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(June 2017; study commissioned by Cefic)
[bookmark: _Hlk503894991]The study focuses on alternative production routes for nine upstream chemical building blocks (ammonia, methanol, ethylene, propylene, chlorine, benzene, toluene, xylene and urea), which collectively represent two-thirds of the chemical sector’s current greenhouse gas (GHG) emissions. In four different scenarios, production through new low carbon processes is examined by considering further energy efficiency measures, the utilization of alternative carbon feedstock (i.e. bio-based raw materials and CO2) and electricity-based processes. 1%/a growth of production and 0,56%/a energy efficiency improvement in existing plants (except for BAU) have been assumed in all scenarios. As the energy efficiency improvement potential decreases with the share of implementation of new plants, its effect is significant only in the less ambitious scenarios.
1. Business-as-usual (BAU): No implementation of new technology options and no further advancement of efficiency measures
2. Intermediate (Interm): Moderate level of ambition and slow but continuous deployment of low-carbon technologies; 35% plant replacement by 2050
3. Ambitious (Amb): High level of ambition, 53% plant replacement by 2050
4. Maximum (Max): 100% plant replacement, i.e. theoretical potential/limit of possible reductions
The study’s core subject is the transition from fossil resources to hydrogen and CO2 as basis of production with hydrogen to be generated from renewable energies. Other approaches to GHG reduction such as biomass as feedstock, industrial symbiosis and the circular economy play a marginal role. Accordingly, the share of bioethanol for example is estimated not to increase beyond 15%. Another focus is the possibility of CO2 based fuels to further reduce GHG emissions. 
[image: ]In the “Ambitious” scenario, approximately 84% of the CO2 emissions of BAU will be avoided by 2050. This requires annual investments of € 19 billion for new production facilities and energy efficiency measures. The chemical industry alone will then need more than 50% of Europe’s potential of renewable electricity as available according to the ambitious IEA 450 ppm scenario. The increasing electricity demand of other industries, transport and heating which must be assumed due to the growing electrification remains unconsidered.  
Key message: Chemical production without fossil resources is technically possible but requires enormous investments in the chemical and energy sectors causing higher production costs on the long run, which must be managed as well. Innovations alone cannot bridge this gap. The approach will be sustainably affordable only, if climate change is taken seriously by other world regions as well and a level playing field for industry is established.    
Conclusion: Due to noncompetitive production methods, a sufficient return on capital cannot be expected. Thus, no company could follow this path on its own. The framework conditions would have to include a level playing field with global competition, e.g. through setting a global CO2 price or by means of supplying renewable energies in a cost-effective way and transforming emission trading into an instrument to ease the burden rather than to increase it. Last but not least, citizens must accept additional costs which will turn out to be the more expensive, the more countries/regions refuse to get involved. 
Selected results in detail:
Total investment costs higher 
(Retrofitting/increase of energy efficiency and new capacities) for the various products

[bookmark: _GoBack][image: ]The demand for investment in the middle (=”Ambitious”) scenario is with around € 19 billion per year by € 17 billion higher than in the BAU scenario.

Increase of energy demand 
[image: ]The GHG neutral production routes have a significantly higher energy demand, because the intrinsic energy content of the fossil resources must be substituted. 

Higher production costs 
Development of annual production costs according to the different scenarios 
[image: ]
Beyond 2050, production costs will remain significantly higher than BAU due to higher investment costs and increased energy use. Under present conditions, production costs for ammonia, methanol, olefins and aromatics would be 2-5 times higher. 



Electricity demand unsecured

[image: ]In the middle (ambitious) scenario, the electricity demand will be in 2050 around 1900TWh. Electricity is to be generated from renewable energies. The chemical production alone will demand 55% of Europe’s potential of renewable electricity according to IEA. With the production of synthetic fuels, the chemical industry’s demand would in the ambitious scenario surpass the amount of electricity by 37%.
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image4.png
il € Chiorine [ Ammonia [Urea | Methanol [ Ethylene [Propylene [BTX  [sum | Yearly average
BAU 6087 | o172 |4267 | 435 | 20871 | 16385 | 15070 | 72287 2065
Efficiency | 29943 | 64954 |24013| 3384 | 147814 | 116041 |106730|492879| 14082
Intermediate | 29943 | 67902 |25286| 178322 | 116882 | 91758 | 84395 |594488| 16985
us | 29943 | 73593 |27093| 260089 | 112073 | 87983 | 80923 |671697| 19191
Maximum | 29943 | 76611 |32906| 570699 | 89421 | 70200 | 64567 |934347| 26696
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