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Insights for Policy Makers

Ethylene is one of the basic organic chemicals serving as feedstock for a num-
ber of downstream chemical products. With a production exceeding 140 million 
tonnes per year, ethylene is by far the largest bulk chemical (in volume) used for 
the production of around half of all plastics. The demand for ethylene is expected 
to continue to rise, particularly in the emerging economies. Today, almost all 
ethylene is produced from petroleum derivatives, but biomass can also be used 
as an alternative feedstock for the production of bio-ethylene. Ethylene and bio-
ethylene are chemically identical, so existing equipment and production capacity 
can use both to produce plastics or other downstream products. At present, the 
fi rst bio-ethylene plants in Brazil and India account for approximately 0.3% of the 
global ethylene capacity, and the largest plants produce around 200 kt of bio-eth-
ylene per year. However, the global market for biopolymer production is growing 
fast and several production plants are under construction or planned (e.g. China). 

Bio-ethylene is produced from bio-ethanol, a liquid biofuel that is widely used in 
the transportation sector with an annual production of around 100 billion liters. 
At present, the United States (using corn) and Brazil (using sugarcane) are the 
largest producers of bio-ethanol, accounting for respectively 63% and 24% of 
the global production. Ligno-cellulosic biomass from wood and straw can also 
be used to produce bio-ethanol, but related production processes still need a full 
commercial demonstration. The advantage of using ligno-cellulosic feedstock 
instead of sugar and starchy biomass (e.g. sugarcane and corn) is that it does not 
compete with food production and requires less or no arable land and water to 
be produced. 

The potential for bio-ethylene production is large, but its implementation will 
depend on the future availability and price of the biomass feedstock, which are 
linked to developments in food demand and the use of biomass for biofuels, heat 
and electricity production. The cost of bio-ethylene is highly dependent on the 
local price of the biomass feedstock and is still higher than that of petrochemi-
cal ethylene in most situations. At the same time, bio-based plastics can attract 
premium prices on the market, which could make them a competitive business in 
regions with abundant and cheap biomass feedstock. In Brazil and India, due to 
the availability of cheap biomass resources and Brazil’s long-standing tradition of 
using bio-ethanol for transportation purposes, bio-ethylene costs are estimated 
to be almost equal to petrochemical ethylene. 

The environmental performance of bio-ethylene depends largely on the regional 
conditions for the production of bio-ethanol, the greenhouse gas (GHG) emissions 
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eventually due to land use changes, and the conditions of the incumbent energy 
systems. In general, bio-ethylene can signifi cantly reduce the environmental im-
pact of the chemical industry. Based on recent estimates, bio-ethylene can reduce 
GHG emissions byup to 40% and save fossil energy by up to 60% compared to 
petrochemical ethylene. In addition, bio-ethylene and other bio-based products 
made from local resources can reduce a country’s dependence on fossil energy 
imports and stimulate local economies.

Biomass availability and the price gap with petrochemical ethylene are the 
two most important determinants for the future of bio-ethylene, although bio-
ethylene can also contribute to energy security in oil-importing countries. While 
promoting the optimal use of biomass, including cascading use in various sectors 
of the economy, policy measures can support the deployment of bio-ethylene 
production capacity by supporting the use of bio-based materials via incentives, 
carbon tax schemes, eco-labeling or information campaigns, and removing import 
tariff s on bio-ethanol. In any case, future fossil fuel prices will remain a key fac-
tor in determining to what extent bio-ethylene can substitute for petrochemical 
ethylene. 
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Highlights
 � Process and Technology Status – Ethylene, which is produced from pet-

rochemical feedstock, is one of the most important platform chemicals in 
use today. Bio-ethylene made from bio-ethanol (from biomass) represents 
a chemically identical alternative to ethylene. Compared to the petrochemi-
cal equivalent, the main advantages of bio-ethylene are that it can reduce 
greenhouse gas (GHG) lifetime emissions (from both production and use) 
and the dependence of the chemical industry on fossil fuels. Bio-ethanol can 
be obtained by fermentation of sucrose feedstock (e.g. sugarcane) and from 
starchy biomass (e.g. corn) by hydrolysis followed by fermentation. These two 
production routes are well-developed and used to produce bio-ethanol for 
the transport sector in countries and regions (e.g. Brazil, the U.S., Europe and 
China). Besides sugarcane and corn, ligno-cellulosic biomass can also be used 
as a feedstock, but the conversion into bio-ethanol is more challenging and 
costly due to the biomass chemical structure. If technology advances over-
come these issues, bio-ethanol and bio-ethylene production from ligno-cel-
lulosic biomass could become economically attractive. In Brazil, bio-ethylene 
production is already economically competitive due to the ample availability 
of cheap sugarcane feedstock, extensive experience in ethanol production 
and increasing oil prices. This has led to new sugarcane-based bio-ethylene 
capacity. A new plant producing 200 kt per year is already in operation. 

 � Performance and Costs – Bio-ethylene production based on sugarcane is 
estimated to save about 60% of fossil energy compared to petrochemical 
production as the process can also produce electricity. Associated green-
house gas (GHG) emissions from cradle-to-factory gate are about 40% less 
than the petrochemical production. In comparison, bio-ethylene from corn 
and ligno-cellulose save less energy and GHG emissions because related pro-
cesses do not export electricity. However, ligno-cellulosic bio-ethylene would 
be much less demanding in terms of land use. The production costs of sug-
arcane bio-ethylene are very low in Brazil and India (i.e. around USD 1,200/t 
bio-ethylene). Chinese production based on sweet sorghum is estimated 
at about USD 1,700/t. Higher costs are reported in the United States (from 
corn) and in the European Union (from sugar beets) at about USD 2,000/t 
and USD 2,600/t, respectively. At present, the cost of ligno-cellulose-based 
production is estimated at USD 1,900-2,000/t in the U.S. In comparison, the 
cost of petrochemical ethylene is substantially lower (i.e. USD 600-1,300/t), 
depending on the region with a global average of USD 1,100/t. The current 
production cost of bio-ethylene is between 1.1-2.3 times higher than the global 
average petrochemical ethylene, but ligno-cellulosic bio-ethylene is expected 
to reduce the gap in the near future.
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 � Potential and Barriers – If all bio-ethanol currently produced for the trans-
port sector (i.e. 61 million tonnes) were to be converted into bio-ethylene, this 
bio-ethylene would meet about 25% of current global demand. Projections 
suggest that bio-ethylene could meet between 40-125% of the global de-
mand by 2035, depending on scenarios and taking into account co-products. 
However, several industrial sectors (e.g. transportation fuels, power genera-
tion and the chemical industry) might compete for the availability of biomass 
feedstock, and starchy and sucrose biomass alone cannot meet the total 
demand without competing with the food production industry. As a conse-
quence, the development of cheap and sustainable conversion processes of 
ligno-cellulosic biomass is crucial to increasing the basic resources of sustain-
able biomass. Oil prices will also have a key impact on bio-ethylene market 
uptake. As far as GHG emissions are concerned, to better refl ect the environ-
mental advantages of biomaterials, policy measures should account for life 
cycle emissions of products, not only the chemical sector on-site emissions 
occurring during the production process. 

Process and Technology Status
Ethylene is a platform petrochemical for direct or indirect production of most 
important synthetic polymers, including high- and low-density polyethylene 
(HDPE and LDPE), polyvinyl chloride (PVC), polystyrene (PS) and polyethylene 
terephthalate (PET) (Shen et al., 2010). 

Until the 1940s, ethylene was produced via ethanol dehydration, but with the ad-
vent of the economically attractive steam cracking process (Morschbacker, 2009; 
Kochar et al., 1981), almost all ethylene production is now based on various pe-
troleum-based feedstock, including naphtha (mostly in Europe and Asia), ethane 
and, to a lesser extent, propane and butane in the Middle East and North America. 
The total production capacity reached 138 million tonnes (Mt) per year in 2011 
(OGJ, 2011). However, increasing fossil fuel prices and concerns over greenhouse 
gas (GHG) emissions have now focused the attention on renewable feedstock for 
bio-ethylene production. As a consequence, bio-ethanol obtained from various 
biomass has been considered as an attractive precursor of bio-ethylene due to its 
technical and economic potential.
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Bio-ethanol can be produced by the fermentation of a variety of plant biomass, 
which is then converted to bio-ethylene via catalytic dehydration1. Compared to 
the petrochemical route, this process can save GHG emissions in the product’s 
entire lifecycle 2 because the plant feedstock absorbs CO2 from the atmosphere 
during its growth. In Brazil, the availability of low-cost sugarcane and bio-ethanol 
production, along with environmental advantages has recently led to investments 
in facilities for production of bio-ethylene and its downstream products (e.g. 
 bio-PE).

Bio-ethylene is chemically identical to petroleum-based ethylene. Therefore, no 
new technology is required for conversion into downstream products. This tech-
nology helps reduce Brazil’s oil dependence and stimulates the local economy and 
employment. However, extensive production of bio-ethylene can compete with 
food and feed production for the availability of arable land. In addition, if pristine 
land is converted into arable land for biomass production, this causes increased 
CO2 emissions, which can off set the environmental benefi t (Bos et al., 2010).

 � Production Process and Feedstock – The fi rst step in bio-ethylene produc-
tion is the creation of bio-ethanol from biomass feedstock. This is a well-
known process as bio-ethanol is now used as a transportation fuel. Three 
types of biomass can be used (Balat et al., 2008): sucrose, starchy and ligno-
cellulosic feedstock. 

Sucrose biomass (e.g. sugarcane, sugar beets and sweet sorghum) is rela-
tively easy to break down as sucrose is a disaccharide, which can be directly 
fermented into bio-ethanol by yeast. Currently, two-thirds of sucrose biomass 
consists of sugarcane grown in (sub-)tropical regions, mostly in South Amer-
ica, with signifi cant amounts in Asia, while one-third consists mostly of sugar 
beets grown in temperate regions, mainly in Europe. Sugarcane off ers a high 
sugar yield plus ligno-cellulosic by-products (e.g. bagasse, leaves), which 
can be used for heat and power (Morschbacker, 2009). At present, Brazil is a 
leading country for the production of sugarcane bio-ethanol.

1 See IEA-ETSAP and IRENA Technology Brief P10 “Production of Liquid Biofuels” 
(September 2012) for more information on bio-ethanol.

2 Life cycle refers to all steps involved in a product’s manufacture, use and waste 
management (e.g. raw materials extraction, processing, production, transportation, 
use, repair, disposal). For a complete understanding of a product’s environmental 
impact, all stages of the life cycle need to be assessed.
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Starchy biomass (e.g. wheat, corn and barley) contains cellulose polysaccha-
rides (i.e. long chains of D-glucose monomers), which must fi rst be converted 
into a glucose syrup by either enzymatic or acidic hydrolysis. Glucose is then 
fermented and distilled into bio-ethanol. Currently, most starch-based bio-
ethanol is produced in the United States from corn.

Ligno-cellulosic biomass (e.g. wood, straw, grasses) consists mostly of three 
natural polymers: cellulose, hemicelluloses and lignin. Ligno-cellulosic biomass 
forms the largest potential source of bio-ethanol because it is widespread 
and largely available at low cost. It can also be grown as a perennial crop on 
low- quality land with attractive yields, costs and low environmental impact 
(Balat et al., 2008). However, the conversion of ligno-cellulosic feedstock into 
bio-ethanol is more diffi  cult and costly. Lignin forms highly branched struc-
tures that are bound to cellulose and are hard to break down by microbial 
systems. This makes the hydrolysis process and the fi nal bio-ethanol relatively 
expensive though costs have come down signifi cantly over the last decades, 
and large commercial production is about to start (e.g. POET, 2011).

In addition to hydrolysis and fermentation (i.e. the biochemical route), ligno-
cellulosic biomass can be converted into ethanol by thermo-chemical pro-
cesses (Foust et al., 2009). These involve feedstock gasifi cation (i.e. produc-
tion of syngas) and subsequent conversion into ethanol by fermentation or 
catalytic conversion (Foust et al., 2009). A number of new commercial-scale 
bio-ethanol production facilities based on the thermochemical route have 
been announced (Coskata, 2011; Enerkem, 2011), but they are not yet linked to 
the production of bio-ethylene.

Once bio-ethanol has been produced and purifi ed to chemical grade, it is 
converted to bio-ethylene by an alumina or silica-alumina catalyst. One 
tonne of bio-ethylene requires 1.74 tonnes of (hydrated) bio-ethanol (Kochar 
et al., 1981). Conversion yields of 99% with 97% selectivity to ethylene have 
been achieved (Chematur, n.d.). The reaction is endothermic and requires 
a minimum theoretical energy use of 1.6 gigajoules (GJ) per tonne of bio-
ethylene. While the ethanol-to-ethylene (ETE) process is relatively simple, it 
has scarcely been used in the last decades. Table 1 provides an overview of 
the capacity of current and planned facilities where bio-ethylene or its down-
stream products are produced with ETE technology. The current production 
capacity is about 375 kilotonnes (kt) per year, of which 200 kt/y are used for 
producing polymers (bio-PE) and the remainder for producing bio-based 
ethylene glycol (EG). Most of the capacity under construction also focuses 
on production of non-polymer ethylene derivatives, such as EG and ethylene 
oxide (EO), which could later be used for producing polymers. 
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Performance and Costs 
 � Environmental Performance – Table 2 provides environmental indicators 

for bio-ethylene production, based on lifecycle assessment (LCA) studies 
by Liptow and Tillman3 (2009), Seabra et al. (2011) and the BREW project 
(Patel et al., 2006). The studies serve diff erent purposes and use diff erent 
approaches with regard to geographical and temporal scope, methods and 
system boundaries. Therefore, the information in Table 2 is not intended for 
comparison but to provide an up-to-date review of environmental indicators.

According to the detailed LCA by Liptow and Tillman (2009), if compared to 
petrochemical production, sugarcane-based bio-ethylene can save about 19 
GJ of non-renewable energy (60%) per tonne of output and emit about 0.7t 
of CO2eq (40% less). Seabra et al. (2011) estimate 12 GJ/t and higher CO2eq 
emissions 1.4 tCO2eq per tonne of bio-ethylene, excluding carbon seques-
tered in bio-ethylene. Patel et al., 2006 estimate 3.1 tCO2eq/t ethylene. 

Using the same approach to analyse 21 diverse bio- materials, the BREW 
project includes production from sugarcane, corn starch and ligno-cellulosic 
feedstock (Patel et al., 2006). Results show that bio-ethylene from corn starch 
and ligno-cellulose can save respectively 40% and 100% of non-renewable 
energy compared to petrochemical ethylene. Bio-ethylene from sugarcane 
can save up to 150% of energy, accounting for sugarcane co-products, such 
as electricity and heat from bagasse. The GHG emissions reductions are esti-
mated at 120% from sugarcane4, 45% from corn starch and 90% when using 
ligno-cellulosic biomass (all taking sequestered carbon into account). Land 
use is higher for sugar cane (0.48 ha/t) and corn (0.47 ha/t), whereas ligno-
cellulosic biomass requires only 0.19 ha/t because all biomass material can be 
converted to ethylene.

3 The Liptow and Tillman (2009) and Seabra et al. (2011) reports study the produc-
tion of bio-PE and bio-ethanol, respectively. Their results have been adapted to 
refl ect the production of bio-ethylene (Table 2).

4 Part of the reason why the GHG emission savings for sugarcane are so high is 
because this system exports electricity. The BREW study uses the average emis-
sions from power generation in the EU-15 as a reference, meaning that renewable 
electricity can substantially reduce emissions. The other two studies take the Bra-
zilian power sector as a reference, which has lower emissions per unit of electricity 
generated due to the large share of hydropower.
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The GHG emissions from biomass products could be infl uenced by the addi-
tional emissions due to possible land use change (LUC) for biomass growth. 
New agricultural activity can lead to the removal of above- and below-ground 
biomass, soil organic carbon, litter and dead wood from pristine lands (Hoe-
fnagels et al., 2010), which involve additional release of GHG emissions. These 
emissions are very signifi cant but diffi  cult to estimate. In spite of develop-
ments in LUC modeling (Wang et al., 2011), no standard methodology exists 
yet and calculation methods have a large impact on the results (Wicke et al., 
2012). Liptow and Tillman (2009) show that the inclusion of the LUC emis-
sions more than doubles their estimated CO2eq emissions but state that the 
uncertainty involved is very high. In conclusion, the original land use prior to 
biomass cultivation is a highly important determinant in estimating the emis-
sions associated with biomass-based products.

 � Production Costs – Table 3 presents an overview of bio-ethanol and bio-
ethylene production costs in diff erent regions, including a discussion and cost 
comparison with other studies. Production from starchy and sucrose feed-
stock is based on IRENA analysis, whereas production from ligno-cellulosic 
biomass is based on other literature. 

According to the IRENA analysis, the production cost estimates of bio-
ethylene from starchy and sucrose feedstock show that Brazil and India are 
relatively cheap compared to other countries at around USD 1,200/t (see 
Table 3). Chinese production based on sweet sorghum is estimated at around 
USD 1,650/t. The production in the U.S. and the EU are estimated to be the 
most expensive at USD 2,000/t and USD 2,500/t, respectively. The biomass 
feedstock accounts for about 60% of the bio-ethanol production costs. In 
turn, the bio-ethanol cost accounts for about 60-75% of the bio-ethylene 
production cost, depending on the region (65% on average).

Bio-ethanol production from ligno-cellulosic biomass via biochemical pro-
cesses was estimated to cost about USD 750/t in 2012, assuming mature 
technical and economic conditions5. This leads to a bio-ethylene production 
cost of around USD 1,900/t and is slightly cheaper than the current ther-
mochemical production routes at about USD 2,000/t. When compared to 
the U.S. target of reaching one USD/gallon bio-ethanol with ligno-cellulosic 
feedstock (i.e. USD 340/t bio-ethanol), the present bio- and thermo-chemical 
production routes are still more than twice as expensive.

5 These estimates are about 12% lower than the retail price estimates provided in the 
IEA-ETSAP and IRENA Technology Brief P10 on liquid biofuels. 
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Compared to bio-ethylene, petrochemical ethylene is cheaper: the global 
weighted average production cost is about USD 1,100/t, but in regions where 
cheap feedstock is available, the production cost could be as low as USD 
600/t (IRENA analysis). Therefore, the present market position of bio-ethyl-
ene is very challenging, and it is expected that production will develop only in 
niche markets, such as Brazil.

To put the above discussion in the right perspective, it should be noted that 
publically available information on involved technologies is limited because 
of data confi dentiality regarding technologies that are still in the start-up 
phase. Various inputs used in the IRENA analysis could diff er signifi cantly 
from the reference assumptions. For example, long-term contracts could 
off er lower prices for fuels, electricity and feedstock than those included in 
FAOstat6. In addition, local conditions can have a substantial impact on the 
production costs, particularly the feedstock prices, which account for about 
65% of bio-ethylene production costs. Energy prices, discount rates and 
wages determined by local economic conditions also play a role. Uncertainty 
ranges are therefore estimated for model inputs, and production costs are 
given within an indicative range based on sensitivity (Table 3). 

According to Table 3, Brazil is an exception compared to most regions 
because bio-ethylene production costs are lower than the petrochemical 
equivalent7. A number of possible reasons can explain this diff erence. For 
instance, bio-ethanol production from Brazilian sugarcane is well-developed 
as bio-ethanol has been widely used in Brazil as a transportation fuel since 
1975 (Mitchell, 2011). Inexpensive sugarcane and large-scale bio-ethanol pro-
duction and experience (e.g. demand was estimated at 22.5 billion liters in 
2009/2010; Mitchell, 2011) have made Brazilian bio-ethanol relatively cheap 
compared to other regions. In contrast, ethylene production from steam 
cracking is relatively expensive in Brazil due to the high prices of imported 
petroleum products (e.g. naphtha, accounting for 60-70% of the production 
costs). 

6 FAOstat product prices are assumed to include profi ts for the feedstock producers. 
By using them, the IRENA analysis represents a situation in which feedstock pro-
duction and bio-ethanol production are not integrated. Back-integrating produc-
tion could therefore yield lower production costs. Furthermore, it is assumed that 
bio-ethanol and bio-ethylene production are completely integrated.

7 Although less information is available, India may have similar regional advantages 
since it is the second largest sugar cane producer worldwide and because a bio-EG 
production facility has been operational since 1989 (see Table 1).
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Apart from Brazil, bio-ethylene production is typically more expensive than 
petrochemical ethylene, and producers may be hesitant to invest in this novel 
production route. To overcome these barriers, producers may set a premium 
price on their products. In 2007, Braskem determined a premium price for 
bio-PE of about 15-30% compared to petrochemical PE (Braskem, 2007). 
However, for widespread implementation of bio-ethylene in the long term, its 
prices need to be comparable to, and competitive with, petrochemical ethyl-
ene, particularly because there are no diff erences in chemical characteristics. 
Among bio-ethylene production routes, ligno-cellulosic bio-ethylene has the 
potential to become far cheaper than sugar- or starch-based production be-
cause 100% of the biomass material can be used. However, it could still take 
years for ligno-cellulosic production to reach this stage.

 � Capital Costs – Based on the most recent investment information, the capital 
costs for bio-ethylene production range between USD 1,100-1,400 per tonne. 
The capital cost of Braskem’s 200-kt/yr facility was estimated to be around 
USD 278 million (i.e. USD 1,390/t bio-ethylene; CT, n.d.;a). Mitsui and Dow 
have spent approximately USD 400 million for their joint venture to produce 
350 kt/yr (i.e. USD 1,140/t bio-ethylene; Mitsui, 2011). It is unclear if more in-
vestment will be required later on in this project. Finally, Solvay Indupa has 
invested USD 135 million for a new PVC plant with a capacity of 60 kt/yr bio-
ethylene; that is USD 2,250/t bio-ethylene, including related investments for 
the PVC plant (Conti, 2008).

Potential and Barriers 
 � Potential – The current market for bio-based polymers is small. Braskem’s 

200kt/yr bio-PE plant already accounts for 28% of total current biopolymer 
production capacity (European Bioplastics, 2011). By 2013, global biopolymer 
production is expected to grow to 2.4 Mt/yr, of which about 0.6 Mt/yr is bio-
PE from bio-ethylene (Shen et al., 2009). Although growth is fast, the share 
of biopolymers will remain limited for some time at least as total production 
of plastics is over 250 Mt/yr (Shen et al., 2009).

The implementation of bio-ethylene also depends on the amount of bio-eth-
anol available. The International Energy Agency (IEA) estimated that in 2009 
about 1.6 EJ (or 61 Mt) of bio-ethanol was consumed for road transportation 
(IEA, 2010b). If all this bio-ethanol were to have been consumed for bio-eth-
ylene, 35 Mt/yr of bio-ethylene would have been produced. This is equivalent 
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to about 25% of the current global ethylene production capacity (all based 
on fossil-fuel feedstock; OGJ, 2011). The bio-ethanol production is expected to 
increase to 5-12 EJ/yr in 2035 (a factor of 3-7.5 compared to current levels), or 
110-255 Mt/yr, depending on the development scenario applied (IEA, 2010b) 
8. If all of this were converted to bio-ethylene, it would meet between 41-125% 
of the projected ethylene production volume (i.e. between 205-266 Mt/yr in 
the Baseline scenario; IEA, 2009).

 � Barriers and Policy Needs – Various barriers currently exist to the wide use of 
bio-ethylene. The current production of bio-ethylene from sugarcane in Brazil 
provides a good platform to build on. In Brazil (and in the United States), costs 
have already come down signifi cantly (Van den Wall Bake, 2009 and Hettinga, 
2009), and this trend is expected to continue with increased yields (e.g. due 
to genetic crop modifi cation) and improved process management. However, 
the Brazilian production conditions are diffi  cult to replicate in other areas. For 
example, production of sucrose or starchy feedstock large enough to supply 
bio-ethanol for large-scale bio-ethylene production is diffi  cult to obtain in other 
areas. In addition, the conversion of food plantations to bio-ethanol production 
can increase food prices with a dramatic impact on developing countries (OECD, 
FAO, 2011). The only way to address this challenge is through biochemical or 
thermochemical conversion of ligno-cellulosic biomass into ethanol (Balat, 2011), 
which, if it can be made cheap and competitive, can enlarge the basic feedstock 
availability with minor or no impact on food production (Philippidis, 2008). 
Abundant biomass resource is the key to scale-up production and reduce bio-
ethanol costs, and commercial projects based on ligno-cellulosic biomass are cur-
rently supported by policy incentives and government loans in many countries. 

From a technology perspective, there are two areas where solutions are re-
quired: improving the conversion process of ligno-cellulosic material (Mabee 
and Saddler, 2010) and reducing the costs of hydrolysis (Morschbacker, 2009; 
Patel et al., 2006). Current research eff orts focus on modifying microbes for 
both hydrolysis and fermentation, thus decreasing the cost of hydrolysis 
enzymes or looking for new, undiscovered enzymes. Results are expected in 
the near future.

Future prices of biomass feedstock are subject to signifi cant uncertainty and 
linked to developments in food demand and biofuels for transportation. In this 

8 Estimated using the expected volumetric growth of biofuels and assuming an 
ethanol share of 75% in global biofuels consumption in 2035, as in the IEA’s New 
Policies scenario.
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competitive situation, policy should determine the optimum distribution of bi-
omass feedstock to various branches of the economy. Promotion policies for 
blending bio-ethanol with gasoline are already in place in the U.S. and parts 
of the EU (Pires, Schechtman, n.d.) and could limit the amount of biomass 
available for chemicals. While sustainable alternatives exist for transportation 
(e.g. electric vehicles), in any case the chemical sector will require a source 
of carbon, which can only be provided by sustainable biomass or petroleum.

Future oil prices will also play a key role in determining to what extent bio-
ethylene can substitute for petrochemical ethylene. Depending on assumed 
policy routes, the IEA (IEA, 2010b) projects crude oil prices in 2035 between 
2009 USD 90-135 per barrel. This diff erence could have a signifi cant impact 
on the economic attractiveness of bio-ethanol and bio-ethylene production. 
Removing subsidies to fossil fuels, as recently recommended by the IEA and 
OECD (OECD, 2011), will help close the price gap between petrochemical and 
bio-based products.

Some kinds of ethanol import duties should also be removed. The European 
Union, for example, levies an import tariff  on ethanol (Vermie et al., 2009) of 
up to USD 310/t. This import duty represents an important policy barrier to 
bio-ethylene production based on imported ethanol in the EU.

In general, the policy to promote the use of bio-ethylene needs to go beyond 
the current framework and look, not only at the direct emissions from produc-
tion processes, but also at the life cycle of CO2 emissions reductions. Credit 
should be granted to entire life cycle CO2 benefi ts. This would also mean that 
carbon tax systems would more eff ectively motivate companies to produce 
bio-based products because they would off er larger CO2 emission reductions. 
Policy measures could also include eco-labeling of bio-based chemicals and 
polymers, information campaigns and subsidies to producers (Hermann et 
al., 2011).

12-30705_Production_of_Bio-ethylene_Inhalt.indd   12 21.12.12   15:03



Production of B io-ethylene | Technology Br ief 13

References and Further Information 
1. Abiquim, 2009, Brazil’s Chemical Industry, available online at: http://www.dc.mre.

gov.br/imagens-e-textos/Industry09-ChemicalIndustry.pdf, last visited 02/01/2012.

2. Balat, M., H. Balat, C. Öz, 2008, Progress in bioethanol processing. Progress in En-
ergy Combustion Science, 34 (5), p. 551–573.

3. Balat, M., 2011, Production of bioethanol from lignocellulosic materials via the 
biochemical pathway: A review. Energy Conversion and Management 52 (2), p. 
858–875. Bos, H., K. Meesters, S. Conijn, W. Corré, M. Patel, 2010, Sustainability as-
pects of bio-based applications – Comparison of diff erent crops and products from 
the sugar platform, WUR & UU, available online at: http://edepot.wur.nl/170079, last 
visited 29/12/2011.

4. Braskem, 2007, Press statement: Braskem approves green polyethylene pro-
ject, available online at: http://www.braskem.com.br/upload/portal_braskem/pt/
sala_de_imprensa/Release%20PE%20Verde%20_%20OKCA_vfi nal%20_2__eng.
pdf, last visited 30/09/2011.

5. Chematur, no date, Ethylene from Ethanol, available online at http://www.
chematur.se/sok/download/Ethylene_rev_0904.pdf, last visited: 29/12/2011.

6. Conti, L., 2008, An alternative route for ethanol use – Ethylene from ethanol, avail-
able online at: http://www.eubia.org/uploads/media/Sardegnambiente_Conti_01.
pdf, last visited 04/10/2011.

7. Coskata, 2011, web page: Commercial facility, available online at: http://www.coska
ta.com/facilities/index.asp?source=9982EDF1-D98F-4662-9217-5B889ADB9157, 
last visited 30/09/2011.

8. CT, no date; a, Chemicals Technology, article: Braskem Ethanol-to-Ethylene plant, 
available online at: http://www.chemicals-technology.com/projects/braskem-
ethanol/, last visited 30/09/2011.

9. CT, no date; b, Chemicals Technology, article: Greencol Taiwan Corporation Bio-
MEG Plant, Taiwan, available online at: http://www.chemicals-technology.com/
projects/greencolbiomegplant/, last visited 30/09/2011.

10. Dow, 2011, News release: Dow and Mitsui to Create Platform for Biopolymers to 
Serve Packaging, Hygiene & Medical Markets, available online at: http://www.
businesswire.com/news/dow/20110719005368/en, last visited 30/09/2011.

11. EIA, 2011, U.S. Energy Information Administration, webpage: Natural Gas Prices for 
Industry, available online at: http://www.eia.gov/emeu/international/ngasprii.html, 
last visited 03/01/2012.

12. Enerkem, 2011, Enerkem bio-ethanol facility web page, available online at: http://
enerkem.com/en/facilities/plants/pontotoc-mississippi.html, last visited 30/12/2011.

13. European Bioplastics, 2011, Press release: Bioplastics to pass the one million 
tonne mark in 2011, available online at: http://www.en.european-bioplastics.org/
wp-content/uploads/2011/press/pressreleases/PR_market_study_bioplastics_
ENG.pdf, last visited 04/10/2011.

12-30705_Production_of_Bio-ethylene_Inhalt.indd   13 21.12.12   15:03



Production of B io-ethylene | Technology Br ief14

14. Foust, T.D., A. Aden, A., Dutta, S. Phillips, 2009, An economic and environmental 
comparison of a biochemical and a thermochemical lignocellulosic ethanol conver-
sion processes. Cellulose, 6(4), p. 547-565.

15. Hermann B., M.K. Patel, 2007, Today’s and tomorrow’s bulk chemicals from white 
biotechnology – a techno-economic analysis. Applied Biochemistry and Biotech-
nology 136 (3), p. 361-388.

16. Hermann, B., M. Carus, M.K. Patel, K. Blok., 2011, Current policies aff ecting the 
market penetration of biomaterials. Biofuels, Bioproducts & Biorefi ning 5 (6), 
p. 708–719.

17. Hettinga, W.G., H.M. Junginger, S.C. Dekker, M. Hoogwijk, A.J. McAloon, K.B. Hicks, 
2009, Understanding the reductions in U.S. corn ethanol production costs: An 
experience curve approach. Energy Policy 37 (1), p. 190-203.

18. Hoefnagels, R., E. Smeets, A. Faaij, 2010, Greenhouse gas footprints of diff erent 
biofuel production systems. Renewable and Sustainable Energy Reviews 14 (7), 
p. 1661–1694.

19. IEA, 2009, Energy Technology Transitions for Industry – Strategies for the Next 
Industrial Revolution, Paris, France.

20. IEA, 2010a, International Energy Agency, Key World Energy Statistics, Paris, France.

21. IEA, 2010b, International Energy Agency, World Energy Outlook 2010, Paris, France.

22. IGL, 2011, India Glycols Limited, web page: MEG/DEG/TEG, available online at: 
http://www.indiaglycols.com/product_groups/monoethylene_glycol.htm, last vis-
ited 30/09/2011.

23. Jiaozou, 2010, Jiaozou Development and Reform Commission, Web page regarding 
new project for bio-EG production, available online at: http://www.jzfgw.gov.cn/
NewsInfo.asp?NewsId=3132&ClassId=74&SonId=210&bigclass=74&smallclass=210, 
last visited 30/09/2011.

24. Kochar, N.K., R. Merims, A.S. Padia, 1981, Gasohol Developments: Ethylene from 
Ethanol. Chemical Engineering Progress (June), 77 (6), p. 66-71.

25. Li, S.-Z., C. Chan-Halbrendt, Ethanol production in (the) People’s Republic of China: 
Potential and technologies, Applied Energy 86 (1), p. S162–S169.

26. Li, S.-Z., 2010, Meeting the Demands of Food, Feed and Energy by Sweet Sorghum, 
Presentation, available only at: http://www.fao.org/bioenergy/26369-0887fe6c
2880f4aa44c69d0a48457cb6e.pdf, last visited 20/10/2011.

27. Liptow, C., A.M. Tillman, 2009, Comparative life cycle assessment of polyethylene 
based on sugarcane and crude oil, Division of Environmental Systems Analysis, 
Chalmers University of Technology, Sweden.

28. Mabee, W.E., J.N. Saddler, 2010, Bioethanol from lignocellulosics: Status and per-
spectives in Canada. Bioresource Technology 101 (13), p. 4806–4813.

29. Maung, T.A., C.R. Gustafson, 2011, The economic feasibility of sugar beet biofuel 
production in central North Dakota. Biomass and Bioenergy 35 (9), p. 3737-3747.

12-30705_Production_of_Bio-ethylene_Inhalt.indd   14 21.12.12   15:03



Production of B io-ethylene | Technology Br ief 15

30. Mitchell, D., 2011, Biofuels in Africa – Opportunities, Prospects and Challenges, The 
World Bank, Washington, D.C.

31. Mitsui, 2011, News release: Participation in Production of sugarcane-derived 
chemicals in Brazil with The Dow Chemical Company, July 20 2011, available on-
line at: http://www.mitsui.com/jp/en/release/2011/1194650_1803.html, last visited 
30/09/2011.

32. Morschbacker, A., 2009, Bio-Ethanol Based Ethylene. Journal of Macromolecular 
Science: Polymer Reviews, 49 (2), pp. 79-84.

33. NREL, 2011, Process Design and Economics for Biochemical Conversion of Lignocel-
lulosic Biomass to Ethanol – Dilute-Acid Pretreatment and Enzymatic Hydrolysis 
of Corn Stover, Technical Report, U.S. NREL and Harris Group Inc., Colorado, USA.

34. OECD, 2011, News article: OECD and IEA recommend reforming fossil fuel subsidies 
to improve the economy and the environment, available online at: http://www.
oecd.org/document/15/0,3746,en_21571361_44315115_48804623_1_1_1_1,00.html, 
last visited: 05/10/2011.

35. OECD, FAO, 2011, Agricultural Outlook 2011-2020, summary available at: http://
www.agri-outlook.org/dataoecd/13/2/48186214.pdf, last visited 20/10/2011.OGJ, 
2011, Oil & Gas Journal, International survey of ethylene from steam crackers – 2011, 
Special report.

36. Patel, M.K., M. Crank, V. Dornburg, B. Hermann, L.Roes, B. Hüsing, L. Overbeek, 
F.Terragni, E. Recchia, 2006, The BREW project: Medium and Long-term Opportu-
nities and Risks of the Biotechnological Production of Bulk Chemicals from Renew-
able Resources – the Potential of White Biotechnology, available online at: http://
www.projects.science.uu.nl/brew/BREW_Final_Report_September_2006.pdf.

37. Perrin, R.K., N.F. Fretes, J.P. Sesmero, 2009, Effi  ciency in Midwest U.S. corn ethanol 
plants: A plant survey. Energy Policy 37(4), p. 1309–1316.

38. Petron, 2010, Draft press release: Petron Awarded Ethanol to Ethylene Project 
in Taiwan, ROC, available online at: http://www.icis.com/blogs/green-chemicals/
Petron%20press%20release_Nov%208.pdf, last visited 30/09/2011.

39. Philippidis, G., 2008, The Potential of Biofuels in the Americas, Energy Cooperation 
and Security in the Hemisphere Task Force.

40. Pires, A., R. Schechtman, no date, International Biofuel Policies, available online at: 
http://sugarcane.org/resource-library/books/International%20Biofuels%20Policy.
pdf, last visited 18/10/2011.

41. Poet, 2011, web page: Cellulosic ethanol: cost, available online at: http://www.poet.
com/innovation/cellulosic/projectliberty/cost.asp, last visited 04/10/2011.

42. Rightler, D., 2011, Presentation: EO and MEG: record growth on uncertain sup-
ply, Pemex seminar June 2011, PCI Xylenes & Polyesters ltd., available online at 
http://www.ptq.pemex.com/productosyservicios/eventosdescargas/Documents/
Foro%20PEMEX%20Petroquímica/2011/Ethyl%20Oxide%20Outlook%20por%20
PCI.pdf, last visited 30/09/2011.

12-30705_Production_of_Bio-ethylene_Inhalt.indd   15 21.12.12   15:03



Production of B io-ethylene | Technology Br ief16

43. SD, 2008, News page regarding 2007 developments in plant awards, avail-
able online at http://www.scidesign.com/News%20Center/News.htm, last visited 
30/09/2011.

44. Seabra, J.E.A., I.C. Macedo, H.L. Chum, C.E. Faroni, C.A. Sarto, 2011, Life cycle as-
sessment of Brazilian sugarcane products: GHG emissions and energy use. Biofuels, 
Bioproducts & Biorefi ning, 5 (5), p. 519-532.Shen, L., J. Haufe, M.K. Patel, 2009, 
Product overview and market projection of emerging bio-based plastics, PRO-BIP 
2009, Group Science, Technology & Society, Utrecht University, the Netherlands.

45. Shen, L., E. Worrel, M.K. Patel, 2010, Present and future development in plastics 
from biomass. Biofuels, Bioproducts and Biorefi ning 4 (1), p. 25-40.

46. Solvay, 2007, News article: Brasilian SolVin PVC produced from salt and sugar, De-
cember 20, available online at: http://www.solvayplastics.com/sites/solvayplastics/
EN/news/Pages/Solvin_07_12_20_Brasilian_SolVin_PVC_produced_from_salt_
and_sugar.aspx, last visited 30/09/2011.

47. SVW, 2011, Sinopec Sichuan Vinylon Works, Web page for investment in construc-
tion development, available online at: http://www.svwpc.com.cn/sccw/731856929
68026112/20090831/22090.html, last visited 30/09/2011, section ‘The tens-thou-
sands-ton-scale Bio-based Ethylene Industrialization Specifi c (Demonstration) 
Project’.

48. Tan, T., 2008, Biorefi nery in China, Presentation, College of Life Science and Tech-
nology, Beijing University of Chemical Technology, available online at: http://www.
twanetwerk.nl/upl_documents/Tianwei_tan.pdf, last visited 30/09/2011.

49. Tao, L., A. Aden, 2009, The economics of current and future biofuels. In Vitro Cell.
Dev.Biol.—Plant 45 93), pp.199–217.

50. Van den Wall Bake, J.D., M. Junginger, A. Faaij, T. Poot, A. Walter, 2009, Explaining 
the experience curve: Cost reductions of Brazilian ethanol from sugarcane. Biomass 
and Bioenergy 33 (4), p. 644-658.

51. Vermie, A., J. Akkerhuis, 2009, BioEthanol for Sustainable Transport – WP5-Re-
port: Incentives to promote bioethanol in Europe and abroad, available online at: 
http://www.best-europe.org/upload/BEST_documents/info_documents/Best%20
reports%20etc/D5.14%20WP5%20report%20-%20Report%20incentives%20
090625%20-%20approved.pdf, last visited 03/01/2012.

52. Wang, M.Q., J. Han, Z. Haq, W.E. Tyner, M. Wu, A. Elgowainy, 2011, Energy and 
greenhouse gas emissions eff ects of corn an cellulosic ethanol with technology 
improvements and land use changes, Biomass and Bioenergy 35 (5), pp. 1885-1896.
Wicke, B., P. Verweij, H. van Meijl, D.P. Van Vuuren, A.P.C. Faaij,. 2012, Indirect land 
use change: Review of existing models and strategies for mitigation. Biofuels 3 (1), 
p. 87-100.

53. Xunmin, O., Z. Xiliang,, C. Shiyan, G. Qingfang, 2009, Energy consumption and GHG 
emissions of six biofuel pathways by LCA in (the) People’s Republic of China. Applied 
Energy 86 (1), S197–S208.

12-30705_Production_of_Bio-ethylene_Inhalt.indd   16 21.12.12   15:03



Production of B io-ethylene | Technology Br ief 17

Ta
bl

e 
1 –

 O
ve

rv
ie

w
 o

f C
ur

re
nt

 a
nd

 P
la

nn
ed

 P
la

nt
s 

fo
r E

th
yl

en
e 

Pr
od

uc
tio

n 
fr

om
 B

io
-e

th
an

ol
a

Lo
ca

tio
n

Co
m

pa
ny

St
ar

t-
up

 
ye

ar
Bi

o-
et

hy
le

ne
 

ca
pa

ci
ty

, k
t/

yr
Fi

na
l p

ro
du

ct
Bi

om
as

s 
fe

ed
-

st
oc

k 
ty

pe
So

ur
ce

O
pe

ra
tio

na
l

In
di

a
In

di
a 

G
ly

co
ls

 
Li

m
ite

d
19

89
17

5b
B

io
-E

G
M

ol
as

se
s

IG
L,

 2
0

11

B
ra

zi
l

B
ra

sk
em

20
10

20
0

B
io

-P
E

Su
ga

rc
an

e
B

ra
sk

em
, 2

0
07

; C
T,

 
n.

d.
;a

U
nd

er
 c

on
st

ru
ct

io
n

B
ra

zi
l

So
lv

ay
 In

du
pa

20
11

60
PV

C
Su

ga
rc

an
e

So
lv

ay
, 2

0
07

Ta
iw

an
G

re
en

co
l T

ai
w

an
 

C
or

po
ra

tio
n

20
11

10
0

B
io

-E
G

Su
ga

rc
an

e 
(f

ro
m

 B
ra

zi
l)

Pe
tr

on
, 2

0
10

; C
T,

 
n.

d.
;b

B
ra

zi
l

D
ow

/M
its

ui
20

13
35

0
 (e

xp
ec

te
d)

B
io

-P
E

Su
ga

rc
an

e
D

ow
, 2

0
11

; M
its

ui
, 

20
11

St
at

us
 u

nk
no

w
n

C
hi

na
Si

no
pe

c
19

80
s

9
B

io
-e

th
yl

en
e

Ta
n,

 2
0

0
8

C
hi

na
B

B
C

A
 g

ro
up

20
0

4
17

B
io

-e
th

yl
en

e
Ta

n,
 2

0
0

8

C
hi

na
Yo

ng
an

 P
ha

rm
a-

ce
ut

ic
al

s
20

11
42

b
B

io
-E

O
R

ig
ht

le
r, 

20
11

; S
D

, 
20

0
8

C
hi

na
Ji

lin
 B

oh
ai

20
12

63
b

B
io

-E
O

R
ig

ht
le

r, 
20

11
; S

D
, 

20
0

8

C
hi

na
H

ey
an

g 
B

io
 E

th
a-

no
l C

o.
20

13
80

b
B

io
-E

O
/E

G
R

ig
ht

le
r, 

20
11

; J
ia

o-
zo

u,
 2

0
10

C
hi

na
Si

no
pe

c 
Si

ch
ua

n 
V

in
yl

on
 W

or
ks

10
B

io
-e

th
yl

en
e

C
as

sa
va

SV
W

, 2
0

11

a)
 

 D
at

a 
ba

se
d 

on
 p

ub
lic

al
ly

 a
va

ila
bl

e 
in

fo
rm

at
io

n,
 n

ot
 n

ec
es

sa
ril

y 
up

-t
o-

da
te

. T
he

 li
st

 c
an

 m
is

s 
sm

al
l-s

ca
le

 p
ilo

t p
la

nt
s.

 b
) 

D
at

a 
re

fe
r t

o 
th

e 
ca

pa
ci

tie
s 

of
 

bi
o-

EO
 o

r b
io

-E
G

 o
nl

y.
 A

ct
ua

l b
io

-e
th

yl
en

e 
ca

pa
ci

ty
 is

 u
nk

no
w

n.

12-30705_Production_of_Bio-ethylene_Inhalt.indd   17 21.12.12   15:03



Production of B io-ethylene | Technology Br ief18

Ta
bl

e 
2 

– 
En

vi
ro

nm
en

ta
l I

nd
ic

at
or

s 
of

 C
ra

dl
e-

to
-F

ac
to

ry
-G

at
e 

Bi
o-

et
hy

le
ne

 P
ro

du
ct

io
n 

(D
at

a 
gi

ve
n 

as
 p

er
 T

on
ne

 o
f E

th
yl

en
e)

St
ud

y 
an

d 
M

et
ho

do
lo

gy
Fe

ed
-s

to
ck

 
ty

pe

N
et

 n
on

-
re

ne
w

ab
le

 
en

er
gy

 u
se

 
(G

J/
t)

Re
ne

w
ab

le
 

en
er

gy
 u

se
 

(G
J/

t)

G
H

G
 

em
is

si
on

sa
(t

 C
O

2e
q/

t)

La
nd

 u
se

 
(h

a/
t)

Li
pt

ow
 a

nd
 T

ill
m

an
 (2

0
0

9)

– 
 C

on
se

qu
en

tia
l L

C
A

 o
f b

io
-P

E 
pr

od
uc

tio
n

– 
 B

ra
zi

lia
n 

su
ga

rc
an

e 
co

nv
er

si
on

 to
 b

io
-P

E,
 tr

an
sp

or
t 

to
 S

w
ed

en
; a

nd
 E

ur
op

ea
n 

cr
ud

e 
oi

l t
o 

PE

– 
 Sy

st
em

 e
xp

an
si

on
, e

xc
ep

t f
or

 th
e 

cr
ud

e 
oi

l r
ou

te

– 
 In

cl
ud

es
 L

U
C

 G
H

G
 e

m
is

si
on

s

– 
 Ex

cl
ud

es
 p

ol
ym

er
is

at
io

n 
an

d 
tr

an
sp

or
ta

tio
n 

B
ra

zi
l 

to
 S

w
ed

en

Su
ga

r-
ca

ne
12

53
1.0

 (
 –

 3
.1)

n.
a.

C
ru

de
 o

il
31

0
1.7

 (
 –

 0
)

n.
a.

Se
ab

ra
 e

t a
l. 

(2
01

1)

– 
 LC

A
 o

f b
io

-e
th

an
ol

 p
ro

du
ct

io
n 

in
 2

0
0

8

– 
 B

ra
zi

lia
n 

su
ga

rc
an

e 
pr

oc
es

s 
to

 b
io

-e
th

an
ol

– 
 Sy

st
em

 e
xp

an
si

on
 fo

r e
le

ct
ric

ity
 g

en
er

at
io

n 
fr

om
 b

ag
as

se

– 
 Ex

cl
ud

es
 L

U
C

 G
H

G
 e

m
is

si
on

s

– 
 In

cl
ud

es
 c

on
ve

rs
io

n 
to

 b
io

-e
th

yl
en

e 
(L

ip
to

w
 a

nd
 T

ill
m

an
, 2

0
0

9)

Su
ga

r-
ca

ne
12

n.
a.

1.4
 (

 –
 3

.1)
n.

a.

12-30705_Production_of_Bio-ethylene_Inhalt.indd   18 21.12.12   15:03



Production of B io-ethylene | Technology Br ief 19

BR
EW

 P
ro

je
ct

 –
 P

at
el

 e
t a

l. 
(2

0
0

6)

– 
 A

na
ly

si
s 

of
 2

1 b
io

-c
he

m
ic

al
s,

 th
re

e 
fe

ed
st

oc
k 

an
d 

95
 p

ro
ce

ss
es

 

– 
 G

en
er

ic
 p

ro
ce

ss
 w

ith
 n

o 
sp

ec
ifi 

c 
lo

ca
tio

n

– 
 Pr

ic
e-

ba
se

d 
ap

pr
oa

ch
 a

cc
ou

nt
in

g 
fo

r c
o-

pr
od

uc
ts

 
pr

ic
e;

 s
ys

te
m

 e
xp

an
si

on
 fo

r c
o-

pr
od

uc
ts

 a
nd

 
ex

po
rt

ed
 e

ne
rg

y;
 m

as
s-

ba
se

d 
w

he
n 

no
 s

ys
te

m
 

ex
pa

ns
io

n 
is

 p
os

si
bl

e

– 
 In

cl
ud

es
 p

re
se

nt
 a

nd
 fu

tu
re

 te
ch

no
lo

gy

– 
 Ex

cl
ud

es
 L

U
C

 G
H

G
 e

m
is

si
on

s

– 
 G

H
G

 v
al

ue
s 

ex
cl

ud
e 

se
qu

es
te

re
d 

ca
rb

on

C
or

n
40

64
2.

5 
(–

 3
.1)

0
.4

7

Su
ga

r-
ca

ne
-3

0
15

5
– 

0
.9

 (
– 

3.
1)

0
.4

8

Li
gn

o-
ce

llu
lo

se
1

10
8

0
.5

 (
– 

3.
1)

0
.19

N
ap

ht
ha

 
cr

ac
ki

ng
66

0
1.3

 (
– 

0
)

n.
a.

a)
 

 Va
lu

es
 b

et
w

ee
n 

br
ac

ke
ts

 re
fe

r t
o 

th
e 

re
ne

w
ab

le
 c

ar
bo

n 
se

qu
es

te
re

d 
in

 e
th

yl
en

e 
(i

.e
. t

he
 C

O
2 

st
or

ed
 in

 b
io

m
as

s 
du

rin
g 

pl
an

t g
ro

w
th

). 
Th

is
 a

m
ou

nt
s 

to
 

3.
1 t

 C
O

2e
q/

t f
or

 b
io

-e
th

yl
en

e 
(P

at
el

 e
t a

l.,
 2

0
0

6)
 a

nd
 is

 0
 fo

r p
et

ro
ch

em
ic

al
 p

ro
du

ct
io

n.

12-30705_Production_of_Bio-ethylene_Inhalt.indd   19 21.12.12   15:03



Production of B io-ethylene | Technology Br ief20

Ta
bl

e 
3 

– 
O

ve
rv

ie
w

 o
f E

st
im

at
ed

 P
ro

du
ct

io
n 

Co
st

 fo
r B

io
-e

th
an

ol
 a

nd
 B

io
-e

th
yl

en
ea

, (
A

ll 
Co

st
s 

in
 2

0
0

9 
U

SD
/t

on
ne

Lo
ca

-
tio

n
Fe

ed
st

oc
k 

ty
pe

Et
ha

no
l p

ro
du

ct
io

n 
co

st
Et

hy
le

ne
 p

ro
du

ct
io

n 
co

st
So

ur
ce

M
ea

n
Ra

ng
ea

M
ea

n
Ra

ng
ea

IR
EN

A
 e

st
im

at
es

 –
 S

ta
rc

h-
 a

nd
 s

uc
ro

se
-c

on
ta

in
in

g 
fe

ed
st

oc
ks

U
.S

.
C

or
nb

80
0

69
0

 –
 1,

07
0

2,
0

60
1,7

0
0

 –
 2

,7
30

IR
EN

A
 a

na
ly

si
s

B
ra

zi
l

Su
ga

rc
an

ec
42

0
36

0
 –

 5
60

1,1
90

97
0

 –
 1,

63
0

IR
EN

A
 a

na
ly

si
s

In
di

a
Su

ga
rc

an
e

44
0

37
0

 –
 5

80
1,2

20
1,0

0
0

 –
 1,

67
0

IR
EN

A
 a

na
ly

si
s

EU
Su

ga
r b

ee
ts

1,0
70

93
0

 –
 1,

39
0

2,
57

0
2,

18
0

 –
 3

,3
80

IR
EN

A
 a

na
ly

si
s

C
hi

na
Sw

ee
t s

or
gh

um
63

0
52

0
 –

 8
0

0
 

1,6
50

1,3
40

 –
 2

,18
0

IR
EN

A
 a

na
ly

si
s

O
th

er
 s

ou
rc

es
 –

 L
ig

no
-c

el
lu

lo
si

c 
fe

ed
st

oc
ks

U
.S

. 
20

12
 s

ta
te

-o
f-

th
e-

ar
t e

st
im

at
e 

(b
io

ch
em

ic
al

)
75

0
1,9

10
d

1,8
20

 –
 2

,0
80

b
N

R
EL

, 2
0

11

U
.S

. 
C

or
n 

re
si

du
e 

(t
he

rm
oc

he
m

ic
al

)
79

0
2,

0
0

0
d

1,9
0

0
 –

 2
,17

0
b

Po
et

, 2
0

11
IR

EN
A

 e
st

im
at

es
 –

 R
ef

er
en

ce
 p

ro
du

ct
io

n 
ro

ut
es

U
.S

. 
Ta

rg
et

 o
f U

SD
 1/

ga
llo

n 
bi

o-
et

ha
no

l
34

0
1,0

80
98

0
 –

 1,
25

0
IR

EN
A

 a
na

ly
si

s

G
lo

ba
l

St
ea

m
 c

ra
ck

in
g 

(p
et

ro
ch

em
ic

al
 

et
hy

le
ne

)
n.

a.
1,1

0
0

e
60

0
 –

 1,
30

0
e

IR
EN

A
 a

na
ly

si
s

Th
e 

IR
EN

A
 b

ot
to

m
-u

p 
an

al
ys

is
 re

fe
rs

 to
 th

e 
20

0
9 

si
tu

at
io

n;
 th

e 
bo

tt
om

-u
p 

pr
od

uc
tio

n 
co

st
 m

et
ho

do
lo

gy
 is

 b
as

ed
 o

n 
H

er
m

an
n 

an
d 

Pa
te

l, 
20

07
 a

nd
 

fe
ed

st
oc

k 
pr

ic
es

 o
n 

FA
O

st
at

; e
ne

rg
y 

pr
ic

es
 o

rig
in

at
e 

fr
om

 v
ar

io
us

 s
ou

rc
es

 (e
.g

. I
EA

, 2
0

10
a;

 E
IA

, 2
0

11)
. D

is
co

un
t r

at
es

 a
re

 b
et

w
ee

n 
7.

5-
15

%
. C

ap
ita

l c
os

ts
 fo

r 
bi

o-
et

ha
no

l p
la

nt
s 

ar
e 

ta
ke

n 
fr

om
 T

ao
 a

nd
 A

de
n 

(2
0

0
9)

 a
nd

 M
au

ng
 a

nd
 G

us
ta

fs
on

 (
20

11)
. C

ap
ita

l c
os

ts
 fo

r b
io

-e
th

yl
en

e 
pl

an
ts

 a
re

 ta
ke

n 
fr

om
 C

T 
(n

.d
.).

 
O

th
er

 p
ro

ce
ss

 d
at

a 
of

 b
io

-e
th

an
ol

 a
nd

 b
io

-e
th

yl
en

e 
ar

e 
fr

om
 S

ea
br

a 
et

 a
l.,

 2
0

11;
 P

er
rin

 e
t a

l.,
 2

0
0

9;
 L

i, 
20

10
; X

un
m

in
, 2

0
0

9;
 L

i a
nd

 C
ha

n-
H

al
br

en
dt

, 2
0

0
9.

a)
 

 R
an

ge
 re

pr
es

en
ts

 w
or

st
- 

an
d 

be
st

-c
as

e 
sc

en
ar

io
s 

( 
i.e

. c
ha

ng
in

g 
al

l i
np

ut
s 

at
 th

e 
sa

m
e 

tim
e 

to
 th

e 
m

os
t o

pt
im

is
tic

 o
r p

es
si

m
is

tic
 v

al
ue

s)
.

b)
 

 Th
e 

pr
od

uc
tio

n 
co

st
 fo

r b
io

-e
th

an
ol

 fo
r c

or
n 

do
es

 n
ot

 in
cl

ud
e 

cr
ed

its
 a

ss
oc

ia
te

d 
w

ith
 s

el
lin

g 
th

e 
by

-p
ro

du
ct

, d
is

til
le

r’s
 g

ra
in

 w
ith

 s
ol

ub
le

s 
(D

D
G

S)
, o

n 
th

e 
m

ar
ke

t. 
If 

in
cl

ud
ed

, t
he

 0
.3

 k
g 

of
 D

D
G

S 
pr

od
uc

ed
 p

er
 li

tr
e 

of
 b

io
-e

th
an

ol
 w

ou
ld

 p
ro

vi
de

 a
 c

o-
pr

od
uc

t c
re

di
t o

f U
SD

 5
5/

t B
io

-E
tO

H
, w

hi
ch

 is
 a

 7
%

 
de

cr
ea

se
 o

f t
he

 p
ro

du
ct

io
n 

co
st

s 
(u

si
ng

 2
0

0
9 

pr
ic

es
 o

f D
D

G
S 

fr
om

 U
SD

A
 o

f a
bo

ut
 U

SD
 14

0/
t D

D
G

S)
.

c)
 

 Th
e 

be
st

 e
st

im
at

e 
of

 U
SD

 4
20

/t
 fo

r p
ro

du
ct

io
n 

co
st

s 
is

 a
bo

ut
 2

0
%

 lo
w

er
 th

an
 th

e 
es

tim
at

es
 fo

r r
et

ai
l p

ric
es

 p
ro

vi
de

d 
by

 T
ec

hn
ol

og
y 

B
rie

f P
10

. 
Th

e 
es

tim
at

e,
 h

ow
ev

er
, d

oe
s 

in
cl

ud
e 

th
e 

bu
rn

in
g 

of
 th

e 
by

-p
ro

du
ct

 b
ag

as
se

 to
 g

en
er

at
e 

el
ec

tr
ic

ity
, w

hi
ch

 is
 a

 c
om

m
on

 p
ra

ct
ic

e 
in

 B
ra

zi
l.

d)
 

 Et
ha

no
l p

ro
du

ct
io

n 
co

st
s 

ar
e 

ta
ke

n 
fr

om
 o

rig
in

al
 s

ou
rc

es
 a

nd
 th

e 
et

hy
le

ne
 p

ro
du

ct
io

n 
co

st
s 

ar
e 

ca
lc

ul
at

ed
 b

y 
th

e 
IR

EN
A

 m
od

el
. B

ec
au

se
 o

rig
in

al
 s

ou
rc

-
es

 p
ro

vi
de

 a
 s

in
gl

e 
va

lu
e 

fo
r b

io
-e

th
an

ol
 p

ro
du

ct
io

n 
co

st
s,

 th
e 

bi
o-

et
hy

le
ne

 c
os

ts
 s

ho
w

 a
 s

m
al

le
r r

an
ge

 c
om

pa
re

d 
to

 s
ta

rc
hy

 a
nd

 s
uc

ro
se

 fe
ed

st
oc

k.
e)

 
 C

al
cu

la
tio

ns
 a

re
 fo

r e
ig

ht
 w

or
ld

 re
gi

on
s 

va
ry

in
g 

fro
m

 U
SD

 6
00

 (M
id

dl
e 

Ea
st

) t
o 

U
SD

 1,
30

0 
(f

or
m

er
 U

SS
R

); 
av

er
ag

e 
is

 U
SD

 1,
10

0/
t. 

A
ll 

ar
e 

ba
se

d 
on

 a
n 

oi
l p

ric
e 

of
 

U
SD

 7
5/

bb
l. 

Es
tim

at
es

 a
re

 b
as

ed
 o

n 
pu

bl
ic

ly
 a

va
ila

bl
e 

en
er

gy
 p

ric
es

, w
hi

ch
 a

re
 c

on
si

de
re

d 
hi

gh
 c

om
pa

re
d 

to
 lo

ng
-t

er
m

 c
on

tr
ac

t p
ric

es
 fo

r e
th

yl
en

e 
pr

od
uc

er
s.

12-30705_Production_of_Bio-ethylene_Inhalt.indd   20 21.12.12   15:03



Disclaimer
The designations employed and the presentation of materials herein do 
not imply the expression of any opinion whatsoever on the part of the Sec-
retariat of the International Renewable Energy Agency concerning the le-
gal status of any country, territory, city or area or of its authorities, or con-
cerning the delimitation of its frontiers or boundaries. The term “country” 
as used in this material also refers, as appropriate, to territories or areas.
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