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Paris: Greenhouse gas emissions must be reduced significantly and fast to limit 
warming to well below 1.5C

Sweden, Year 2045: 

- Net zero emissions

- Territorial emissions: At least – 85% (remaining 15% by supplementary measures)
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Transformative
changes

”Net zero emissions will require a 
complete transformation of how

we transport ourselves, build
infrastructure and produce

power”



Actions in energy sector to comply with Paris Agreement:

Shift fuel/
technology

Capture and 
store carbon

Reduced
energy use



Large scale introduction of wind (and solar PV) requires…



Variation management strategies for maximizing the 
value of wind and solar PV

Shifting Absorbing Complementing 

Electricity  Electricity
• Reduce curtailment

and peak power
• More even costs on diurnal 

basis

Electricity  Fuel and heat
• Reduce curtailment
• Fewer low cost events

Fuel  Electricity
• Reduce peak power
• More even costs on yearly 

basis

Batteries Power-to-heat Flexible thermal generation

Load shifting Electrofuels Reservoir hydropower

Pumped hydro Power to gas (hydrogen)

Göransson, L., Johnsson, F. Wind Energy. 2018;1–18.



• Cement and Steel production account for 20% of Sweden’s emissions 

• Reaching zero emissions in Sweden will require transformative changes in how we 
produce base materials

• The technologies to decarbonize are largely known: CCS, electrification, increased 
use of biofuels.

• Swedish steel- and cement industry have proposed technologies and a time plan for 
deep decarbonization

• So if we have the technologies and the motivation – why isn’t it happening?

Basic materials are key



Cement industry Steel industry

Price 

increase

cement

Price 

increase

steel

Price 

increase

building

Price 

increase

car

Less than 

+0.5%
Less than 

+0.5%

+70%

+25%

High costs for 
producers, low
costs for 
consumers:

Measures to comply with 
Year 2050 targets:  
100€/ton CO2

EU-ETS  20-25€/ton CO2

Rootzén and Johnsson, Energy Policy 98 (2016) 459–469, Climate Policy 17, 6, (2017) 781-800
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Why should a country like Sweden be a frontrunner?

• The Paris agreement requires the whole world to transform. There will 
be an enormous market for low carbon products and services. Those 
developing these products will be winners on these new markets

• Firms that don’t transform will be overtaken by other companies and 
go out of business. 

• The Greta Thunberg generation will be the tomorrow’s clients and 
consumers. They will work in low carbon companies, live in low carbon 
areas and consume low carbon products and services. This group will 
grow over time.



• Push policy measures which price CO2 emissions sufficiently high

• Build on that there is an increased willingness in businesses to price 
carbon emissions – value chain perspective

• Take the lead – developing solutions and business models which are 
efficient and scalable

• Develop ”collective action” along value chains – from basic material to 
end products and services – companies join forces to develop carbon 
free products and services

–Example: Fossil Free Sweden – governmental initiative to gather 
forces within key sectors such as building and construction industry

What can nations and businesses do to become frontrunners?
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