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The main purpose is to identify the best market areas for the 

Decarbonate concept. These are areas with

 Demand for CO2

 Growth in the production of cement, lime or chemical pulp

 Low-cost renewable electricity

In addition, areas with other CO2 sources are studied
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CO2 applications
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Captive market

i.e. CO2 produced and consumed 

in-house for producing other 

products

 Dominant market for CO2

 Applications

• Urea

• Enhanced oil recovery (EOR)

Merchant market

i.e. wholesale market open for all

 May have complex value chains

 Prices can highly variable

 Applications

• Food processing

• Carbonated beverages

• Metals fabrication

• Healthcare

• Fuels and chemicals

• Cooling

• Fire suppression

• Water treatment

• Greenhouses 
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CO2 applications
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Frost & Sullivan, 2019
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Global CO2 demand and growth
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 Global estimates for 2030 

market range from <1 GtCO2/yr 

to 7 GtCO2/yr 

 Estimation of future markets for 

CO2-derived products is 

challenging due to early stage of 

technology development and 

the reliance on supporting policy 

frameworks
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Global CO2 demand by application
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Urea; 57%

EOR; 34%

Beverages; 3%

Food; 3%

Metals fabrication; 
2%

Other; 4%

Break down of CO2 of demand in 2015 
(IEA, 2019)

 Fertilizer industry is the largest 

CO2 consumer with 130 MtCO2/yr

consumption, followed by EOR, 

70-80 MtCO2/yr

 Merchant market size is 

~30 MtCO2/yr

 Global consumption is expected to 

grow steadily (IEA), mainly driven 

by EOR and urea production
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Global CO2 markets
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 Today, 33% of the CO2 demand in North America, 21% in China and 16% in Europe 

(IEA, 2019)

 EOR, food and beverages industries, and healthcare sectors are expected to drive 

the demand growth (Grand View Research, 2020)

 Highest growth rates are forecasted for Africa (at 8.8% per year), followed by 

Eastern Europe and China (2% per year) through 2022 (IHS Markit, 2018)

 China, India and the Southeast Asian countries have witnessed market growth due 

to rapidly growing  end-uses, such as food and beverage industries, and healthcare 

sectors (Grand View Research, 2020)

 A large issue in the CO2 market is balancing regional supply and demand
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Global CO2 merchant markets
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 Global merchant market is estimated to 

30 MtCO2/yr (13%) of total market

(Vanzant & Koziel, 2019) 

• US: 14.3 Mt/yr (Supekar, 2015)

• Europe: 6 Mt/yr

• Finland: 208.9 kt/yr

 Since CO2 volumes in merchant markets 

are confidential and agreements often 

bilateral it is challenging to estimate 

volumes per sector

 Price of CO2 tends to differ considerably 

per region and industry
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CO2 use in urea manufacturing
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 Almost pure CO2 stream is released as 

byproduct in ammonia, which can be 

further used on-site for urea production 

 CO2 ends up in the captive market

 On the other hand, CO2 supply to 

merchant market is connected to 

ammonia production

 Ammonia and byproduct CO2

production concentrates to autumn and 

winter, while highest CO2 demand is 

during summer
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Global urea markets
(Fertilizers Europe, 2019; IFA, 2020; Yara, 2018)
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 Growth expected in South and Central 

Asia, Africa, and Eastern Europe 

(IFA, 2019)

 Nitrogen fertilizer market is expected to 

decrease in Europe, while the global 

market increases

 Urea is more typical fertilizer in warmer 

than colder climates

 Majority of the new global nitrogen 

capacity is in the form of urea and 

growth rate for urea is higher than for 

ammonia 
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CO2 use for EOR 

 Well-established commercial technology 

applied since 1970s

 EOR enhances oil recovery by 10-15% 

(Vanzant & Koziel, 2019)

 Dominated by US, also in Canada, 

Brazil, China and Turkey (IEA, 2019)

 The majority of purchased CO2 is 

produced from underground deposits 

(IEA, 2019)

Country Number of projects

US 135

Canada 6

Trinidad 5

Brazil 3

Turkey 1

Total 150

Number of CO2-EOR projects worldwide 

as of 2014 (OGJ, BCC Research)



29/05/2020 VTT – beyond the obvious 14

EOR potential (Godec, 2013; IEA, 2019)
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 IEA estimates 190-430 billion bbl of oil to 

be technically recoverable with EOR, 

meaning 60-390 Gt of CO2

 The greatest potential for CO2-EOR is 

expected to be is US, but also in Central 

Asia, the Middle East and the Russian 

Federation

 Growth limited by the availability of 

reliable, affordable CO2 sources close to 

oil fields, high capital outlay for projects, 

suitable geology, and a lack of CO2

transport infrastructure

Region
CO2-EOR 

(billion barrels)

Demand for CO2

(Gt)

Asia Pacific 47 13

Central and South 

America
93 27

Europe 41 12

Former Soviet 

Union
232 66

the Middle 

East/North Africa
595 170

North 

America/other
38 11

North America/US 177 51

South 

Africa/Antarctica
74 21

Total 1,297 370

Technical oil recovery and CO2 storage potential 

using CO2-EOR technology (Godec, 2013)



 Beverages is the dominant CO2 use in 

merchant markets

 Breweries increasingly prefer using 

their own fermentation CO2 instead of 

sourcing from merchant markets; 

more CO2 is released during the 

fermentation than required for 

carbonating beverages (Atlas Copco)

 Largest merchant market segment in 

Europe (51%)
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CO2 use in food and beverage industry 
(Vanzant & Koziel, 2019)

 CO2 needed throughout the food 

processing industry:

 Refrigeration, modified atmosphere 

packaging, freezing, supercritical fluid 

extraction, stunning, decontamination of 

food stuff

 Growth in CO2 demand for food 

industry expected in emerging 

economies (Greenwood, 2018)

 Largest merchant market segment in 

US (53%)

~ 7 

MtCO2/yr

~ 7 

MtCO2/yr
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 Dominant use of CO2 is for 

carbonated soft drinks and CO2

volumes follow soft drink markets

 Leading carbonated soft drink 

markets by revenue are US, 

Argentina, Brazil, Germany and UK

 Global growth is expected, but 

mainly driven by developing 

countries

Global carbonated soft drink market 
(Statista, 2019)

16
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 Global beer production in 

2018 was 1.94 billion 

hectoliters (Statista, 2020a)

 Especially small-scale 

breweries are dependent 

on merchant CO2

Global beer market
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Beer production in Europe
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CO2 use in healthcare sector 
(Gran View Research)

 On of the fastest-growing application segments for CO2

 CO2 is used is surgeries, such as arthroscopy, laparoscopy and 

endoscopy, to stabilize body cavities and to enlarge the surgical 

surface area

 Used also for maintaining cryotherapy temperatures 

(approx. -76 °C), for respiratory stimulation during and after 

anesthesia, and as dry ice

 Tens of products labels and producers found is US and Canada
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Required CO2 purity and pressure in CCU 
applications (Frost & Sullivan, 2019)

Application CO2 purity (%) CO2 pressure

Carbonated 

beverage
99 2 bar

EOR 95–99 120 bar

Urea 99.9 121.6 atm

Methanol 99 1–3 bar

Methane 99 0.04 bar

Refrigerant 99 70–100 bar

Metal castings 95 100 bar
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Conclusions

21

 Captive CO2 use i.e. EOR and urea manufacturing have well-established CO2 value 

chains and dominate the CO2 markets

 Merchant CO2 market growth is driven e.g. by increase in standard of living in 

developing countries and development of new applications

 CO2 use in merchant market consists of widely varying applications and demand 

volumes 

• More complex value chains than in captive market 

 Ammonia production is an important source of CO2 to merchant markets and 

untapped potential may exist

 Food & beverage industry provides significant potential, since their production takes 

place everywhere

 Challenge in CO2 markets is the timely and geographic difference in demand and 

supply 
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CO2 emissions in Europe 
(Naims, 2016; E-PRTR, 2020)

25

CO2 source Emission per year 

[Mt CO2/yr]

Cost [€/t CO2] Number of point 

sources over 

0.1 Mt CO2/yr

Ammonia production 22.6 33 27

Hydrogen production (SMR) 5.3 30 15

Natural gas production 5.0 30 10

Ethylene oxide production 17.7 30 6

Paper pulp industry 31.4 58 35

Coal to Power (IGCC) 3.7 34 3

Iron and steel 151.3 40 93

Cement 199.4 68 212
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CO2 sources on the industrial merchant 
market

26

 With the exception of production from natural wells, manufacturing of 

carbon dioxide is a secondary operation integrated with the production of 

other products

 For the industrial merchant market, the major sources of by-product 

carbon dioxide are: 

• Ammonia production 

• Biofuel operations, mainly fermentation

• H2 production

• Natural wells

• Ethylene oxide production

 Other sources of CO2 mentioned in literature are natural gas processing 

plants, post-combustion capture plants and titanium dioxide manufacturing 

plants (Supekar, 2015)
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Natural wells

27

 Natural wells in parts of the Rocky Mountain, Appalachian, and Southwest 

regions of the U.S. mainly supply CO2 for enhanced oil recovery (Supekar, 

2015)

 The purity of CO2 in natural wells can be up to 99%

 Natural wells account for 67% of the supply on the U.S. captive market, 

where suppliers and buyers of a commodity are usually owned by the 

same entity and/or serve a niche industry in which the commodity is used 

in bulk (Supekar, 2015)

 Accounts for 22% of the U.S. merchant market supply (Supekar, 2015)

 Information of CO2 sourcing from natural wells outside of U.S. is not 

available
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Biofuel operations

28

 Carbon dioxide is produced as a byproduct in several biofuel operations, 

most importantly in ethanol production

 0.77 Mt of CO2 was captured in ePURE members’ ethanol refineries in 

2018 (Bioenergy international, 2019)

• ePURE (European Renewable Ethanol Association) members account 

for 73% of the EU’s installed production capacity in 2018

 Bioethanol production accounts for ~17% of sold production of CO2 in 

Europe (Bioenergy international, 2019), and ~30% of the merchant market 

in the U.S.

 Ethanol plants supply the merchant market of the U.S. with 40% of the 

CO2 (Greenwood, 2018)
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Ammonia production

29

 In ammonia and hydrogen plants, both hydrogen 

and carbon dioxide are generated from the steam 

cracking of hydrocarbons

 A large fraction of the CO2 output is consumed 

captively in the production of urea, (NH2)2CO 

(Vansant & Koziel, 2019)

 A smaller quantity is purified and liquefied for sale 

on the merchant market as liquid CO2 (Vansant & 

Koziel, 2019)

 Since CO2 is a byproduct, it does not drive 

ammonia production at all, but natural gas prices 

do (Cockerill, 2019)

• Low natural gas price  Increased ammonia 

production  Increased CO2 production

CO2 emissions from installations for the production of 

ammonia in 2017 (E-PRTR, 2020)
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Hydrogen production

30

 CO2 is produced as a byproduct of steam 

reforming of methane (SRM) to produce 

hydrogen

 SRM is used for production of most of the 

current hydrogen supply

 Accounts for ~20% of the CO2 merchant

market in the U.S.

 European hydrogen production facilities are 

located in Western Europe

CO2 emissions from installations for the production of 

hydrogen in 2017 (E-PRTR, 2020)
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Ethylene oxide production

31

 Ethylene oxide is produced by the 

oxidation of ethylene using a silver catalyst
• High purity CO2 is produced as a byproduct

 It is a used as an intermediate in the 

production of certain industrial chemicals, 

including polymers and ethylene glycols

 European ethylene oxide plants are 

located in the Netherlands, Belgium and 

western Germany

CO2 emissions from installations for the production of 

ethylene oxide in 2017 (E-PRTR, 2020)
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 In ammonia and hydrogen plants, both hydrogen and carbon dioxide are 

generated from the steam cracking of hydrocarbons

 A large fraction of the CO2 output is consumed captively in the production 

of urea, (NH2)2CO (Vansant & Koziel, 2019)

 A smaller quantity is purified and liquefied for sale on the merchant market 

as liquid CO2 (Vansant & Koziel, 2019)

 Since CO2 is a byproduct, it does not drive ammonia production at all, but 

natural gas prices do (Cockerill, 2019)

• Low natural gas price  increased ammonia production  increased 

CO2 production

 Major ammonia plants in UK, Norway, the Netherlands, and France

CO2 source CO2 concentration Reference

Ammonia production 98–100 (IEA, 2019)

Bioethanol production 98–100 (IEA, 2019)

Hydrogen production (SMR) 30–100 (IEA, 2019)

Natural wells 80–98 (Supekar, 2015)

Natural gas production 96–100
(IEA, 2019)

Ethylene oxide production 98–100 (IEA, 2019)

Titanium dioxide production N/A (Supekar, 2015)

CO2 concentration
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Conclusions

33

 The most important sources of CO2 are:

• Ammonia production

• Bioethanol production, ~17% sold CO2 production in Europe

• Hydrogen production

• Ethylene oxide

• Natural wells, mainly in the U.S. 

 CO2 is sourced as a byproduct (except for natural wells), which makes the 

CO2 market especially susceptible for shortages 
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CO2 supply shortages

36

 There has been several CO2 shortages in Europe in 

the 2000’s, the latest one in the summer of 2018 

(Rathi, 2018)

• Recent CO2 shortages have also been reported in the U.S., 

Mexico and Japan (Vansant & Koziel, 2019)

 The maintenance period of ammonia plants is in the 

summer, which is the low season for fertilizers, but 

also the peak production time for soft drinks and beer

 In the summer of 2018, the downtime of the ammonia 

plants was prolonged on economic grounds, due to 

high natural gas prices in combination with competing 

lower cost stocks of ammonia (Rathi, 2018)
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The long-term problem

37

 European ammonia producers have trouble competing with cheaper 

production in Asia, and the byproduct CO2 is not economical to ship from 

Asia to Europe (Rathi, 2018)

 Due to more diversified CO2 sources compared to Europe, the U.S. 

merchant market generally suffers less from shortages 

(Vansant & Koziel, 2019)



29/05/2020 VTT – beyond the obvious

COVID-19: Surprising CO2

shortages (Reuters, 2020)

38

 Production in ethanol plants has decreased 

during COVID-19 pandemic, resulting in lower 

amount of CO2 byproduct to merchant market 

• 35 out of 45 US ethanol plants selling CO2 have idled 

or cut production

 CO2 production has decreased by 20% in the US 

and may continue to fall to 50% without 

interventions

 In US, CO2 price has already raised, e.g. brewers 

have faced 25% increase in price

 Also meat producers have faced challenges
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 Reuters, 18.4.2020, Beer may lose its fizz as CO2 supplies go flat during pandemic, https://www.reuters.com/article/us-

health-coronavirus-ethanol-beer/beer-may-lose-its-fizz-as-co2-supplies-go-flat-during-pandemic-idUSKBN2200G3

 Rathi, A. (2018) The seeminly illogical reason Europe is running low on carbon dioxide… and beer. Quartz Media. 

Available at: https://qz.com/1321073/the-seemingly-illogical-reason-europe-is-running-low-on-carbon-dioxide-and-thus-

beer/

 Vanzant, J. & Koziel, P.-W., 2019, An Economy Based on Carbon Dioxide and Water. Springer Nature Swtzerland AG. 

https://doi.org/10.1007/978-3-030-15868-2_3
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4. Chemical pulp market
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Pulp production in Finland 
(Finnish Forest industries Federation, 2020)

Production, 1000 tonnes 2019

Chemical pulp 8 300

Mechanical and semi-
chemical pulp

2 250

Total pulp 10 600

* change from previous year

Change*

2,1 %

-35,4 %

-9,2 %
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Chemical pulp production
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Chemical wood pulp production in selected countries (UNdata, 2020)

United States of America Europe Brazil China Indonesia India

U.S. 1.0 %

Europe 6.9 %

Brazil 21.9 %

China 24.2 %

Indonesia 22.5 %

Chile 5.1 %

Uruguay 5.4 %

India -3.9 %

Australia 11.1 %

Production increase 2015–2018 
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 Data from 64 pulp mills in Europe (E-PRTR); 

emissions reported for >0.1 MtCO2/yr sources

 Total emissions (2017) are 58.4 MtCO2/yr

01/06/2020 VTT – beyond the obvious

CO2 emissions from pulp production

CO2 emissions from installations for the 

production of pulp in 2017 (E-PRTR, 2020)
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CO2 emissions from pulp mills by country, 2017 
(E-PRTR)
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 The demand of chemical pulp is increasing

 Trends show that the total production of pulp in developed countries, i.e. 

Finland, Sweden and the U.S. is neither increasing or decreasing 

significantly

 Increase in production has been seen in developing countries, especially 

in China, Indonesia and Brazil

 Most of the European pulp mills found in Sweden, Finland, Portugal and 

France

 The number of pulp mills in Europe has constantly decreased over the 

years, but the production capacity of the remaining mills has increased 

(CEPI, 2019)

01/06/2020 VTT – beyond the obvious

Conclusions
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 CEPI, 2019, Key statistics 2018, European pulp & paper industry, 

http://www.cepi.org/system/files/public/documents/publications/Final%20Key%20Statistics%202018.pdf

 E-PRTR (2020). European Pollutant Release and Transfer Registry. Available at: https://prtr.eea.europa.eu/

 Finnish Forest Industries Federation, 2020. Chemical pulp production by grade: Pulp production in Finland 

https://www.forestindustries.fi/statistics/pulp-and-paper-industry/

 UNdata, 2020. Production of chemical wood pulp in 2018. 
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5. Lime market
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 Global lime production was around 

424 Mt (quicklime, hydrated lime, and

refractory dead-burned dolomite) in 2019

(USGS, 2020)

 The lime market grew by 7.5% 2014-2018 

(The Business Research Company, 2019)

 A 14% growth is expected on the lime market 

2018-2022 (The Business Research 

Company, 2019)

Lime production
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World total lime production 2015-
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burned dolomite (USGS, 2020)
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Sold production of quicklime (kg/yr) in 
European countries in 2018 (Eurostat, 2020)
Data not available for Finland, UK, the Netherlands, 

Ireland, Norway, Turkey, Latvia, Hungary and 
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CO2 emissions from installations for the production of 

cement clinker or lime in 2017 (E-PRTR, 2020)
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China 30 %

United States -2 %

India 0 %

Russia 0 %

Brazil 1 %

Japan 4 %

Germany 11 %

Republic of Korea 2 %

Turkey 12 %

Other countries 19 %

France -32 %

Italy 3 %

Iran 18 %

Ukraine -23 %

Australia 6 %

Poland 39 %

Romania 15 %

Canada -3 %

Spain 0 %

United Kingdom -13 %

Bulgaria 0 %

Malaysia 7 %

Belgium -7 %

South Africa 7 %

Czechia 10 %

Production increase 2015–2019 
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 The Business Research Company (2019). Lime And Gypsum Product Manufacturing Market Global Briefing, June 2019.

 USGS (2020). United States Geological Survey. Lime Statistics and Information. Available at: 

https://www.usgs.gov/centers/nmic/lime-statistics-and-information?qt-science_support_page_related_con=0#qt-

science_support_page_related_con
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6. Cement market
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 In 2019, global cement production was 

4,000 Mt (USGS, 2020)

 Cement production is expected to increase 25% by 

2050, with most of the new production occurring in 

developing regions (McKinsey & Company, 2018)

Cement and lime production

CO2 emissions from installations for the production of 

cement clinker or lime in 2017 (E-PRTR, 2020)
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Sold production of Portland cement (kg/yr) in 
European countries in 2018 (Eurostat, 2020)
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not available 
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China -6 %

India 7 %

Vietnam 41 %

United States 6 %

Egypt 38 %

Indonesia 28 %

Turkey -29 %

Iran 2 %

Korea 6 %

Japan -1 %

Russia -8 %

Brazil -16 %

Other countries 18 %

Production increase 2015–2019 
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 Eurostat, 2020, Sold production, exports and imports by PRODCOM list (NACE Rev. 2) - annual data (DS-066341)

 McKinsey & Company, 2018, Decarbonization of industrial sectors: the next frontier. 
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20can%20move%20toward%20a%20low%20carbon%20future/Decarbonization-of-industrial-sectors-The-next-
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 USGS (2020). United States Geological Survey. Cement Statistics and Information. Available at: 

https://www.usgs.gov/centers/nmic/cement-statistics-and-information
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7. Low-cost renewable electricity
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Global long-term average irradiation and 
tender prices

(McKinsey & Company, 2018)

Qatar (800 MW): 

15.67 USD/MWh

Portugal (150 MW): 

14.70 €/MWh

Germany: 

35.5-52.1 €/MWh

Argentina: 

54.2 USD/MWh
UAE: 

16.9 USD/MWh

Australia: 

56 USD/MWh
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Global wind resource and tender prices

Argentina: 

52.5 USD/MWh

Denmark: 

21.5 USD/MWh

Colorado, US: 

18.1 USD/MWh

(McKinsey & Company, 2018)



02/06/2020 VTT – beyond the obvious

References 

60

 McKinsey & Company, 2018, Decarbonization of industrial sectors: the next frontier. 

https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/Sustainability/Our%20Insights/How%20industry%

20can%20move%20toward%20a%20low%20carbon%20future/Decarbonization-of-industrial-sectors-The-next-

frontier.ashx

Solar tender prices:

 PV Magazine, 2020, German PV tender delivers record low solar power price of €0.0355/kWh, https://www.pv-

magazine.com/2020/02/19/german-pv-tender-delivers-record-low-solar-power-price-of-e0-0355-kwh/

 PV Magazine, 2020, 5 things to watch in Australian solar sector in 2020, https://www.pv-magazine-

australia.com/2020/02/15/5-things-to-watch-in-australian-solar-sector-in-2020/

 PV Magazine, 2020, Qatar’s 800 MW tender draws world record low solar power price $0.01567/kWh, https://www.pv-

magazine.com/2020/01/23/qatars-800-mw-pv-tender-saw-world-record-final-price-0-01567-kwh/

 PV Magazine, 2020, The weekend read: The land of the low tender, https://www.pv-magazine.com/2020/01/11/the-

weekend-read-the-land-of-the-low-tender/

 PV Tech, 2019, Solar offers lowest average prices at Argentina’s ‘MiniRen’ tender, https://www.pv-tech.org/news/solar-

offers-lowest-average-prices-at-argentinas-miniren-tender

Wind tender prices:

 PV Tech, 2019, Solar offers lowest average prices at Argentina’s ‘MiniRen’ tender, https://www.pv-tech.org/news/solar-

offers-lowest-average-prices-at-argentinas-miniren-tender

 Reve, 2019, Wind power industry, https://www.evwind.es/2019/06/21/wind-power-industry/67665

https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/Sustainability/Our%20Insights/How%20industry%20can%20move%20toward%20a%20low%20carbon%20future/Decarbonization-of-industrial-sectors-The-next-frontier.ashx
https://www.pv-magazine.com/2020/02/19/german-pv-tender-delivers-record-low-solar-power-price-of-e0-0355-kwh/
https://www.pv-magazine-australia.com/2020/02/15/5-things-to-watch-in-australian-solar-sector-in-2020/
https://www.pv-magazine.com/2020/01/23/qatars-800-mw-pv-tender-saw-world-record-final-price-0-01567-kwh/
https://www.pv-magazine.com/2020/01/11/the-weekend-read-the-land-of-the-low-tender/
https://www.pv-tech.org/news/solar-offers-lowest-average-prices-at-argentinas-miniren-tender
https://www.pv-tech.org/news/solar-offers-lowest-average-prices-at-argentinas-miniren-tender
https://www.evwind.es/2019/06/21/wind-power-industry/67665


8. Europe
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Sold production of CO2 in European countries in 
2018 (Eurostat, 2020)
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Carbon dioxide 
sources in Europe

CO2 emissions from installations 

(>0.1 MtCO2/yr) for the production of 

 ammonia

 ethylene oxide

 hydrogen

in 2017 (E-PRTR, 2020)
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Biorefineries in Europe (Bioenergy International, 2019)

Top 5 renewable ethanol 

producing countries:

1. France

2. Poland

3. Germany

4. UK

5. Hungary
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Biorefineries
in Europe 
(ePure, 2020)
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Potential carbon 
dioxide sources in 
Europe
CO2 emissions from installations for 

the production of 

 cement

 pulp

in 2017 (E-PRTR, 2020)
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Beer production 
in Europe 
(The brewers of Europe, 2019)

 In Germany, 60% of the beer is 

produced in >1 million 

hectoliters brewery 

(Statista, 2020)

 1 million hectoliters production 

would turn into ~ 3,000 tCO2

annual demand
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Production of mineral water and soft drinks in Europe, 2018 
(Eurostat, 2020)
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Solar PV potential and capacity in Europe
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Solar PV capacity in leading European countries in 
2018 and 2019 (SolarPower Europe, 2019)

2018 2019

1525%

35%

66%

22%
286%

59% 65% 23% 31% 303%
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Wind power capacity in Europe
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Wind power capacity and capacity addition in Europe in 
2019 (Wind Europe, 2020)

Capacity 2018 New capacity 2019

Germany 4 %

Spain 10 %

United Kingdom 11 %

France 9 %

Italy 5 %

Sweden 21 %

Turkey 9 %

Denmark 7 %

Poland 1 %

Portugal 1 %

Netherlands 2 %

Ireland 13 %

Belgium 17 %

Greece 26 %

Austria 5 %

Norway 47 %

Finland 12 %

Ukraine 120 %

Croatia 12 %

Czechia 6 %

Estonia 3 %

Luxembourg 13 %

Bosnia & Herzegovina 71 %

Capacity increase 2018–2019 
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Average electricity prices in EU-27 countries (excl. taxes), 
non-household consumers, first half 2019 (Eurostat, 2019)
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Electricity prices in EU-27 countries
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 European CO2 markets are dependent on byproduct CO2 from ammonia and ethanol 

production

• Capacity focused on central and southern Europe

 United Kingdom, Netherlands, France, Poland and Germany are the largest countries 

in CO2 merchant market

 European CO2 market is vulnerable to shortages due to dependency on only few CO2 

sources  Diversification would be valuable

 Pulp, cement and lime markets are well established

• Lime production has increased in certain Central and Eastern European countries in recent years

 Beverage and soft drink industries are strong in Europe and potential merchant market 

applications

• Capacity focused in central Europe and UK 

 This study gives a basis for European CO2 markets, next step would be a higher 

resolution analysis for a certain geographic area in interest
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Conclusions – Country perspective 

Other high-

concent. CO2

sources available

Increasing 

market for pulp, 

cement and lime

CO2 demand 

in beer 

production

CO2 demand in 

mineral water and 

soft drink production

Solar 

power 

capacity

Wind 

power 

capacity

Grid 

electricity 

price

Finland

Germany

Netherlands

Spain

France

Portugal

Italy

Explanation

Ammonia, ethylene 

oxide, hydrogen, 

ethanol

Developed countries 

and established 

markets

Tot EU:

Germany: 93.7 

million HL

Finland: 3.8 

million HL

EU-28: 1.1 billion HL

Germany: 240 million HL

Finland: 5.1 million HL 

Existing 

capacity, PV 

potential

Existing 

capacity, 

wind 

resource

Electricity

price for 

industrial 

consumer, 

excl. taxes 
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Other high-

concent. CO2 

sources available

Increasing 
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cement and lime
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soft drink production

Solar 

power 

capacity

Wind 

power 

capacity

Grid 

electricity 

price

Finland

Germany

Netherlands

Spain

France

Portugal

Italy

Explanation

Ammonia, ethylene 

oxide, hydrogen, 

ethanol

Developed countries 

and established 

markets

Tot EU:

Germany: 93.7 

million HL

Finland: 3.8 

million HL

EU-28: 1.1 billion HL

Germany: 240 million HL

Finland: 5.1 million HL 

Existing 

capacity, PV 

potential

Existing 

capacity, 

wind 

resource

Electricity

price for 

industrial 

consumer, 

excl. taxes 

Remarks

Low el. price, room in 

the merchant market 

High CO2 demand, 

low-cost RE

Other CO2 sources, 

low el. price

High el. price, fast 

growth of low-cost RE

A lot of ethanol prod., 

but high CO2 demand

Good solar and off-

shore wind resources

CO2 demand, solar 

energy potential
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CO2 captive and merchant market in the 
U.S. by source and end-use application 
(Supekar, 2015)
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CO2 supply in the U.S.
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 Ethanol plants in the U.S. are highly concentrated in the Midwestern region, 

where also the U.S. corn production is concentrated
• Most of the possible CO2 sources in this region are untapped (Rushing, 2019)

 Other source types are highly unavailable (Rushing, 2019)
• Most of the existing locations have already been tapped for the CO2 byproduct or 

product

• Only a few of several proposed and planned new ammonia and ethylene oxide 

operations in recent years have been consummated

 The hope is that cellulosic ethanol and advanced biofuels production will 

increase the supply of CO2 in other regions in the U.S. (Rushing, 2019)
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Sources and end-use markets of merchant CO2 in 
the U.S. (Supekar and Skerlos, 2014)
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CO2 use for EOR in the U.S. 
(Supekar, 2015; Godec, 2013) 
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 Most of the CO2 is sourced from underground 

deposits due to the lack of anthropogenic CO2

sources near the oil fields 

• Dedicated supply network largely of natural wells in 

parts of the Rocky Mountains, Appalachian, and 

Southwest regions

 CO2 purity from the natural wells is 80-98%

Godec, 2013

Crabtree, 2016
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CO2 use for EOR in the U.S. 

81

 The challenge is the 

geological mismatch 

between CO2 demand 

and supply

 Increased CO2-EOR 

potential through 

development of national 

CO2 pipeline network 

(Crabtee, 2016)

Crabtree, B., 2016
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CO2 emissions from pulp and paper 
industry in the U.S. (EPA, 2019)
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Note: All emissions from both pulp and 

paper facilities included in the map; 

further information in (EPA, 2019)
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Cement industry in the U.S.
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 Inexpensive imports 

have resulted in 

capacity 

underutilization
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Cement industry in the U.S.
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 Approximately 113 cement plants 

are located across 36 states

 An increasing number of 

limestone discoveries in the east 

and the ease of transport along 

the Mississippi River system in 

the mid-west led to the rapid 

establishment of a cement 

industry (Global Cement, 2012)

• Much of the industry still takes place 

in this area

USGS
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Solar PV potential and PV plants in the U.S.

85

 In practice, almost the whole country has 

potential for PV power production

 US has 3,369 utility-scale PV power plants 

(EIA, 2018), producing ca. 1.7% of country’s 

electricity (2019) (EIA, 2020)

The Washington Post, 2017
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Wind resource and 
wind power plants 
in the U.S.
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 US has 1,316 utility-scale wind power 

plants (EIA, 2018), producing 7.3% of 

country’s electricity (EIA, 2020)

The Washington Post, 2017
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Conclusions

87

 Natural wells are utilized to supply CO2 for EOR projects

 Oversupply of CO2 in Midwestern U.S.

 Most of the existing locations outside of the Midwest have already been tapped for 

the CO2

 The pulp industry is concentrated in eastern parts of the U.S., the cement industry is 

scattered

 Solar power is concentrated on the East Coast (Massachusetts, New York, New 

Jersey and North Carolina) and the Southwest, mainly California

 Wind power is concentrated in the Midwest, central U.S. and Texas 
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High-concent. 

CO2 sources 

available

Pulp 

production

Cement

production

Manufacturing 

sector output 

(CO2 demand)

Solar power 

capacity

Wind power 

capacity

Northwest 

Midwest

Northeast

South

Southwest
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High-concent. 

CO2 sources 

available

Pulp 

production

Cement

production

Manufacturing 

sector output 

(CO2 demand)

Solar power 

capacity

Wind power 

capacity

Northwest 

Midwest

Northeast

South

Southwest

California: High solar power capacity, high manufacturing sector output but low amount of other

CO2 sources, a few pulp mills and cement plants

Texas: High wind power capacity, high manufacturing sector output but medium amount of other

CO2 sources, cement industry
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Cement industry in China 
(Global Cement, 2015)
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 China’s cement production started with many small cement 

kilns spread throughout towns and villages

 Trend towards large integrated cement plants started in 1980s, 

and several government-owned producers were established to 

raise the production

 In 2000, the government began to shut down the small plants 

due to their inefficiency and emissions. These efforts still 

continue.

 China has 803 integrated cement plants (excl. Taiwan) (2015)

and produced 2,200 Mt cement in 2019 (USGS, 2020)

 High cement consumption can be explained e.g. by scarcity of 

forest resources
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Cement production in China

93

Province and nation 

wide bans for new 

capacity
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Cement 
production 
capacity by 
province, 2015
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 Dynamics in the market depend 

on government industrial 

policies (e.g. production limits 

and pollution mitigation, and 

local demand and price trends)

 Government’s aim is to scale 

down the production

Data retrieved from 

Global Cement, 2015
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Cost per unit electricity prices for large-
scale industrial users in Chinese Provinces 
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 Large-scale industry users 

have the total transformer 

capacity of >315 kVA

 The cost is formed of

1) cost per unit according to voltage 

level (in figure 220 kV)

2) fixed charge based on maximum 

demand or transformer capacity

Data retrieved from 

China Briefing, 2019
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Fixed electricity prices for large-scale 
industrial users in Chinese Provinces 
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 Manufacturing is concentrated 

in eastern coastal provinces

 However, recent government 

initiatives are pushing several 

industries inwards, to central 

and western provinces

Data retrieved from 

China Briefing, 2019



29/05/2020 VTT – beyond the obvious

Solar PV potential 
in China
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 Current solar PV capacity 

focused on North and Northwest 

China

 In practice, almost the whole 

country has potential for PV 

power production
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Solar PV capacity in China by province, 
2018 (IEA, 2019a)
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 Installed PV capacity 175 GW 

(2018)

 Capacity addition in 2018 was 

44 GW out of 97 GW globally

 Growth in China slowed down in 

2018 due to replacement of 

feed-in tariffs with deployment 

quotas and auctions to control 

costs and tackle grid integration 

challenges  

 Grid curtailment and policy 

uncertainties hamper the growth

>10 GW

Data retrieved from 

Statista, 2020b >10 GW



29/05/2020 VTT – beyond the obvious

Wind resource 
in China
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 Installed capacity 237 GW 

(2019) (Wind Energy 

International)

 Good solar and wind 

resources match 

geographically
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New transmission capacity to provide 
renewable electricity to load centers
(Greentech Media, 2017; IEA, 2019b)
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 Future RE capacity growth depends on 

curtailment levels in the Northwest and 

Northeast regions where most 

deployment is expected

 Wind power developers are shifting 

investments from North to South

 China plans extensive UHV 

transmission capacity to transfer 

electricity from North and West (good 

RE sources) to East and South 

(load centers)

Frankiessays
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Renewable energy obligations in China 
by province (Chinadialogue)

101

 China is planning provincial quotas 

for renewable electricity

 Provinces with largest increase in 

renewable energy quota are 

located in East China

 Quotas could increase cross-

provincial transactions and reduce

curtailment

Chinadialogue

2020 renewable power targets by 

province (excluding hydro)
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Conclusions
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 China is globally the leading ammonia and urea producer

• Possible untapped CO2 sources

 China has overcapacity for cement production and actual production has been 

decreasing since 2014

• High pressure for emissions reductions

 Chemical pulp and lime production has increased in recent years in China

 Chinese industry and population are concentrated on eastern coast, while most 

potential solar and wind resources locate in northern China and Tibet

 Curtailment is a significant problem in China and limits the harvesting of low-cost 

renewable electricity

• New transmission capacity can tackle the problem by transferring renewable electricity to 

population centers

•  Low-cost renewable electricity available in the areas with highest demand and most industry
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Conclusions (1/3)
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 This study was conducted with a wide scope, covering large geographical areas
• Results are indicative

• Can be used as basis for further research on suitable geographical areas for implementation of 

the Decarbonate concept

 Matching CO2 supply and demand is challenging due to 1) geography, and 2) 

seasonality of supply (byproduct of ammonia production)
• Supply and demand must meet timely due to expensive storing of recovered CO2

•  CO2 market study on local level and local value chain creation are important

 CO2 supply shortages in summertime are common in Europe
• Impact especially on food and beverage industry

•  Diverse and/or reliable CO2 sources are needed  

 Guaranteed supply of good quality CO2 is the key to successful development of 

industrial CO2 applications
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Conclusions (2/3)
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Europe

 Largest market for CO2 are in United Kingdom, Netherlands, France, Poland and Germany

 High number of ammonia and ethanol production plants across Central and South Europe

 Lime production is increasing in certain Central and Eastern European countries 

 Specific market areas for Decarbonate concept could not be identified in this study, but 

supply shortages indicate that new CO2 sources in Europe are needed
• Higher resolution is required for reliable results

USA

 Oversupply of CO2 in the Midwest, most CO2 sources outside of the Midwest are tapped

 Potential areas include California, Texas and Northeastern U.S.

China

 Cement production is decreasing, but pulp and lime production is increasing

 Most potential areas for low-cost RE production and population centers have different 

locations

 Adequate transmissions capacity can bring low-cost RE very it is most needed, and RE does 

not need to be produced locally
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Conclusions (3/3)
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Other interesting geographical areas

 Both the cement and pulp industry has been growing in Southeast Asia, mainly 

Vietnam and Indonesia

 High solar power potential in Middle East, Northern and Southern Africa, Chile and 

Mexico

 CO2 required for desalination in Middle East and Israel (Vansant & Koziel, 2019) 

 High potential for wind power in southern parts of Chile and Argentina

 Increased pulp production in South America, mainly Brazil 

 High growth of CO2 market forecasted for Africa

Vansant J., Koziel PW. (2019) Technical and Industrial Applications of CO2. In: Aresta M., Karimi I., Kawi 

S. (eds) An Economy Based on Carbon Dioxide and Water. Springer, Cham 
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