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What are climate 

responses?



The causal chain is clear

Greenhouse gas 
emissions (tCO2-eq)

CO2 CH4

N2O    HFCs

Concentration 
greenhouse gases 
(ppm or ppb)

Temperature 
(degrees C)

Sea level rise

Melting glaciers

Precipitation changes

Stronger hurricanes

Use of energy and 
fossil fuels

Changing 
land use

Fulfilling needs and 
desires: food, contact, 
shelter, possessions, 
status, happiness

People have 
needs and 
desires and act 
on them



Three categories of actions

Lower (or mitigating the 

rise of) GHG 

concentrations and/or 

emissions 

Mitigation • Using less energy

• CO2-free energy

• Less meat and dairy

• CO2 capture and geological

storage

• Afforestation

Adapt to climate impacts Adaptation • Water management: Building 

dikes, room to rivers

• Change crops

• Disaster warning systems

Interfere in radiative 

balance

Solar Radiation

Modification

• Stratospheric Aerosol Injection

• Marine Cloud Brightening



CCS: Capture of CO2

Figures from IPCC SRCCS (2005) 

• Large-scale industry (e.g., steel, cement, 

(bio)refining, hydrogen production, gas 

recovery)

• Gas, coal or biomass-fired power plants

• (Indirectly) 



CCS: Geological storage options

Saline formations
Abundant but poorly characterised

Offshore Onshore

Enhanced Oil or Gas recovery 
Revenues from storage, proven caprock, 

limited potential, well characterised, 

experience gas/oil industry

Depleted oil and gas 

reservoirs
Well characterised, 

proven caprock, large 

storage potential, 

experience gas/oil 

industry

Enhanced Coal 

Bed Methane
Revenues from 

storage, low 

potential

Source: IPCC SRCCS (2005)



CCS: Current large-scale projects

Global CCS Institute 2017 Overview of large-scale CCS 

projects

http://www.globalccsinstitute.com/projects/large-scale-ccs-projects


9 02-12-16

Costs of CCS

Afvang kost het 

meest

Energieprijzen 

belangrijk

CCS kost bijna 

altijd meer dan 

geen CCS 

(behalve EOR)

Daarom is (hoge) 

CO2-prijs 

noodzakelijk, of 

ander beleid

Source: Irlan, L, 2017: Global costs of Carbon Capture and Storage

http://hub.globalccsinstitute.com/sites/default/files/publications/201688/global-ccs-cost-updatev4.pdf



CCS is not the public’s favourite…

Trust in institutions

Procedural justice

Take concerns seriously

Shared values

Risks, and perception of risk

Compensation



Bio-energy and CO2 capture and storage (CCS)

• With fossil CCS, we prevent 

emission of CO2 into the 

atmosphere

• Bio-energy generates energy 

while emitting short-cyclical 

CO2

• Combination could lead to net 

removal of CO2 from the 

atmosphere

• Technically feasible, but 

economic and social 

feasibility unclear or doubtful 

(especially at the scale 

needed)

Image: GCCSI



Other examples of carbon dioxide removal

• Afforestation and 

reforestation

• Soil Carbon 

Sequestration/Biochar

• Enhanced weathering

• Direct Air Capture: CO2

concentration 300x lower 

than with CCS

https://www.dezeen.com/2017/06/06/world-first-commercial-carbon-capture-plant-

switzerland-pollution-technology-news/



Stratospheric aerosol injection

• We know that volcanic 

eruptions cool the climate 

through sulphur dioxide 

and other aerosol emission

• Direct injection of SO2 in 

lower stratosphere

• Costs are unclear, early 

(and uncertain) estimates 

25-30 billion annually to 

compensate for reduction 

of global dimming effects 

(Crutzen, 2006) 

Image: USGS



Why is reducing 

emissions so hard?



Between 2000 and 2010 greenhouse gas emissions rose 

faster than during the three decades before

Based on Figure 1.3



After 2010, CO2 emissions stabilised but now rising again

BBC, http://www.bbc.com/news/science-environment-41941265



Welfare and consumption are causing the rise in 

energy-related CO2-emissions

Figure SPM.3



Not a clear single culprit

IPCC WGIII  AR5 Figure 

SPM.2

Some three-quarters of 

global GHG emissions are 

energy-related

Demand for electricity and 

heat comes from industry 

and buildings

One quarter agriculture, 

forestry and other land 

use (AFOLU)



Emission pathways to lower temperatures

~3°C

IPCC WGIII  AR5 Figure  

6.9



Staying below 2 degrees GMT rise means an almost 

fully decarbonised economy in 2050 – and lots of CCS

Based on Figure TS.17



Technological limitations can increase costs

IPCC WGIII AR5, based on Figure 6.24



Welfare, consumption and emissions: the role of trade?
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Republic of Indonesia
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Each country has its own story

But most of them

• Rely heavily on fossil fuels for their 

energy (80% of global energy 

supply)

• Are not aware of their population’s 

vulnerability for climate change

• See climate change mitigation as a 

burden on the economy

… So are not inclined to make high 

economic and political costs to

solve this problem

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCM-EpJGgosgCFUo5FAodBesFBw&url=https%3A%2F%2Fmettahu.wordpress.com%2F2014%2F03%2F18%2Fwhat-does-a-better-world-look-like%2F&bvm=bv.104226188,d.d24&psig=AFQjCNGr1NsXEmPU4zzf3Xo0t_37rHyHMQ&ust=1443822495667718


The Paris Agreement

Image credit: U.S. Department of State/ public domain



How to get agreement among >190 countries 

with very different stories and interests? 

1997: Kyoto 

Protocol
• Emission 

reduction targets 

for rich countries 

(by 2008-2012)

• Emissions trading

2009: Copenhagen 

Accords

• Summit failed: no 

new treaty

• Two-degrees 

target agreed

2015: Paris 

Agreement
• Top-down approach 

abandoned

• Countries contribute 

what they want in 

Nationally Determined 

Contributions (NDCs)
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https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJTk-YiiosgCFUJZGgodqiwFkA&url=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3AObama_COP15_Europeans.jpg&bvm=bv.104226188,d.d24&psig=AFQjCNHDnA__NdyvCRQScHY1q6oqQixcyA&ust=1443823020482832
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Main elements of the deal in Paris

Nationally Determined Contributions (NDCs)

Countries pledge contributions, for instance:

• Absolute emission reduction targets (eg compared to 1990)

• Absolute emission reduction compared to baseline (eg 2030)

• Relative targets (CO2-emission per GDP)

• Some kind of effort

“Enabling” instruments

• Markets and non-market mechanism

• Finance: Green Climate Fund

• Technology development and transfer

• Capacity Building

Monitoring

• Global Stocktake: five-year

reviews and ‘ratcheting up’

• Transparency

• Compliance

Limit global warming to well below 2ºC, strive for 1.5ºC

Balance between emissions and sinks in the second half of this century

More than current commitments is needed



For example: Ethiopia

Source: Ethiopian INDC , June 2015

www.unfccc.int – INDC portal

http://www.unfccc.int/


United States: No mention of the United States or 

strong language on absolute emission reductions

China: Sovereignty, no qualification as a 

developed country

India: No obligation for developing countries

European Union: legal force, review

Small Island States: 1.5 degrees option

Least-developed countries: significant support for 

finance, technology, capacity 

Saudi Arabia: no decarbonisation

Gains and red lines for different country groups

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjbn9Pjl5DLAhXCZQ8KHeGfAjEQjRwIBw&url=http%3A%2F%2Fbostonbikeparty.com%2Fle-tour-de-flags-lookbook%2F&bvm=bv.114733917,d.ZWU&psig=AFQjCNGE3iELD-0uawn2cRomykO82U5SeA&ust=1456395922240313


Excellent chairmanship by France

Recent government changes in Canada, 

Australia, Venezuela

Low oil prices

Dropping renewable energy costs

Paris terror attacks (?) 

Helpful circumstances

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiCmfa2mZDLAhVCLQ8KHbatCaEQjRwIBw&url=http%3A%2F%2Fwww.smh.com.au%2Fbusiness%2Fplummeting-oil-price-explained-in-four-graphs-20150113-12n6b7.html&bvm=bv.114733917,d.ZWU&psig=AFQjCNEI4zR0T2Ekcy5cE6zvuJOh5ALgIw&ust=1456396368732652
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjI-9jNmZDLAhUFOg8KHYzZBoMQjRwIBw&url=http%3A%2F%2Fwww.cbc.ca%2Fnews%2Fpolitics%2Ftrudeau-address-climate-change-paris-1.3343394&bvm=bv.114733917,d.ZWU&psig=AFQjCNFdAd2UNUO6NkRFGYJuOHTR3I6HOw&ust=1456396402710346


Impacts of the NDCs

Source: Climate Action Tracker

www.climateactiontracker.org 



The role of 

technology transfer



Know-how, methods, procedures, experience of successes and failures, 

physical devices and equipment (Dosi, 1982), or (Fodella, 1989):

• Hardware: installations

• Software: information, capabilities

• Orgware: institutions (public and private!)

By “Technology development and transfer” in the context of climate change 

we mean the structures that allow installations, knowledge and institutional 

arrangements that enable mitigation and adaptation actions

What is “technology”?



We know we can make technological progress

to

toand

from

500 kWh / year

20 liters / 100 km

50 kWh / year

6 liters / 100 km



Theorising about technology

Invention Innovation

R&D Demonstration Deployment Diffusion



“Technology cycle”

IEA (2008), based on Grubb 2004 and Foxon 2003



Socio-technical studies

Geels (2005 )



Bergek et al. (2008)

Technological innovation systems



Bergek et al. (2008)

Technological innovation systems

Diffusi

on

Users and consumers

• Public movement for 

social innovation

• Testing and acceptance 

low-carbon technologies 

and practices

• Legitimation further 

policy

Demonstration

Financial sector

• Banks: provide loans

• Venture capitalists: 

invest in new inventions

• Development banks: 

reorient (soft) loans to 

low-carbon goalsResearch institutes and 

universities

• Basic and applied 

R&D

• Knowledge 

development and 

education

• Workforce 

development

Companies and 

entrepreneurs

• Experiment with and 

implement new 

technology

• Participate in applied 

R&D and demonstration

Government

• Fund R&D and education

• Legislation

• Create conducive policies 

and markets

• Raise awareness

R&D

Technological 

innovation 

systems



Example: Bus Rapid Transit

What is a BRT system?

Source of photo: Wright and Hook, 2007



Example: Bus Rapid Transit

Why BRT?

• Congestion reduction

• Increased road safety

• Travel convenience

• Revenues/costs ratio

• Lower cost overruns

• Equity

• Creation of new job market

• Reduction of local air pollution

• Reduction of noise levels

• CO2 reduction ITDP, 2007



Example: Bus Rapid Transit

Duke University: 

http://www.cggc.duke.edu/environment/cleanenergy/brt/index.php. 



Example: Bus Rapid Transit

When did problems emerge with BRT?

• Feeder systems

• Fares too high

• Fare collection

• Too busy (too successful?): overcrowding, lower comfort, longer 

travel times

• Resistance by existing public transit stakeholders

• Poor route planning

• Quality control

Lessons

• Build the value chain and the local economy

• Recognise and address the threat BRT poses to existing transport; don’t 

pit forms of transport against each other

• See BRT as part of a transport system. Build it to scale

• Let the private sector do what it’s good at



History of technology transfer in the UNFCCC

1992 1997 20102007 2014 2015

UNFCCC Kyoto Cancun 

Agreements

Paris 

Agreement

Article 4.5 on 

technology 

transfer

Technology 

Mechanism 

established

Expert Group on TT

Technology Mechanism

Technology 

framework 

(re?)established

2000

COP 7: 

Technology 

transfer 

framework

Bali Action 

Plan



Technology Mechanism (since COP16): two strands

Technology Executive Committee Climate Technology Centre and 

Network (CTCN)

20 members, mix of experts and 

negotiators

Met 13 times since its inception

TEC briefs as main information channel

Mandate e.g.: 

• “collaboration on the development 

and transfer of technologies for 

mitigation and adaptation between 

governments, the private sector, 

nonprofit organizations and academic 

and research communities” 

• seeks “cooperation with relevant 

international technology initiatives, 

stakeholders and organizations” 

Independent institution based at UNEP 

in Copenhagen

Overseen by a CTCN Advisory Board

Mandate e.g.:

• Facilitate a network of national, 

regional, sectoral and international 

technology networks, organizations 

and initiatives

• Responds to requests made by 

developing countries through their 

National Designated Entities (NDEs), 

the focal points in countries of the 

CTCN



• Developed countries don’t want to help their future competitors (the 

‘China trauma’)
- Companies want to protect their interests (and misconceptions on intellectual 

property rights)

• Misconceptions of what is needed
- Developing countries: we need to build innovation systems through capabilities

- Developed countries: markets work! They are a part of innovation systems

• Technology Executive Committee fairly political (not fully an expert body)

• CTCN underfunded – link to Green Climate Fund missing

• R&D capabilities in developing countries

However, problems with Technology Mechanism



Paris agreement on technology (Article 10) (1/2)

1. Parties share a long-term vision on the importance of fully realizing 

technology development and transfer in order to improve resilience to climate 

change and to reduce greenhouse gas emissions

- What does “fully realizing” mean? 

2. Parties (…) shall strengthen cooperative action on technology development and 

transfer 

3. The Technology Mechanism established under the Convention shall serve this 

Agreement

- Seen as an important step by some (there was a threat that TM would die out 

completely)

4. Technology framework provides overarching guidance for the work of the 

Technology Mechanism

- The surprise. Different from “Technology transfer framework” (2001). 



Paris agreement on technology (Article 10) (2/2)

5. Recognition that innovation is important and needs financing: “Such effort shall 

be, as appropriate, supported, including by the Technology Mechanism and, through 

financial means, by the Financial Mechanism of the Convention, for collaborative 

approaches to research and development, and facilitating access to technology, in 

particular for early stages of the technology cycle, to developing country Parties” 

6. “Support, including financial support, shall be provided to developing country 

Parties for the implementation of this Article, including for strengthening cooperative 

action on technology development and transfer at different stages of the technology 

cycle (..) 

The global stocktake referred to in Article 14 shall take into account available 

information on efforts related to support on technology development and transfer for 

developing country Parties.”



Technology in the UNFCCC: 

Recognising innovation systems?

- Innovation systems discussed in the TEC (National Systems of 

Innovation)

- Since then, officially used but linear model still intrinsic in 

conversations

- Recognition of the capability problem in the technology cycle

- Recognition of “cooperative action” – establishing network 

- Climate Technology Network (as part of the CTCN): currently >450 

members but still no working strategy (or resources) on how to use it



What do current technology interventions achieve? 

In addition to the Technology Mechanism, other processes relevant to 

technology transfer:

- Bilateral technology cooperation initiatives

- Clean Development Mechanism (UNFCCC)

- Climate Innovation Centres (World Bank / infoDev)

- Technology Needs Assessments (UNFCCC / UNEP UDP)

- UNIDO/UNEP National Cleaner Production Centres

- ….

Coninck & Puig, Climatic Change 2015



Take-home points

Innovation and technology development and transfer are 

non-linear processes with many uncertainties

In climate negotiations, Annex I countries seem to have 

misconceptions on the state of local innovation systems in 

developing countries (institutions and capabilities)

Local political economy is key in technology interventions –

CTCN request responses need to take this into account 

CTCN is well-placed to build local innovation capabilities 

through its network, but currently lacks a vision and action 

plan

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKjouJL2hMYCFYpakgodRFoA2w&url=http%3A%2F%2Fwww.energyquest.ca.gov%2Fstory%2Fconclusion.html&ei=GxJ4VejuJoq1yQTEtIHYDQ&bvm=bv.95277229,d.cGU&psig=AFQjCNFEA2ocGxKQT66T6-AZJ2DnrmfjQA&ust=1434018709976944


The IPCC on limiting warming to 1.5ºC

Image: Climate Home News



Background of the SR1.5

Paris Agreement: “well below 2ºC” and strive for 1.5ºC

Countries submitted Nationally Determined Contributions, but… (COP21)

• “…notes that much greater emission reduction efforts will be required than those 

associated with the intended nationally determined contributions” 

Invites the Intergovernmental Panel on Climate Change to provide a special 

report in 2018 on the impacts of global warming of 1.5ºC above pre-industrial 

levels and related global greenhouse gas emission pathways (COP21 decision, 

para 21)

COP24 (Katowice, November 2018): First 

moment where Parties take stock of how 

things are going



SR1.5 – Agreed outline and pages

Summary for Policy Makers (up to 10 pages)

1. Framing and context (15 pages)

2. Mitigation pathways compatible with 1.5°C in the context of sustainable 

development (40 pages) 

3. Impacts of 1.5°C global warming on natural and human systems (60 pages)

4. Strengthening and implementing the global response to the threat of 

climate change (50 pages)

5. Sustainable development, poverty eradication and reducing inequalities (20 

pages)

Boxes - integrated case studies/regional and cross-cutting themes (up to 20 pages)

FAQs (10 pages)



Addressing comments



Some (draft) conclusions (personal views)

Not just ambition of Paris Agreement is key, also implementation and its means

Feasibility is complex but depends on a concerted effort

Behaviour change can avoid the extensive use of carbon dioxide removal

Redirection of significant amounts of finance, but only a few percent of the 

global capital formation

Whether we will stay below 1.5ºC or exceed it, things will never be the same 

again

The IPCC report is painting a picture that we can still limit temperature 

rise to 1.5ºC but it requires systemic change everywhere



Conclusions

Image: https://www.nasa.gov/images/content/686997main_3mlp.jpg



We can still change the future

• Paris was useful as a launching platform, but both raising ambition and 

implementation are crucial for reaching its temperature objectives

• Much attention to the quantitative impacts of the NDCs and to finance, but 

not to implementation – in particular technology, capacity building and 

institutional matters

• We could still limit warming to 1.5ºC, but it takes systemic change across 

sectors, countries, attitudes, companies

• Developments in some areas (renewable energy in particular) are 

encouraging, but other low-carbon options are moving too slowly

• Transformative change in behaviour, consumption, innovation and 

institutions across the economy and the world needed



Thank you
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