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Current rate 42 Gt/yr



409,95 ppm









SWIPA Report 2018



IPCC Special Report on Global Warming of 1.5°C

• Limiting global warming to 1.5°C would require “rapid and far-reaching” 

transitions in land, energy, industry, buildings, transport, and cities. 

• Global net human-caused emissions of carbon dioxide (CO2) would need to 

fall by about 45 percent from 2010 levels by 2030, reaching ‘net zero’ around 

2050. 

• This means that any remaining emissions would need to be balanced by 

removing CO2 from the air.



WAIS = West Antarctic Ice Sheet 

THC = thermohaline circulation

ENSO = El Niño–Southern Oscillation

EAIS = East Antarctic Ice Sheet

Schellnhuber et al. 2016, NCC



Sigmond et al. 2018. Nature Climate Change

The accumulated ice-free probability. The coloured circles indicate the accumulated ice-

free probability at 1.5  °C (blue), 2.0 °C (orange) and 3.0 °C (red) global mean warming. 



Turetsky et al. 2019

A climate change experiment study (Webb et al. 2016) in Alaska shows 
that carbon loss from soils during the snow covered period offsets 
carbon uptake by plants during the growing season. This results in a shift 
in the subarctic tundra ecosystem from a carbon sink to a carbon source.



Global mean temperature rise relative to pre-industrial conditions by date, with and 
without permafrost CO2 and CH4 emissions for the IPCC AR4 A1B scenario



Extra annual economic impacts from permafrost CO2 and CH4 emissions, by 
date, for the IPCC AR4 A1B scenario estimated using the default PAGE09 model.

Hope and Schaefer 2015



https://www.barnsleyhospital.nhs.uk/about/sustainability/attachment/climate-change-consequences-2/



Why haven’t the climate problem been solved yet?





Wicked Problem





Wicked problem
Rittel and Webber (1973)

• There is no definitive formulation of a wicked problem

(defining wicked problems is itself a wicked problem).

• Wicked problems have no stopping rule

• Solutions to wicked problems are not true-or-false, but better or worse.

• There is no immediate and no ultimate test of a solution to a wicked problem.

• Every solution to a wicked problem is a "one-shot operation"; because there is no 

opportunity to learn by trial and error, every attempt counts significantly.

• Wicked problems do not have an enumerable (or an exhaustively describable) set of 

potential solutions, nor is there a well-described set of permissible operations that may be 

incorporated into the plan.

• Every wicked problem can be considered to be a symptom of another deeper problem. 



Super wicked problems
(Levin et al. 2007)

• Time is running out.

• No central authority.

• Those seeking to solve the problem are also causing it.

• Hyperbolic discounting occurs (tendency for people to 

increasingly choose a smaller-sooner reward over a larger-later 

reward)



Climate change: What sort of problem?

• Atmospheric problem?

• Population growth problem?

• Economic problem (economic growth, structure)?

• Energy problem?

• Consumption problem?

• Technological problem?

• Natural resources problem (development, potentials)?

• Equality problem?

• Political problem?

• Scientific problem?

• Pollution problem?

• Social problem?

• Communication problem?



The trajectory of the Anthropocene: The Great Acceleration (Anthropocene Review) 15 January 2015.



Major flows from extraction to consumption

Flows from location of fossil fuel extraction to location of
consumption of goods and services

Values for 2011. EU is treated as one region. Units: MtCO2

Source: Andrew et al 2013

http://dx.doi.org/10.1088/1748-9326/8/3/034011


Major flows from production to consumption

Flows from location of generation of emissions to location of
consumption of goods and services

Values for 2011. EU is treated as one region. Units: MtCO2

Source: Peters et al 2012

http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html


Figueres et al. 2017

1.5 degree target

Carbon budget: ≈ 600 Gt

Current emissions: ≈ 42 Gt/yr

≈ 14 years left



Committed annual CO2 emissions from existing and proposed energy infrastructure
Estimates of future CO2 emissions by industry sector (a) and country/region (b), assuming historical lifetimes and utilization 

rates. Emissions from existing infrastructure are shown with darker shading, and emissions from proposed power plants 

(that is, electricity) are more lightly shaded. Numbers within graphs show total amounts of emissions over the period shown.

Tong et al. Nature 572: 373–377 (2019) 



Age structure of global electricity-generating capacity

Tong et al. Nature 572: 373–377 (2019) 



70 % of the demand will be covered

by investing in fossil energy sources



The Problem:

COAL







BP Statistical Review of World Energy 2018

38 %





Alternative rankings of countries

The responsibility of individual countries depends on perspective.
Bars indicate fossil CO2 emissions, population, and GDP.

GDP: Gross Domestic Product in Market Exchange Rates (MER) and Purchasing Power Parity (PPP)
Source: CDIAC; United Nations; Le Quéré et al 2018; Global Carbon Budget 2018

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://unstats.un.org/unsd/default.htm
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/


Energy use by source

Energy consumption by fuel source from 2000 to 2017, with growth rates indicated for the more recent period of 2012 to 2017

Source: BP 2018; Jackson et al 2018; Global Carbon Budget 2018

http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://doi.org/10.1088/1748-9326/aaf303
http://www.globalcarbonproject.org/carbonbudget/


Power Density of Renewables
Miller & Keith 2018 ERL

• Wind power capacity factors are increasing, but that increase is associated 

with a decrease in capacity densities, so power densities (measured as We

m−2) are stable or declining. It seems likely that wind's power density will 

decrease as total wind generation increases. 

• The transition to wind or solar power in the U.S. would require five to 20 

times more land than previously thought, and, if such large-scale wind farms 

were built, would warm average surface temperatures over the continental 

U.S. by 0.24 degrees Celsius. 

• Solar farms require generally up to 5,000 times more land per unit of 

energy than nuclear plants because sunlight is energy-dilute and uranium is 

energy-dense.





The International Renewable 

Energy Agency (IRENA) in 2016 

estimated there was about 

250,000 metric tonnes of solar 

panel waste in the world at the 

end of that year. 

IRENA projected that this 

amount could reach 78 million 

metric tonnes by 2050. 

Solar panels often contain lead, 

cadmium, antinomy and other 

toxic chemicals that cannot be 

removed without breaking apart 

the entire panel. 

Approximately 90% of most PV 

modules are made up of glass, 

and this glass often cannot be 

recycled as float glass due to 

impurities. 



Fossil CO2 Emissions growth by source

All fossil fuels contributed to the growth in fossil CO2 emissions in 2017

Source: CDIAC; Le Quéré et al 2018; Global Carbon Budget 2018

http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/


Global Fossil CO2 Emissions

Global fossil CO2 emissions have risen steadily over the last decades.
The peak in global emissions is not yet in sight.

Estimates for 2015, 2016 and 2017 are preliminary ; 2018 is a projection based on partial data.
Source: CDIAC; Le Quéré et al 2018; Global Carbon Budget 2018

2.7% increase from

2017 to 2018

http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/


So, what is needed?

• Carbon Dioxide Removal (CDR) technologies, Natural Climate Solutions 

(NCS), Direct Air Capture (DAC) with Carbon Storage (DACCS)

• Complete mix of clean energy

• Poweful solutions to replace coal

– Convertion of CO2 to usable form for current infrastucture

– Hydrogen society

– Fusion energy

• Focus on sectors that produce most warming

• Not only CO2 – also short-lived climate pollutants (BC, methane…)

• Less energy, less consumption

• Circular economy

• Indirect solutions



Fuss et al 2018 Environ. Res. Lett. 

Negative emission technologies (NETs) will be needed at very large scales 



How hypothetical technologies shape climate scenarios

Mark G. Lawrence, and Stefan Schäfer Science 

2019;364:829-830

Published by AAAS



Bronson W. Griscom et al. PNAS 2017;114:44:11645-11650

Natural Climate 

Solutions (NCS) 

has a maximum 

potential of 23.8

PgCO2e y-1

NCS provide 37% 

of the necessary 

CO2e mitigation 

between now and 

2030 and 20% 

between now and 

2050



Climate mitigation potential of 20 natural pathways. 

Bronson W. Griscom et al. PNAS 2017;114:44:11645-11650

©2017 by National Academy of Sciences



Differences in biomass stocks of potential and actual vegetation induced by land use

K-H Erb et al. Nature 553, 73–76 (2018) doi:10.1038/nature25138

Vegetation currently stores 

around 450 Pg C. 

In the hypothetical absence of 

land use, potential vegetation 

would store around 916 Pg C, 

under current climate 

conditions.

Deforestation and other land-

cover changes are responsible 

for 53–58% of the difference 

between current and potential 

biomass stocks. Land 

management effects 

contribute 42–47%



Credit: ETH Zurich / Crowther Lab

Jean-Francois Bastin et al. Science 2019;365:76-79

“Reaching this maximum
restoration potential would reduce 
a considerable proportion of the 
global anthropogenic carbon burden 
(~300 GtC) to date . This places 
ecosystem restoration as the most 
effective solution at our disposal to 
mitigate climate change”.

Total area 2.8 billion ha

Potential area
4.4 billion ha
Realistic
addition 0.9 
billion ha





Projected anomalies (future − historic) of annual carbon accumulation rates for three time periods

AD 2040–2060

AD 2080-2100

AD 2180-2200

RCP2.6 RCP8.5

Gallego-Sala, A. et al. 2018. 
Nature Climate Change







Some points related to the use of forestry biomass to replace coal
Norton et al. 2019. GCB Energy

• Woody biomass contains less energy than coal (fresh wood 2-3; biomass pellets 9.6-12.2; coal 
18.4-23.8 GJ/m3 respectively (Thrän et al. 2017)) and boiler temperatures are likely to be lower, 
reducing steam-cycle efficiency.

• Replacing fossil fuels in electricity generation results in significant increases in emissions of CO2 per 
kilowatt hour generated. 

• Burning forest biomass transmits the carbon from the forest stock to the atmosphere within 
minutes, and there is a ‘carbon payback period’ between this initial release of carbon and its 
return to forest carbon stocks through regrowth. This payback period may be relatively short 
when burning forestry residues, but where whole trees are burnt, the payback periods depends 
on the species and conditions of regrowth which range from decades to centuries (e.g. Nabuurs
et al. 2017; Sterman et al. 2018).  In some scenarios, the carbon present in the original forest 
stock may never be recovered. 

• This means that the concept of carbon neutrality is both uncertain and highly time and context-
dependent. 

• Given that the IPCC (IPCC, 2018) projects that the 1.5C target is likely to be reached between 
2030 and 2052 on current trends, payback periods of a decade or more increase the risks of 
overshooting Paris goals.

• A large amount of forest carbon is stored in the soil. Soils can hold up to twice as much carbon 
as the trees above, depending on the type of forest and amount of leaf litter and debris on the 
forest floor.

• The assumed greenhouse gas savings relative to fossil fuel commonly ignore the supply chain 
(from felling, transport, drying and pelleting, long-distance shipping) emissions as well as the 
carbon emissions from actually burning the wood. 



EASAC 2019





Nuclear potentials
Cao et al. 2016. Science

• Small modular light-water reactors

• Molten salt reactors 

• Gas-cooled reactors

• Liquid-metal–cooled reactors

• High-temperature gas reactors 

• Thorium-fueled molten reactors

• Sodium-cooled fast reactors

• Accelerator-driven subcritical systems

• FUSION POWER
1000 MW toriumvoimalan 2 v. polttoaineet



Fossil CO2 emission intensity

The 10 largest economies have a wide range of emission intensity of economic activity

Emission intensity: Fossil CO2 emissions divided by Gross Domestic Product (GDP)

Source: Global Carbon Budget 2018

http://www.globalcarbonproject.org/carbonbudget/




Radiative forcing due to perpetual constant year 2000 emissions grouped by sector at (a) 
2020 (b) 2100 showing the contribution from each species.

Unger N et al. PNAS 2010;107:3382-3387
©2010 by National Academy of Sciences

2020

2100

Focus on 

sectors that

produce most

warming!

• On-road

transportation

• Agriculture

• Power generation

• On-road

transportation



Obliquity – why our goals are best achieved

indirectly?
Obliquity is the principle that complex goals are best achieved indirectly. 

This book explains why the happiest people aren’t necessarily those who 

focus on happiness, and how the most successful cities aren’t planned 

(look at Paris versus Brasilia). And if a company announces shareholder 

return as its number one goal, perhaps we should beware: the most profit-

orientated companies aren’t usually the most profitable.

John Kay



Examples of indirect climate mitigation measures

• Improving people’s health by reducing black carbon

pollution – this strategy avoids 0.7 to 4.7 million annual 

premature deaths!

• Increasing annual crop yields through ozone reductions –

valued at $700 to $5000 per metric ton!

• Fighting against poverty through preventing desertification

and reforestation – strengthtens cabon sinks!



Short-lived climate pollutants

Reductions of 30% for methane 

and 75% for BC would avoid up to 

0.6°C of warming by mid-century, 

while also slowing the rise in sea 

levels, the melting of glaciers, and 

the retreat of the Arctic ice cap.









https://www.carbonbrief.org
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The central research themes in the ECRU are long-term Arctic environmental 
changes and their ecological and societal impacts. We are particularly interested 
in climate variability, carbon cycling, ecosystem feedbacks, black carbon 
deposition, freshwater, wetland and coastal ecology, biodiversity, lake optical 
environments, and climate mitigation and adaptation strategies. 

Time


