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Summary 

Supply of bioethylene as renewable feedstock to the Stenungsund industrial cluster 

can become an important cornerstone for the transition to a sustainable chemical 

industry and has been subject to previous studies. The present screening study 

focused on evaluating commercially available ethanol dehydration processes for 

bioethylene production with respect to investment cost, operating cost, feedstock 

flexibility and site-specific integration aspects for Stenungsund, to establish a 

foundation for further projects aiming at the establishment of a bioethylene plant in 

Stenungsund. The evaluation is based on a production of 50 ktonne bioethylene per 

year.  

Three technology providers – Technip Energies (former TechnipFMC), Chematur, 

and Axens – have been contacted and interviewed to obtain more detailed 

specifications on their respective process technologies. Non-disclosure agreements 

have been signed with Technip and Chematur to further deepen the technology 

evaluation and to be able to come up with economic evaluation estimates. 

A feedstock screening of the European ethanol market was done to get a better idea 

of price levels, market sizes and major parameters for price variations of different 

ethanol qualities (major impurities (other alcohols, sulfur…) with respect to their 

limits according to specifications). Anhydrous fuel ethanol specifications were 

used as starting point for the process design. 

The two process alternatives with more detailed process data – Technip and 

Chematur – were evaluated for total capital investment, operating cost (feedstock 

and utility) and their suitability for plant site location in Stenungsund with respect 

to existing utility infrastructure. The estimated total investment cost (inside battery 

limits) for both process alternatives ended up in the same range. The estimates for 

feedstock ethanol cost per tonne ethylene – that are directly related to conversion 

efficiency from ethanol to ethylene – were also similar for both process 

alternatives. With respect to utility costs, Chematur’s process alternative is 

estimated to perform better than Technip’s, the latter one having about 50% higher 

utility cost per tonne ethylene relative to Chematur, given the assumed utility price 

levels in the present study. It however needs to be stated that the numbers on utility 

consumption provided by Chematur had to be recalculated to anhydrous fuel 

ethanol as feedstock as the design figures provided by Chematur were based on 

hydrous ethanol as feedstock. The adaptions made are based on stoichiometric 

considerations with respect to feedstock demand and related utility consumptions 
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and introduce a certain level of uncertainty. The tolerance to feedstock impurities 

on the other hand is judged to be better for the Technip alternative. 

Considering the potential location of the plant in the vicinity of Perstorp’s site in 

Stenungsund, a number of observations could be made: plant footprint is not an 

issue for either of the two technologies, high pressure steam demand for the 

Technip process needs to be met by an additional steam generation plant whereas 

the steam demand for Chematur’s process (at LP level) potentially can be provided 

from the cluster. Cooling water demand could be a critical issue for both processes 

and needs to be investigated further. Wastewater from the processes needs to 

comply with the municipal wastewater specification to be handled by the municipal 

plant close to the planned site. Available capacities of the municipal wastewater 

plant need to be discussed in combination with more detailed information on 

impurity levels in waste water streams in a follow-up project. Aiming at an 

innovative process design, increased electrification of the process concepts could 

be considered as well.   
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 Background 

Ethylene constitutes an important feedstock and intermediate in the chemical 

process industry in general, and at the chemical complex in Stenungsund in 

particular. As illustrated in Figure 1-1 (line thickness is proportional to mass flow) 

ethylene (eten) is the most prominent feedstock supplying Borealis, Inovyn, 

Nouryon and Perstorp. Ethylene is produced at the Borealis cracker but also 

imported via the cluster’s import terminal. 

 

Figure 1-1: Material flows and district heat delivery for the Stenungsund cluster (line thickness is 
proportional to mass flow). 

 

One of the major tracks for increasing the fraction of renewable feedstock to the 

cluster is the establishment of a bioethanol dehydration plant for bio-ethylene 

production. This concept has been evaluated within the framework of several 

studies on a conceptual level as well as in more detailed – but disclosed and not 

publicly available – investigations.  
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1.1 Previous studies on bio-ethylene production at the 

Stenungsund site 

During recent years, several studies have been conducted in relation to the 

establishment of bio-ethylene production in Stenungsund, all basically aiming at 

increasing the renewable feedstock portfolio for the chemical complex. Two major 

studies were Skogskemi and Närodlad Plast. 

Skogskemi project 

Within the Skogskemi project – a Vinnova supported initiative gathering a number 

of industrial partners from forestry and chemical process industry as well as 

research institutions that ended in 2015 – bio-olefins production at the Stenungsund 

site was investigated. Both olefins production via a methanol-to-olefins (MTO) 

process – generating ethylene and propylene – and ethanol dehydration to ethylene 

(E2E) process were investigated. 

The evaluation of the E2E process was based on Chematur Engineering ABs 

process technology. Mass and energy balances, as well as investment and operating 

costs, were established and a profitability analysis conducted. The plant size was 

set to 60 ktonne/y of polymer grade bio-ethylene. 

 

Närodlad Plast 

Närodlad Plast was a cross-industry project with Nordic partners representing the 

whole supply chain, from forest owners via ethanol and (poly-) ethylene producers 

to final customers. Research institutes and universities were also involved. Aims 

included 

• Identify technical challenges for implementation of the value chain. 

• Identify and evaluate business models for the value chain. 

• Market studies for both the end product (bio-based polyethylene) and 

intermediate products in the value chain. 

The project ran 2014 to 2016. Results are confidential and not published. 
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 Aim of the present study 

The aim of the present study is to establish the basis for the development of a 

commercial scale plant, building on previous studies and input from technology 

licensing companies. It includes 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 is based on a production of 50 ktonne 

bioethylene per year. This corresponds to less than 10% of current ethylene use in 

the cluster (cracker ≈ 600 ktonne/year, imports ≈ 100 ktonne/year). 
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 Technology screening 

The development of catalysts for industrial dehydration of ethanol began about half 

a century ago and today a few suppliers exist with their own proprietary 

technology. The focus of the technology screening was on commercially available 

technology providers and licensors. In Table 3-1 the technologies included in this 

study are listed. Differences and similarities and integration possibilities in existing 

infrastructure at the Stenungsund cluster is discussed in this chapter. 

Table 3-1 Bio-ethylene technology providers identified during technology screening. 

Technolog 

name 
Hummingbird® 

Chematur 

Ethanol to 

Ethylene (E2E) 

process 

Atol® 

Technology 

licensor 
Technip Energies 

Chematur 

Engineering 
Axens Solutions 

Information 

sources 

Public and 

confidential 

information 

Public and 

confidential 

information 

Public 

information 

 

For dehydration of ethanol, acid catalysts are used at a temperature of about 300°C 

[1]. Due to the temperature range and the tailored catalysts, selectivity of over 99% 

can be achieved. According to Scientific Design, the manufacturer of the 

dehydration catalyst Syndol©, newer catalysts are touted to be more active than 

alumina-based catalysts, but the proven alumina-based catalyst is very selective 

and is suitable for high, one pass conversion applications [2]. The Syndol catalyst 

is used in the Chematur Ethanol to Ethylene process. The other technologies in 

Table 3-1 use proprietary catalysts belonging to the licensors. 

Besides different catalysts, operating pressures, temperatures, etc., recirculation of 

unreacted feed, intermediates, and water differs between the three processes. The 

process from Chematur could be considered as once-through, while the 

Hummingbird process includes recirculation of reactants, and the Atol process 

includes recirculation of reactants and water. 
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3.1 Technip Energies – Hummingbird® 

The Hummingbird process was acquired by Technip from BP in 2016. It is what 

Technip Energies calls a second-generation dehydration process. It uses a 

proprietary heteropoly acid (HPA) supported catalyst and the process is operating 

at a lower temperature, higher pressure, and higher selectivity than first generation 

processes. A simplified flow scheme is shown in Figure 3-1.  

 

 

Figure 3-1: Technip Energies – Hummingbird® ethanol to ethylene process [3] 

A short process description follows based on public information [3]. 

3.1.1 Feed and Clean-up 

Impurities can be detrimental to the process performance. Thus, the process 

includes a “toolkit” for the clean-up of feedstocks. This was developed from 

analyses of bioethanol from more than 50 sources, thus providing feedstock 

flexibility.  

3.1.2 Vaporization and Reaction 

Ethanol from the feed pre-treatment unit is mixed with a recycle stream prior to 

vaporization. The reaction, at relatively low temperature and high pressure 

compared to 1st generation dehydration processes, is carried out in the vapor phase 

where ethanol is selectively dehydrated to ethylene over a supported heteropoly 

acid (HPA) catalyst. 

3.1.3 Primary Separation and Compression 

The separation recovers the product ethylene overhead from the produced water 

and unconverted ethanol. The pressure is raised to simplify purification 
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downstream. However, due to higher reactor pressure, compression work is lower 

compared to 1st generation processes. 

3.1.4 De-watering and Product Purification 

The compressed crude ethylene is further polished to remove heavier olefins. A 

C2-splitter is not necessary. 

In the de-watering column, water is separated from unreacted reactants which are 

recycled and mixed with the feed.  

3.1.5 Utility requirements 

The benefits of the Hummingbird process regarding utility requirements compared 

to first generation dehydration processes are according to Technip: 

• Higher reactor pressure reduces compression power. 

• No need for C2-splitter leads to reduced refrigeration duty. 

• Lower reactor temperature enables integration into steam system. 

• Undilute operation, does not require dilution water. 

3.1.6 Reference plant 

There is no reference installation yet, but one license is sold to Lanzatech for use in 

aviation fuel production at “Freedom Pines Fuels”, Soperton, GA, USA. The 

planned startup is 2022 [4]. 
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3.2 Chematur – Ethanol to Ethylene 

The Chematur E2E process is sublicensed from Scientific Design (SD) who also is 

the manufacturer of the used dehydration catalyst Syndol®. Chematur and SD have 

divided the market between them; Chematur focus on the E2E process while SD 

focus on integrated processes for production of ethylene oxide (EO) or ethylene 

glycol (EG). From 1980 an onwards several E2E and EO/EG licenses have been 

sold [2]. A simplified flow scheme is shown in Figure 3-2. 

 

Figure 3-2: Chematur – Ethanol to Ethylene process [5] 

A short process description follows based on [5] [6], and [7]. 

3.2.1 Adiabatic reaction system 

The ethanol feed is preheated, vaporized, heated in a furnace, and fed to the first 

reactor. Ethanol is converted to ethylene according to  

C2H5OH → C2H4 + H2O (endothermic reaction) 

The reaction is endothermic, so the reaction gas cools down in the reactor. The 

effluent gas from the first reactor is therefore reheated and sent to the second 

reactor. Similar reheat/reaction cycles are conducted in subsequent reactors. 

SynDol is a stable high yield catalyst. At start-of-run, selectivity to ethylene is 

typically 97% at 99% ethanol conversion. The catalyst is long lasting with an 

expected lifetime of minimum two years without need for regeneration. 

3.2.2 Quench system 

The hot ethylene-water vapor mixture leaving the last reactor enters a waste heat 

boiler, where energy is recovered as steam. The cooled gases flow to the quench 

tower where gases are cooled by quenching. Heat is removed in a quench cooler.  

The net water condensed is purged. Ethylene passes into the purification section 

along with by-products and impurities. 
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3.2.3 Compression system and caustic wash system 

The crude ethylene vapor is compressed, and carbon dioxide is removed in the 

caustic wash column. The net caustic waste is purged.  

3.2.4 Drying and ethylene purification 

Overhead gas from the wash column is cooled and fed to the dryer. The dried gas is 

fed to the ethylene column (C2-splitter) where ethane is the heavy component, and 

its concentration is reduced to ethylene specification level.  

Overhead vapors and vapors from the stripper are condensed using refrigeration. 

Vents is sent to flare. The bottom product of the stripper is the polymer grade 

product. Collected heavies can be used as fuel in the furnace.   

3.2.5 Reference plant 

Several plants using the dehydration catalyst Syndol have been built. According to 

Scientific Design (the catalyst developer), a 60 ktonne/y unit was licensed in Brazil 

in 2006 [2]. Later in 2010, three 60 ktonne/y units were licensed by TCI-Sanmar, 

in Port Said, Egypt. The first of these three units was successfully commissioned in 

March 2014. 
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3.3 Axens – Atol® 

Atol is the result of a partnership between Total, IFP Energies nouvelles (IFPEN) 

and its affiliate Axens that started in 20111. Total developed a catalyst formulation, 

IFPEN scaled up catalyst performance within a heat recovery process, and Axens 

industrialized catalyst formulation and finalized the process scheme. Total and 

IFPEN are co-owners of the process and Axens in charge of commercializing Atol. 

 

Figure 3-3  The partners behind the Atol process. 

The process scheme is illustrated in Figure 3-4. 

 

Figure 3-4: Axens – Atol® process scheme [8] 

A short description of the process based on [8] and [9]. 

 
1 https://www.axens.net/news-and-events/news/322/ax# 
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3.3.1 Reaction section 

Vaporized ethanol is dehydrated a temperature of 400–500 °C at moderate 

pressure. Recycled water is used as heat diluent. Two adiabatic rectors are used in 

series. About 90% of the ethanol is converted in the first reactor and practically all 

the remaining ethanol is converted in the second reactor (99+% ethanol per pass 

conversion). 

The catalyst, ATO 201, has a high activity allowing less catalyst use. Feedstock 

flexibility is achieved through high hydrothermal stability and tolerance to poisons. 

Hydrous ethanol is not a problem. The catalyst is said to have high regenerability. 

3.3.2 Heat recovery system 

The thermal integration is said to be innovative that minimize utility consumption 

even though the process includes a significant amount of recycling. 

3.3.3 Ethylene purification 

Due to the high selectivity, the purification section is significantly simplified 

according to Axens. The caustic tower and ethane/ethylene splitter used in the 

conventional process are eliminated in the Atol process.  

3.3.4 Feedstock requirements 

The process works with both hydrous and anhydrous ethanol. The catalyst is said 

to have high tolerance to poisons.  

3.3.5 Economics 

Axens presents the following estimate regarding economics, see Table 3-2. (What 

is included inside battery limits is not specified.) 
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Table 3-2  Economics for the Atol process [9] 

Bio Etylene Production 
ktonne/year 

150 

ISBL erected cost  
US Gulf Coast2 2013 

M USD 

68 

Operating cost* 
USD/tonne ethylene 

58 

* including utilities & catalytic costs 

3.3.6 Reference plant 

No plant has been built yet, but recently a license agreement was signed with 

Sumitomo Chemical Co. Ltd3. The process will be used in Sumitomo Chemical’s 

waste-to-polyolefins project in Japan with startup 2025. 

  

 
2 In cost engineering, plant and equipment costs are mostly given on a 'US Gulf 
Coast Basis' (USGC) as a form of standardisation, allowing to estimate cost levels 
for erection at other locations around the world, using indices for e.g. relative 
labour and material costs. 
3 https://www.japanchemicaldaily.com/2021/01/08/sumitomo-chemical-adopts-
technology-from-axens-for-ethanol-to-ethylene-production/ 
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3.4 Considerations regarding the planned localization in 

Stenungsund 

The localization in Stenungsund is planned to be in the proximity of industries in 

the petrochemical cluster, but not within an existing site. This gives a few 

boundary conditions regarding available utilities and related infrastructure. Below, 

important items are listed: 

• A pipe rack is passing close to the planned site containing 

o natural gas pipeline (natural gas for furnaces and/or steam 

generation) 

o pipelines with feedstocks and intermediates (e.g. ethylene and 

propylene, but also nitrogen), 

o pipeline connections to the harbor. 

• Easy access to electricity 

• Possible access to municipal wastewater treatment plant 

• Access to medium- and low-pressure steam is possible 

• No access to high pressure steam 

• No access to refrigeration or compressed air 

• Limited access to fresh water for cooling purposes 

Furthermore, the site area is large enough to accommodate the necessary plot area 

indicated by Technip and Chematur in their respective info packs.  
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 Feedstock screening 

4.1 Ethanol market summary 

4.1.1 Global market 

Ethanol is a global commodity, and the traded volumes are relatively small, most 

ethanol is consumed where it is produced. The global production of ethanol is 

about 90 million tonne/year. The relation between usage as fuel and for chemical 

applications is about 85:15. 

4.1.2 European market 

The European ethanol market is about 8 million tons where 80% is used in fuel 

applications and 20% is sold as technical ethanol for the chemical industries. The 

total market includes the European domestic (T2) ethanol and the import (T1) 

ethanol. Imported (T1) ethanol may be declared through customs. 

Average price for ethanol (2015 – 2018): 680 EUR/tonne (T2, fob Rotterdam). ). 

The price of ethanol is dependent on feedstock prices of primarily maize, wheat 

and sugarcane. Current long-term predictions state that the p rice levels are 

expected to stay around current levels with a slight increase up until 2028. 

Ethanol production and consumption is projected to grow by 17% until 2028. This 

projection is lower than previous projections, reason being that policies of the 

United States and the European Union are injecting less additional support into the 

biofuel sector. Ethanol is predominantly consumed in the region where it is 

produced, the current traded market volumes of ethanol are around 6-7% of the 

market. For a future market, the ethanol trading volume shares are expected to stay 

at around 6-7%, which will result in a net increase of traded ethanol volumes as the 

produced volumes are predicted to increase (globally).. 

4.1.2.1 T1 (import) and T2 (domestic) 

The custom duty rates for ethanol (classing T1 as T2 ethanol) is 80-150 EUR/ton. 

Higher duty rates for undenatured ethanol and lower duty rates for denatured 

ethanol. Denatured ethanol is not an option for chemical conversion towards 

ethylene. 
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Figure 4-1: Custom duties for ethanol. 

With an average price for domestic ethanol (T2) at 680 EUR/ton, the imported 

ethanol (T1) will require a price at around 530 EUR/tonne (fob Rotterdam) to be 

competitive with domestic ethanol (T2). 

Some 3rd world countries have customs exemptions and purchasing from them 

may be without custom duties. However, most of the ethanol available for trade is 

produced in USA or Brazil. 

There is also a possibility to apply for processing under customs control, which 

would mean that as a producer you would instead pay the custom duties connected 

to your product instead of your raw material. 

4.1.2.2 The COVID effect 

T2 Ethanol FOB Rotterdam prices remained high with strong demand through 

alternative use, however the declining demand from the transportation market lead 

to a market low, 350 EUR/cbm, in March 2020 (see Figure 4).. 

Recent tenders in several European countries have been indicating healthy ethanol 

demand in 2021, with most market sources not envisaging a similar complete 

lockdown in 2021 and see ethanol consumption in Europe growing. 

End of 2020 ethanol prices where back to pre-COVID levels. 
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Figure 4-2 COVID effect on the European ethanol prices. 

4.2 Production 

European production accounts for roughly 5% of worldwide production, around 

6 million tonne/year and is projected to increase to about 7,5 million tonne/year by 

2028. The projected increase closely follows the projected market increase in 

Europe for primarily the biofuels sector. 

France, Germany and the UK are the countries with the largest domestic 

production of ethanol in Europe. 

Table 4-1 Main producing countries in Europe (million liters). [Source: EU Biofuels Annual 2019 Date: 
7/15/2019 GAIN Report Number: NL9022] 
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The largest producing companies in Europe is Cropenergies and the Alcogroup. 

They both have production in several European countries and account for a large 

portion of the European ethanol production.  

4.3 Ethanol quality and specification 

Ethanol is produced and distributed according to different specifications varying 

depending on use. The most commonly use of ethanol is as biofuel in the transport 

market. The specification for anhydrous fuel grade ethanol can be found in table 

4-2.  

Other ethanol market segments that are demanding different or higher quality 

specification are: 1. Recreational usage, 2. Antiseptic or medical solvent usage. 

Table 4-2 Main Anhydrous fuel ethanol specifications (according to EN 15376 - SPSE-0426) used as 
feedstock specification for the process evaluation. 

Property Condition Unit Min Max 

Ethanol content + higher 

saturated alcohols (w/w) 
Standard % by weight 98.7 - 

Higher alcohols (C3-C5) (w/w) Standard % by weight - 2 

Methanol content (w/w) Standard % by weight - 1 

Water (w/w) Standard % by weight - 0.3 

Inorganic chloride (w/w) Standard mg/kg - 1.5 

Copper (w/w) Standard mg/kg - 0.1 

Acidity (as acetic acid) (w/w) Standard % by weight - 0.007 

Appearance Standard N.a. 
Clear and 

colourless 

Phosphorous (w/V) Standard mg/l - 0.15 

Evaporation residue (w/V) Standard mg/ 100 ml - 10 

Total sulphur (w/w) Standard mg/kg - 10 

 

For a number of the bioethylene process technologies mentioned in chapter 0 the 

use of hydrous ethanol (higher water content) may be an option. Hydrous ethanol is 

used as motor fuel (E95/E100) in Brazil and used for ED95 blending at the 

European market. Hydrous ethanol market price levels are lower than anhydrous, 
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(about 10% for Brazilian ethanol4), but market volumes in Europe are considerably 

lower for hydrous ethanol compared to anhydrous fuel ethanol. The most relevant 

standard for hydrous fuel ethanol specification for the European market is the 

ethanol standard for ED95 blending with specifications as given in Table 4-3. The 

major difference obviously is the alcohol resp. water content. The methanol limit is 

at 0.5 wt-% (in contrast to 1 wt-% for anhydrous), whereas higher alcohols and 

total sulphur contents are regulated to the same level as for anhydrous ethanol. 

Table 4-3: Hydrous fuel ethanol specifications according to SS 155437:2015 (for ED95 blending). 

Property Condition Unit Min Max 

Ethanol content + higher 

saturated alcohols (w/w) 
Standard % by weight 92.4 - 

Higher alcohols (C3-C5) (w/w) Standard % by weight - 2 

Methanol content (w/w) Standard % by weight - 0.5 

Water (w/w) Standard % by weight 4.5 7.4 

Inorganic chloride (w/w) Standard mg/kg - 1.0 

Copper (w/w) Standard mg/kg - 0.1 

Acidity (as acetic acid) (w/w) Standard % by weight - 0.005 

Aldehydes (as acetaldehyde)  Standard % by weight - 0.025 

Appearance Standard N.a. 
Clear and 

colourless 

Phosphorous (w/V) Standard mg/l - 0.2 

Evaporation residue (w/V) Standard mg/ 100 ml - 5 

Total sulphur (w/w) Standard mg/kg - 10 

Sulfates (w/w) Standard mg/kg - 3 

 

  

 
4 Free-on-board (FOB) price levels (FOB Santos, Brazil) according to Ethanol 
Market and Price Data from U.S. Grain Council (https://grains.org/ethanol_report/) 
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The fuel ethanol prices are low, and the availability is high on the European 

markets, however the specification is not always suitable for chemical conversion.  

Through contact with representatives in the ethanol market the project could come 

to the following insights with relation to setting demands harder than currently 

found on the fuel grade specification: 

Sulphur: Trying to purchase ethanol with very tough specifications (1 ppm) will 

influence both availability and price. Purchasing ethanol with Sulphur levels 

around 5-7 ppm without limiting availability and price is deemed as feasible. 

Methanol: It is deemed as feasible to purchase ethanol with lower methanol 

content than the maximum content the specification indicates. However, like 

Sulphur if the specification demand is too harsh it could affect the availability and 

price.  

Higher alcohols: It is deemed as feasible to purchase ethanol with lower content of 

higher alcohols  than the maximum content indicated by the ethanol specification.  
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 Evaluation of process concepts 

Two licensors, Chematur and Technip, have reference plants – either built or under 

construction – and therefore those process concepts were chosen for economic 

evaluation based on more detailed information supplied by the licensors. The 

results obtained are specific to the cost assumptions done in the present study and 

may change when price levels for and relations between the relevant energy 

carriers are different. 

When interpreting the results, it is however important to have in mind that the 

figures supplied by Chematur apply to a process using hydrous ethanol not 

complying to the required specifications (anhydrous fuel ethanol quality). 

Important deviations – impacting both investment and operating costs – from the 

desired feedstock specifications for the figures presented by Chematur include: 

Higher water content (up to 7.4 wt-% instead of max. 0.3 wt-% H2O for anhydrous 

ethanol) 

Lower methanol level (max 0.3 wt-% instead of max 1 wt-% MeOH according to 

fuel ethanol specifications (see Table 4-2)) 

No specific levels of higher alcohols given (up to 2 wt-% according to fuel ethanol 

specifications (see Table 4-2)) 

Lower sulphur content (1 ppm instead of 10 ppm according to fuel ethanol 

specifications (see Table 4-2)) 

The figures supplied by Technip refer to the given specification assuming a 

“worst” case scenario with highest allowable levels of impurities according to 

Table 4-2. 

To allow for a just comparison between the two concepts, several assumptions – 

based on follow-up discussions with the technology suppliers and own calculations 

and/or estimations – have been taken with respect to investment and utility 

consumption for the Chematur process. These are explicitly mentioned in the 

following sections when relevant. They basically aim at evaluating both process 

concepts with respect to anhydrous fuel ethanol specification at the worst case 

limits according to Table 4-2. 
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5.1 Economic evaluation 

The economic evaluation is focusing on the three aspects 

1. Total investment cost 

2. Ethylene production cost 

3. “Additional” production cost in excess of feedstock 

The focus of evaluation is on the relative cost levels between the technologies and 

not on absolute levels of e.g. ethylene production costs. This for example implies 

that manpower is excluded from the production cost estimates as it can be expected 

to be similar for all cases. 

The feedstock specifications for both processes are assumed to be anhydrous fuel 

ethanol specification at “worst” case limits according to the standard as specified in 

Table 4-2. 

The absolute level of a “green bonus” for renewable ethylene to be determined 

based on a potential business case will have to be defined in more detail in the 

framework of a continuation project. The focus of the present study is to identify 

the most suitable process configuration for the Stenungsund cluster from a range of 

parameters, among others economic ones, relating to e.g. the supply of utilities. 

The basic economic parameters used for the present evaluation are summarized in 

Table 5-1. 

Table 5-1: Economic input parameters and exchange rates. 

Parameter Value Unit 

Economic lifetime 20 Years 

Discount rate 4%  

Annualization factor 0.074  

Operation and maintenance costs 3% of Total Investment Cost (TIC) 

Exchange rates (2020 average) 

9.20 

10.49 

SEK/USD 

SEK/EUR 
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5.1.1 Total investment cost 

The total investment cost (TIC) for the process concepts have been supplied by 

both Technip and Chematur.  

The TIC account for the inside battery limit (ISBL) cost of the plants including: 

• Equipment 

• Bulk items 

• Construction 

• Indirect costs such as: 

o Basic Engineering 

o Detailed Engineering 

o Project and commissioning management 

Some essential utility parts however were not included in the supplied figures. 

These have been added to the TIC figures based on discussions with the suppliers 

and/or literature-based estimates. In addition to adding cost for additional 

equipment cost for e.g refrigeration units or steam generation, a cost for the license 

fee and first fill of main catalyst have been accounted for. 

To come up with a representative and comparable investment cost, contingency 

(CON) and working capital (WC) cost have been added, corresponding to 10 % 

(CON) resp 15% (WC) of the ISBL TIC (incl. catalyst cost). Utility systems for 

cooling water, wastewater, power generation, and site utility system, as well as the 

ethanol bulk storage are considered outside battery limit (OSBL) and not 

considered in the present economic analysis. 

 

5.1.2 Feedstock cost estimation 

For the process, a representative value for anhydrous fuel quality ethanol at the 

European market (T2 ethanol) has been chosen5: 

- 650 €/m3 EtOH resp 8640 SEK/tonne EtOH 

As mentioned above, the absolute production costs are not the main focus of the 

present work and question relating to ethanol pricing rather are focused on 

potential levels of methanol, higher alcohols, sulphur etc. As discussed in chapter 

0, allowing for a larger variation of ethanol feedstock quality results in both larger 

market volumes and lower prices for the process. The discussion of the processes’ 

feedstock requirements and potential reduction in production cost due to lower 

 
5 https://www.spglobal.com/platts/en/market-insights/videos/market-movers-
americas/042621-covid-fight-global-oil-prices - accessed 2021-01-18 

https://www.spglobal.com/platts/en/market-insights/videos/market-movers-americas/042621-covid-fight-global-oil-prices
https://www.spglobal.com/platts/en/market-insights/videos/market-movers-americas/042621-covid-fight-global-oil-prices
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feedstock costs are therefore in focus instead of aiming at a detailed estimate of the 

ethylene production. 

5.1.3 Utility cost estimation 

The utility costs for the processes have been estimated based on price levels for 

industry in Sweden for electricity and natural gas (Eurostat), as well as using 

literature-based estimates for utility prices. 

The electricity and natural gas price levels used in the present study for evaluating 

utility costs are given in Table 5-2. 

Table 5-2: Electricity and natural gas price levels used for the economic evaluation. 

Utility  Unit Reference 

Electricity 517 SEK/MWhel 
Eurostat6 - 2-year average 

(2018-S2 – 2020-S1) 

Natural gas incl. 

CO2  
372 SEK/MWhNG  

Natural gas 286 SEK/MWhNG 
Eurostat7 - 2-year average 

(2018-S2 – 2020-S1) 

CO2 cost 420 SEK/tonne CO2 
40 €/tonne CO2 (current 

level) 

CO2 emissions from 

natural gas 
205 kg CO2/MWhNG 

Naturvårdsverket – 

Naturgas 20188 

For the evaluation of steam utility cost, a natural gas fired boiler with a thermal 

efficiency of 85 % has been assumed generating HP steam. For MP and LP steam 

the economic value has been estimated based on relative Carnot factors 

(representing the theoretical amount of electricity generation from a given steam 

pressure level). For refrigeration, the utility cost is based on electricity costs, 

assuming a COP of 2.5. It has to be noted that these estimates do not take into 

account the investment in the utility equipment, e.g. steam boiler or refrigeration 

unit investment. 

For the remaining utility cost figures, literature-based estimates accounting for both 

the energy and capital cost for the respective utility services have been made [10]. 

The basic input to the estimation is the fuel cost (natural gas at 372 SEK/MWh 

 
6 Electricity prices for non-household consumers - bi-annual data (from 2007 
onwards) [NRG_PC_205__custom_709424] 
7 Gas prices for non-household consumers - bi-annual data (from 2007 onwards) 
[NRG_PC_203__custom_709505] 
8 https://www.naturvardsverket.se/upload/stod-i-miljoarbetet/vagledning/Luft-
klimat/emissionsfaktorer-och-varmevarden-klimat-2020.xlsx 

https://ec.europa.eu/eurostat/databrowser/bookmark/8433193f-6779-4d50-8479-9777cba0dab5?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/8433193f-6779-4d50-8479-9777cba0dab5?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/461a593a-9245-4c99-9e33-a63f116c3c97?lang=en
https://ec.europa.eu/eurostat/databrowser/bookmark/461a593a-9245-4c99-9e33-a63f116c3c97?lang=en
https://www.naturvardsverket.se/upload/stod-i-miljoarbetet/vagledning/Luft-klimat/emissionsfaktorer-och-varmevarden-klimat-2020.xlsx
https://www.naturvardsverket.se/upload/stod-i-miljoarbetet/vagledning/Luft-klimat/emissionsfaktorer-och-varmevarden-klimat-2020.xlsx
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(11$/GJ) as stated in Table 5-2) and a price index (Chemical Engineering Plant 

Cost Index CEPCI2019 = 607.5). As the values are solely based on literature, there is 

a certain level of uncertainty, but on a relative basis to each other they still can be 

considered valid. For additional chemicals used within the processes – caustic, 

guard bed material, molecular sieves – as well as for waste disposal, price levels 

have been determined on web search and literature data, their contribution to the 

overall operating cost being considered less significant. The utility cost levels used 

are represented in Table 5-3. 

 

Table 5-3: Utility cost levels used for process economic evaluation. 

Utility  Unit Reference 

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 

Refrigeration 

(at -20°C) 
210 SEK/MWh Electricity-based 

Cooling water (CW) 1.3 SEK/m3 [10] 

Boiler feedwater 

(BFW) 
50 SEK/m3 [10] 

Process water 50 SEK/m3 [10] 

Waste water 

handling 
13 SEK/m3 [10] 

Flaring 520 SEK/tonne [10] 

Nitrogen/instrument 

air 
0.8 SEK/Nm3 [10] 

Sulphur guard bed 

material 
60 000 SEK/tonne 

[11] – increased by a factor of 

2 

Molecular Sieve 3A 20 000 SEK/tonne 
[12] – increased by a factor of 

2 

Caustic 6 000 SEK/tonne 
[13] – increased by a factor of 

2 

Waste disposal 

(non hazardous) 
200 SEK/tonne [14] 
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 Results 

6.1 Total investment cost (TIC) 

The investment costs are based on a production of 50 ktonne bioethylene per year. 

As pointed out earlier, the Chematur plant is not based on the initially given 

specification of anhydrous fuel ethanol, but designed for hydrous ethanol, with 

differences as stated in Chapter 5. For the cost estimate evaluation, the relevant 

parameters to be considered for the Chematur alternative are: 

- Hydrous ethanol 

A larger throughput due to a higher water content of the feedstock can be 

assumed, an adaption of the design to anhydrous ethanol as feedstock 

presumably leading to reduced investment cost estimates. However, no 

adaptions have been made with respect to the investment cost of the 

equipment as no data could be provided for reasonable estimates. A 

decrease in utility consumption (e.g. natural gas, steam, electricity) due to 

decreased equipment sizes can be assumed as well, more details are 

provided in section 6.2. 

- Sulphur content 

The Chematur process requires sulphur levels below 1 ppm being a 

magnitude lower than the specified fuel quality requirements (10 ppm). To 

avoid being limited to a very narrow spectrum of fuel quality at the ethanol 

market, a sulphur guard bed based on ZnO has been added to the 

equipment cost, the cost basis being the normal volume flow of gaseous 

ethanol after evaporation. The process is assumed to handle the potentially 

higher sulphur content of standard fuel quality ethanol. No detailed 

investigation whether that technology solution is viable has been 

performed, the cost item rather representing a generic number for handling 

fuel ethanol not matching the Chematur process requirements with respect 

to sulphur content. 

The furnace for supplying process heat to the reactor section for the Chematur 

process is included in the ISBL total investment cost figure. Additional steam 

utility – required at LP level for feed ethanol evaporation prior to the furnace - is 

assumed to be supplied by the Stenungsund cluster for the Chematur process. 

Whether this assumption is reasonable is subject to further investigations regarding 

more detailed engineering in combination with the prerequisites of a potential site 

at Stenungsund with respect to access to utilities and services. 
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For Technip’s process, requiring steam at HP (65 barg), MP and LP level, a steam 

generation unit has been added to the investment cost based on literature estimates. 

For the catalyst fill, numbers were provided by Technip, whereas an own estimate 

for Chematur had to be done ([13], [14]). 

The license fee as well as the refrigeration unit were included in Chematur’s initial 

figures, Technip supplied further estimates for these cost items. The estimated total 

investment costs for the two process alternatives are illustrated in Figure 6-1. 

 
Figure 6-1: Total investment cost estimates for the two process alternatives. 

The resulting cost estimates do not differ significantly, the estimate of total ISBL 

investment cost for Technip’s process being 2.4 % higher than Chematur’s. Given 

the range of uncertainty of these estimates being at +/-30 %, the investment costs 

can be considered similar for both process alternatives. 

6.2 Production cost estimates 

Production cost estimates have been made based on supplied consumption figures 

that partly needed to be adjusted to make the process alternatives comparable. 

Again, the fact that the figures initially supplied by Chematur are for hydrous 

ethanol has some impact on the estimation of utility consumption. In discussion 

with Chematur and based on simplified process models the following adaptions 

have been made for the figures supplied by Chematur: 
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- Reduction of waste water flow due to the reduced water input to the 

process 

- Reduction of natural gas demand for furnace heating due to the reduced 

water input to the process 

- Reduction of LP steam demand due to the reduced evaporation heat load 

for the ethanol feed stream 

- Reduction of boiler feedwater flow due to reduction in heat recovery from 

reactor outlet (less water vapour) 

No estimates on changes in electricity, process water and cooling water demand 

with respect to feedstock water content were feasible within the present study, 

changes being assumed to be minor. 

Another important difference between the design cases is that Technip assumed 

worst case feedstock conditions for methanol (1 wt-%) and higher alcohols (2 wt-

%) content. Chematur in contrast, assumed 0.3 wt-% methanol and no higher 

alcohols (see Table 6-1). This will impact the feedstock ethanol demand per tonne 

ethylene to quite some extent, as well as the utility demand. The latter was not 

possible to assess within the present study, but for the feedstock demand an 

adjustment of the figures given by Chematur was done as described in the 

following. 

 

Table 6-1: Specific differences in feedstock specifications between Technip and Chematur influencing 
feedstock and utility demand. 

Specification Technip Chematur 

Methanol 1 wt-% <0.3 wt-% 

Higher alcohols 2 wt-% Not specified 
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An increase in methanol in the feedstock has a direct impact on the yield – and in 

turn on the feedstock demand per tonne ethylene – based on basically two aspects: 

- methanol combines with ethanol to form an undesired by-product (methyl-

ethyl-ether – MEE (C3H8O)) according to the following reaction: 

1 CH3OH + 1 C2H5OH → 1 C3H8O + 1 H2O 

- more methanol in the feedstock implies less ethanol as the alcohol level 

given by the specification includes all alcohols 

These two factors imply that when reducing the methanol concentration in the 

feedstock there is twice the amount of ethanol available for ethylene production: 

1. ethanol in the feedstock instead of methanol 

2. no ethanol consumed by the above mentioned side-reaction 

In addition, a decreased methanol concentration implies less generation of by-

products and in turn less purge streams, also leading to reduced slip of ethylene 

leaving with the purge streams. 

A rough estimation of an adaption of Chematur’s ethanol feedstock demand 

adapted to Technip’s feedstock specifications should result in about 1.4% less 

ethanol in the feedstock available for ethanol production (twice 0.7% (difference 

between methanol feedstock specification Technip – Chematur)). 

Accounting even for the higher alcohols, an increase to 2% for the Chematur case 

can – very simplified – be translated in 2% less ethanol available for ethylene 

production. 

Combining these two effects, the ethanol feedstock demand for the Chematur 

process increases by about 3.5% when adapting to the feedstock specifications as 

used by Technip. This estimate however should be considered very rough as no 

detailed data on changes of the Chematur process with changes in feedstock were 

available. 

In the following, the major differences between the two process concepts – with 

respect to feedstock and utility consumption - are pointed out. 

Chematur’s process has a substantially lower steam demand (only LP steam) but 

uses natural gas for the fired furnaces. The electricity demand for Chematur’s 

process is considerably higher. 

The Technip process generates substantially less amounts of waste-water, but 

requires more than twice the flow of Chematur’s cooling water (CW). A number of 
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off-streams need to be handled in a flaring system for Technip’s process 

alternative, in case they cannot be used as supplementary fuel in a boiler. 

For the operating costs – based on the utility costs estimated in chapter 5.1.3 – the 

material balances have been recalculated to production cost estimates, given in 

Table 6-2. The first column for each process alternatives represents the cost 

contribution of feedstock, utility and annualized investment and operating and 

maintenance costs to the total production costs in SEK/tonne ethylene. The second 

and third column illustrate the fraction of the cost items of the 

- total production cost 

- feedstock and utility cost (CAPEX & O&M excluded) 

The total production cost is 18 119 SEK/tonne ethylene for Technip’s process 

alternative, and 17 956 SEK/tonne ethylene for Chematur’s process, respectively.  

The feedstock cost clearly dominates the total production costs, representing 

86.3 % resp 88.6 % of the total production cost for Technip resp. Chematur. When 

only accounting for feedstock and utilities, the fraction increases to 92.6 resp 

94.9 %. Ethanol pricing is therefore of utmost importance for process economy, a 

larger spectrum of ethanol qualities that can be used as feedstock opening up for 

lower price levels. 

The annualized capital investment represents about 5 % of the total ethylene 

production costs for both process alternatives. 

With respect to utility costs, natural gas, electricity, steam, cooling water, feed 

water and catalyst replacement are relevant cost items. For Technip’s process, 

flaring also contributes with more than 5% to the utility costs. The sum of utility 

costs per produced tonne is estimated to 1246 and to 848 SEK/tonne ethylene for 

Technip and Chematur, respectively. This represents a significant difference, 

Technip’s utility costs being estimated about 47.3% higher than Chematur’s. 

Again, differences in feedstock quality assumptions have to be kept in mind, as 

will be discussed later. 
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Table 6-2: Production cost estimates for the two process alternatives (Anhydrous fuel ethanol as 
feedstock). 

Cost item Technip Chematur 
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Feedstock 

(anhydrous EtOH) 
15 639 86.3 92.6 15 906 88.6 94.9 

Total Utility 1 248 6.9 7.4 848 4.5 5.1 

Annualised TIC 875 4.8  854 4.9  

O&M 357 2.0  348 2.0  

Total 18 119 100  17 956 100  

 

When looking at the utility cost contribution (see Figure 6-2), the costs are 

dominated by steam utility costs for Technip’s process, followed by cost for 

cooling water and catalyst replacement. For Chematur’s process, electricity is the 

major utility cost, followed by natural gas, steam, cooling water and catalyst 

replacement costs. 
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Figure 6-2: Utility cost contributions to ethylene production cost for the two process alternatives. 

Looking at the distribution among the major utility cost drivers – contributing with 

more than 5% to ethylene production utility costs – as illustrated in Figure 6-3, it 

can be seen that the major utility costs make up more than 90 % of the total utility 

costs: 91.4% for Technip and 93.3% for Chematur. 

  

Figure 6-3: Contribution of major utility costs (above 5% of total utility cost) for Technip (left) and 
Chematur (right). Percentage of total utility cost per tonne ethylene, utility type, SEK per tonne ethylene. 

Regarding the considerable difference of 400 SEK/tonne ethylene - or a 50% 

increase from Chematur to Technip - in total utility costs between the two 

processes, it should be kept in mind that the Chematur feedstock specifications are 

more favourable for the ethylene production process whereas Technip considered 

worst case conditions according to anhydrous fuel ethanol specifications. This 

refers in particular to the methanol content as well as the content of higher 

alcohols. For the utility consumption, only adaptions with respect to water content 
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(anhydrous instead of hydrous as design for by Chematur) were possible to 

consider given the level of detail of information for the present study. Of course, 

the cost figures are also dependent on the assumed utility cost levels for the present 

study. 
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 Discussion and conclusion 

Both process alternatives that have been evaluated more in detail – Technip and 

Chematur - result in similar investment costs. A number of process sections added 

for the investment cost estimates are based on literature and imply an increased 

degree of uncertainty but given the accuracy of the current estimates in general – 

being in the range of +/-30% – the ISBL total investment costs can be considered 

similar for both alternatives. 

For the utility costs, the estimate for Technip’s process is about 50% higher 

(1 248 SEK/tonne ethylene) than Chematur (848 SEK/tonne ethylene). Both 

process alternatives have been adapted for anhydrous fuel ethanol as feedstock to 

the extent it was possible (Chematur’s figures initially are for hydrous ethanol as 

feedstock). 

For Technip the major cost contribution to utilities is steam generation cost (reactor 

heating), for Chematur it is electricity (compression and refrigeration) and natural 

gas (furnace). The utility demand for Chematur has been recalculated to anhydrous 

fuel ethanol with highest levels of impurities (as for Technip) to the extent it was 

possible at the current level of detail, the figures being more uncertain than for the 

Technip case. The difference might for example be less due to larger amounts of 

impurities leading to an increase of utility consumption in excess of the 

adjustments made. 

The dominant operating cost during ethylene production are feedstock cost, a 

larger flexibility in handling of impurities opening up for both a larger number of 

suppliers as well as potentially lower feedstock prices. In that respect, the Technip 

process alternative appears to be somewhat advantageous, with for example 

tolerable sulphur levels in line with fuel ethanol specifications (10 ppm). For 

Chematur, an additional guard bed has been added to the investment cost to cover 

the more stringent requirements of the process with respect to sulphur (1 ppm), but 

a more detailed investigation of allowable levels of impurities for the Chematur 

alternative is necessary to get a clearer picture on how the two processes relate to 

each other in that respect. Other impurities relevant to the ethanol dehydration 

process are methanol and higher alcohols, both leading to by-product generation 

and in turn, increased feedstock demand per tonne ethylene. 

The production cost estimates determined for both process alternatives in the range 

of 18 000 SEK/tonne ethylene are substantially above the global market price 

levels of fossil ethylene (9 000 – 10 000 SEK/tonne ethylene, with exception for 
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2019 and 2020, when price levels were substantially lower9). The estimated 

production cost are in line with earlier research studies. For example, Mohsenzadeh 

et al. [15] estimated a necessary bioethylene price in the range of 17 000 to 18 000 

SEK/tonne to achieve a net present value of zero (limit for profitability). The 

assessed a larger plant (180 ktonne ethylene/year) and used comparable feedstock 

price levels to the present study (930 $/tonne ethanol or about 8 550 

SEK/tonneethanol). 

Regarding catalyst waste material, Technip’s process is deemed to be cost-neutral 

as the value of metal-contents is estimated to balance costs for waste handling, 

whereas Chematur’s process is estimated to cause costs for waste handling, but no 

detailed information was provided by Chematur. 

With respect to locating the bioethylene process in Stenungsund, the potential site 

does not pose any obstacles regarding plant footprint for either of the two 

technologies. Steam demand for the Technip process will have to be covered 

internally by a steam generation unit (that most commonly will be natural gas 

fired). For the Chematur process, the availability of LP steam needs to be evaluated 

more in detail but might be covered via LP steam import from other plants at the 

Stenungsund site. Natural gas is available at the site, and even fuel gas/off-gas 

from other process sites might be available for use, making use of cluster-wide 

integration. Waste-water cleaning capacities at the municipal wastewater plant are 

available to some extent, but tolerable levels of COD/BOD and impurities still 

need to be investigated more in detail. Process cooling may be an issue due to 

limited freshwater capacities. 

Further investigations should primarily aim at refining the process specifications 

with respect to: 

• Process cooling alternatives 

Cooling water capacities at the Stenungsund cluster are limited and stand-alone 

cooling may be necessary for a new establishment of a production site. Alternatives 

to using freshwater for process cooling should be evaluated more in detail. These 

could include air-cooling and cooling towers or combinations of both. 

• Electrification alternatives 

There is an increased tendency for electrifying industrial processes as a step 

towards decreased dependance on fossil feedstocks. Building an innovative process 

 
9 https://www.statista.com/statistics/1170573/price-ethylene-forecast-globally/ 
(Accessed 2021-09-10) 

https://www.statista.com/statistics/1170573/price-ethylene-forecast-globally/
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for renewable ethylene feedstock using an innovative approach to supplying 

process energy can be seen as a logical step. It should be investigated to what 

extent the process heating can be electrified instead of using traditional – fossil 

based – energy supply (natural gas). For the Technip process it would for example 

be of interest to evaluate hot oil as heating medium to the reactors where electric 

heating could be an option. The impact on process energy demand and associated 

operating costs should be assessed. 
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