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ABSTRACT

Life-cycle analyses of energy use and greenhouse gas (GHG) emissions were carried out for three scenarios of the Cos-
kata biomass-to-ethanol (EtOH) process under Chinese conditions using the original Tsinghua China Automotive Ener-
gy LCA Model in conjunction with a module developed particularly for the Coskata process. The results show that 1)
the Coskata pathway has good performance in terms of life-cycle fossil energy use and GHG emissions; 2) the electri-
city used in the biomass-to-EtOH process has the most significant effect on life-cycle fossil-energy use, natural gas as
boiler fuel has the second-greatest effect, while fuel used in feedstock transportation has the third; and 3) different en-
ergy resources for boilers in the biomass-to-EtOH factory provide different life-cycle results: coal is the least favor-
able while biomass is the most favorable. We conclude that 1) the Coskata pathway has the dual merits of fossil en-
ergy-savings and lower GHG emissions compared with all other bio-EtOH pathways and conventional gasoline in

China; and 2) shifting from coal as the fuel for factory boilers to biomass will strengthen the advantages.
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1. Introduction
1.1. Ethanol for Transportation Fuel

Ethanol (EtOH) is used globally as a fuel and fuel addi-
tive and serves as an alternative to gasoline. Ethanol
adoption has become widespread, as it is inexpensive to
produce and can be produced in certain geographies us-
ing locally available feedstock such as corn and sugar
cane. As the demand for ethanol continues to grow, it is
believed that production will increasingly shift away
from food-based feedstock to non-food-based resources
[1]. For example, wood can be converted into ethanol
while currently it provides an unattractive alternative to
gasoline because of its high cost.

By the end of 2010, the use of fuel ethanol reached
1.86 million tons in China, with most of the ethanol be-
ing produced from grain. Government policy encourages
the rational use of non-grain raw materials to produce
fuel ethanol in the future: in the near-term, priority will
be given to the production of fuel ethanol from non-grain
feedstock, such as cassava, sweet potato, and sweet sor-
ghum; in the long-term, cellulosic biomass-derived bio-
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fuels will be actively promoted. The potential of China’s
energy crop resources depends on the acreage of avail-
able marginal land and the average production per unit
area of land, but the total amount of liquid fuel obtained
from crop resources in the future is expected to be 10%
of total transportation fuel. Lignocellulosic energy crops
will account for about 80% of liquid fuel produced from
energy crops in the long term in China. Besides bio-che-
mical processes and thermal-chemical processes, more
efficient energy conversion technology, such as bio-gasi-
fication-fermentation, has been explored internationally.
This is leading-edge technology in the production of lig-
uid biofuels. The preliminary research and evaluation re-
sults suggest good economic efficiency. Coskata, a US-
based company, has established a bio-gasification-fermen-
tation demonstration plant [2,3].

1.2. Biomass-to-Ethanol Conversion by Coskata

Coskata is a technology company that produces alterna-
tive fuels and chemicals. Their proprietary three-step
process has been demonstrated at a significant scale and
offers high yields, low costs and feedstock flexibility [4],
as Figure 1 shows.
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Figure 1. Overview of the Coskata process; (Source: http://
www.coskata.com/process/index.asp?source=7E352957-657F-
44D4-8CEC-3FCA8BBB2D7C).

Step 1: Syngas Production

In the first step, Coskata technology converts carbon-
containing feedstock into synthesis gas, or syngas, which
is a mixture of carbon monoxide, hydrogen, and carbon
dioxide. The feedstock material is broken down into a
syngas that Coskata can then convert into fuels or che-
micals. For solid feedstock such as wood, Coskata tech-
nology produces syngas through gasification.

Step 2: Fermentation

After the syngas is cleaned and cooled, it is fed to
Coskata’s innovative bioreactors where proprietary mi-

croorganisms convert the syngas into fuels and chemicals.

Coskata’s microorganisms convert nearly all the chemi-
cal energy of the syngas into the desired end product.

Step 3: Separation

The third step of the Coskata process is product sepa-
ration. This step uses commercially available distillation
and dehydration technologies to efficiently separate the
final product from the water stream exiting the bioreac-
tor.

Although the agriculture of lignocellulosic energy crops
is still in its infancy, the crops can be grown in a wide
variety of regions and can be used in Coskata’s process,
and they alleviate many agricultural concerns related to
food-related biofuels.

1.3. Content of This Research

The life-cycle analysis (LCA) of energy use and green-
house gas (GHG) emissions of the Coskata process under
Chinese conditions has been developed using the original
Tsinghua China automotive energy LCA model (TLCAM)
along with a customized module developed principally
for the process.

The paper is organized as follows. Section 2 describes
the model, and Section 3 presents the data used in this
work. Section 4 presents the results obtained and discus-
sions, and Section 5 gives conclusions.
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2. Model Description and System Boundary
2.1. Model Description

In this study, we use the well-to-wheels (WTW) analysis
module of the TLCAM, which has been described in
detail by Ou et al. (2009) [5] and Ou et al. (2010) [6].

Especially for this project, we developed a new mo-
dule to assess the life-cycle energy and GHG emissions
for the Coskata pathway to convert biomass into ethanol
for transportation fuel use. With this module, we can in-
put key assumptions and data into the model, which will
then generate complete WTW final results including re-
sult summaries in the form of charts and graphs.

2.2. System Boundaries

The WTW energy consumption (EC) and GHG analysis
considers the well-to-pump (WTP) and pump-to-wheels
(PTW) stages. The WTP stage is the upstream production
stage, including the exploitation of raw resources/feed-
stock plantation, feedstock transportation, fuel produc-
tion, and fuel transportation, storage and distribution
(TSD). The PTW stage relates to downstream fuel com-
bustion in a vehicle engine. The WTW analysis has been
used to clarify the EC and GHG impacts of conventional
gasoline as well as several existing ethanol pathways, as
described in Table 1 [7].

3. Key Data
3.1. Key Data on the Energy and Material
Inputs/Outputs

For the energy use related to feedstock production/col-
lection/transportation in our case, we have assumed the
use of wood biomass feedstock to mirror Coskata’s pre-
viously planned US-based commercial facility, upon which
the material and energy summary was based. The fol-
lowing specific assumptions for wood biomass are made.

1) The energy content in the feedstock (forest residuals
are considered as the primary feedstock here) is 9.77
MJ/kg wet wood and this amount is included in the direct
energy use calculation for the factory but is not included
in the life cycle fossil energy use or related GHG emis-
sions owing to this energy being from feedstock that is
“renewable” and “carbon neutral”.

2) Owing to collection being primarily manual, the
fossil energy use in collection is negligible and it is omit-
ted in this report.

3) The average distance feedstock is transported to the
factory is 100 km (Chai, 2008) [3], close to the current
situation for biomass power plants. The vehicle effi-
ciency assumed is 7.45 liters of diesel per 100 km per ton
of wet wood transported [7].
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Table 1. Well-to-wheels research framework for biofuel pathways.

Exploitation of raw

Pathway No. resources/Feedstock Feedstoc!< Fuel production Fuel TSD \ehicle operation
i transportation
plantation
(WTP) (PTW)
Gasoline and Oxygenated
CG/baselinel Qil exploitation Qil transportation oxygenates Oxygenated gasoline
d gasoline TSD -
production, blend combustion
CE Corn plantation Corn transportation EtOH production EtOH TSD EtOH combustion
KE Cassava plantation Cassava_ EtOH production EtOH TSD EtOH combustion
transportation
SE Sweet-sorghum plantation Sweet-sorghum EtOH production EtOH TSD EtOH combustion

transportation

Notes: CG: conventional gasoline; CE: corn-derived ethanol; KE: cassava-derived ethanol; SE: sweet-sorghum-derived ethanol.

4) The average distance that EtOH is transported to
vehicle service stations is 500 km [3], close to the current
situation for the distribution of conventional gasoline in
China. The vehicle efficiency assumed is twice that of
the above situation for feedstock transportation: 3.725
liters of diesel per 100 km per ton of EtOH transported

[7].

3.2. Key Data on Life Cycle Intensity

Ou and Zhang (2011) [7] analyzed the fossil energy and
GHG emission intensities (as well as the upstream GHG
intensities) of various secondary energy (SE) resources in
China; the publicly available results are listed in Table 2.
In this report, we use these data to convert direct energy
use to life cycle results for the Coskata scenarios ana-
lyzed.

The fossil energy intensity (EF.c, MJ/MJ) and GHG
emission intensity (GHG.c, g CO,/MJ) of a specific
type of SE are defined as the sum of all the fossil energy
and GHG emissions, respectively, during the entire life
cycle for 1 MJ of the final fuel obtained and used. Table
2 shows the life cycle fossil energy and GHG emission
intensities for the nine types of SE, ordered from lowest
to highest in terms of energy intensity.

4. Results and Discussions
4.1. Results

Figures 2-4 show that the pathway of Coskata techno-
logy using natural gas (NG), coal or biomass for boiler
fuel uses just 33% - 41% of the total energy and emits
just 42% - 52% of the GHG emissions compared with the
case for gasoline [5] over the life cycle from feedstock to
EtOH distribution.

In China’s situation of a coal-dominated energy supply,
coal energy is used not only for the major feedstock of N
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Figure 2. Life-cycle amounts of fossil fuel used for different
EtOH pathways in China; Note: The terms in brackets re-
fer to the use of NG, coal or biomass for boiler fuel.
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Figure 3. Life-cycle amounts of fossil fuel used for different
EtOH pathways in China (by type); Note: The terms in brac-
kets refer to the use of NG, coal or biomass for boiler fuel.
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Table 2. Fossil energy intensity and GHG emission intensity results.
Item EF.c EFiccoal EFicne EFLcpetrol GHG¢c COzup CHaup N2Oup
Unit MJI/MJ MJI/MJ MJI/MJ MJI/MJ gCO,/MJ g/MJ g/MJ mg/MJ
Crude coal 1.055 1.053 0.000 0.002 100.5 4.259 0.422 0.062
Crude NG 1.155 0.080 1.011 0.064 68.59 11.909 0.072 0.154
Crude oil 1.167 0.097 0.023 1.047 89.19 15.998 0.054 0.265
Coal 1.172 1.061 0.001 0.110 104.5 5.733 0.425 0.172
NG 1.196 0.081 1.015 0.065 72.73 13.544 0.110 0.161
Diesel 1.319 0.156 0.027 1.119 102.4 28.287 0.078 0.441
Gasoline 1.331 0.164 0.049 1.130 98.86 30.506 0.086 0.472
Residual oil 1.220 0.139 0.026 1.055 102.9 25.325 0.071 0.409
Electricity 2.924 2,572 0.021 0.330 289.6 273.308 1.010 3.917
Life cycle GHG emission (gCOs,./MJ) boiler fuel accounts for the second-highest amounts of
160 145 fossil-fuel use and GHG emissions; fuel used in the
140 131 transportation of feedstock accounts for the third greatest
120 proportions; fuel used for EtOH distribution contributes
0o % approximately 10% of the total fossil-energy use.
%0 We note that the quantity of natural gas needed for the
g2 Coskata pathway is based on the need to dry the income-
60 47 2l 4 ing wood biomass from a moisture content of ~50% to
40 approximately 15% - 20%. For feedstock where no dry-
20 ing is needed (such as many types of agricultural resi-
0 dues), this natural gas requirement would be greatly re-
& R & N N ‘f"\ .
S < af S @& & duced, and there would likely be excess recoverable en-
=) > \2 .
<y ¢ Q}%° & & oL ergy suitable for use by a co-located steam user, or for
< = = . .
= & & ¥ electric power generation.

Figure 4. Life-cycle GHG emissions for different EtOH path-
ways in China; Note: The terms in brackets refer to the use
of NG, coal or biomass for boiler fuel.

fertilizer which is needed for corn, cassava, and sweet
sorghum production but also as the major fuel used for
steam boilers and power supply during the processing
stage of EtOH production.

The Coskata pathway has good performance in terms
of lifecycle fossil-energy use and GHG emissions. Fur-
thermore, different energy resources for boilers used in
the factory affect the life cycle results; coal is the least
favorable while biomass is the most favorable.

4.2. Break-Down Analysis

Break-down analysis of the Coskata process in the case
that NG is used as boiler fuel shows that electricity
dominates the life-cycle amount of fossil fuel used and
GHG emissions, accounting for 58% of the total fossil-
fuel use and 32% of GHG emissions. The NG used as
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5. Concluding Remarks

The Coskata pathway has dual merits of energy savings
and reduced GHG emissions compared with all other
bio-EtOH pathways in China and gasoline. Shifting the
fuel requirements for factory boilers from coal to bio-
mass will strengthen the advantages of the Coskata path-
way. The effects of feedstock transportation and EtOH
distribution are important in determining the overall ef-
fect of the process on life-cycle energy use and GHG
emissions.
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