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This report documents the breadth of 
approaches that are applied to quantify the 
sustainability improvements and carbon 
reduction measures for a set of common basic 
chemicals, intermediates and polymers.

Information has been gathered which relates to 
the life cycle analyses or assessments (LCA), 
global warming potential (GWP), carbon 
footprints and other energy related metrics for 
the production of a number of chemicals, 
intermediates and polymer value chains

The most impactful method for decarbonisation
of all value chains is summarised by sources used 
in the report with a range of boundary conditions 
in the respective LCAs

Different routes to each of the substances listed 
have been covered including, as appropriate, 
routes from biobased, CO2-based and waste-
polymer based feedstocks.

INTRODUCTION:
Figure 1: Environmental and economic performance of methanol production 
via coal, natural gas and coke-oven gas (COG) Source: Li, 2018

The objectives of this report are to collate and review the sustainability of various chemical 

process routes for a range of chemicals, intermediates and polymers. This report is intended to 

demonstrate what has been achieved thus far and which challenges remain on LCA 

methodologies and carbon footprinting approaches.
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DRIVERS: 

Life Cycle Assessments 

(LCAs) and 

Sustainability of 

Various Chemical 
Process Routes

 LCA is a methodology for assessing the environmental impacts of certain stages 
in a product’s life cycle, and standards for these assessments covering the 
guidelines and methodology has been set by the International Organisation for 
Standardisation (ISO). Life Cycle Inventory (LCI) refers to the data collection part 
of an LCA

 Metrics within LCA include global warming potential (GWP) which allows the effects of all 

greenhouse gases (GHG), in particular methane (CH4) to be included in one figure, 

rather than just CO2

 Non-renewable energy use (NREU) looks at the cumulative energy demand for the 

system across the chosen boundaries, e.g. cradle-to-grave. 

 Carbon intensity (CI) relates to the rate at which a GHG is produced relative to a 

particular activity – e.g., electricity generation. 

 Exergy is a measure of the quality of energy a system has and represents the amount of 

resources that can be converted into work given the environmental conditions. 

 Cumulative exergy demand (CExD) has been proven to be a useful sustainability metric 

in the context of an LCA. 

 The term carbon footprint may be used slightly loosely but is intended to denote the 

amount of carbon dioxide equivalent (CO2eq) released into the atmosphere as a result 

of an anthropogenic (human-related) activity.

 This report highlights the scale of the challenge of decarbonising chemical value 
chains which are so deeply integrated into 21st-century life and the likely need 
for policy support if that challenge is to be overcome.

 The economies of scale over time offset the high initial CAPEX and project 
complexity of switching to sustainable processes, but Renewable Energy 
Sources(RES) are not globally implemented into mainstream processes as 
opposed to fossil fuels. Many commercial institutions and government 
organizations target 2030 or 2050 as a goal to convert to a zero-carbon future. 

For each of the products in this TCGR report, a number of process routes have been described and 

then compared to routes intended to lower the carbon intensity (CI) of the product. The cost of 

carbon reduction is considered according to available information and the remaining hurdles and 

challenges are indicated.
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This report documents the wide variety of approaches that are applied to quantify the sustainability 

improvements and carbon reduction measures for a set of common basic chemicals, 

intermediates and polymers

SCOPE OF

REPORT: 

 A number of process routes have been described and then compared to routes 
intended to lower the CI of the product. 

 The cost of carbon reduction is considered according to available information 
and the remaining hurdles and challenges is set out. Chemicals and 
intermediates are covered in Chapter 2 and the corresponding polymers are 
covered in Chapter 3. 

 Methanol has been included due to the high degree of interest in the 
sustainability of different routes; it is also relevant to the manufacture of olefins via 

the methanol-to-olefins (MTO) routes.
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Basic Chemicals, Intermediates and Polymers Included in the 

Report

Basic Chemicals Intermediates Polymers

Methanol Monoethylene Glycol (MEG) Polyethylene (PE)

Ethylene Purified Terephthalic Acid 
(PTA)

Polypropylene (PP)

Propylene Polyether Polyols (PETP) Polyethylene 

Terephthalate (PET)
p-Xylene (PX) Polyester Polyols (PESP) Polystyrene (PS)

Styrene CO2 Polyols (PECP) Polyurethanes (PU)

Ethylene Oxide (EO) Natural Oil Polyols (NOP)

Propylene Oxide (PO) Biosuccinic Acid (SA)

Different routes to each of the 
substances listed have been covered 
including, as appropriate, routes from 
biobased, CO2-based and waste-
polymer based feedstocks.

It is an objective of this report to show 
the approaches taken to measuring 
and reporting the sustainability of 
individual chemicals. 

This report considers the cost elements 
of the processes, and the cost 
implications of carbon reduction with a 
view to choosing the best options.



Methanol:
▪ Methanol is produced from a 

mixture of carbon monoxide and 

hydrogen (syngas) derived from a 

range of fossil fuels – over 85% 

comes from steam methane 

reforming (SMR) and coal 

gasification. 

▪ A small proportion of syngas is 

derived from renewables e.g. 

biomass or CO2.

Chemical Routes for Methanol Synthesis

Methanol Synthesis from Steam Methane Reforming (SMR)

The majority of methanol synthesis' environmental impact relates to the high energy 

requirements for the conversion of methane to syngas (an endothermic reaction). 

Non-renewable fuels supply this energy, typically natural gas. Additional emissions 

include CO2 formed during the steam methane reforming (SMR) process. Natural gas 

extraction, purification, and, in particular, transportation distance to the plant also 

account for a significant portion of emissions associated with methanol.

• The energy necessary for shipment and eventual methane emissions into the 

atmosphere during transportation can be responsible for a significant increase 

in methanol emissions.

Life Cycle Assessment (LCA) of Methanol Process 

The LCA presented in this TCGR Report, describes a real methanol plant with a 

capacity of 900 ktpa.  A plant, located in Gothenburg, Sweden, is fed by natural gas 

originating from Norway (transportation distance 648 km). Similar studies discussed 

below, assessed methanol production via SMR in Europe considering natural gas 

supply for Algeria and Europe's average. The critical information used in the LCA study 

is the global warming potential (GWP) for the production of 1 kg of methanol in the 

considered plant is 0.462 kgCO2eq, mainly from direct emissions of CO2.

Figure 2: Process diagram for methanol synthesis from SMR Source: MGT PetrOil, 2016

LCA from Methanol Process with transportation as a comparison

As a comparison, Trudewing et al. (Trudewind, 2014) considered transporting the 

natural gas from Algeria to a methanol plant in Germany. This led to a GWP of 

0.881 kgCO2eq. Alternatively, Sternberg et al. (Sternberg, 2017) determined the 

GWP for a methanol plant using the average EU27 emissions for the transport of 

natural gas, leading to a GWP of 0.636 kgCO2eq. Therefore, the location of the 

methanol production plant relative to the natural gas extraction sites is of 

considerable importance for the overall emissions of the SMR process, as it can 

represent more than 50% of the overall emissions
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Ethylene:
 Recent developments, including finer 

temperature control, heat recovery and, 
most importantly, modification in the 
reactor enabling lower peak 
temperatures, lower residence times and 
faster quenching, have been made to 
increase size and scale of the plants and 
to improve overall carbon efficiency and 
techno-economics. (Zimmermann & 
Walzl, 2009)

 Natural gas steam and naphtha cracking 
are responsible for over 90% of worldwide 
ethylene production. Alternative 
production routes, which promise to 
deliver ethylene with lower environmental 
impact, include methane coupling and 
ethanol dehydrogenation.

 Siluria Technologies OCM process and green 
ethylene are new more environment-friendly 
strategies

Ethylene from Natural Gas Steam Cracking

The overall process to produce ethylene from natural gas involves two main stages: 

natural gas extraction, purification and processing, and steam cracking. Only the higher 

hydrocarbon, i.e., C2+ fraction of natural gas, is used for the production of olefins.

▪ Emissions related to natural gas extraction depend highly on its composition as this 

defines the requirements and severity of the separation stages, which are directly 

linked to energy consumption. 

Ethylene production is one of the most carbon-intensive processes in the chemical 

industry, and when steam cracking furnace tubes become fouled, the plant emissions 

are even higher. Efforts have been made to reduce the carbon footprint of ethylene 

plants. The LCA is as follows:

▪ The emissions for steam cracking of ethane from shale gas to produce ethylene were 

1.58 kg CO2eq/kgethylene. The overall emissions include a contribution of 48% from 

shale gas extraction, 6% from gas treatment, and 46% due to olefin production. 

Therefore, the emissions related to ethylene production from steam cracking have a 

significant contribution, i.e., 54% from the extraction and processing of natural gas

▪ Studies made by PlasticsEurope (PlasticsEurope, 2012) and Gulf Petrochemicals and 

Chemical Association (GPCA) (Institute for Energy and Environmental, 2016) for the 

average emissions of ethylene obtained a GWP of 1.44 kgCO2eq/kgEthylene and 1.21 

kgCO2eq/kgEthylene.

Green Ethylene from Ethanol Dehydration
The biogenic nature of the feedstock used for ethanol allows for the production of 

renewable ethylene through dehydration. The widespread availability of biomass, the 

efficient and well-developed fermentation of this biomass to ethanol, and the high 

selectivity of ethanol to ethylene are the main reasons for this route to be considered 

viable for the production of green ethylene.

▪ The LCA of ethylene production from ethanol dehydration, performed by Yang et al. 

(Yang et al., 2018), was made for a plant located in the USA with a capacity of 1,000 

kton/year; sugarcane represents the most significant contribution to the production of 

green ethylene.

6

Braskem uses this green ethylene route for the production of green polyethylene. The LCA made for the I'm Green 
PE estimated a GWP for green ethylene produced from sugarcane of –2.39 kgCO2eq/kg ethylene (Luz, 2014). In 
addition to the feedstock, the main difference is an extra carbon credit related to the surplus of electricity from 

the burning of the sugarcane bagasse. 



Propylene:
 Propane produced from natural gas 

processing and crude oil refining is the 
primary source of global propylene. 

 There are two different processes 
capable of converting propane into 
propylene: steam cracking and propane 
dehydrogenation. 

 The increasing demand for propylene is 
attracting attention to processes 
dedicated to its production, such as 
propane dehydrogenation (PDH), 
methanol to olefins (MTO), coal-to-
olefins (CTO) and olefin metathesis.

 Propylene commercial production is 
linked to fossil fuels with all the current 
industrial processes using natural gas, 
crude oil (FCC, olefin metathesis) or coal 
(CTO)

 Propylene production using green 
methanol produced from biomass or 
captured CO2 and renewable hydrogen 
can open a route to produce green 
propylene. 

Propylene from Fluid Catalytic Cracking (FCC)

Two main approaches can be used for improving propylene selectivity in FCC. The first consists 

of redesigning the catalyst, with ZSM-5 zeolite being the leading choice for the active phase. 

Alternatively, harsher reaction conditions by increasing temperature, residence time, or catalyst 

to oil ratio, have been proven to increase propylene yield up to around 19% (Akah & Al-Ghrami, 

2015).

Primary emissions of an FCC unit relate to the supply of energy to the reaction. Even though 

CO2 production from catalyst regeneration is inevitable, the integration of this heat into the 

process has led to savings, up to 48%, in emissions (Jarullah & Awad, 2018). Still, FCC units 

represent between 20% to 50% of all refinery emissions.

The life cycle assessment, performed by Zhou et al. (Zhou et al., 2019), compares the emissions 

associated with the processing of VGO streams in an FCC unit focused on gasoline production 

and on the production of propylene (Deep Catalytic Cracking, DCC). The GWP for propylene 

production increases from 0.46 kgCO2eq/kgPropylene to 0.64 kgCO2eq/kgPropylene, when 

the FCC process conditions were changed to favour the propylene yield. 

Chemical Routes for Propylene Production (1 of 2)

Figure 3: FCC propylene and 

gasoline yields Source: Akah & 

Al-Ghrami 2015
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Propylene: 
(Continued)

 The emissions relative to methanol 
synthesis, in particular, syngas 
production, are the most relevant for 
the carbon footprint of propylene 
produced from MTO.

 CCS implementation on reforming 
and gasification units and the use of 
renewable feedstocks, such as 
biomass or CO2, are the main 
strategies for the reduction of 
methanol emissions. The use of green 
methanol as feedstock leads to the 
least amount of emission for MTO 
propylene.

Biopropylene from Biomass via 

Isopropanol

Propylene from Methanol to Olefins (MTO)

The life cycle assessment for propylene produced from the Methanol to Olefins (MTO) process 

was performed for a plant located in China with a capacity of 700,000 ton. Due to the 

significant variety of feedstocks from which methanol can be produced, the two most common 

scenarios were considered: 1-methanol from coal gasification with CCS, and; 2-methanol from 

natural gas reforming with CCS. Propylene emissions were calculated using mass allocation, 

considering 40% selectivity of propylene from the MTO process. The emissions related to 

propylene production from the MTO process are highly connected to the raw material used for 

the production of methanol

▪ The emissions for propylene produced from natural gas (SMR) and coal (gasification with 

CCS) via MTO were estimated at 2.46 kgCO2eq/kgpropylene and 4.16 

kgCO2eq/kgpropylene. This represents an increase of 69% when coal is used instead of 

natural gas.

▪ Natural gas extraction and transport was responsible for 1.43 kgCO2eq/kgpropylene (58% of 

overall emissions), whereas coal only represented 0.66 kgCO2eq/kgpropylene (16% of overall 

emissions).

▪ The conversion of coal to propylene via MTO was responsible for 3.2 kgCO2eq/kgpropylene, 

including contributions from syngas production and purification, methanol synthesis, MTO, 

and CCS. Alternatively, natural gas conversion to propylene via MTO was responsible for 1.03 

kgCO2eq/kgpropylene, i.e., only 32% of the emissions of the coal route.

▪ Direct emissions from coal gasification were responsible for 0.3 kgCO2eq/kgpropylene after 

being subjected to 90% of carbon capture and storage. Thus, these uses of CCS avoids the 

emissions of 2.7 kgCO2eq/kgMethanol. Consequently, the application of CCS technology to 

coal MTO allows a reduction of more than one-third of propylene's carbon footprint

Chemical Routes for Propylene Production (2 of 2)

Mitsui Chemicals announced in 2019, the development of a new route to produce renewable polypropylene (Mitsui Chemicals, 2019a). This 

route involves a new process based on the fermentation of biomass into isopropanol, which is then dehydrated into propylene, which is then 

used to produce polypropylene. The company annual report (Mitsui Chemicals, 2019b) states that this new route for the production of 

polypropylene represents a saving of 4.6 kgCO2eq/kgPP. The saving in emissions is directly related to the production of propylene, as the 

polymerization process is equivalent in non-renewable or green propylene. Consequently, an emission reduction of 4.6 

kgCO2eq/kgPropylene is expected. 

The use of green ethylene feedstock in olefin metathesis allows for the production of green propylene. Despite the reduced emissions 
associated with this route, the production cost of green propylene from olefin metathesis is not compatible with the propylene market.
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Aromatics:
 Due to the lack of intensive 

emissions sources in the p-Xylene 

oxidation process, the most 

effective strategy to reduce the 

carbon footprint of PTA, is the use 

of a green alternative.

 Carbon footprint benefits only 

were only observed for simple 

processes that used carbon-

efficient feedstocks, such as 

second-generation biomass and 

sugarcane.

 The primary challenge for the 

reduction of the carbon footprint 

of PTA is the lack of viable and 

economical renewable 

alternatives

The Anellotech process was 

considered to be the least 

costly green alternative 

production route

Styrene

Ethylbenzene dehydrogenation is the leading commercial route for the production of styrene, 

accounting for 85% of world production (James & Castor, 2012). Recently a new process 

developed by Anellotech Inc., BioT-Cat™ based on biomass catalytic pyrolysis, has been proven 

to be able to convert renewable lignocellulosic biomass into aromatic compounds, thus opening 

the door for the production of renewable styrene. According to the Anellotech, and external 

agency, the carbon footprint of the aromatic compounds from the BioT-Cat™ process is 70% 

smaller than the non-renewable alternatives.

The emissions associated with the production of styrene were estimated at 2.05-2.15 

kgCO2eq/kgStyrene. The most significant contribution to styrene's carbon footprint comes from 

ethylbenzene (77%). The large number of processes contributing to the emissions of styrene is the 

main challenge for the effective carbon footprint reduction of this chemical. A significant 

reduction in styrene carbon emissions would involve CO2 mitigation in multiple processes

P-Xylene

The primary process responsible for the world supply of xylenes is naphtha reforming, the 

conversion of crude oil. Two new routes, based on renewable resources, have been developed 

recently: Green p-Xylene can be obtained from the thermochemical conversion of 

lignocellulosic biomass (catalytic pyrolysis). The second route is based on the cascade conversion 

of sugars into dimethylfuran (DMF).

The GWP relative to the production of p-Xylene from crude oil refining was estimated at 

1.43kgCO2eq/kgp-Xylene. The actual conversion process of catalytic reforming is only responsible 

for 10% of the emissions, despite the intensive supply of energy. The separation of the reformates is 

the main emissions contributor with 39%, with a 2% contribution from electricity and the remaining 

from direct emissions related to the production of utilities.

Terephthalic Acid (PTA)

More than 70% of worldwide PTA production is based on a soluble cobalt – manganese –

bromine catalyst system, which allows for highly selective oxidation of the p-Xylene methyl groups 

with small xylene losses and minimizes p-Xylene combustion. 

The LCA of PTA, per PlasticsEurope (Plastics Europe, 2016), considered the average production of 

5 European plants, which represents 79% of Europe's production capacity in 2016. The GWP100 

relative to the production of PTA was estimated at 1.56 kgCO2eq/kgPTA. The emissions related to 

the production of p-Xylene are the most significant contribution to the overall production of PTA, 

at 61% of the GWP

Chemical Routes for the Production of Aromatics
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Polymers:
Non-Renewable Polyethylene

The LCA for HDPE, LDPE, and LLDPE, the main polyethylene polymers supplied by 

PlasticsEurope (Schulz, 2014), was estimated based on the average production of 52 

European plants, covering 74% of Europe production in 2010. 

The GWP for HDPE, LDPE and LLDPE were estimated at 1.80 kgCO2eq/kgHDPE, 1.87 

kgCO2eq/kgLDPE, and 1.79 kgCO2eq/kgLLDPE, respectively. Independently of the 

produced polymer, the main contribution to emissions is the monomer, which represents 

78-81% of the total emissionsThe second-biggest contribution to the polyethylene 

emissions, and mainly for the polymerization process, is related to the electricity 

consumption, which depending on the grade of polyethylene, represents from 46-77%

Polyethylene Production

Green Polyethylene

The LCA for the production of Green polyethylene reviewed was performed by Braskem (E4tech, 
LCAworks, 2017), the leading commercial supplier of this material. The ethylene used for this LCA 
was produced from the dehydration of ethanol produced from sugarcane.
The GWP estimated for the production of green polyethylene was -3.09 kgCO2eq/kgPE, hence, 
indicating this production route is beneficial from an environmental point of view. The negative 
contributions to the emissions are related to the use of biomass. The high cost of green ethylene 
production and the limited economic benefit of recycling are the main challenges for the 
reduction of polyethylene carbon footprint. 

LCA from Green Polyethylene Process with transportation as a comparison

The transport of green polyethylene from Brazil (sugarcane production site) to Europe and 

end of life of ethylene by incineration, which is common practice in many European 

countries are included in this LCA. With transportation and incineration emissions added 

into the LCA, the emissions of green polyethylene were estimated at 0.3 

kgCO2eq/kgLDPE. Having widespread production would be a solution. 

Among the polymer grades of polyethylene, 

HDPE is the only one that has a viable and 

economical recycling route. The GWP 

associated with the recycling of waste HDPE was 

estimated at 0.56 kgCO2eq/kgHDPE. Among all 

the steps involved in the recycling of HDPE, the 

energy required to convert the flakes into pellets, 

via melt extrusion, is the main contributor to the 

emissions with 40%.

Figure 4: Diagram for the recycling of HDPE and PET in waste  Source: Jeavans 2008

A recent study on the overall life cycle of plastics, i.e., cradle to grave, showed that using 100% 

renewable energy in the plastic chain would represent, on average, 52% savings on all emissions 

related to plastic up to 2050. (Zheng & Suh, 2019).
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Polymers: Non-Renewable Polypropylene

Polypropylene Production

Natural Gas Steam Cracking

The life cycle assessment of polypropylene produced from propylene from steam cracking 

performed by PlasticsEurope (PlasticsEurope, 2014) considered the emissions from the whole 

chain, including natural gas extraction, propylene production, and polymerization, i.e., 

cradle to gate. The GWP was reported as 1.63 kgCO2eq/kgPP. 

The life cycle assessment of polypropylene produced from propylene from propane 

dehydrogenation (PDH) were estimated at 1.60 kgCO2eq/kgPropylene. By using the LCA 

supplied by PlasticsEurope (PlasticsEurope, 2014) as a reference for the polymerization of this 

propylene, the GWP for polypropylene produced from FCC was estimated at 1.86 

kgCO2eq/kgPP.

Life Cycle Assessment Using Propylene from Olefin Metathesis the GWP for polypropylene 

produced from olefin metathesis was estimated at 2.35 kgCO2eq/kgPP.

 Polypropylene production 

processes can be grouped into 

three main categories: gas-

phase, bulk, and improved 

slurry.

 Propylene represents more 

than 80% of the emissions 

related to the production of 

polypropylene

 The second most crucial 

emission source for the 

production of polypropylene is 

electrical energy.

Green Polypropylene

LCA from Green Propylene via Isopropanol

Mitsui Chemicals announced in 2019, the development of a new route for the production of 

renewable polypropylene (Mitsui Chemicals, 2019a). This route involves and new process 

based on the fermentation of biomass into isopropanol, which is then dehydrated into 

propylene. Propylene is consequently converted into polypropylene via standard 

technology. According to the company annual report (Mitsui Chemicals, 2019b) this new 

route for the production of polypropylene represents a saving of 4.6 kgCO2eq/kgPP

The new process developed by Mitsui Chemicals could bring a solution to 

the non-renewable problem

The increase of renewable electrical energy’s contribution in the polymerization process 

is an effective way of reducing emissions related to polypropylene.
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Polyurethanes (PU):

 Polyurethanes (PUs) can be produced by 
reacting polyols (-OH functional groups) with 
isocyanates (RNCO functional groups) in an 
exothermic reaction. These two groups become 
linked by a chemical reaction to form a 
“urethane” group or, in the case of water “urea” 
groups.

 Three key areas are considered in this TCGR 
Report focus on different polyols: CO2-based 
polyethercarbonate polyols (PECP) and two 
biobased approaches: natural oil polyols (NOP) 
and biosuccinic acid (Bio-SA

Decarbonizing PU Production

For many PU applications there are no viable alternative materials as of yet. Due to PUs 

being used for long term applications such as mattresses or soft furniture, biodegradable PU 

is not a feasible option. This is a large environmental concern within the PU industry and one 

that is outside the scope of cradle-to-gate

Covestro (formerly Bayer) innovated gas phase phosgenation for TDI which improved the 

process intensity and reduced energy consumption by 60% compared with the liquid-phase 

process while at the same time lowering CAPEX by 20%.

Polyurethanes via Green Carbon Dioxide (CO2)-based Polyethercarbonate (PECP) Polyols

A comparison was made between PU from CO2-based polyols and those from 

conventionally produced PETP.

For both the conventional PETP and the CO2-based PECP with 20 wt% CO2, the production of 

epoxides was by far the largest contributor to GHG emissions (81% and 80% respectively). 

System-wide GHG emissions were 15% lower using CCU technology compared to the 

conventional PETP; -0.54 kgCO2eq/kg. This LCA concludes that the main source of impacts 

on global warming and fossil resource depletion (FD) is the production of the epoxide, 

indicating that changing the epoxide production method is the most environmentally 

significant change that can be made along the PU value chain.

Polyurethane Production Methods

ADP = abiotic depletion potential; ADPFF = abiotic 

depletion potential from fossil fuels; 

ME = marine eutrophication; FE = freshwater 

eutrophication; AE = accumulated exceedance; 

POF = photochemical ozone formation; ODP = 

ozone depletion potential; CC = climate change 

(emission of GHG)

Figure 5: Life cycle assessment of rigid PU foam prepared from biobased and 

fossil raw materials. Source: Manzardo et al., 2019
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The future of low carbon footprint polymers passes through the reduction of emissions related to the current non-renewable 
monomer production routes and for the continuous increase of the green routes and recycling contribution to the market. The 
reduction of the carbon footprint of the non-renewable monomer will allow for a more short-term carbon footprint reduction.



Outlook

There are many challenges to consider when it comes to the transition of 
non-renewable precursors to sustainable improvements in chemical and 
polymer production:

✓ Negative GWP was obtained when renewable feedstock, such as biomass or CO2 and 
renewable hydrogen, was used for the production of methanol. When non-renewable 
feedstocks were used CCS was proven to be a powerful tool to reduce the carbon 
footprint of methanol. 

✓ The reduction of ethylene's carbon footprint is, in the short term, related to the 
improvement of the emissions of steam crackers. Completely changing the heat source 
for renewable electricity can bring more significant emissions reductions, 90% less, but still 
has technical challenges to overcome. Additionally, the continuous supply of renewable 
electricity on this scale is also a problem.

✓ The carbon emissions of propylene from MTO can vary significantly depending on the 
sources associated with methanol. Typically, using renewable feedstocks, such as 
biomass or CO2, for the production of methanol allows for the production of low carbon 
emissions propylene from MTO.

✓ The Bio-TCat™ process by Anellotech focuses on the production of benzene, toluene, 
and xylenes and has very reduced selectivity to ethylbenzene (<1%)

✓ Increasing recycling rates is essential for polymers, not only to reduce their carbon 
footprint but also to reduce their leakage into the environment. However, due to 
contamination problems and separation costs, the recycling of most polymer resins is not 
economical, which prevents its widespread application to all polymers.

✓ PU are a highly important class of materials which over their lifetime effect considerable 
carbon savings due to their durability and insulative properties. This is a factor which is 
often missed when looking purely at LCA’s for production of the various materials. There 
are considerable challenges to reducing carbon for PU. It is a vastly diverse value chain 
with many 10,000’s of grades needed across different industries.

Goal and scope definition, life cycle inventory (LCI) development and life cycle impact assessment 

(LCIA) can be approached in different ways that are equally valid but dependent on the objectives 

and resources (notably data) available.
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Carbon Dioxide 
Capture and 
Conversion
(CO2CC) Program

The Carbon Dioxide Capture and Conversion (CO2CC) Program is a membership-
directed consortium, launched in January 2010, whose members are involved in 
developing, monitoring and utilizing the “state-of-the-art” in technological progress and 
commercial implementation of carbon dioxide capture and conversion.

The program’s objective is to document and assess technically and commercially viable 
options for the capture/clean-up/utilization of CO2 and its mitigation via energy 
efficiency gains which meaningfully address the challenges posed by CO2 life-cycle and 
overall sustainability issues. Included in the program’s scope are:

 Global decarbonization efforts towards net zero or negative carbon emissions

 Industrial process technology shifts towards renewable, circular and sustainable 
practices

 CO2 capture and/or separation

 CO2 concentration, purification and/or other post-treatment

 CO2 utilization/conversion (e.g., CO2 as a feedstock) for use as a fuel or 
intermediate, including enhanced oil recovery (EOR)

 Energy requirements (and other costs), including energy efficiency

 Industrial process improvements and energy saving initiatives which mitigate CO2

production

 Bottom-line financial (income) impacts resulting from CO2 reduction programs

 Life-cycle considerations and sustainability of CO2 applications

 GHG/CO2 regulation and “cap and trade” developments

By the direction of the member companies (through balloting and other interactive 
means) and operated by TCGR, the program delivers weekly monitoring 
communications via email (CO2CC Communiqués), three techno-economic reports 
(highly referenced and peer reviewed) and scheduled meetings of members (either in-
person or via webinar). Access to deliverables is exclusive to members.

14 In addition to the program deliverables, TCGR works with members to identify and foster competitive advantage 
and opportunity. This value-added relationship, along with active participation by the membership, leads to 

improved (or unique) external R&D and commercial investment possibilities.



Contact & More Information

More information about this and other services of the CO2CC Program can be seen at

http://www.catalystgrp.com/php/tcgr_co2cc.php. 

Call +1-215-628-4447 or e-mail Chris Dziedziak cdziedziak@catalystgrp.com,

and we’ll be happy to discuss these and other interesting membership benefits.

www.CatalystGrp.com

The Catalyst Group Resources (TCGR), a member of The Catalyst Group Inc., 
is dedicated to monitoring and analyzing technical and commercial developments in catalysis as they apply to the 

global refining, petrochemical, fine/specialty chemical, pharmaceutical, polymer/elastomer and environmental industries.
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