calibrated and simulated for the states of Idaho, 
Oregon, and Washington using parameters for the elasticities
of substitution, input and output prices, and input and output 
quantities derived from statistical databases and relevant 
literature (Skolrud et al. 2016). Simulation is the best way to 
test how policy changes and industry growth impact cellulosic 
ethanol production.

Since the RFS is only defined at the national level, we 
approximated the mandated cellulosic ethanol produced in 
each of the three states as a percentage of national cellulosic 
ethanol production. We used each state’s share of 2013 
national petroleum consumption: 0.4% for Idaho, 0.9% for 
Oregon, and 2% for Washington (EIA 2013b). Hence, with 33 
million gallons of cellulosic ethanol produced nationally in 
2014, we begin our simulations with 132 thousand gallons of 
cellulosic ethanol produced in Idaho, 297 thousand gallons in 
Oregon, and 660 thousand gallons in Washington State.

Since we do not have data on the production technology of a 
cellulosic ethanol industry, we use the closest comparable 
industry, which is the corn ethanol industry as an 
approximation. See Skolrud et al. (2016) for more details about 
the data, assumptions, and simulation methods underlying the 
study.

Results

The EISA designates the EPA as the enforcer of the RFS. 
Accordingly, the EPA has the power to modify the RFS 
mandates given sufficient evidence that the domestic supply is 
inadequate. We use our market model applied to the PNW
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Figure 1: Six sectors of the model and their relationships in the production and consumption of cellulosic ethanol. (Solid arrows represent the pathway for 
the production and sale of cellulosic ethanol. Dashed arrows refer to inputs from the agricultural and forestry sectors that are not used to produce 
cellulosic ethanol and are purchased by the composite good sector to produce a final product that is then sold to the consumer.)

states to determine the market effects of changes to RFS 
regulations and changes in market power in the region.

Impact of RFS Implementation 
Changes

On the cellulosic ethanol percentage standard.

In the first simulation we examine the effect of progressive 
increases in the RFS percentage standard for cellulosic ethanol 
over the range for 2012–2022. Figure 2 illustrates the 
mandated increase in cellulosic ethanol from 2012 to 2022 as a 
percent of national fuel volume. Note that the standard was 
readjusted from the originally proposed targets through 2014 
due to supply shortages.

By implementing the proposed standards through 2022, we 
find a trivial increase in the amount of cellulosic ethanol 
produced in the three states. If the price of a cellulosic ethanol 
waiver credit remains at the 2012 level (i.e., $0.78 per credit), 
blended fuel firms react to a higher standard by simply 
purchasing more waiver credits. In fact, the trend in waiver 
purchases is identical to the increase in the percentage standard 
(Figure 2) because firms view the waiver price as a cheaper 
alternative to buying RINs in order to meet their obligations. 
Thus, there is no significant increase in the quantity of 
cellulosic ethanol

Figure 2: Revised RFS for percentage of cellulosic ethanol in blended fuel 
through 2022. (Targets for 2011–2014 were adjusted downward due to 
supply shortages.)

produced. Since there is no change in demand for cellulosic 
ethanol, the price of cellulosic ethanol remains the same.

On the price of waiver credits.

The effect of a gradual increase in the price of waiver credits 
on cellulosic ethanol production is noted in Figure 3. Starting 
with the 2012 price of $0.78 per waiver credit, we increase the 
waiver price up to $2.23 in five-cent increments. This price 
increase results in a ten-fold increase in cellulosic ethanol 
production in each state. Therefore, raising the waiver price 
has a much larger potential to boost cellulosic ethanol 
production than raising the mandated standard.
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Figure 3: Simulated effect of an increase in the waiver price on cellulosic 
ethanol production by state.

The intuition is quite clear: a rise in the mandated standard has 
little effect if the firm has the option of purchasing an 
inexpensive waiver credit instead of actually producing 
cellulosic ethanol. As the waiver option becomes more 
expensive, firms demand more cellulosic ethanol to meet their 
obligation. The increase in demand will lead to an increase in 
the price of cellulosic ethanol. If we have a perfectly 
competitive market for blended fuel, the price of blended fuel 
does not change (unless quantity of blended fuel changes); but, 
if the industry has market power, the blended fuel price will 
increase as the price of cellulosic ethanol increases.

We also examine the impact of the waiver price on the growth 
of the cellulosic refining sector. When the waiver price 
increases, the blended fuel sector increases its demand for 
cellulosic ethanol. This increase leads to an increase in the 
demand for capital by the cellulosic refining sector, which 
consequently increases the capital-to-labor ratio in that sector 
as shown in Figure 4. There is more than a four-fold increase 
in the capital-to-labor ratio of the cellulosic refining sector in 
Washington when the waiver price reaches $2.23. At the same 
price, the capital-to-labor ratio of the sector in Oregon and 
Idaho increases two-fold and one-fold, respectively. This 
increase implies a relatively significant reallocation of capital 
investment into the cellulosic refining sector.

Impact of Changes in Market Power

On cellulosic ethanol production.

Growth in the cellulosic refining sector could be accompanied 
by changes in the market power of firms within that sector and 
influence the quantity of cellulosic ethanol. We simulate the 
general equilibrium effects of changes in oligopolistic market 
power among cellulosic refining firms by increasing the 
number of firms in the sector, holding all other variables 
constant. Hence, increasing the number of firms substantially 
increases the quantity of cellulosic ethanol, but at a decreasing 
rate, as shown in Figure 5.

Figure 4: Simulated effect of an increase in waiver price on the capital-to-
labor ratio in the cellulosic refining sector by state.

Figure 5: Simulated effect of an increase in the number of firms on 
cellulosic ethanol production by state.

Cellulosic ethanol production increases by approximately 
345% in Washington, 245% in Oregon, and 145% in Idaho 
when there are 15 firms in the cellulosic refining sector; 
compared to about 810%, 576%, and 341% increase in 
production in each state respectively when there are 100 firms 
in the sector. Thus, a competitive market in the cellulosic 
refining sector will lead to more production, especially in 
Washington.

Note that the growth differences in cellulosic ethanol use are 
due to the initial input endowments of capital, labor, and 
resources. Since Washington has the largest resource 
endowment, it is expected to have the fastest growth in the 
sector.

On the relationship between the RFS, waiver 
price, and cellulosic ethanol production.

An increase in the number of firms in the cellulosic refining 
sector alters the marginal impact of the RFS on the quantity of 
cellulosic ethanol only trivially. An increase in the number of 
firms alters the marginal impact of a change in the waiver price 
much more (Figure 6).
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Figure 6: Simulated effect of an increase in waiver price on cellulosic ethanol production for different number of firms by state.

On the relationship between the waiver price 
and price of cellulosic ethanol.

As shown in Figure 7, the price of cellulosic ethanol increases 
as the waiver price increases. Also, the price is higher when 
there are fewer firms, especially at lower waiver prices. Since 
the cellulosic price data for Washington, Oregon, and Idaho 
are the same, the graph represents the simulation results for the 
PNW region.

The relationship between the waiver price and the price of 
cellulosic ethanol is not the same for all market structures. In 
an oligopoly starting with five firms, the price declines in the 
waiver price range of $0.78–$1.08 per credit, and then 
eventually rises. This U-shaped relationship can be explained 
by the relative shifts in supply and demand in response to a 
change in the waiver price.

As noted earlier, an increase in the waiver price increases the 
demand by the blended fuel sector for cellulosic ethanol. 
However, an increase in the waiver price also shifts the supply 
curve to the right as illustrated by the increase in capital and 
other inputs used in the cellulosic refining sector. If the 
increase in supply is greater than the increase in demand, the 
price declines.

In the case of perfect competition, the increase in demand is 
larger than the increase in supply which leads to a 
simultaneous increase in quantity and price of cellulosic

Figure 7: Simulated effect of an increase in waiver price on the price of 
cellulosic ethanol given different number of firms for the PNW.

ethanol. For an oligopoly, the increase in supply is larger than 
the increase in demand at low waiver price levels, but the 
relationship is reversed at higher waiver price levels. The 
magnitude of the supply shift is determined by the elasticity of 
cellulosic ethanol supply with respect to a change in the waiver 
price.

Simulation robustness checks.

The previous simulations assumed that the blended fuel sector 
was perfectly competitive while the cellulosic refining sector 
ranged from oligopoly to perfect competition. There are only 
five refineries responsible for supplying transportation fuel to
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the PNW, Washington State and Oregon in particular (EIA 
2013c). Thus, these refineries likely have oligopolistic power 
in the final blended fuel output market.

In terms of the crude oil input, they likely have oligopsonistic
power as well. For instance, approximately 50% of the crude 
oil produced in Alaska is shipped to Washington, and 
approximately 50% of the crude oil supplied by the Trans 
Mountain Pipeline in Canada is pumped to refineries in 
northwest Washington (EIA 2013c; Trans Mountain 2013). 
Due to the prevailing transportation infrastructure, it is costly 
for the crude oil producers in Alaska and the producers 
supplying the Trans Mountain Pipeline to ship to alternate 
refiners. Thus, the refiners in Washington could be 
oligopsonies in the purchase of crude oil as an input to fuel 
blending.

To test the impact of our initial assumption that the blended 
fuel sector was perfectly competitive, we simulate the effect of 
the RFS and the waiver price under the assumption of a 
perfectly competitive cellulosic refining sector and an 
oligopoly or oligopsony blended fuel sector. Similar to the 
previous result, any increase in the RFS had little to no impact 
on the level of cellulosic ethanol due to a large increase in the 
purchase of relatively cheap waiver credits. In contrast, an 
increase in the waiver price leads to similar increases in 
cellulosic ethanol in all three states. Thus, even when we allow 
for imperfect competition in the blended fuel sector, the 
qualitative results are similar.

Discussion

This study’s most important findings relate to the importance 
of the waiver credit price in market development. We find that 
an increase in the RFS mandate has little effect on the demand 
for cellulosic ethanol when waiver credits are available for 
purchase at their current prices. In other words, inexpensive 
waiver credits are the primary reason that the cellulosic ethanol 
industry has failed to develop. This should not be surprising 
because waiver prices have been substantially lower than the 
cost of producing cellulosic ethanol.

It is also not surprising that the quantity of cellulosic ethanol 
increases when the price of waiver credits increases. The 
increase in quantity is accompanied by an increase in the 
capital-to-labor ratio in the cellulosic refining sector. As more 
firms enter and market power decreases, we find an increase in 
the quantity of cellulosic ethanol and a decline in the effect of 
higher waiver price. However, among the alternatives 
considered, increasing the price of the waiver credits is the 
most effective policy instrument for stimulating production of 
cellulosic ethanol and boosting the growth of the cellulosic 
ethanol sector through capital investments.

One of the stated goals of the EISA is to reduce emissions by 
mandating increased use of renewable fuels like cellulosic 
ethanol. It is often cited that the high cost of cellulosic ethanol 
production is the cause of cellulosic ethanol supply shortages, 
which is in turn used to justify low waiver prices as a safety 
valve in case production is not available to satisfy mandates. 
However, our research demonstrates something of a catch-22: 
the current low price of the waiver credit is a major reason 
why the industry is not developing despite the mandate and 
current market conditions.

The waiver credits are intended to be a safety valve for 
potentially over-stringent RFS obligations, but our findings 
suggest that they serve as a deterrent to cellulosic ethanol 
production and thus render the mandate ineffective. In order 
for the mandate to achieve its desired effect, the waiver credit 
system must be redesigned so that the purchase of cellulosic 
ethanol will be the less costly option for the refiners. This 
requires an increase in the waiver price, and eventually, a 
discontinuation of their use.
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Glossary

elasticity. Measures the responsiveness of an economic 
variable to a change in another variable. Elasticity of 
substitution measures how the expenditure ratio on production 
inputs changes in response to a change in the input price ratio.

oligopoly. A market structure that is dominated by a small 
number of producers, and there are substantial barriers to entry 
in the market.

oligopsony. A market structure in which few firms dominate 
the purchase of goods, services, or factors of production.
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as a short-rotation woody crop that is being grown 
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Europe, Jake’s influence was felt worldwide.
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plant (right image) were taken from Wikimedia 
Commons.
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