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Co-benefits in mitigation assessments- IPCC 
AR5
• AR5 addresses co-benefits in “transformation pathways” as well as 

“various sectors” and “policies”
• Implications to climate stabilization costs

• Quantification of co-benefits themselves 

• Characterization (identification, nature/type) of co-benefits

• Co-benefit as a key vehicle for climate policies

• Summary for Policy Makers, IPCC AR5 Mitigation

There is a wide range of possible co-benefits, adverse side-effects and 
spillovers from climate actions and policies that have not been well-
quantified 



IPCC AR5, 2014

• Do not consider the benefits of reduced climate change or co-benefits and adverse side 
effects of mitigation

• The potential for co-benefits outweighs the potential for adverse side effects
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Quantification of co-benefits

• Mitigation scenarios of 450 or 500 ppm CO2-eq by 2100 
show:
• reduced costs for achieving air quality and energy security 

objectives

• significant co-benefits for human health, ecosystem impacts and 
sufficiency of resources and resilience of the energy system

• These scenarios did not quantify other co-benefits or 
adverse side-effects



Pp 62, main report, Technical Summary, IPCC AR5 Mitigation
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Identification and characterization (qualitative 
assessment) of co-benefits in various sectors 

• Energy

• Transport

• Buildings

• Agriculture, forestry and other land uses

• Urban system 



Building co-benefits, 
IPCC AR4 WGIII 
main report pp 80
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Summary on co-benefits
• The co-benefit are often well characterized – But, limitedly 

quantifiedwide spectrum of co-benefits are yet unquantified

• Co-benefits, if incorporated to the cost of climate stabilization 
pathways, are expected to reduce overall cost  but yet to be 
comprehensively addressed in models

• In recent years the co-benefits quantification of climate 
actions has progressed  in areas such as air pollution, health, 
energy security and employment (e.g. through renewable 
energy)   

• Supporting co-benefits are key  quantification, assisting 
research to understanding their implication in models, and 
using them for advancing climate policies



RE in IPCC AR5

• Decarbonizing electricity generation is a key cost-effective mitigation 
strategies for 430 – 530 ppm CO2eq scenarios  

• In most integrated modelling scenarios, decarbonization happens 
more rapidly in electricity generation than in the industry, buildings, 
and transport sectors

• In the majority of low-stabilization scenarios, the share of low-carbon 
electricity supply (comprising renewable energy, nuclear and CCS) increases from the 
current approx. 30 % to > 80 % by 2050, and fossil fuel power 
generation without CCS is phased out almost entirely by 2100 



Relative increase of NPV mitigation costs (period 2015 – 2100 at 5 % discount rate) 
from technology portfolio variations compared to a scenario with default technology 
availability. (IPCC AR5 WGIII Report, pp 453)

IPCC AR5 does not identify solar energy as a strategically important 
technology option (Creutzig et al., 2017, Nature Energy) 

With coordinated 
advances in multiple 
components of the energy 
system, PV could supply 
30–50% of electricity in 
competitive markets

(Creutzig et al., 2017, 
Nature Energy)



Solar PV and onshore wind have seen very rapid cost 
reductions in recent years

By 2025, the global weighted average cost 
of electricity from
• solar PV could fall by as much as 59%
• CSP by up to 43%
• Onshore and offshore wind could see 

cost declines of 26% and 35%, 
respectively

(IRENA, 2017)

• PV modules: learning rate 18% to 22%
• Module price fell 80% since 2010
• Onshore wind: Learning rate of 15% 

for the cost of electricity delivered
• Installed cost reductions (wind turbine 

prices fallen 38% on average since 
2009)



Battery electricity storage systems: Installed energy cost reduction potential, 2016-2030

(IRENA, 2017)

Total electricity storage capacity could triple in energy terms 
by 2030, in tandem with rapid uptake of renewable energy



IAMs

•Next generation IAM and sectoral studies must find  a 
better way to integrate renewables electricity and co-
benefits 
• declining cost of storage and cost of renewable, especially 

solar PV, storage, and onshore wind
• variable nature of renewable electricity and their 

integration aspects
• wide spectrum of co-benefits in evaluating costs of 

climate stabilization pathways



Improving IAMs?

• Incorporation of recent PV costs to 
REMIND Model of PIK (Creutzig et al., 2017, 
Nature Energy)

• Six IAM modelling teams  new 
approaches to improve the representation 
of power sector dynamics and variable 
renewable energy system (VRE) 
integration in IAMs (Pietzcker et al., 2017, Energy 
Economics, 64:583-599)

• Updating the power sector representation 
and the cost and resources of wind and 
solar  substantially increased wind and 
solar shares across models: 

• Under a carbon price of 30$/tCO2 in 2020 
(increasing by 5% per year), the model-
average cost-minimizing VRE share over 
the period 2050-2100 is 62% of electricity 
generation, 24%-points higher than with 
the old model version.



Summary messages on RE

• Cost of renewables, notably Solar and wind have reduced, 
storage technologies are evolving
• This has important implications to potential scale of renewable 

penetration and thus rate of decarbonization

• IAM and past research have conservative  assumptions in this 
regards  need to do more

• Support for operationalization of renewable electricity integration 
is very important



Thank you

Rate of de-carbonization 
benefits from improving 

renewable energy economics 
and  better knowledge on co-

benefits 



Declining cost of solar electricity, IRENA?

• Show declining cost of utility scale or hh scale solar electricity
• Show how installed capacity or global sell pf PV has increased
• Show how cost of battery storage has declined
• Check if anyone has done model simulation with faster rate of renewable 

penetration/storage spurred by cost reduction at large scale, any IAM 
model has published such results recently?

• Are there new studies with co-benefits better incorporated at global scale 
and estimated cost of climate change mitigation ?

• Are there studies which say that they found very high co-benefits OR 
considered new type of co-benefits OR found new methods of 
incorporating co-benefits



Quantification of co-benefits

• These mitigation scenarios show improvements in terms of:
• sufficiency of resources to meet national energy demand
• resilience of energy supply, resulting in energy systems that are less 

vulnerable to price volatility and supply disruptions

• The benefits from reduced impacts to health and ecosystems 
associated with major cuts in air pollutant emissions are particularly 
high

• Overall, the potential for co-benefits of energy end-use measures 
outweighs the potential for adverse side-effects, whereas the 
evidence suggests this may not be the case for all energy supply and 
AFOLU measures



IPCC AR5 SYR, 2014

Air pollutant emission levels of black carbon (BC) and sulfur dioxide (SO2) by 2050, relative to 2005 (0 = 2005 levels). Baseline scenarios without 
additional efforts to reduce greenhouse gas (GHG) emissions beyond those in place today are compared to scenarios with stringent mitigation 
policies, which are consistent with reaching about 450 to about 500 (430 to 530) ppm CO2-eq concentration levels by 2100.



Energy 
sector co-
benefits or 
trade-offs

AR5 WGIII 
Report:  pp 
72



Transport co-benefits, IPCC AR4 WGIII main report pp 77



Industry and co-benefits
• Co-benefits include enhanced competitiveness through cost-

reductions, new business opportunities, better environmental 
compliance, health benefits through better local air and water quality 
and better work conditions, and reduced waste, all of which provide 
multiple indirect private and social benefits

(IPCC AR5 Mitigation Report, pp 85)



AFOLU co-benefits, IPCC AR5 WGIII Report, pp 89



Urban-scale CC mitigation strategies and co-
benefits
• Implementation of urban‐scale climate change mitigation strategies 

can provide co-benefits

• Urban areas throughout the world continue to struggle with 
challenges, including ensuring access to energy, limiting air and water 
pollution, and maintaining employment opportunities and 
competitiveness. 

• Action on urban‐scale mitigation often depends on the ability to 
relate climate change mitigation efforts to local co‐benefits 



Co-benefits and policies

• There is growing political and analytical attention to co-benefits and 
adverse side-effects of climate policy on other objectives

• Increased focus on policies designed to integrate multiple objectives

• Co-benefits are often explicitly referenced in climate and sectoral plans and 
strategies and often enable enhanced political support

• The analytical and empirical underpinnings for many of these interactive 
effects, and particularly for the associated welfare impacts, are under-
developed. 

• The scope for co-benefits is greater in low-income countries, where 
complementary policies for other objectives, such as air quality, are often 
weak

Pp 96



RE and co-benefits

• The use of RE is often associated with co-benefits, examples
• reduction of air pollution

• local employment opportunities

• few severe accidents compared to some other energy supply 
technologies

• improved energy access and security



Low carbon primary energy includes fossil energy with CCS, nuclear energy, bioenergy, and non-biomass renewable energy

IPCC AR5 WG III Report,  pp 444

Global low-carbon primary energy supply vs. total final energy use 
for  idealized implementation scenarios


