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Summary 

Within the Bio-olefins project conducted as part of the initiative Climate Leading 

Process Industries,1 two commercially available process alternatives for production 

of bio-ethylene via ethanol dehydration have been assessed for techno-economic 

performance. In the present report, these two technologies have been further 

investigated with respect to options for replacing fossil-based utility energy supply 

(natural gas and steam) with electrification options. A continued discussion with 

the two technology providers – Technip Energies and Chematur – was pursued to 

be able to address the following questions: 

1. Identify commercially available technology solutions for an increased 

degree of electrification of the utility energy supply, aiming at replacing 

natural gas and (natural gas based) steam use 

2. Assessing the impact of the identified solutions on the process energy 

balance and economy (CAPEX & OPEX) 

3. Approximate assessment of the solutions’ impact on the process carbon 

dioxide footprint 

Both technology providers proposed solutions they claim being commercially 

viable for replacing natural gas use for utility energy supply in their respective 

processes. For Technip Energies’ process this implies electrifying the utility steam 

generation, whereas Chematur’s process alternative has a natural gas fired heater in 

addition to steam utility, that both have been considered for electrification. 

The investment costs for both process alternatives increased with electrification in 

the range of 5-10%, but there is a large range of uncertainty in the cost estimates 

for the electrification alternatives due to limited resources for more detailed 

estimations. 

The operating costs based on the energy price levels used in the initial Bio-olefins 

study increased considerably. About 21 % for Technip’s process and 9 % for 

Chematur’s process, respectively, was the estimated increase in specific operating 

costs per tonne ethylene for the electrified process alternatives. Using more recent 

– and considerably higher – energy price and CO2 charge levels, the increase in 

operating costs for the electrified processes in relation to the standard process is 

reduced to 7% resp 1.3%. Assuming more stringent CO2 policies and increasing 

 
1 www.klimatledandeprocessindustri.se  

http://www.klimatledandeprocessindustri.se/
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charges on fossil energy carriers, the electrified alternatives can be expected to be 

outperforming the base cases in operating costs. 

The energy-related process carbon footprint can be considerably reduced – by 78% 

and 87%, respectively, when electrifying the processes. The energy-related process 

emissions however only have a minor impact on the total value chain carbon 

footprint for bio-ethylene production – which primarily stems from avoiding the 

end-of-life emissions of fossil ethylene. Nevertheless, reducing process-related 

energy emissions is an effective means of reducing local emissions at the bio-

ethylene production site, in contrast to remaining emission reductions from 

introduction of bio-ethylene which mainly occur at other places (avoided fossil 

ethylene imports to Stenungsund with associated emissions, as well as fossil 

ethylene replacement during the use phase avoiding end-of-life emissions).  
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 Background 

The present study is a continuation of the “Bioolefins” project conducted during 

2019 and 2020, which investigated commercially available technologies for 

production of bio-ethylene by dehydration of bioethanol. The initial study included 

a technology screening for evaluating different technical solutions as well as 

different raw material and product qualities, to get an understanding of the 

relationship between operating and capital costs for bio-ethylene production. The 

evaluation was based on a production of 50 ktonne bio-ethylene per year. The 

present report should be read as an addendum to the screening study. For more 

information, the reader is referred to the initial study’s public report available 

through the website of the Climate Leading Process Industries initiative. 2 

  

 
2 Heyne, S., Åsblad, A., Markusson, J., Lind, L., Rogestedt, M. (2021) Bio olefins – 
Screening study for a commercial bio-ethylene plant in Stenungsund, 40p. 
Available at: https://klimatledande.johannebergsciencepark.com/sv/bioetenbio-
olefins (2022-03-31) 

https://klimatledande.johannebergsciencepark.com/sv/bioetenbio-olefins
https://klimatledande.johannebergsciencepark.com/sv/bioetenbio-olefins
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 Aim of the present study 

In the present study the two process alternatives that have been screened in more 

detail during the initial study – Technip Energies’ Hummingbird process and 

Chematur’s process – have been further evaluated, with focus being put on 

electrifying the utility energy supply. Replacing natural gas (NG) and (natural-gas 

based) steam use at the plant site has a two-fold effect: 

- The carbon footprint of the bio-ethylene plant can be reduced, further 

improving the greenhouse gas benefits from bio-ethylene production 

replacing fossil ethylene. 

- The site infrastructure with respect to the “outside battery limit (OSBL) – 

in particular natural gas piping, steam boiler etc – can be expected to 

become less complex compared to a standard plant design. 

The focus of the current evaluation therefore was to: 

1. Identify – in discussion with the two technology providers – viable 

commercially available electrification solutions for replacing natural gas, 

as well as high and medium pressure steam demand (low pressure steam is 

assumed as being available via the Stenungsund cluster and has not been in 

focus) 

2. Estimate the impact of the proposed electrification solutions on process 

economy and energy balance 

3. Estimate the carbon footprint of bio-ethylene production with or without 

the electrification options 
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 Electrification alternatives 

Both technology providers were able to identify viable solutions for electrifying the 

utility demand with respect to natural gas and high (HP) and medium (MP) 

pressure steam use. Due to restrictions from the signed non-disclosure agreements 

with the technology providers, the details of these solutions cannot be presented 

here. It should also be mentioned that the investigation of different electrification 

options was done at a very general level and little time and resources were 

available from the technology providers, so the resulting estimations of 

consequences on the processes’ energy and economic performance are of very 

approximate nature. 

3.1 Technip Energies 

Regarding the Hummingbird process, the only utility use to be replaced by 

electrification is MP and HP steam use. No direct firing of natural gas occurs in the 

process. 

Technip Energies confirmed that both MP and HP steam use in the various process 

steps can be replaced by either direct electric heating or indirect electric heating via 

a hot oil circuit. The resulting heating duty for the heat exchangers in question was 

indicated on an aggregated level for both the direct electric heating (through for 

example immersion heaters) and electric heating via an oil-circuit. This allowed for 

estimating the increase in electric energy demand, as well as the savings in MP and 

HP steam (and in turn in natural gas) for the electrification option of the 

Hummingbird process. 

Technip Energies also provided rough estimates of the increase in investment 

costs, and also highlighted what potential cost reductions can be expected (for 

example no need for a steam boiler plant). 

3.2 Chematur 

For Chematur’s process, the major fossil utility energy source is direct natural gas 

used in the reactor furnaces. Chematur confirmed – based on discussions with 

suppliers – that it is feasible to switch to electrically heated furnaces instead. The 

steam demand by Chematur’s process was assumed being at low pressure (LP) 

level, thereby being possible to cover with excess steam from the Stenungsund 

cluster. No further electrification options were therefore investigated for 

Chematur’s process. 
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Chematur also roughly indicated the expected change in investment costs for the 

plant when switching to electric furnace heating.  
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 Impacts on process performance 

In the present chapter the impact of replacing the fossil-based utility use by 

electrification on the process energy performance, economics and carbon footprint 

is evaluated. The process itself remains basically unchanged, as only the utility 

energy supply is switched from natural gas to electricity. 

4.1 Process energy performance 

The energy performance is basically only influenced by the switch from natural 

gas/steam energy use to electric energy use. As the process energy demand itself 

does not change, the only impact is through changes in utility energy supply 

efficiency. In Table 4-1 the assumed conversion efficiencies from utility energy 

supply to process heat energy are indicated. 

Table 4-1: Utility supply conversion efficiencies assumed for the assessment of the impact of 
electrification on the process energy performance. 

Utility Efficiency Comment 

Natural gas 1 
NG demand of furnace, given by technology 

supplier 

Steam (HP/MP/LP) 

internal 
0.85 

Energy efficiency from natural gas (HHV) to 

steam energy, generated at the plant site 

Steam (LP) from 

cluster 
1 

External steam supply from Stenungsund 

cluster 

Direct electric 

heating  
0.99 

Conversion efficiency from electricity to heat 

in direct heating applications (for direct 

electric furnace heating, an additional 

electricity consumption for fan power has been 

accounted for) 

Electric heating via 

oil circuit 
0.97 

Conversion efficiency from electricity to heat 

for indirect heating applications via hot oil 

circuit 

 

The switch to electrified process utility supply basically leads to a decrease in 

energy use for both processes as the electric heating solutions have higher energy 

efficiencies than for example natural gas-based steam supply. This would of course 

be different when considering primary energy supply (including conversion 

efficiency from primary energy to electricity) or exergy-based conversion 

efficiencies. The decrease in utility energy supply is counteracted from an 
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economic perspective by the higher cost of electricity in relation to natural gas, as 

will be presented in the next sub-chapter. 

4.2 Process economics 

To assess the impact of the proposed electrification alternatives for the two process 

alternatives on process economics, the utility cost levels from the initial study have 

been used for consistency reasons (see Table 4-2). The price level of electricity and 

natural gas in both the short and long term are difficult to determine with certainty, 

so an analysis has been conducted to identify cost levels of natural gas and 

electricity respectively, that will achieve a break-even case when comparing utility 

costs of the standard and the electrified process alternatives by each technology 

supplier. In addition, more recent energy price levels – largely increased due to the 

current global situation, partly related to the war in Ukraine – have been assumed 

and their effect on operating costs evaluated. 

Table 4-2: Utility cost levels used for process economics evaluation (as used in the initial study). 

Utility  Unit Reference 

Electricity 517 SEK/MWh Eurostat - 2-year average 

(2018-S2 – 2020-S1)  

Natural gas incl. CO2 372 SEK/MWhHHV 

Eurostat - 2-year average 

(2018-S2 – 2020-S1) & 

40 €/tonne CO2 

HP steam (65 barg) 
440 

(190) 

SEK/MWh 

(SEK/t) 
NG-based 

MP steam (13 barg)  
350 

(190) 

SEK/MWh 

(SEK/t) 
NG-based 

LP steam (4 barg) 
290 

(170) 

SEK/MWh 

(SEK/t) 
NG-based 

 

The investment costs for the plant are expected to increase in both the Technip and 

the Chematur case. The suppliers indicated rough estimates on the expected plant 

investment cost increase due to a switch to electrified process heating solutions. As 

illustrated in Figure 4-1, the inside battery limit (ISBL) total investment cost for 

the electrified alternatives increases by 10% with Technip’s process and by 5% 

with Chematur’s process, compared to the standard process design (bars in Figure 

4-1). It must be stressed, however, that both estimates are very rough as no 

resources were available to investigate the cost of the electrification solutions in 

more detail from the technology suppliers’ side. Therefore, it can rather only be 

concluded that the investment costs will increase for the plant itself, but that there 
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also are cost savings to be expected, such as the avoided cost of a steam boiler or a 

less complex outside battery limit (OSBL) infrastructure, as there, for example, 

won’t be a need for a natural gas supply infrastructure. 

 
Figure 4-1: Total investment cost estimates for the two standard process alternatives with rough 
indication of total investment cost for the electrified process alternative (green diamond). 

When assessing the production costs of bio-ethylene through the electrified process 

alternatives, there will be changes in both utility costs (increased electricity 

demand vs reduced natural gas/steam demand) as well as in annualized total 

investment costs (TIC). The latter will even impact the estimates on operation and 

maintenance (O&M) costs, as they are estimated as a fraction (3 %) of the 

annualized TIC. 

As illustrated in Table 4-3, the total production costs increase to about 18 500 

SEK/tonne ethylene and 18 200 SEK/tonne ethylene for the Technip and Chematur 

case, respectively. This corresponds to an increase in production costs of 2,1 % and 

0,7 % for Technip and Chematur respectively. The production costs are still largely 

dominated by feedstock costs, even for the electrified options, representing 84,5 

and 87,5 % respectively of the total production costs. 
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Table 4-3: Production cost estimates for the two electrified process alternatives (Anhydrous fuel 
ethanol as feedstock). For details on underlying economic assumptions and comparison to standard 
alternatives see Bio-olefins project report2. 

Cost item 
Technip - 

electrified 

Chematur - 
electrified 

 

SE
K

/t
o

n
n

e
 

et
h

yl
en

e
 

Fraction of 

SE
K

/t
o

n
n

e 
 e

th
yl

e
n

e
 

Fraction of 

to
ta

l p
ro

d
u

ct
io

n
 

co
st

 [
%

] 

fe
e

d
st

o
ck

 &
 

u
ti

lit
y 

co
st

 [
%

] 

to
ta

l p
ro

d
u

ct
io

n
 

co
st

 [
%

] 

fe
e

d
st

o
ck

 &
 

u
ti

lit
y 

co
st

 [
%

] 

Feedstock 

(anhydrous EtOH) 
15 639 84.5 91.2 15 906 87.5 93.9 

Total Utility 1 510 8.2 8.8 923 5.6 6.1 

Annualised TIC 966 5.2  896 4.9  

O&M 384 2.1  360 2.0  

Total 18 498 100  18 186 100  

“Standard” process 

Total 
18 119   17 956   

 

Regarding the specific utility cost levels per tonne ethylene, an increase of about 

21% for Technip’s process and 9 % for Chematur’s process for the electrified 

process alternatives is estimated, respectively. This is due to the difference in cost 

level of natural gas (also used for steam generation in the standard processes) and 

electricity (see Table 4-2). There is obviously a major switch from natural gas and 

steam utility costs to electricity costs (see black bars in Figure 4-2). The remaining 

utility costs related to steam (red bars in Figure 4-2) are due to LP steam import 

that is assumed to be realized through use of excess steam from the Stenungsund 

cluster. 
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Figure 4-2: Utility cost contributions to ethylene production cost for the two process alternatives (above: 
standard process, below: electrified process alternative). 

A simplified analysis of the impact by electricity and natural gas price levels resp. 

on the utility costs has been performed. The aim was to identify the necessary price 

level of one of the energy commodities – assuming a fixed value of the other at 

base case level – to achieve break-even in utility costs per tonne ethylene with both 

technology alternatives using either a standard or electrified design. The results are 

summarized in Table 4-4. 
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Assuming a fixed natural gas price at 372 SEK/MWhHHV, the electricity price level 

would need to go down by 35% (Technip) and 29% (Chematur) respectively to 

have similar utility costs between the standard process and the electrified 

alternative. Assuming a fixed electricity price (517 SEK/MWh), the natural gas 

price increase necessary for similar utility costs for the standard and the electrified 

processes, is 54% (Technip) and 40% (Chematur) respectively. The overall cost 

level for all utilities changes accordingly are presented in the rightmost column of 

Table 4-4. 

Table 4-4: Results of break-even utility cost analysis for the standard and electrified process 
alternatives. 

Case 

Electricity 

cost 

[SEK/MWh] 

NG costs incl. 

CO2 
1) 

[SEK/MWhHHV] 

Utility cost 

[SEK/tonne 

ethylene] 

Base case  

Technip 

517 372 

1 248 

Technip 

electrified 
1 510 

Chematur 848 

Chematur 

electrified 
923 

Fixed natural 

gas price level 

Technip 
334 

(-35 %) 
372 

1 2332) 

Chematur 
367 

(-29 %) 
7652) 

Fixed 

electricity 

price level 

Technip 

517 

574 

(+54 %) 
1 6342) 

Chematur 
522 

(+40 %) 
9612) 

“Up-to-date” 

energy prices 

120 €/MWhel 

100 €/MWhHHV 

80€/tonCO2 

Technip 

1 258 1 221 

2 995 

Technip 

electrified 
3 211 

Chematur 1 902 

Chematur 

electrified 
1 927 

1) steam costs are influenced accordingly for the standard cases as well as LP costs for the electrified 

process alternative 
2) similar utility costs for standard and electrified cases 

Looking at the global energy markets and the electricity price levels recently (see 

Figure 4-3 and Figure 4-4), a pronounced increase in natural gas price can be 

identified, more than twice the price level assumed in the present study for the base 

case. This basically favours the electrification alternatives, but of course, increases 
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in electricity prices also must be accounted for. In Table 4-4 an illustrative example 

based on an electricity price of 120 €/MWh, a natural gas price of 100 €/MWhHHV 

and a CO2 charge of 80 €/ton CO2 is used to evaluate utility costs for the four 

alternatives. Technip’s utility cost level is about 3000 SEK/tonne ethylene, with the 

electrification option being about 7% above the standard process utility costs. For 

Chematur the utility cost level is in the range of 1900 SEK/tonne ethylene, with the 

electrified process alternative being very close to the standard process utility cost 

(1.3% above). Assuming increased CO2 charges and higher costs of fossil fuels in 

the future, the utility cost can be expected to evolve in favour of the electrified 

process alternatives. 

 

Figure 4-3: Recent spot market electricity price levels (Energimyndigheten, Nuläget på elmarknaden, 
Mars 2022); the straight lines indicate electricity price levels assumed for the base case (red) and the 
“up-to-date” case (green). 
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Figure 4-4: Recent natural gas price levels at the European market (Energimyndigheten, Läget på de 
globala energimarknaderna, Vecka 13 2022). The straight lines indicate natural gas price levels 
assumed for the base case (red) and the “up-to-date” case (green), including CO2 charges (these are 
not included in the natural gas price level trendlines in the figure). 

4.3 Process carbon footprint 

The process carbon footprint of the bio-ethylene plant is largely related to natural 

gas combustion needed for heat and steam supply. Replacing natural gas with 

electricity reduces the footprint accordingly. The electrification alternatives 

investigated in the present study therefore only impact the energy-related process 

emissions. 

To set the effects of an increased degree of electrification of the two process 

alternatives in context, the whole process chain from biomass resource to ethylene 

end-of-life emissions has been accounted for. The emission reduction obtained 

from replacing fossil ethylene with biobased ethylene is evaluated accounting for 

four contributions as illustrated in Figure 4-5: 

1. Carbon dioxide emissions linked to the production of bioethanol (from 

sugar cane (base case), wheat or cellulose) being the feedstock for the bio-

ethylene plant. 

2. Carbon dioxide emissions linked to energy use by the production process 

in the bio-ethylene plant in Stenungsund. 

3. Carbon dioxide emissions linked to fossil ethylene production 

(conventional production) replaced by the bio-ethylene plant. 
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4. Zero "End-of-life" emissions from bio-based ethylene produced from 

renewable raw materials (as opposed to end-of-life emissions of CO2 from 

fossil ethylene). 

 

Figure 4-5: Illustration of the carbon footprint evaluation of the bio-ethylene production process 
(Illustration has been designed using resources from Flaticon.com) 

The emission factors for the different contributions with underlying assumptions 

are presented in Table 4-5. 

Table 4-5: Assumptions for the different contributions to the bio-ethylene value chain carbon footprint. 

Carbon footprint 

contribution 

Value Unit Source Comments 

1
 –

 B
io

e
th

an
o

l f
e

e
d

st
o

ck
a
 

Ethanol 

from 

sugarcane 

0.768 

tonne CO2-

eq/tonne 

ethanol 

RED II3  

Sugar cane ethanol: 

28.6 g CO2-eq/MJ; 

recalculated using 

LHV of ethanol: 

26.84 MJ/kg 

Wheat 

ethanol 
0.843 

tonne CO2-

eq/tonne 

ethanol 

RED II3 

Other cereals 

excluding corn 

maize ethanol 

(forest residues as 

process fuel in CHP 

plant): 31.4 g CO2-

eq/MJ; recalculated 

using LHV of 

ethanol: 26.84 

MJ/kg 

 
3 DIRECTIVE (EU) 2018/2001 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 11 
December 2018 on the promotion of the use of energy from renewable sources (recast) – 
Annex V, https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG&toc=OJ:L:2018:328:TOC, 
Greenhouse gas emissions – Default value (g CO2eq/MJ), Total for cultivation, processing, 
transport and distribution. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG&toc=OJ:L:2018:328:TOC
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG&toc=OJ:L:2018:328:TOC
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Cellulosic 

ethanol 
0.421 

tonne CO2-

eq/tonne 

ethanol 

RED II3 

Börjesson et 

al.4 

Wheat straw 

ethanolb (15.7 g 

CO2-eq /MJ), 

recalculated using 

LHV of ethanol: 

26.84 MJ/kg 
2

 –
 P

ro
ce

ss
 r

e
la

te
d

 

e
n

e
rg

y 
u

se
c  

Electricity 

(process 

energy 

use) 

47.16 
kg CO2-

eq/MWhel 

Energi-

myndigheten5 
13.1 g CO2-eq/MJ 

Natural 

gas 

(process 

energy 

use) 

63.7 
g CO2-

eq/MJHHV 

Energi-

myndigheten5 

70.7 g CO2-

eq/MJLHV; 

recalculated using a 

HHV/LHV ratio of 

1.11 for NG 

3
 –

 F
o

ss
il 

e
th

yl
e

n
e

 

p
ro

d
u

ct
io

n
 

Fossil 

ethylene 

production 

1.45d 

tonne CO2-

eq/tonne 

ethylene 

Ecoinvent 

database6 
European average 

4
 –

 E
n

d
-o

f-
lif

e
 

End-of-life 

fossil 

ethylene 

3.14 

tonne CO2-

eq/tonne 

ethylene 

 

1 molecule of 

ethylene (C2H4) 

generates 2 

molecules of CO2 

during complete 

combustione  
a It takes about 1.75 tonne of ethanol to produce 1 tonne of ethylene, with little variation between 

different process options. 

b Cellulose ethanol in Sweden will probably come from forest raw materials rather than straw (wheat 

straw used as reference value). However, the associated CO2-eq emissions for straw- and forest-based 

ethanol differ very little4, so the emission factor from Annex V in RED II3 is considered being 

representative. 

c The specific use of electricity and natural gas in the bio-ethylene process per tonne of ethylene 

differs somewhat between the process alternatives, but this cannot be made public due to signed 

confidentiality agreements with the technology suppliers. A report by Dechema7 estimates these 

emissions to be "at least 0.2 tonnes of CO2-eq / tonne of ethylene". This indicates that the estimates 

we make (0.23 and 0.56 tonnes of CO2-eq / tonne of ethylene) for the process alternatives are at a 

reasonable level. For the alternatives with increased electrification, these emissions are reduced when 

natural gas use is replaced by electricity. 

d European average used assuming replacement of ethylene import to Stenungsund. Emissions from 

conventional ethylene production vary depending on the raw material, location of plant and process-

 
4 Börjesson P, Lundgren J, Ahlgren S, Nyström I. Dagens och framtidens hållbara 
biodrivmedel – i sammandrag. Göteborg, Sweden: 2016. f3 2013:13. 
5 Energimyndigheten (2021) Växthusgasutsläpp. 
https://www.energimyndigheten.se/fornybart/hallbarhetskriterier/drivmedelslagen/vaxth
usgasutslapp/ 
6 Ecoinvent Database 3.8 (2021), GWP Impact factor for ethylene production – European 
average. 
7 Bazanella, A.M., Ausfelder, F. (2017), Low carbon energy and feedstock for the European 
chemical industry, Dechema, Frankfurt am Main, ISBN: 978-3-89746-196-2, 166p. 

https://www.energimyndigheten.se/fornybart/hallbarhetskriterier/drivmedelslagen/vaxthusgasutslapp/
https://www.energimyndigheten.se/fornybart/hallbarhetskriterier/drivmedelslagen/vaxthusgasutslapp/
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specific parameters for the cracking, which is indicated by Neelis et al.8 presenting a range of 1.04-

2.29 tonnes of CO2 / tonne of ethylene produced. IEA / ICCA Dechema9 and McKechnie et al.10 

present emissions in the order of 1.15-1.8. The estimated emissions can then be multiplied by a 

correction factor11 (1 for Western Europe, 0.9 for Japan and Korea and 1.3 for Asia, Africa and 

Russia for example). Another factor that makes it difficult to estimate the carbon dioxide emissions 

from the conventional plant is that the total emissions from the cracking process are presented per 

tonne of ethylene produced, while the process also produces propylene, butadiene, aromatics and 

more in the same plant. It should be noted that the emissions generated by the transport of fossil 

ethylene to Stenungsund from the plant where it is produced are not included in this figure. For 

imported ethylene, this is estimated with data from Ecoinvent for transport vessels transporting LNG, 

indicating that emissions corresponding to approximately 0.01 kg CO2-eq / (km, tonnes of ethylene), 

which with an assumption of a distance of 8000 km (for transatlantic transport) would correspond to 

0.08 tonnes of CO2-eq / tonne of ethylene. If this contribution were to be added, the estimated 

emission reduction would be even greater, but this is neglected in the presented calculations. 

e The reasoning holds even if ethylene is assumed ending up in a long-lived product; then the carbon 

is stored and there are 0 emissions from the fossil alternative while CO2 is stored from the atmosphere 

in the bio-based ethylene (the biomass raw material for ethanol has taken up CO2 from the 

atmosphere during growth); the difference between fossil and bio-based ethylene can therefore be set 

at 3.14 tonnes of CO2-eq / tonne of ethylene regardless of use. 

  

 
8 Neelis, M.L., Patel, M.K, Bach, P.W., Haije, W.G. (2005) Analysis of energy use and carbon 
losses in the chemical and refinery industries. ECN-I-05-008. 
9 IEA/ICCA DECHEMA (2013). Technology Roadmap "Energy and GHG Reductions in the 
Chemical Industry via Catalytic Processes. 
10 J. McKechnie et al (2015) Environ. Res. Lett. 10 124018. 
11 IPCC Guidelines for National Greenhouse Gas Inventories. 2006. Chapter 3. Chemical 
Industry Emissions. Volume 3: Industrial Processes and Product Use. 
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For the two process alternatives – with and without electrification – and the three 

ethanol feedstock options, the resulting carbon footprint reduction for bio-ethylene 

is illustrated in Figure 4-6. The overall reduction varies from about 126 000 to 

188 000 tonne CO2-eq/year for a 50 000 tonne/year bio-ethylene plant. The major 

contribution is from avoiding end-of-life emissions from fossil ethylene (yellow 

bars). For sugar cane and wheat ethanol as feedstock, the emissions related to bio-

ethanol supply (blue bars) are in the same range as the avoided emissions from 

fossil ethylene production (grey bars). For cellulosic ethanol, the emissions from 

feedstock supply are less. 

The emissions related to process energy use (orange bars) are considerably reduced 

by electrification, but contribute to a lesser extent to the overall carbon footprint 

reduction of the bio-ethylene value chain. 

 

Figure 4-6: Carbon footprint reduction from 50 000 tonne bio-ethylene production per year. 

The reduction in energy-related process emissions through electrification is 

illustrated more in detail in Figure 4-7. The reduction is achieved by two effects: 

- Replacing natural gas use in furnaces and for steam generation (HP 

and MP steam levels) with electrified alternatives. This basically is due 

to the reduced emission intensity of electricity in relation natural gas (13.1 

vs 63.7 g CO2/MJ, corresponding to an 80% reduction) in combination 

with efficiency gains (steam boiler losses for example are 

avoided/reduced). 
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- Use of excess LP steam from the cluster (no emissions accounted for) 

replacing NG-based LP-steam generation12. This favours the electrified 

Technip process as the fraction of LP steam use is considerably higher, 

leading to a more pronounced reduction. 

Both processes considerably reduce their energy-related emissions, with a potential 

to further decrease the value when using renewable electricity only with an even 

lower carbon intensity than the Swedish electricity mix that has been used as 

reference here. 

 

Figure 4-7: Process energy-related carbon footprint of the standard and electrified process alternatives, 
assuming a production capacity of 50 000 tonne bio-ethylene/year. 

  

 
12 This is an overestimation of the emission savings as CO2 emissions need to be 
allocated even to the LP steam provided by the cluster. This should be accounted 
for in more detailed studies but was considered out of scope for the present 
evaluation. 
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 Discussion and conclusion 

Both technology providers proposed solutions they claim to be commercially 

viable for replacing natural gas use for utility energy supply in their bio-ethylene 

process concepts. Regarding Technip only steam supply needs to be electrified, 

whereas the Chematur process also needs a replacement of the natural gas fired 

heater. 

The investment costs for both process alternatives increased with electrification in 

the range of 5-10%, but there is a large range of uncertainty in the cost estimates 

for the electrification alternatives as there were no resources available from the 

technology providers for more detailed estimations. 

The operating costs based on the energy price levels used in the previous study,13 

increased considerably, an increase of about 21 % for Technip’s process and 9 % 

for Chematur’s process was estimated for the specific operating costs per tonne 

ethylene for the electrified process alternatives. 

Using more recent – and considerably higher – energy price and CO2 charge levels, 

the increase in operating costs for the electrified processes is reduced to 7% resp 

1.3%. Assuming more stringent CO2 policies and increasing charges on fossil 

energy carriers, the electrified alternatives can be expected to be outperforming the 

base cases in operating costs. 

The carbon footprint at process level can be considerably reduced when 

electrifying the processes, the energy-related process emissions however only have 

a minor impact on the total value chain carbon footprint reduction – which is 

primarily dominated by the effect of avoiding the end-of-life emissions of fossil 

ethylene. Nevertheless, reducing process-related energy emissions is an effective 

means of reducing local emissions at the production site, in contrast to reducing 

remaining emissions which mainly occur at other places (fossil ethylene imports 

and associated emissions would be replaced and fossil ethylene replacement during 

the use phase would avoid end-of-life emissions). 

 

 
13 Heyne, S., Åsblad, A., Markusson, J., Lind, L., Rogestedt, M. (2021) Bio olefins – 
Screening study for a commercial bio-ethylene plant in Stenungsund, 40p. 
Available at: https://klimatledande.johannebergsciencepark.com/sv/bioetenbio-
olefins (2022-03-31) 

https://klimatledande.johannebergsciencepark.com/sv/bioetenbio-olefins
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