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On 15 and 16 October 2019, ministerial representatives and more than 150 international experts and 
leaders from science, public administration, politics, the private sector, and civil society met in Berlin for 
the conference Climate Opportunity 2019: Co-Benefits for Just Energy Futures. 

The associated Knowledge Commons Exhibition offered a space for sharing the latest assessment results, 
best practices, tools and policy measures to unlock the social and economic co-benefits of ambitious 
climate action with renewable energy. 

This booklet gathers 29 contributions by scientists and policymakers from countries like India, South 
Africa, Turkey, USA and Mexico, thus providing an overview of available co-benefits knowledge 
worldwide.  

The contributions on the following pages present some of the most recent research findings on the socio-
economic co-benefits of renewable energy: Air Quality and Health, Water, Prosperity and Local Value 
Creation, Employment, Energy Access and Energy Security in several countries.  

The chapter Tools and Capacity Building introduces measures for calculating the co-benefits of renewable 
energies and methods to make this knowledge accessible for decision-makers.  

The four contributions collected under the heading Policymaking shed light on how the co-benefits of 
renewable energies contribute to other policy areas and show how they can be taken into consideration 
in policymaking. 

We hope that this booklet inspires scientists and policymakers to carry out further work on the multiple 
social and economic co-benefits of renewable energy. 

 
Sebastian Helgenberger and the COBENEFITS team 

The COBENEFITS project is part of the International Climate Initiative (IKI). The Federal Ministry for the Environment, Nature Conservation and 
Nuclear Safety (BMU) supports this initiative on the basis of a decision adopted by the German Bundestag. 
The  COBENEFITS  project  is  coordinated  by  the  Institute  for  Advanced  Sustainability  Studies (IASS, Lead) in partnership with the Renewables 
Academy (RENAC), Independent Institute for Environmental Issues (UfU) and International Energy Transition GmbH (IET). 
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ASSESSMENTS OF CO-BENEFITS WORLDWIDE 



AIR QUALITY BENEFITS FROM COAL PHASE OUT GERMANY 
Assessing the potential emission reductions in harmful air pollutants from a German coal phase out 

 in line with the Paris Agreement 1.5°C warming limit   

 

CLIMATE ANALYTICS 

 

Anne Zimmer, Paola Yanguas Parra and colleagues 

Background 

Key Methodology 

Key Findings 

Conclusion 
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paola.parra@climateanalytics.org  
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Underlying report: Climate Analytics (2018). Science based coal phase-out pathway for Germany in line 
with the Paris Agreement 1.5°C warming limit: Opportunities and benefits of an accelerated energy 
transition. https://climateanalytics.org/media/germany_coalphaseout_report_climateanalytics_final.pdf 
European Pollutant Release and Transfer Register (EPRTR); Platts database  

 IPCC Special Report on 1.5°C: It is essential to phase out coal rapidly 
from electricity generation globally by 2050, with very substantial 
reductions already by 2030 

 Germany is the EU’s largest greenhouse gas emitter with coal 
accounting for 37% of its gross power production 

 In June 2018, the German government had established the 
Commission on Growth, Structural Change and Employment (known 
as the ‘Coal Commission’) with the task to developing a coal phase-
out plan to meet short-, medium- and long-term climate goals, 
combined with forward-looking structural development in the coal-
mining regions.  
 

 To provide information for the coal commission’s decision making, 
the underlying report: 
 Examined what the Paris Agreement 1.5°C target means for coal 

phase out in Germany’s electricity generation (closing the gap of 
lacking 1.5°C compatible coal phase out pathways for Germany). 

 Assessed the benefits in terms of reduced emissions of harmful 
air pollutants and health implications that could be achieved by 
this at the same time.  

 Coal use for electricity generation will need to be phased out by 2030 in 
Germany in order to achieve a rapid decarbonisation that is consistent 
with the Paris Agreement.  

 Emissions from coal for electricity generation need to be reduced by 42% 
below 2017 levels by 2020 (equ. to 60% below 1990 levels) and 100% by 
2030.  

 A delayed coal phase out in 2038 - as proposed by the coal commission - 
is strongly falling short of what is needed to achieve the Paris 
Agreement targets. 

 Literature largely agrees that a rapid coal phase out is not only necessary, 
but can also be managed in a socially just way. 

 An accelerated coal phase out with a clearly defined strategy would: 
 Provide planning security for affected regions and industries 

facilitating the transition 
 Avoid lock-in effects and stranded assets 
 Save many lives by reducing health-damaging air pollution and related 

health costs 
 Create an environmentally and economically more sustainable future 

for the affected regions  

Substantial co-benefits of avoiding 
air pollution and saving health 
costs could result from the 
proposed accelerated coal phase 
out schedules: 
 Air pollution co-benefits: More 

than half of the air pollutant 
emissions of nitrogen oxides 
(NOx), sulphur oxides (SOx) and 
primary particulate matter (PM10) 
as well as mercury emitted by 
coal power plants between 2018 
and 2030 and related health 
impacts would be avoided.  

 Health implications: more than 
20,000 premature deaths, 9,400 
hospital admissions, and 420,000 
asthma attacks in children as well 
as around 6.7 million lost working 
days could be avoided. 

 Cost savings: Together with other 
avoided impacts for example on 
crops, this can lead to 
considerable cost savings.  

 According to our modelling 
results, current cumulative 
emissions will exceed the 
cumulative emissions for coal 
power in line with the Paris 
Agreement for Germany by a 
factor of five by 2050 and six 
by 2100.  
 

1.5°C  compatible pathway 
for Germany  

Downscaling with SIAMESE Model + 
Harmonised to historical data  

IEA – ETP pathway (B2DS) for CO2 emission  

Platts database: unit level 
information for coal power 

generation 

Paris Agreement compatible coal phase-out 
schedules at the unit level for German coal 

power plants  
 

Benefits  in avoided air pollution emission 
from accelerated coal phase out  

EPRTR data on  
reported emissions 
by power plants 
and derived 
relation to CO2 
emissions of: 
 PM10 
 SOX 
 NOX 
 Mercury  

Regulator’s perspective: 
phases out plants with 
the highest emissions 

intensity first 
 

Owner’s perspective: 
prioritises economic 
value over emissions 

intensity 

Figure 1: Yearly capacity 
retirements regulator and 
owner perspectives. This 
includes planned 
retirements (and units 
entering in security 
readiness) until 2020. 
  
 

Figure 2: Emissions from existing and planned coal-fired 
power plants compared with the coal emissions 
pathway according to the Paris Agreement temperature 
goal.  

Figure 3 and 4: Estimated primary particulate matter 
(PM10 ) and Mercury emissions from German coal 
power plants comparing the Paris Agreement 
compatible phase out scenarios to baseline scenario 
emissions. 

Page 4 

mailto:anne.zimmer@climateanalytics.org
mailto:paola.parra@climateanalytics.org
https://climateanalytics.org/media/germany_coalphaseout_report_climateanalytics_final.pdf
https://climateanalytics.org/media/germany_coalphaseout_report_climateanalytics_final.pdf


CO-BENEFIT ANALYSIS FOR KENYA’S ELECTRICITY SECTOR 

 

Lukas Kahlen, Marie-Jeanne Kurdziel, Thomas Day, Tessa Schiefer 

Background 

4 Graphical illustration 

Methodology 

Key findings 

Contact: 
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Marie-Jeanne Kurdziel: m.kurdziel@newclimate.org 

Kenya is one of the fastest growing economies in Sub-Saharan Africa 
with high anticipated economic growth rates and ambitious 
infrastructure flagship projects. However, recent electricity demand 
forecasts were considerably decreased. Both, in a possible scenario of 
subdued growth and one of future electricity demand growth, it is key 
that capacity planning for electricity generation is carried out in a way 
that electricity supply matches demand. At the same time, sustainable 
development goals and environmental targets need to be achieved. 
This includes Kenya’s target to reduce greenhouse gas (GHG) emissions 
by 30% below business as usual by 2030, as announced in the country’s 
Nationally Determined Contribution (NDC) to the Paris Agreement. 
A major challenge for planners and policymakers in the electricity 
sector is the identification of the optimal composition of electricity 
generation technologies within different load-factor categories. This 
study aims at supporting decision making in the electricity sector by 
comparing the two main power generation technologies that are 
considered as baseload electricity supply options in Kenya, namely 
geothermal and coal, and their impact on sustainable development 
goals, such as job creation and human health.  

Building and operating coal-fired power plants in Kenya, starting with 
the Lamu power plant, would considerably slow the development of 
readily available, clean and increasingly low-cost geothermal and other 
renewable energy sources such as wind and solar. 
The analysis of the employment and health co-benefits of geothermal 
energy use supports this line of argumentation by showing the negative 
sustainable development impacts that can be avoided in terms of 
health as well as the positive impacts on domestic job creation and the 
wider economy. 

 Using geothermal instead of coal to generate electricity leads to 
more domestic job creation: The optimised scenario which relies on 
geothermal power and does not consider any coal-fired power plants 
leads to more domestic job creation and creates slightly more jobs 
per unit of investment at a lower overall scenario cost (based on 
EIM-ES, see graphic illustration).  

 Negative effects on human health can be avoided if no coal-fired 
power plant is built: Up to 2065, roughly an additional 1,650 
Kenyans would die prematurely if both coal plants in Lamu and Kitui 
were built and operated, including almost 44,000 years of life lost 
(based on AIRPOLIM-ES, see graphic illustration). Impacts of 
geothermal-based electricity generation are not considered since its 
emissions do not include significant amounts of air pollutants. 

 Building the Lamu coal-fired power plant puts Kenya‘s climate 
change target at risk and may result in increased public spending to 
address the adverse effects of climate change. 

The study encompasses a broad assessment of geothermal and coal-
based power generation in Kenya. 
The analysis of co-benefits under different scenarios is based on 
quantitatively analysing the impacts of geothermal and coal-based 
power generation on national development objectives.  
We focus our socio-economic assessment on employment and health, 
applying the Economic Impact Model for Electricity Supply (EIM-ES) 
and the Air Pollution Impact Model for Electricity Supply (AIRPOLIM-
ES) to better inform policy makers of relevant wider impacts beyond 
economic cost and the climate. 
 

Graphical illustration 

Conclusions and recommendations 

2035 2035 2050 2050 2065 2065
Reference case Alternative case Reference case Alternative case Reference case Alternative case

Stroke 77 7 550 73 978 151
Ischemic heart disease 43 4 309 41 550 85
Lung cancer 3 0 22 3 39 6
COPD 8 1 54 7 97 15
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* Reference case: Lamu power station: 981 MW (start: 2024), Kitui power station: 960 MW (start: 2034); Alternative case:  
* Lamu power station: 450 MW (start: 2034); assumed lifetime of all coal-fired power plants is 30 years  

Figure 1: Technology comparison: Short and long-term employment creation by scenario (based on EIM-ES and input from 
the 2017-2037 LCPDP as well as LIPS-OP/XP) 

Table 1: Scenario comparison - Employment and investment for the Reference Case and Optimised Case Adj. (based on EIM-
ES and input from the 2017-2037 LCPDP as well as LIPS-OP/XP) 

Impact category Unit Reference Case Optimised Case Adj. 

Scenario cost USDm 31,361 28,314 

Employment impacts over 
modelling horizon 

job 
years 

Total 1,072,656 1,129,363 

Direct 437,065 465,523 

Employment impacts per 
year  

job 
years 

Total 44,694 47,057 

Direct 18,211 19,397 

Investment over 
modelling horizon  USDm 

Total 35,404 36,918 

Direct 18,327 19,078 

 

Health impact assessment 

Economic impact assessment 
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Assessing the sustainable development implications of the role of geothermal and coal in Kenya’s electricity system 
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HEALTH BENEFITS RELATED TO RENEWABLE ENERGY 
DEPLOYMENT IN INDIA 

ASSESSING THE CO-BENEFITS OF DECARBONISING THE POWER SECTOR  
Arindam Datta, Souvik Bhattacharjya and Anju Goel 
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Changing ambient air quality 

Key methodology 

Renewables contribute to (future) health 

Enable future health opportunities 

Contact: 
Anju Goel:  agoel@teri.res.in 
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India has experienced a remarkable transition in reducing absolute 
poverty, improving standards of living and creating livelihood 
opportunities for the impoverished, and enhancing access to 
cleaner and affordable energy.  
However, ambient air pollution has emerged as the second leading 
health risk factor in India. 
Since electricity generation in India is still largely coal-based, the 
power sector is an important contributor to ambient air pollution.  
 
 
 
 
 
 
 
 

 

This study assesses the economic and health effects of the Indian 
power sector until 2050. under three different energy scenarios. 

 In the BAU scenario, all-
cause mortality due to 
exposure to particulate 
matter (PM10) during 2020 
will be around 500,000 
people. This number would 
rise to 830,000 by 2050.  

 By moving from the BAU to 
the INDC+ pathway, more 
than 200,000 premature 
deaths can be avoided.  

 This study assesses the impact of ambient air pollution on human 
health in India by quantifying health effects and economic costs 
associated with PM2.5/PM10 exposure. 

 Besides the quantification of impacts of ambient air-pollution from 
all sectors of the Indian economy, the specific impact of the Indian 
power sector is evaluated.  

 The study is based on three different energy scenarios: A BAU 
scenario, an INDC scenario and an INDC+  scenario, taking up 
strategies for higher decarbonisation compared to the INDC 
scenario. The analysis covers the years 2020, 2030, 2040 and 2050 

Figure 1. Ambient PM2.5 related deaths attributable to different sectors in 
India under BAU scenario. Source: HEI, 2018 

2015 2050 

Figure 2: By reaching a higher share of renewable energies in the power sector 
(as indicated in the NDC PLUS scenario), than originally planned in its NDCs, India 
can save health costs of around INR 12 trillion (170 billion US Dollar) until 2050.  

Year BAU INDC INDC+ 
2020 36174 34919 32602 
2030 30115 28832 28334 
2040 41094 38048 37385 
2050 52135 45404 45741 

Table 1. All cause mortality 
attributable to air pollutants 
emissions from power  plants in 
India 

The following policies and activities are recommended to seize and 
broaden the positive health impacts for population of India by 
following an ambitious decarbonisation pathway in the power 
sector: 

 Develop innovative business model and incentive mechanisms for 
promoting various renewable energy technologies particularly in 
rural and remote locations    

 Improve independent emission monitoring and law enforcement 
through third-party assessments and extended mandates for the 
state run agencies like the CPCB and SPCBs  

 Foster interdisciplinary exchange between researchers and ensure 
methodological standards and joint monitoring. 

 With current PM2.5 concentrations five times higher than the 
values recommended by the WHO, air pollution accounts for 
4–5% of total mortality in India.  

 

 COBENEFITS 
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IMPROVING HEALTH AND REDUCING COSTS THROUGH 
RENEWABLE ENERGY IN SOUTH AFRICA 

ASSESSING THE CO-BENEFITS OF DECARBONISING THE POWER SECTOR 

 

 COBENEFITS 

 

Nuveshen Naidoo and Jackie Crafford 

Health impacts of energy production 

Projection of health costs 

Key methodology 

Health benefits from decarbonization 

Creating an enabling environment 

Contact: 
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References  
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Figure 1: Estimated health costs associated with the power sector in 2030 and 2050. The 
„Current policy“ bar indicates health costs in case of the implementation of the current 
South African Integrated Resource Plan 2016 (IRP 2016), which amout to R18 billion in 2030 
and R15 billion in 2050.  
The „Rapid decarbonisation“ bar indicates health costs in case of the implmentation of the 
Department of Environmental Affairs (DEA) rapid decarbonisation plan, amounting to R10 
billion in 2030 and R1 billion in 2050.  
Thus, a rapid decarbonisation permits savings of R8 billion in 2030 and R14 billion in 2050 
as indicated by the „rapid decarbonisation bonus“. 

This study quantifies the impacts of 
South Africa’s power sector on human 
health, and how a shift to a less carbon-
intensive power sector can help to 
reduce negative impacts and contribute 
to reducing costs in South Africa’s health 
system. 

Building on the study results and the surrounding discussions with 
political partners and knowledge partners, we propose to direct the 
debate in three areas where policy and regulations could be put in 
place or enforced in order to reduce air pollution from coal-fired 
power plants within the shift to a less carbon-intensive power sector: 

 Integrate health externalities of coal into power sector planning 

 Enforcement of Air Quality Act (emission standards) and potential 
retro-fitting of existing coal-powered plants that do not comply with 
existing regulations 

Up to 44 million people are exposed to air pollution from coal power 
plants in South Africa. Health effects are most severe where most of 
the coal-fired power plants are located. As many as 2080 premature 
deaths annually can be attributed to air pollution from power plants 
in South Africa.  
Estimated health costs of coal power generation in 2018 range from 
R11-30 billion (US $ 0.73-2  billion) and will continue to rise until 2022. 
The study findings show that around 27 % of health costs are 
associated with restricted activity days and a consequential decline in 
workforce productivity.  
By significantly increasing the share of renewable energy, South Africa 
could cut health costs associated with the power sector from 45% in 
2030 up to 93% by the year 2050 amounting to as much as R76-269 
billion (US $ 5-18 billion) in absolute savings.  
Given that this pathway included coal power generation beyond 2050, 
health costs could be further reduced in a scenario that phases out 
coal power before 2050.  

Air pollution emissions for four energy-generation scenarios with 
different intensities of decarbonization were evaluated (1) and the 
dispersion of air pollutants in the atmosphere were modelled (2).  
The exposure of the population to air pollutants was calculated (3) and  
the changes in disease incidence could be estimated (4). Attributing 
monetary costs to different diseases (5), allowed the estimation of the 
total financial cost of health impacts in each scenario. 
 

 Ensure better data availability for health cost assessments and 
public information 

Air pollution, primarily from coal-fired power plants, is one of the 
main impacts that the energy sector has on the environment and 
human health. South Africa’s heavy reliance on coal energy is a 
major contributor to air pollution.  

Air pollution has many negative impacts, of which those of greatest 
concern include heart disease, lung cancer, stroke and chronic 
obstructive pulmonary disease (WHO, 2016). The consequence of 
the increased levels of morbidity, result in elevated health costs and 
productivity losses.  
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INTEGRATING CLIMATE AND AIR QUALITY POLICY:  
A PRACTICAL APPROACH 

 

ClimAct 

 
Kathleen A. Mar and Charlotte Unger 
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Figure 2. Impacts of selected greenhouse gases and air pollutants. Nearly all climate and air 
pollution mitigation measures will affect emissions of multiple pollutants, all of which should 
be considered during the policy development process. This table gives an overview of the 
most important climate, health, and ecosystem impacts of important greenhouse gases and 
air pollutants.  | Source: IASS/the authors; adapted from Melamed et al. 2016. 

Climate change and air pollution are two of the most critical health and 
sustainability challenges facing society today. They are also closely 
related: the major sources of CO2 emissions are the most significant 
sources of air pollution. So it would seem only logical to seek joint 
solutions to these two problems. Yet, policymaking on climate change 
and air quality still tends to take place on parallel tracks, with limited 
coordination.  
Integrated policymaking for climate and air quality begins with a vision 
of the interconnectedness of climate, air quality, and many other 
aspects of sustainable development. We would like to see a such a 
vision permeate the planning and implementation of climate policy 
instruments, tools and programmes, as well as an increased awareness 
of the benefits of such an approach among the public. 

Involve crucial stakeholders early and regularly throughout the 
process. An inclusive vision that encompasses climate, air quality, and 
other societal concerns will take a wide range of stakeholders into 
account. The involvement and ownership of these stakeholders is 
essential for the acceptance of policies and support for their 
implementation. 
Example: In 2018, Nigeria launched a National Action Plan To Reduce 
Short-lived Climate Pollutants, which encompasses not only the 
mitigation of greenhouse gas emissions, but also development issues 
like food availability, health, nutrition and well-being, and job creation. 
Remarkable is not only the output but also its development, which was 
supported by the CCAC, where the inclusion of a great variety of 
stakeholders took centre stage.  
Assess emissions of greenhouse gases and air pollutants together, and 
consider multiple impacts simultaneously. Integrated policymaking on 
climate and air quality is made easier by using modelling tools that 
assess emissions of greenhouse gases and air pollutants in tandem in 
order to quantify multiple impacts, for example on climate, health, and 
crops. 
Example: One integrated planning tool is LEAP-IBC, which the CCAC has 
used in its work in Nigeria and several other countries engaged in 
national planning processes on SLCPs. The tool exemplifies an integrated 
policy approach by considering the greenhouse gas and air pollutant 
emissions of scenarios together in one “dashboard” and by calculating 
multiple benefits: avoided premature deaths and avoided crop losses at 
the country or regional scale, and avoided temperature rise at the 
global scale.  
Take advantage of existing legal frameworks and ongoing policy 
processes. Existing policy structures can be adapted in order to 
integrate mitigation efforts in the fields of climate change and air 
quality.  
Example: One good example of this is the Gothenburg Protocol, an 
international agreement on air pollution, to which the climate pollutant 
black carbon has been added in a recent amendment. Some countries 
have also included SLCPs in their NDCs under the Paris Agreement; in 
this context more thought needs to be given to how to take short-lived 
and long-lived forcers into account when evaluating the impact of 
climate plans. 

*Tropospheric ozone's impact extends to the hemispheric scale. 
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U.S EPA’s TOOLS FOR ESTIMATING EMISSIONS, AIR QUALITY 
AND HEALTH BENEFITS 

Supporting the Quantification of Co-Benefits in Decision Making 

 

EPA 

 

Emma Zinsmeister,* David Cooley,† Kait Siegel†, and Xi Xi† 

Project Examples 

2 Key Methodology 

Conclusions 
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Emma Zinsmeister, zinsmeister.emma@epa.gov  

Notes and References  
Author affiliations: 
* U.S. Environmental Protection Agency 
† Abt Associates 

 U.S. EPA has developed tools analysts and decision makers can use to 
quickly and easily estimate the emissions, air quality, and public health 
co-benefits of EE/RE policies and programs.  

 These tools are used widely by analysts, project developers, state and 
local governments, and others to develop a more complete picture of 
the benefits of existing and proposed EE/RE policies and programs. 

 Tools for quantifying co-benefits will continue to play an important role 
in decision making as stakeholders assess emerging strategies for 
achieving their climate and energy goals. 

 Access the tools described here at www.epa.gov/statelocalenergy. 

1. Hayes, Sara and Kubes, Cassandra. Saving Energy, Saving Lives: The Health Impacts of Avoiding Power Plant Pollution with Energy Efficiency. 2018. https://aceee.org/research-report/h1801 
2. Abt Associates. Analysis of the Public Health Impacts of the Regional Greenhouse Gas Initiative, 2009-2014. 2017. https://www.abtassociates.com/insights/publications/report/analysis-of-the-public-

health-impacts-of-the-regional-greenhouse-gas 
3. This example assumes a 10-megawatt solar project, based on data from the U.S. Energy Information Administration Form 860 (https://www.eia.gov/electricity/data/eia860/). Generation was 

estimated using the National Renewable Energy Laboratory PVWatts Calculator (https://pvwatts.nrel.gov/pvwatts.php). 
4. Lazard. 2018. Lazard’s Levelized Cost of Energy Analysis. Version 12.0. https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/ 

Energy efficiency and renewable energy (EE/RE) can reduce air pollution 
emissions from the electric power sector either by decreasing demand 
for electricity or by displacing fossil fuel-based generation with zero-
emitting sources of generation (e.g., wind and solar). These avoided 
emissions improve air quality and provide public health benefits, such as 
reduced incidences of respiratory and cardiovascular illnesses and fewer 
premature deaths. However, these benefits are often not quantified or 
fully reflected in analyses or decision-making processes regarding EE/RE. 
The following conceptual framework illustrates the steps involved in 
estimating the emissions, air quality, and health co-benefits from 
changes in electricity generation. 

U.S. EPA’s AVERT and COBRA tools have been cited in more than 100 publications 
and reports by state and local governments, non-governmental organizations, and 
academic institutions. The BPK values are a new resource, published in July 2019. 
 

Figure 2. Cumulative health effects of RGGI, 
2009 to 2014. Source: Abt Associates 2017. 

Changes in 
emissions of CO2, 
NOx, SO2, and PM2.5 
from EE/RE policies 
and projects. 

 
 

Historical hourly 
electricity 
generation and 
emissions data 
from power plants 
in the U.S. 

 

On size of RE 
installation or 
amount of energy 
consumption 
avoided due to EE. 

 

Regional,  
state-level, and 
county-level 
estimates of fossil 
generation and 
emissions avoided. 

Changes in morbidity 
and mortality due to 
changes in ambient 
PM2.5 and monetizes 
results.  

 
 
A source-receptor matrix 
that estimates how 
changes in emissions 
affect air quality in other 
areas and health impact 
and economic valuation 
functions used in EPA’s 
regulatory impact 
analyses.  

 
On the change in NOx, 
SO2, PM2.5, VOC, and 
NH3 emissions at the 
county or state-level. 

 
 
 
 
County-level estimates 
of change in incidence 
and monetary value of 
health benefits. 

Monetized health 
benefits per kilowatt-
hour (kWh) of fossil 
generation avoided by 
4 types of EE/RE for 
10 regions of the U.S.  
 
 
 
 
Modeling using AVERT 
and COBRA. 

 
 
 
 
 
 
On the amount of 
electricity produced 
by RE or avoided due 
to EE.  
 

 
An economic value of 
health benefits by 
simply multiplying the 
kWh of fossil 
generation avoided by 
the corresponding 
BPK value for the type 
of EE/RE and region. 

The U.S. Environmental Protection Agency (EPA) has developed a set of 
free and user-friendly tools to help state and local governments, non-
governmental organizations, project developers, and others follow this 
framework and easily quantify these important co-benefits of EE/RE 
policies and programs in the United States.  

Figure 1. Top 15 states by avoided annual health 
harms from a 15% electricity savings scenario, low 
and high range (US$). Source: Hayes and Kubes, 2018. 

Tools for Estimating Co-Benefits Background 

• AVERT and COBRA were used to estimate 
that a 15% reduction in electricity 
consumption across the U.S. would lead 
to an 11%, 18%, and 23% reduction in 
PM2.5, NOX, and SO2 emissions, 
respectively. These emissions reductions 
would result in up to $20 billion in 
avoided health harms in a single year.1  

• COBRA was used in an analysis of the 
public health impacts of the Regional 
Greenhouse Gas Initiative (RGGI), a CO2 
cap and trade program for the power 
sector in the Northeast U.S. The study 
estimated that, between 2009 and 2014, 
RGGI generated $5.7 billion in health co-
benefits and avoided 300 to 830 
premature deaths due to associated 
reductions in ambient PM2.5.2  

• Based on the BPK values for solar in the Southeast U.S. (1.64-4.15 ¢/kWh), a 
typical utility-scale solar project in North Carolina (14 million kWh per year)3 
could result in $229,600-$581,000 in health benefits in a single year. A project of 
this size is estimated to cost $600,000 – $740,000 (3.6-4.5¢/kWh).4 
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Figure 1: The water demand of wind power and solar PV systems is 
considerably lower than that of coal and nuclear power plants. Considering 
the whole life cycle, wind turbines and solar PV systems consume only about 
0.1 – 14% and withdraw about 2 – 15% of the water typical thermo-electric 
power plants (coal or nuclear) use to generate 1 MWh of electricity.  
Source: IRENA (2015)  

Global  
Around 10% of the total water abstraction worldwide is related to 
energy sector activities. 
The global water needs of the energy sector will increase in the 
future. 
Globally rising demand for water resources and climate change will 
further aggravate existing water constraints. 
 
European Union 
Energy production (primarily cooling water) uses the highest amount 
of water withdrawal in the EU (44%).  
 
USA, EU and Australia 
Nuclear and coal power plants have been switched off temporarily or 
have had to be operated at reduced load due to water scarcity. 
 
China 
Coal-fired power plants are responsible for around 90% of total water 
withdrawals related to the power sector. 

 Enhance transparency on water use in the energy sector by 
supporting research on actual water requirements in the energy 
sector in different parts of the world 

 Incorporate water scarcity into energy decision-making, e.g. by 
integrating water scarcity into energy system models for public 
policy planning and by charging the energy sector for its water use 

 Expand alliances to implement the energy and water-related 
Sustainable Development Goals (SDG 6 and SDG 7) to further reveal 
the potential for conscious and conserving water management in 
the energy sector. 

Conventional energy sources 
 Water is the standard cooling medium in thermal power plants such 

as coal or nuclear power plants. 
 

Solar energy 
 For Solar PV, water is mostly used for module manufacturing, to 

balance the system and for on-side use, e.g. the cleaning of solar 
modules. 

 The mix of energy sources greatly affects the volumes of water 
needed for power generation. 
 

 Water use in the electricity sector can be significantly reduced by 
moving to renewable energy technologies such as solar PV and wind 
energy. This would also reduce the vulnerability of the energy 
system. 

 
 Other technological options to reduce the water use of conventional 

energy sources (such as dry cooling or cooling by non-freshwater 
sources) can reduce the water demand of thermal power plants, but 
they are often expensive, land-consuming and associated with 
increased costs and reduced efficiency. 
 

Page 10 
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Figure 1: Display of monetary savings of South African households in relation 
to the installed capacity of PV systems in gigawatt (GW). The % indicates the 
remaining potential of rooftop PV installation in South Africa.  
 
If 50% of the potential capacity of rooftop PV is installed South African 
households could safe R7,22 billion (around US $475 million). The savings can 
be increased by 80% to R12,99 billion if 90% of the potential capacity of 
rooftop PV is installed. 

Rapidly falling costs of photovoltaic (PV) combined with sharply 
increasing electricity prices are opening the opportunity for a new 
wave of renewable energy investment by households and commercial 
customers in South Africa.  
For many consumer groups, it is already today more interesting to 
produce PV electricity themselves on their rooftops instead of 
purchasing it.  
Prices for PV and battery systems are expected to decline further in the 
future, thus improving the economics for so-called prosumers (i.e., 
consumers that produce a portion of their electricity on-site, based on 
rooftop solar PV).  
This study quantifies the expenditure savings that may be achieved by 
residential and commercial consumers in South Africa when installing 
rooftop solar photovoltaic (PV) systems with the aim of consuming 
most of the resulting electricity directly (henceforth  
termed self-consumption).   
The research was carried out in the context of the COBENEFITS  project 
with the aim of assessing the co-benefits of a low-carbon energy 
transition in South Africa. 

The economic viability of PV systems for self-consumption will further 
improve in the coming years and growth rates will further accelerate. 
However, certain policies and regulations will need to be put in place 
or adjusted in order to manage sustainable uptake in the rooftop PV 
sector, including 

 Payments for excess electricity fed into the grid by prosumers 
 The future rate design for prosumers as charges can undercut the  

economics of self-consumption 
 Incentives for low-income households to become prosumers  
 Managing and forecasting the future uptake of self-consumption for 

informed decision making 

  With a fair valuation of PV by the local utility, payback periods of PV 
systems for commercial and residential users can be reduced to 6 
years and 10 years respectively.  

 An attractive payment scheme also fosters self-generation and self-
consumption by enabling prosumers to design more capacious 
systems with the option to feed-in and sell surplus electricity back 
to the grid. At present, prosumers must design their system to avoid 
generating surplus electricity, because the additional installation 
costs of a larger system cannot be recouped by selling any surplus 
energy into the grid. 

 Combined annual savings for residential prosumers in South Africa 
could add up to around R12.8 billion (US $ 840 million) by 2030 in 
the metropolitan areas alone, assuming that up to 11.2 GW of 
rooftop PV capacity could be installed by residential prosumers. For 
residential prosumers annual savings range from R2400 to R6500 
(US $158 – US $428). For typical commercial customers, annual 
savings range from R20.000 to R65.914 (US $1320 – US $4340).  

The present study employs a two-tier methodology. The first tier deals 
with the business cases of individual customers by calculating the 
potential expenditure savings resulting from customers usage of PV.  
The second tier assesses the future economic potential of rooftop 
systems using the metrics derived from the tier-one assessment.  
This includes gauging the profitability of PV installations in relation to 
the tariff that the customer is billed and assess whether the solar PV 
and/or PV + battery installations will break-even within the system’s 
lifetime when located in different regions. 
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Figure 1: The graphic shows the total energy costs savings, the total mitigation 
potential adding the hospitals and schools, and the return of investment time 
in each of the Tiers assessed. The bars indicate the 3 different Tiers of energy 
efficiency and renewable energy measures.  

This study analyzes the potential economic savings and greenhouse gas 
(GHG) mitigation potential through the implementation of different 
energy efficiency (EE) measures and renewable energy (RE) in buildings 
of the public and private sector:  
 
• Public sector  - Schools and hospitals in Mexico City and in La Paz, 

Baja California Sur. 
• Private sector - Hotels in Los Cabos, Baja California Sur.  
 
Subsequently, projections are made for the local and national levels. 
The study contemplates three levels (Tier) of measures: 
 
 
• EE   (Tier 1)  - Low and zero investment measures 
• EE2  (Tier 2)  - Medium and high investment measures 
• EE+ER  (Tier 3)  - Tier 2 + PV systems for self-consumption 

 The existing legal payment framework does not incentivize public 
Schools and Hospitals to benefit from the potential energy costs 
savings and the GHG mitigation reductions. Incentive mechanisms 
must be established so that public schools and hospitals benefit 
directly from energy and cost saving measures. 
 

 Despite the attractive return on investment of EE measures from 
Tier 2, initial investment costs represent a major barrier to their 
implementation. Financing models should be established to allow 
schools and hospitals to implement energy saving measures and 
benefit directly from cost savings. 

1. Mexico can enable high impact savings with low-cost investment 
with a return on investment within 2 years. The national analysis, 
including 112,415 public schools in Mexico, estimated energy 
savings of 7.13%. This represents economic savings of up to 93.32 
million pesos with the implementation of energy efficiency 
measures of Tier 1. 
 

2. Elementary and secondary public schools in the country, through 
the implementation of energy efficiency measures of Tier 2, can 
save up to 24.27% of their electricity consumption. With an 
estimated investment of 574.3 million pesos, investment with a 
payback return of around 6.2 years translates to estimated yearly 
savings of 917.6 million pesos. 

• Gathering and analysis of energy diagnoses of private and public 
buildings (hospitals, and primary and secondary schools), and 
assortment of complete and reliable energy diagnostics (ED) 

• Assessment on the electrical energy consumption and on potential 
EE and RE measures per building 

• Classification of EE and ER savings measures by penetration levels, 
and  cluster ED to assess the city level analysis 

• Extrapolation to a national level analysis using available 
macroeconomic data 
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ECONOMIC PROSPERITY FOR MARGINALISED COMMUNITIES 
THROUGH RENEWABLE ENERGY IN SOUTH AFRICA  

Assessing the co-benefits of decarbonizing the power sector 

 

 COBENEFITS 

 

Fumani Mthembi, Anthony Dane and Louise Tait 

Social investments through renewables 

Education through renewables 

Key methodology 

Community benefits in numbers 

Accelerating prosperity goals 

Contact: 
Fumani Mthembi: F.Mthembi@knowledgepele.com 
Anthony Dane: anthony@changepathways.co.za 
Louise Tait: taitlouise@gmail.com 

References  
Odusola, Ayodele; Cornia, Giovanni, Andrea; Bhorat, Haroon; and Conceicao, Pedro (2017): Income 
inequality trends in sub-Saharan Africa. United Nations Development Programme. Determinants and 
Consequences: Introduction, Motivation and Overview. No. 2063-2018-609. NBI, National Business 
Initiative (2016): Mapping the SDG targets  and NDP objectives. Available online: 
http://piv.nbi.org.za/Documents/SFU/NDP%20Infographics/NBI%20NDP%20 Infographic%202%20-
%20The%20NDP%20&%20SDGs%20052016.pdf 

Figure 1: The bars indicate the amount of education benefeciaries in 2020, 
2030 and 2050 if the current policy in South Africa is followed (left) or if a 
rapid decarbonisation is implemented (right). 

South Africa’s renewable energy (RE) procurement policy is unique in 
its emphasis on providing benefits for communities in the vicinity of 
projects participating in the RE Independent Power Producer 
Procurement Programme (REIPPPP).  
Inequality is one of the biggest challenges to the achievement of South 
Africa’s developmental objectives. This is why economic opportunities 
for rural and marginalised communities are especially important within 
the South African context. 
The REIPPPP has created a legal framework to incentivise independent 
power producers (IPPs) to channel benefits to communities near RE 
project sites, e.g. through local employment quotas and by 
contributing a proportion of their revenue towards development 
spending. This is known as socio-economic development (SED) and 
enterprise development (ED) spend.  
This study assesses the SED and ED impacts of renewable energy 
deployment in marginalised communities in South Africa.  
It entails the assessment of selected socio-economic impacts, realised 
to date, in three REIPPPP project areas, along with projections and 
modelling the assessed impacts up to 2030 and to 2050 across a range 
of power sector decarbonisation scenarios.  

Building on the study results and the surrounding discussions with 
political partners and knowledge partners, we propose to direct the 
debate in three areas where policy and regulations could be put in place 
or enforced in order to generate prosperity in marginalised communities 
via RE deployment: 
 
 Improve data availability on marginalized communities and social 

investment and improve data transparency 
 Foster community engagement and establish practice guides for IPPs  
 Connect  the REIPPP programme’s socio-economic contributions to the 

Sustainable Development Goals (SDGs)  

 More than 3 000 local enterprises in marginalised communities can 
be supported through REIPPPP until the year 2050.   
 

 Up to 10 000 local jobs can be created in marginalised communities 
through REIPPPP SED and ED spend until the year 2050.  
 

 The employment benefits of RE deployment are distributed 
nationwide – which is not the case for fossil-fuel power plants.  
 

 Up to 30 000 individuals in marginalised communities can benefit 
from access to   education-related programmes through REIPPPP by 
the year 2050. 
 

 With its socio-economic co-benefits, the REIPPP programme makes 
important contributions to meeting the objectives of the UN 2030 
Sustainable Development agenda.  

The study draws on practiceal experience and data collected from 
three REIPPPP locations. In order to model and forecast impacts into 
the future, impact factors (IFs) are derived based on the findings and 
indices generated from the surveys conducted in marginalised 
communities, as well as from a meta-analyses of literature.  

Four scenarios for the future development of the electricity sector in 
South Africa with different shares of renewable energies were 
analysed with regard to their impact on job creation, literacy and 
education access and the creation and growth enterprises. 
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The energy transition is inducing new investments in the electricity 
production and energy infrastructure sectors worldwide and 
supports innovations in the energy sector by supporting  research 
and development (R&D). 
While increasing the share of renewable energy resources in its 
energy mix, Turkey also aims to create a domestic manufacturing 
industry and to enable technology transfer, thereby profiting from 
the industrial development opportunities presented by the 
renewable energy industry.  
For this purpose, Turkey has implemented the Renewable Energy 
Resource Area (Yenilenebilir Enerji Kaynak Alanları – YEKA) scheme.  
In 2017, solar and wind tenders with a 2 GW capacity (1 GW each) 
were completed. The awarded consortiums were required to ensure 
that local content accounted for two-thirds of the final project value.  
Such a policy framework is expected to support increases in 
domestic value-added and employment creation in the renewable 
energy sector. 
This study examines the co-benefits to industrial development and 
trade of increased deployment of renewable energy in Turkey. It 
provides initial insights on the regional trade opportunities available 
to Turkey and includes proposals how technological gaps in the solar 
and wind sectors can be narrowed.  

 Turkey should look for opportunities to serve as an industrial hub 
for renewable energy within the region by moving up the value 
chain to higher value-added stages. Entry points for this 
development are active knowledge and technology development 
transfer programs  and skill development at all stages. 

 Fostering competitiveness in manufacturing and closing the 
technology gap between imports and exports in both the solar and 
wind sectors is crucial to further improving the trade balance in 
Turkey’s renewable energy sector.  

 Given the developing trade deficit and the fact that renewable 
energy equipment mainly comprises higher-technology 
components, investing in research and development (R&D) and 
competitiveness in those sectors as part of a localisation policy, will 
increase the value-added of Turkey’s industrial production 

  Turkey can significantly increase its industrial production by 
deploying renewable energy. Each additional megawatt (MW) 
capacity of energy production increases production by around 
452.5 thousand USD in the solar energy, and around 3.6 million 
USD in the wind sector. 

 By 2028 it is possible for the solar energy sector to increase its 
value by 9.9 billion USD above the expected 1.3 billion estimated 
under the current policy if more ambitious solar capacity 
additions are achieved. The wind sector could peak to a total 
value of 83.5 billion USD by 2028 if more ambitious RE capacity 
additions are in place 

 In solar energy, 48% of Turkey’s imports are high-technology 
components whereas their share of exports is only 5% (in the 
wind sector these shares are 19% and 2% respectively).  

 Given Turkey’s present technological imbalance between 
mid/low-tech exports and high-tech imports, each additional MW 
increase exacerbates Turkey’s trade deficit by 287 thousand USD 
in the solar energy, and by 474 thousand USD in wind energy 
value chain. 

The study methodology defined value chains for the solar and wind 
energy sectors in Turkey, using licence and pre-licence information 
from the Energy Market Regulatory Authority and a unique 
administrative micro dataset (EIS) that includes all registered firms in 
Turkey and their domestic and foreign transactions. 
After coefficients for the value of production and trade were 
calculated, projections on industrial development and import–export 
values were estimated according to four scenarios with varying shares 
of renewable energies (RE) in Turkey’s future electricity mix.  

Figure 1: Increase in value of production in wind and solar value chains if an 
ambitious deployment of renewable energies in the Turkish power sector is 
implemented.  (in billion USD, 2019-2028)  

 

 COBENEFITS 
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Figure 1:  

Replacing coal power plants with solar or wind will more than double the 
number of jobs per average MW capacity. Replacing coal with gas alone 
will lead to job losses of around 0.5 job losses per average installed MW.  

Over that 15-year period, solar and wind will create 3.5 jobs and 2.8 jobs 
respectively per average installed MW capacity, whereas coal creates only 
1.4 jobs. Across all scenarios, around 80% of the jobs created in the 
power sector by the year 2030 are in construction and installation. 

The Vietnamese Green Growth Strategy (VGGS) and Nationally 
Determined Contributions (NDC) to the implementation of the Paris 
Agreement, amongst other national economic planning documents, 
suggest and establish the need for a transition in the country’s 
energy sector to a low-carbon pathway. 

Changing the structure of the power generation mix is therefore a 
key factor for a broad energy transition. Understanding the 
employment impacts of this shift to low-carbon power generation 
(especially with the use of renewable energy sources) is an 
imperative to mobilising efforts for a just energy transition.  

This study therefore assesses the gross employment impacts of 
various power generation scenarios based on differing 
contributions of renewable energy. It also provides a 
comprehensive case study analysis of the skills required to drive 
this transition in the power sector. 

 With the decision by the Vietnamese Government to increase the 
share of renewables from 6% to 10.7% in the current power sector 
plan (PDP 7 rev.), the government paved the way to create 315,000 
job-years through the power sector by the year 2030.  

 For wind and solar, around 25% of jobs created are for high-skilled 
workers. Therefore, the training capacities at universities and 
technical schools need to be reconciled with this development in 
order to meet the expected demand in the country. 

 The government can actively manage a just transition to low-carbon 
energy sources by redeveloping vocational training curricula and 
university programmes towards the new energy world of 
renewables while supporting affected workers and communities 
domiciled in the coal-power-generating regions of the country, such 
as the Mekong Delta. 

 For each direct job created in the power sector in Vietnam, two 
additional jobs (indirect & induced) are created in the country 
irrespective of the scenario assessed. More than 60% of jobs 
created through changes in the power sector are positive-increase 
employment opportunities in the broader Vietnamese economy.  

 In the ambitious renewable energy scenario by GreenID, solar and 
wind power contribute over 20% of the jobs created in the power 
sector by 2030 

 A shift to the ambitious RE scenario will increase gross employment 
in the RE sector to approximately 434,000 job-years, a 38% increase 
from the PDP7 (rev.) scenario  

 By the year 2030, the demand for higher-skilled workers in the 
power sector is expected to grow by 31% for jobs during the 
construction and installation phase, and 25% for jobs in operation 
and maintenance.  

 There is still limited availability of local technical expertise in the 
solar and wind power sector.  

The assessment combines interviews with key RE stakeholders with a 
quantitative analysis to estimate gross employment impacts of 
increased RE deployment arising from specific scenarios. 
 Four scenarios are analyzed for the future development of the 

power sector in Vietnam, including a BAU-scenario (PDP7 rev.), as 
well as scenarios that include higher shares of renewables in the 
future power generation mix.  

 The quantitative analysis relies on a Vietnam-adapted Input-
Output (I-O) model.  

 The employment impacts are assessed for the period 2018 to 
2030.  
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Figure 1: The bars indicate the direct and indirect employment years created by 
scaling up solar and wind renewable energy when achieving the goals traced by 
the LTE in the MLTE scenario and by shifting to a more ambitious decarbonisation 
pathway with the ZCT scenario. The lines indicate the MW additions for the MLTE 
and the ZCT scenarios. 

The Energy Transition Law goals (LTE) and the Nationally Determined 
Contributions (NDC) to the implementation of the Paris Agreement 
require adjusting the power generation mix of Mexico and the scale up 
of renewable energy. This study used two scenarios considering the 
future development of the Mexican power system from 2020 to 2049: 

1. The Energy Transition Targets (MLTE) Scenario using the Mexican 
National Program for the Development of the Electricity Sector 
(PRODESEN 2019). 

2. A Zero Carbon Transition (ZCT) Scenario where at least 75% of the 
electricity produced by 2049 is from clean energy.  

The study assesses the employment opportunities in the power sector 
derived from a transformation of the Mexican power matrix and the 
skills gap derived from shifting from fossil fuels to renewable energy, 
and the potential skills that must be fulfilled to deploy solar and wind 
power capacity. 

Additionally, it analyses the potential direct savings in energy costs and 
income generation at the municipal level (households and SMEs) and 
indirect savings for the federal government from the reduction of 
subsidies related to Basic Supply Tariffs. 

 Mexico can enable multiple co-benefits, however, there are 
identified barriers that are slowing down the process, such as lack 
of 
 financing and access to funding,  
 dissemination of benefits and externalities,  
 infrastructure (mainly distribution), technological and innovation 

in renewable energies,  
 alternative schemes or models for energy generation and 

cogeneration,  
 coordination in the different levels of government. 

 The findings of the studies show that increasing the share of various 
renewable energies in Mexico´s electricity production mix can lead 
to an increase in overall employment across the economy compared 
to an increase in fossil fuels such as coal and natural gas. 

By achieving the goals on the MLTE scenario, employment generation 
from the construction and operations and maintenance of wind and 
solar photovoltaic capacity could generate 522,198 job years between 
2020 and 2024 and up to 1,559,328 job years between 2045-2049. If 
Mexico would raise the ambition to a ZCT scenario, this numbers 
could raise to 638,330 job years (2020-2024), and to 3,202,505 job 
years (2045-2049).  

 

In the federal state Yucatan, it is estimated that the Industrial Medium 
Enterprise Sector could generate savings for 385 and 822 million 
pesos under net metering and wholesale schemes respectively. 
Meanwhile in the federal state Oaxaca, is estimated that the business 
sector could generate savings for 70 million pesos in net metering and 
in medium business under wholesale scheme for 61 million pesos in 
the 2020-2024 period.  

This project used multiple methods to assess co-benefits and impacts 
from renewable energy deployment in Mexico, including literature 
review, interviews, workshops, data gathering and analysis, and 
modelling. 
 The International Jobs and Economic Development Impacts (I-

JEDI) model from the National Renewable Energy Laboratory 
(NREL) was used to assess the future employment opportunities 
from wind and solar energy deployment. 

 An analysis of the potential savings and income generation  
through the  existing distributed generation schemes for PV. 
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Figure 1: Direct & Indirect Employment Outlook by Scenario (2020-2049) 
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Figure 1: Projection of the net employment in the power sector in India in 
2020, 2030 and 2050. The first two columns show the net employment 
figures under the scenario of expanding renewables according to the 
government‘s NDC commitments. The third columns shows the net 
employment that is possible if the government follows IRENA‘s REmap 
pathway. The figure for 2050 reflects the number of employees under the 
REmap scenario.  

 
India has made significant progress in utilising its abundant renewable 
energy resources. The country has emerged as one of the leaders of 
the global energy transition, with a cumulative renewable energy 
installed capacity of 80.6 gigawatts (GW) as of July 2019, and has 
recently announced plans to further expand its renewable energy 
sector. Total generation capacity stands at 360 GW. 
Notwithstanding these targets, the employment effects of the 
resulting changes in the power sector needs to be properly 
understood. 
For the COBENEFITS project, employment effects of a shift from coal 
to renewable energies in the Indian electricity sector have been 
analyzed. 
The calculations are based on four different plans for expanding 
power generation in India presenting different intensities of 
decarbonisation in the South Asian country. 
The study also provides an initial assessment of the skill requirements, 
attainment levels and technical training required for India’s present 
power sector plans and future low-carbon power sector ambitions. 

 
 Manage the energy transition in the coal sector and coal-

producing regions by the establishment of a new authority to re-
skill workers from the coal sector  

 Install a system of accreditation and certification of local workers 
in procurement of renewable energy projects  

 Develop an online tracker to expedite skill development in the 
renewable energy sector to raise awareness on the urgency of 
skilled workforce and monitor progress 

 Improve data availability concerning employment in the 
renewable energy sector 

 

 Renewable energy technologies tend to be more labour intensive 
than conventional energy technologies.  

 India can significantly boost employment through the power 
sector by increasing the share of renewables. By electrifying the 
rural areas in the country with distributed renewable energy 
technologies such as small hydro, rooftop solar and biomass, the 
employment impact per installed capacity of these technologies 
is about 25 times greater than fossil-fuel based power 
generation.  

 Skilling is the major need of the hour. Coal-sector-based 
employment is expected to decline by about 52% between 2020 
and 2050. This transition, however, needs to be efficiently 
managed politically to mitigate negative impacts on displaced 
workers and communities.  

The study presents a value-chain-based approach by developing  
employment coefficients (full-time-equivalent jobs/MW/year) to 
analyze the workforce involved at various stages of the entire life cycle 
of different power generation technologies. 
Four different scenarios for the development of employment in the 
power sector are assesssed: Business as usual (BAU), NDC scenario, 
NDC PLUS scenario and the IRENA Remap scenario, all considering a 
consistent timeline between 2020 and 2050, but expressing different 
shares of renewables in the powr sector. 
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With electricity consumption doubling in the past twelve years and 
projections of a continuing growth, Turkey will probably see the fastest 
medium- to long-term growth in energy demand among International 
Energy Agency (IEA) member countries.  

Turkey’s geography and climatic conditions are particularly 
advantageous for renewable energy generation, thus giving positive 
preconditions to cover this surplus by renewable energies such as solar, 
wind and geothermal.  

The current public policy framework in Turkey includes not only 
strategies to increase the share of renewable energy resources in the 
energy mix but also aims to develop a local manufacturing industry and 
to enable technology transfer.  

This study examines the co-benefits  to job development and future-
required skills of increased deployment of renewable energy in Turkey.  
It also provides initial insights on the estimated occupations  
distribution, thus predicting the changes and employment 
opportunities available to Turkey in its solar and wind sectors.  With the decision to increase the solar energy capacity by 60% and 

more than double the wind electricity capacity, the Turkish 
government paved the way to create over 7,400 jobs along the solar 
value chain and over 59,000 jobs along the wind value chain in the 
next ten years.  

 Turkey can significantly boost employment by increasing the share 
of renewables: If a more ambitious transformation of the power 
sector is followed, up to 61,400 jobs in the solar sector and 147,700 
jobs in the wind sector can be created in the country between 2018 
and 2028 

 The fossil-fuel sector has currently a trade deficit which will 
escalate, thus deteriorating employment and value creation, 
regardless a shift in power generation towards renewable energy 
sources 

 Jobs in the renewable power generation are concentrated in the 
electricity production and trade related sectors in Turkey. 

 The bulk of job-creation in the wind and solar sectors lies within the 
middle-skilled labor group.  

 The highest increase of employment per occupation in the solar 
sector is for sales and services workers (21.1%), in the wind sector 
the highest increase is for plant operators and assemblers (18.4%). 

 A substantial share of jobs created through renewable energy 
investments in Turkey so far are created upstream of electricity 
producers. For each job directly created among wind energy 
producers, 1.75 additional jobs are created indirectly in upstream 
segments of the value chain in the country 

 

 Value chains for the solar and wind energy sectors in Turkey have 
been defined by using licence and pre-licence information from the 
Energy Market Regulatory Authority and a unique administrative 
micro dataset, Entrepreneur Information System (EIS).  

 Coefficients for the current ratio of employment per megawatt 
(MW) in the solar and wind sectors have been calculated.  

 Based on this, projections of employment increases and skills-
requirements were estimated according to four scenarios for 
increased renewable energy (RE) capacity.  

Figure 1: A more ambitious deployment of renewable energies in the power 
sector in Turkey has the potential to add in the next ten years more than  
75,700 full-time equivalent jobs related to solar PV and wind energy to the jobs 
projected to be created if current policies are followed. 
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Figure 1: Projection of the net employment in the power sector in South 
Africa in 2020, 2030 and 2050.  The share of different technologies is 
indicated by the respective colours. The „Current policy“ bar reflects the 
employment rate in case of the implementation of the Integrated Resource 
Plan 2016 (IRP 2016). Whereas the „Rapid decarbonisation“ bar reflects the 
employment rate in case of the implementation of the Department of 
Environmental Affairs (DEA) rapid decarbonisation plan. While no difference is 
yet observable, rapid decarbonisation is estimated to have created 17.000 
more jobs than the current policy by 2050. 

South Africa has an abundance of renewable energy resources. This, 
combined with the recent drop in technology costs and the need for 
new power generation as coal power plants reach retirement, 
provides an opportunity for the country to decarbonise its electricity 
sector. 

Managing this process will allow for a just transition in coal-
dependent sectors and regions, thus opening new opportunities for 
current coal sector employees and other job seekers.  

This study analyses the employment impacts of different scenarios 
for expanding electricity generation in South Africa’s power sector, 
taking into account various shares of renewables as power sources. 
This includes the resulting employment effects within the electricity 
sector, primarily focusing on coal and renewable energy sources.  

It also provides an initial assessment of the skill attainment levels 
required for South Africa’s energy transition, and the potential for 
workers to transfer from the coal sector to the emerging renewable 
energy sector.  

Building on the study results and the surrounding discussions with 
political partners and knowledge partners, we propose to direct the 
debate in three areas where policy and regulations could be put in 
place or enforced in order to benefit from the potential employment 
opportunities: 

 Create jobs along the value chain of the RE sector 

 Build the skills required for the future power sector in South Africa 
as the employment gains depend on the availability of a skilled 
labour force 

  With the shift from the current policy of the Integrated Resource 
Plan 2016 to the DEAs rapid decarbonisation path an additional 1.3 
million jobs are estimated to be created economy-wide and 17.000 
additional jobs in the power sector by 2050.  

  Across all scenarios, around 70 % of  new jobs created in the power 
sector by renewable energy are in fact high-skilled jobs, requiring at 
least a university education. 

 Progressively over the years and in all scenarios, the net economy-
wide employment gains are obtained mainly in the service based 
sectors.  

  A decline in demand for South African coal can be observed across 
all scenarios due to global developments. Across the employment 
scenarios, jobs in the coal sector are predicted to decline by 35 –
 40% between 2020 and 2050.  

The assessment combines a qualitative analysis of interviews with key 
stakeholders with a quantitative analysis adopted to estimate the 
gross and net employment impacts of increased renewable energy 
deployment.  

The International Jobs and Economic Development Impacts tool is 
used to assess the gross employment impacts, while the SATIMGE 
model is used to assess the net employment impacts.  

Four electricity generation scenarios from different government 
analyses are considered to evaluate the employment impacts 
associated with different shares of renewable power in South Africa’s 
electricity mix.  

 Manage the transition in the coal sector and regions as the global 
demand is declining 
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Figure 1: Renewables are a cheaper way to provide electricity to rural areas 
especially with off-grid wind being 20% cheaper (9,087 VND/kWh [$0.392/kWh]) 
than extending the grid (11,300 VND/kWh [$0.487/kWh]). 
 
1 Dollar ($) =  23201.9 Vietnamese Dong (VND): Exchange rate as of September 
2019. 
 

Energy access is essential for human development and is also an 
important driver for the economic development of Vietnam. Access 
to modern forms of energy, especially electricity, becomes even 
more important for the socio-economic development of rural areas.  

Vietnam requires 24/7 electricity access for every household, family, 
farming settlement and local enterprise, even in rural communities. 

Approximately 98% of households in both urban and rural areas of 
the country have been electrified through extension of the 
centralized grid, but electricity access to the remaining 2% of the 
population, predominantly located in regions with terrain 
unfavorable to grid expansion, has become a techno-economic moot 
point. 

This study analyzes what is the best approach to provide electricity 
access to the remaining 2% of Vietnamese households located in 
rural areas and if cheaper off-grid alternatives engender local value 
creation in rural areas. 
 

 Deploying low-wind-speed wind turbines to electrify clusters in rural 
areas with a levelised cost of 9087 VND/kWh is the cheapest means 
of providing low-cost energy access to remote areas of Vietnam. 

 The private sector or organized community groups need to be 
encouraged to invest in the off-grid renewable energy sector and 
shall get exempted from import taxes on electricity supply to rural 
communities. This can stimulate the localization of skills for the off-
grid solar PV and small wind turbine value chains in Vietnam. 

 There has to be close dialogue between the government, private 
sector and financial institutions at the national and provincial levels 
concerning suitable financing mechanisms to adopt low-cost off-grid 
renewable energy systems for farming communities located more 
than 10 km away from the nearest medium voltage line. 

 Communities in Vietnam that are far (>5 km) from the nearest 
medium-voltage distribution system are best served by off-grid 
renewable energy technologies. Grid extension is only viable in rural 
communities that have large clusters of households per unit area. 

 Small (locally manufactured) wind turbines are the most cost-
efficient means of electrifying most un-electrified rural households 
in Vietnam. Stand-alone solar PV is cost-competitive in rural 
locations with low energy or demand density.  

 Access to electricity improves rural households’ access to 
information and value-added extension services (e.g., in the 
agricultural sector), thereby improving opportunities to generate 
additional income.  

 Opportunities for direct employment in the local renewable energy 
value chain can be fostered through effective collaboration between 
local technical schools and the private sector for planned projects; 
this essentially aids "localization of industry", which in turn drives 
local employment creation and skills transfer.  

The study applies a two-tier socio-technical approach:  
The first tier consists of onsite surveys and interviews at two case study 
regions containing multiple rural areas with low electrification rates.  
The second tier uses an optimisation tool to assess least-cost options 
for supplying electricity to the selected case study areas by means of 
various sources. These are compared with the cost of electrifying the 
rural areas by grid extension to determine the most cost-competitive 
solution across different household population clusters. 
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Energy access is an important driver for India’s socio-economic 
development.  

To reach the Sustainable Development Goals, India requires 24/7 
electricity access for every household, family, farming settlement 
and local enterprise, even in rural communities. 

Although a considerable number of villages and households have 
gained access to the grid, the reliability and quality of power 
supply still remain a growing challenge for rural consumers. 

Investment in renewable-powered mini-grids in India still lags 
behind, partly because of a lack of replicable and sustainable 
models in the face of subsidized grid-electricity tariffs that make 
alternative solutions cost uncompetitive. 

This study assesses the viability of renewable-energy-powered 
mini-grids (hereafter referred to as mini-grids) to drive and 
support economic growth in India from the perspective of 
augmenting the current electrification of rural areas. 

 Solar-powered mini-grids of high capacity can remain 
economically viable and cost-competitive with the centralized grid 
in rural areas of India. Solar mini-grid systems with capacities 
greater than 100kW developed with a financial model offering  
interest rates as low as 8% and a 15% return on equitycan achieve 
grid parity and a low cost of electricity supply to the rural 
consumer. 

 For the national-level expansion and scale-up of mini-grids in 
India, skilled technicians would be required for operation and 
maintenance of the plant and for business operations. 

 To drive the growth of higher power capacity mini-grids essential 
for reliable 24/7 rural electrification, mechanisms are needed to 
be developed to make it suitable for the mini-grid developer to 
transfer the system's assets to the state-owned utility when the 
central grid arrives at the area served by the mini-grid.  

 Pricing of mini-grid services: where medium- or MW-scale mini-
grids are deployed, there should be a mechanism to extend cross-
subsidy to mini-grid consumers, to ensure cost parity with grid 
tariffs. 

 Practically, the overall experiences of mini-grid and grid consumers 
in terms of evening lighting in rural areas are marginally similar; 
grid consumers could use electricity for purposes beyond lighting 
and ventilation – the major electricity consuming appliances that 
are currently used by mini-grid-consumers. 

 Mini-grids may be utilised as natural extensions of the grid in areas 
where reliability of supply is a concern. 

 Solar mini-grids are effective to improve the overall quality of 
public services in rural areas, including schools, health centres, 
community centres, market areas, etc.  

A case study-based approach is used to examine the business and 
economic profile of a practical mini-grid operating in India and to 
map the socio-economic co-benefits.  
Comparisons were drawn between the centralized grid and the 
decentralized mini-grid through primary survey and secondary data 
sources, to understand the benefits delivered to end and the cost-of-
supply and tariffs charged.  
Research focused solely on solar mini-grids, as their growth and 
proliferation in India serve as a basis for sound data-gathering, 
analysis, and policy appraisal and support.  

Figure 1: Mini grids present an effective way to improve energy security and 
access of households and public institutions in rural areas:  

Consumers supplied by solar mini-grids experience fewer blackouts than 
those households only connected to the grid. 

Page 21 

 

 COBENEFITS 



IMPACTS OF AN INCREASED DEPLOYMENT OF REs IN 
TURKEY’S POWER SECTOR ON ENERGY SUPPLY SECURITY 

Engineering, Procurement, Research and Analysis (EPRA)  
 

 

Saeed Teimourzadeh 

Searching for cleaner alternatives 

More Renewables = less fossil fuels 

Key methodology 

Shifting away from fossil fuels 

Increasing energy independence 

Contact: 
Saeed Teimourzadeh: saeed@epra.com.tr  

References  
Engineering, Procurement, Research and Analysis (EPRA) study (2019) Impacts of an increased deployment of renewable energy in Turkey’s power sector on energy supply security , COBENEFITS 
Increasing the Share of Renewables in Turkey’s Power System: Options for Transmission Expansion and Flexibility, 2018 (available at https://www.shura.org.tr/increasing-the-share-of-renewables-
in-turkeys-power-system/)  
 

Figure 1: The figure shows  at  the top section, the ammount of electricity 
generated by renewable energies by 2028 for the current policy scenario 
(Baseline), the renewable energy A scenario  (RE A) and in the renewable 
energy B scenario  (RE B).  In the bottom part is shown the ammount of saved 
fossil fuel by 2028 in the different scenarios  assessed.  

The objective of the study is to generate results on trade balance 
related saving potentials and renewable energy sources (RES) 
deployment costs, in order to stimulate public awareness, to 
initiate discussion and transition processes in relevant 
institutions, and to design ambitious policies.  
 

An analysis to assess the impacts of the increased share of RE 
sources in Turkey’s electricity mix on Turkey’s energy supply 
security. The following questions were addressed: 
 

• What could be the impact of increased deployment of 
renewable energy technologies in the power sector on fossil 
fuel imports and the current account deficit of Turkey? 

• How the LCOE of different power generation technologies 
could evolve in the next 10-15 years, given the volatility in 
fossil fuel prices, cost improvements in RE technologies, 
learning curve effects and macroeconomic factors impacting 
the weighted average cost of capital (WACC)?  

 Turkey has the opportunity to increase their energy security 
and energy independence by choosing a more ambitious RE 
pathway. Turkey can substantially reduce the fossil fuels 
demand and consequently the amount of fossil fuels 
imports.  
 

 Turkey can reduce the natural gas consumption to almost 
300 million m3 in 2028 in the Advanced Renewables B 
scenario. 
 

Deployment of more ambitious RE scenarios in Turkey could 
save up to 728.637.184 $ (New Policy scenario), 1.138.495.600 
$ (RE A scenario), and 2.174.526.596 $ (RE B scenario) USD in 
fossil fuels consume. 

Deployment of more ambitious RE pathways in Turkey could 
save up to 99,404,800 MMBTU (New Policy scenario), 
155.320.000 MMBTU (RE A scenario), and 296,661,200 
MMBTU (RE B scenario) savings in fossil fuels demand.  

 The key methodology consists in a market simulation and in 
a Network simulation performed to find the optimal 
generation pattern of different power plants. includes 
aspects of energy security such as impacts of renewable 
deployment on the trade balance and development of 
levelized cost of energy (LCOE) in order to enhance 
ambitious climate mitigation action. 
 

 Other important elements are: A Fossil fuel price forecasts in 
terms of SRMC and  a RE cost forecasts 

By 2028, for the baseline scenario, around 51% (234.9 TWh) of 
electricity demand is supplied by fossil fuel based generation. 
The share of fossil fuel-based generation can decrease 5% by 
increasing 8GW installed capacity of RE (new policy scenario) 
and could go down to 8% (RE A scenario) and 15% (RE B 
scenario) in fossil fuel-based generation, respectively. 
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Tools and Capacity Building 



 The model estimates the annual and lifetime electricity generation 
(GWh) for each plant as well as the corresponding emissions of air 
pollutants (CO2, PM2.5, SO2 & NOx) using plant-specific data and 
emission factors. Depending on the type of emissions control 
equipment installed the model multiplies the estimated fuel 
consumption with the corresponding country-specific emission 
factor (GAINS). Where available, plant-specific emission factors can 
be entered into the model to improve accuracy. 

 Exposed population living within four distance bands (0–100 km, 
100–500 km, 500–1,000 km, and 1,000–3,300 km) from each power 
plant is estimated using an open-source geographical information 
system software (QGIS) and population growth estimates. 

 The model uses the intake fraction concept to estimate the change 
in PM2.5 concentration in the ambient air dependent on the 
calculated pollutant emissions. To estimate the intake the model 
applies coefficients from a widely cited study from Zhou et al. 
(2006) to avoid resource-intensive dispersion modelling, making the 
tool more accessible for contexts where resources are limited. 

 Increased mortality risk per additional ton of pollutant emissions is 
determined by multiplying the estimated change in PM2.5 
concentration with the respective concentration-response function 
(increase in cause-specific mortalities per 10 μg/m³ increase in 
PM2.5).  

 The risk estimates, age-weighted mortality rates and exposed 
population are combined to calculate the number of premature 
deaths and years of life lost (YLL) per tonne of pollutant. These 
numbers are multiplied with the estimated pollutant emissions to 
obtain the total number of premature deaths and YLL for each 
power plant.  

AIR POLLUTION IMPACT MODEL FOR ELECTRICITY SUPPLY: 
AIRPOLIM-ES 

A tool to estimate air pollution health impacts of coal- and gas-fired power plants 
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Input requirements and outputs 

Methodology 

Example results (Mongolia) 
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Tessa Schiefer: t.schiefer@newclimate.org 
Harry Fearnehough: h.fearnehough@newclimate.org 

Concentration 

NOx SO2 PM2.5 

Emissions Exposure Intake Dose-Response Health Effects 

NewClimate Institute has developed an accessible spreadsheet-based 
model to estimate the health impacts of air pollution from different 
sources of electricity generation and other fuel combustion that can be 
applied in multiple countries. 

The first version of the model focuses on air pollution caused by 
electricity generation from coal- and gas-fired power plants. It 
calculates the impacts on mortality from four adulthood diseases: 
lung cancer, chronic obstructive pulmonary disease, ischemic heart 
disease and stroke, all of whose prevalence is increased with the intake 
of pollution.  

The tool can be used to compare the magnitude of health impacts 
under different scenarios across both existing and planned plants. 

Plant data 
Lifetime 
Installed capacity 
Capacity factor 
Heat rate (efficiency) 
Emissions control 
Location 
Emission factors 

Population mapping 
Gridded population data 
GIS mapping 

Population 
statistics 
Country- and age-specific 
mortality rates 
Share of population per 
age category 
Population growth rate 
Life expectancy at age x 
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CAPACITY BUILDING ON COBENEFITS AND  
RENEWABLES FOR POLICY MAKERS  

Overview of Co-benefits training measures 
 

Roman Buss 

Project Background 

Capacity Building in Figures 

Capacity Building Process 

The Key Outputs 

Co-Benefits Capacity Building Calendar 

Contact: 
Roman Buss: buss@renac.de  

References  
Several publications, www.cobenefits.info  

Figure 1: Number of  COBENEFITS training participants (09 / 2019)  | Source: RENAC 

COBENEFITS is a capacity-building programme funded by the 
German Federal Ministry for the Environment, Nature Conservation 
and Nuclear Safety (BMU) within the German International Climate 
Initiative (IKI). 
 
COBENEFITS is targeting policy makers and other relevant actors in 
energy, climate and environmental policy in four countries: India, 
South Africa, Vietnam and Turkey. The project contributes in 
particular to: 
 
 Effectively implementing NDCs in the target countries and 

activating the Paris Ambition Mechanism in these countries by 
backing cross-sectoral support to increasing the NDC ambition 
levels 

 
 Mainstreaming co-benefit assessments in national and 

international MRV (Measurement, Verification, Reporting) 
 
 Further activating the UN Sustainable Development Goals (SDG) 

and financing mechanisms such as the Green Climate Fund (GCF) 

City / Country  Occasion              Date   
Istanbul, Turkey  Face-to-face training: employment  
       and industrial development        22-23 Oct 2019 
Pretoria, S. Africa Face-to-face training: methods to  
       mobilise co-benefits           30-31 Oct 2019 
Pretoria, S. Africa Power System Planning          4-5 Nov 2019 
Ankara, Turkey  Face-to-face training: air quality and    
                                   health benefits                                          15-16 Jan 2020 
Ankara, Turkey        Energy security                                          21-22 Jan 2020                                      
New Delhi, India  Face-to-face training: energy access      
       opportunities         Feb 2020 (tbc.) 
Ankara, Turkey        employment and industrial 
                                   development                                         Feb 2020 (tbc.) 
All countries   Ongoing ONLINE TRAINING    End January 2020 

 Overall, 20 COBENEFITS face-to-face trainings are being 
implemented in the four partner countries:  

 3 online training modules have been developed and opened up to 
the public, covering the following topics:  
 COBENEFITS FUNDAMENTALS 
 COBENEFITS POLICIES 
 COBENEFITS METHODOLOGY & ENERGY PLANNING 

 Motivated online training participants can obtain the Certificate: 
Co-benefit Specialist in Renewable Energy 

 Initial capacity needs assessments (CNA) have been conducted with 
major actors in the energy and climate scene in the four partner 
countries, identifying priorities and training needs 

 
 Based on the CNA and elaborated co-benefits assessment studies, 

training material has been developed in close coordination with local 
knowledge partners and research institutions 

 
 Face-to-Face trainings and dedicated online trainings were  

implemented in all four partner countries (blended learning approach) 
 
 Cross-departmental learning within one country was enabled in 

workshops and policy roundtables 
 
 Mutual learning experiences enabled an international exchange 

between ministry representatives of different countries  
 

 The developed set of training materials can be adjusted to new 
country contexts and thereby be re-used in the wider international 
climate policy scene 
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ECONOMIC IMPACT MODEL FOR ELECTRICITY SUPPLY: EIM-ES  
A tool to estimate and compare employment as well as wider economic impacts  

across future electricity generation scenarios and over time 
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Methodology 

Example results 
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NewClimate Institute has developed an accessible spreadsheet-based 
model to estimate the domestic economic impacts of investments in 
new electricity generation capacity within a country.  

The model covers all relevant electricity generation technologies - 
both low carbon and fossil fuel-based – to provide an assessment of 
employment creation, domestic investment and value added under 
different future pathways for the development of the electricity sector.  

The tool can be used to compare the magnitude of economic impacts 
under a range of scenarios with different technology mixes. 

 Employment is estimated based on component level investments 
for each technology made across sectors of the economy and 
corresponding salaries 

 Direct, indirect and induced impacts are calculated using multipliers 
derived using an Input Output approach 
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SDG CLIMATE ACTION NEXUS: SCAN-TOOL 
Linking Climate Action and the Sustainable Development Goals 
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Key findings 
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Main references  
- Iacobuta, G. and Höhne, N. (2017) ‘Low-carbon transition under Agenda2030: Climate-development trade-offs and synergies’, (May), pp. 12–13. 
- Fuso Nerini, F. et al. (2017). ‘Mapping synergies and trade-offs between energy and the Sustainable Development Goals’, Nature Energy, pp. 1–6.  
- Von Stechow, C. et al. (2016). ‘2°C and SDGs: United they stand, divided they fall?’, Environmental Research Letters. IOP Publishing, 11(3), p. 34022.  
- See ‘Sources and Credits’ under http://ambitiontoaction.net/scan_tool  for a full list of references  

Figure 1: Visualisation of links between each mitigation sector and each SDG.  
Note: Links to SDG 13 are not listed as assumed to be implicitly represented in the assessed sectoral mitigation 
actions. Links to SDG 17 are not included as it is not a development area comparable to the other SDGs.  
Source: Interactive online version of the SCAN-tool (Available at: http://ambitiontoaction.net/scan_tool/) 

The Agenda 2030 on the Sustainable Development Goals and the Paris 
Agreement on limiting climate warming to well below 2ᵒC are highly 
interlinked, thus failure in one process could undermine the success of 
the other. This interdependency can be seen as an opportunity to move 
away from the discourse of two competing agendas. Further, 
understanding potential synergies and trade-offs between the two 
agendas can enable coherent policy planning and increase 
implementation efficiency, in particular when considering limited 
institutional capacities.  
 
The objective of the SCAN-tool is to help stakeholders identify links (both 
synergies and trade-offs) between mitigation actions and the SDGs, in a 
user-friendly and practical way. The SCAN-tool can potentially inform the 
process of putting forward increasingly ambitious pledges of climate 
action. A better understanding of how climate action can reinforce the 
achievement of SDGs may increase countries’ confidence to put forward 
more ambitious NDCs and improve political buy-in. 
 
The SCAN-tool covers mitigation actions across 7 sectors: electricity and 
heat (including a deep-dive to map linkages between technologies), 
transport, buildings, industry, waste, agriculture, and forestry. 

 There are 982 links identified between sector-specific actions and SDG targets. 

 All linkages are ultimately very context specific. Country-specific studies are 
needed to understand the potential links and to provide robust information on 
their magnitude, before countries can exploit synergies and manage potential 
trade-offs in a comprehensive way.  

 For SDGs related to education or gender equality, fewer links were identified 
as these are difficult to attribute to individual sector actions but are relevant to 
consider across all sectors when designing or implementing mitigation actions. 

 The mitigation actions are grouped into three broad categories:  
i) ‘Changing activity’ (to reduce demand of an emissions-intensive activity); 
ii) ‘Reduce emissions intensity’ (to reduce the emissions per unit of activity); and  
iii) ‘Increase energy efficiency’.  

 Each link is classified as either a synergy or potential trade-off to the SDG 
targets and a description of the link is provided. The tool does not assess 
the magnitude of the links and it focuses only on direct impacts.  

 The tool was populated using existing literature that maps the climate-
development links and collects data from several studies on the nexus 
between climate action and specific development areas.  

 The way a mitigation action is implemented has a strong influence on whether 
this will create synergies or undermine the achievement of the SDGs.  

 The number of synergies outweighs the trade-offs (75% of the links in the tool 
are positive), suggesting a high potential for tackling both agendas in an 
integrated manner. 
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 AMBITION TO ACTION 

Climate Co-Benefits in Mexico 
PRELIMINARY INSIGHTS FROM A STUDY FOR THE OFFICE OF THE PRESIDENT OF MEXICO COMMISSIONED BY GIZ 

QUANTIFYING THE SUSTAINABLE DEVELOPMENT CO-BENEFITS OF MEXICO’S CLIMATE COMMITMENTS– FORTHCOMING, 
22 NOV. 2019 

Dean Gioutsos and Alexander Ochs 

1 | Linking global agendas 

3 | NDC Measures + CB links analysed 

2 | Making it concrete 

4 | Key findings 

5 | Integrating climate + development 

References  
GIZ Mexico and Office of the Presidency, forthcoming. Crunching numbers: Quantifying the sustainable development co-benefits of Mexico’s climate commitments. 
To be published on www.sd-strategies.com  

The Paris Agreement and Agenda 2030 are profoundly 
interconnected. The accomplishment of Mexico’s NDC can 
materialise multiple co-benefits, which underline a resilient low-
carbon future, while also accelerating development. Conversely, 
climate change holds the potential to halt or even unravel progress in 
global development. Although efforts are made to conceptualise 
these linkages at the global level, the greatest potential to ensure 
coherence between the two agendas lies within national 
implementation processes.  
In 2018, the Mexican Government, together with the Office of the 
Presidency, SEMARNAT, INECC and GIZ Mexico, commissioned a 
study on the co-benefits of implementation of Mexico’s NDC for the 
achievement of the SDGs. The study identified important social, 
economic and environmental co-benefits for Mexico that could be 
harvested across the various sectors of Mexico’s economy.  
To gain a deeper understanding of the magnitude and significance of 
these co-benefits, this study investigates and quantifies key co-
benefits for Mexico’s social, economic and environmental 
development goals, related to three current and two potential NDC 
commitments and targets.  

 Achievement of Mexico’s clean electricity target creates
significantly more jobs than the BAU scenario, as well as improving
public health, reducing pollution-related health burdens and
improving the country’s energy security – SDGs 3, 7, and 8.

 Approaching a net-zero deforestation rate supports Mexicans who
rely on forests’ ecosystem services, e.g. livelihoods, water resources
and protection against extreme weather – SDGs 6, 8, and 9.

 Investing in wastewater treatment results in a nationally significant
volume of water available for reuse. It improves the quality of local
water resources and in-turn, public health – SDGs 2, 3, 7, 11, 14, 15.

 Injecting 500,000 EVs onto Mexican roads did not deliver all of the
expected benefits, largely due to the BAU electricity mix that was
charging the vehicles – although increasing energy security, public
health and employment did not significantly improve – SDG 7.

 Industrial energy efficiency measures were shown to increase
employment opportunities and national energy security – SDGs 7, 8.

 In order to select the NDC measures and co-benefits to be examined
in the study, the following criteria were applied: the new Mexican
Government’s political agenda, Mexico’s SDG priorities, Mexico’s
NDC process, quantification potential and data availability.

 The linkages between each of the NDC measures and selected co-
benefits were then closely explored, and where possible quantified.

 Established methodologies were used wherever available, e.g. the
employment creation impact from renewable energy generation.

 Several new methodologies and proxies needed to be defined, as
examination of such links was non-existent or still in its infancy.
Where possible, SDG indicators were used.

 Climate policies can produce significant social, economic and
environmental benefits.

 Climate-SD integration can create the broad support needed for deep
transformations of our economies and societies.

 Climate & SD strategies must be designed & implemented in an
integrated approach to keep with UNFCCC and SDG timeframes.

 Correlating and, ideally, quantifying NDC-SDG correlations is a
prerequisite for the design of most effective and efficient action.

 Short-, mid-, and long-term targets; cross-sectoral mainstreaming; as
well as federal-sub-federal integration are key to sustainable, climate-
compatible development.

 Tools/methodologies for quantifying correlations must be advanced.

Figure 1: Co-benefits and SDGs of climate actions linked and quantified in the study. Note 
that not all of the linkages are shown, and that several could not be quantified due to 
difficulty in proving a causal link and absence of robust methodologies. 

The analysis examined and quantified the co-benefit and SDG impacts 
of three current and two potential Mexican NDC measures. 
 Achievement of Mexico’s NDC was shown to generate significant

primary co-benefits across almost all of the co-benefits examined.
Secondary co-benefits could also be harnessed depending on the
application of the measure and the primary co-benefits.
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FOREIGN POLICY AND THE JUST TRANSITION 
 DIMENSIONS. CHALLENGES. OPPORTUNITIES. 
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„The role of energy diplomacy is not to just realise 
national interests but to build trust and shape long term 

solutions. In taking a broad just transition approach 
which embraces social, environmental and economic 

aspects, as well as cultural and identity-related issues, it 
becomes possible to actively shape the changes 

required.“ 
 

Dr. Florian Ranft  
Head of the Programme “Structural Change” 

 Das Progressive Zentrum 
 

● Transitioning to a more sustainable energy system constitutes a 
system-wide change 

● The decarbonisation of economies worldwide requires a managed 
structural transition 

● The guiding principle for a structural transition to a low-carbon 
economy must be a just transition 

● Foreign policy will play a crucial role in addressing these challenges. 
As the main driver of multilateralism, foreign policy can play a key 
role in shaping international energy and climate policy 

● Foreign policy is therefore very well equipped to initiate, coordinate 
and streamline policies around a just transition, thus becoming a 
vehicle for sustainable development and facilitating the 
implementation of just economic and social policies 

 

For the global community, transitioning to a more sustainable energy 
system is a must. But change requires challenging existing norms, and 
social and economic institutions. A Just Transition acknowledges that 
the social, environmental and economic aspects matter, and are a 
crucial component of the energy transition.  
 

Foreign policy is a pivotal actor in this process. In order to ensure 
effectiveness of the transition, protect stability and a rules- and values-
based international order, involvement of the diplomatic sphere is 
indispensable. As a frontrunner in this issue, Europe has the potential 
to guide the world in a Just Transition. The European Union, therefore, 
needs empowerment to use this opportunity. 

Governance: Foreign Policy as an Actor of Change 
- multilateral facilitator of global governance on sustainability & a Just Transition 
-  mainstream low-carbon, Just Transition perspectives 
-  add a human rights perspective to energy and climate policy 

 

Europe as a Leading Example 
- implement the idea of the EU as a global leader on climate policy 
- host a “Just Transition Summit” 
- update European energy foreign policy with a Just Transition agenda 

 

Inclusive Approaches for Successful Coalitions for Change 
- promoting new alliances and unite partners to form successful coalitions for 

change 
- utilize existing foreign policy formats and integrate civil society stakeholders 
 

Bold Public Diplomacy: Think Like a System, Act Like an Entrepreneur  
- initiate a debate to create an international narrative on the transitions equity, 

prosperity and security dimensions 
- go beyond the conventional approaches of diplomacy by directly integrating sub-

national administrations and civil society organisations in their deliberations 

■ Two international workshops with experts from academia and 
think tanks, energy transition practitioners, stakeholders, 
representatives from civil society and foreign policy decision-
makers in  Berlin and Brussels 

■ Goal: Identifying relevant dimensions for action and fostering 
international exchange of  experiences and practical solutions 

■ Outcomes of the workshops were translated into an solutions-
oriented Policy Brief, discussing best practices for a just transition 
and their international scalability 

 „Foreign policy has to play a decisive role in the 
transition to a low-carbon world because the global 

energy transformation driven by renewables will have 
significant geopolitical implications.“ 

  
Johannes Uhl 

Project Director Energy Foreign Policy 
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) 
 

If the international community does not promptly 
address environmental and climate challenges, 

climate change-related migration or threats to human 
and international security will become more 

imminent and urgent.“ 
  

Dr. Sabrina Schulz 
Policy Fellow 

Das Progressive Zentrum 
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 COBENEFITS 

Towards an enabling environment 

IEA and IRENA concepts 
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Figure 1: The COBENEFITS approach based on IEA Energy technology roadmaps (2014)  
 and IRENA’s renewable readiness assessment (2013) 
 

The decarbonization of the power sector by increasing the share 
of renewable energies goes along with multiple socio-economic 
Co-Benefits. It is important that decision-makers consider these 
Co-Benefits in their energy planning and related policy-making. 

Through a specific dialogic approach taken by the COBENEFITS 
project, we are supporting decision-makers in India, South Africa, 
Turkey and Vietnam in the identification and prioritization of Co-
Benefits and in the elaboration of high impact actions, as well as 
further policies and activities to seize these Co-Benefits. 

This COBENEFITS specific process is based on two concepts: 

 IEA’s energy technology roadmapping process 

 IRENA’s renewable readiness assessment 

 The energy technology roadmapping process from IEA is originally 
elaborated to support the development of specific types of 
technologies in energy planning. Through the participation and 
coordinated cooperation of decision-makers from various disciplines, 
necessary technical, policy, legal, financial, market and 
organizational prerequisites for the development of new 
technologies are identified, as well as ways to lay these foundations.  

 The renewable readiness assessment from IRENA is a collaborative 
process to better understand the opportunities and constraints for 
renewable energy deployment in defined countries, and to identify 
pathways to create an enabling environment for renewables. 

 Both processes are oriented on collective leadership processes, 
while their strong process orientation have the potential to engage 
and align diverse stakeholders to a common course of action. 

 Both processes also lay the foundation for collaboration in the 
implementation phase by reaching consensus on immediate actions 
to be undertaken by relevant actors. 

IDENTIFY, PRIORITIZE AND UNLEASH POLITICAL 
OPPORTUNITIES TO SEIZE CO-BENEFITS 

Tailoring IEAs and IRENAs RE planning concepts towards a process that focuses on the socio-economic benefits of RE 
 

Franziska Sperfeld and Sarah Kovac 

Planning enablers for Co-Benefits 

First experiences from practice 

 The process combines two parallel paths (expert judgement & 
consensus) and (data analysis & research) to combine scientific 
knowledge with effective and integrated/collective policy 
planning. 

 While Cobenefits Councils (CobCon’s) and roundtables are formats 
for collective planning, they are supported by scientists providing 
necessary data and information as basis for an informed decision-
making. 

 The final document (Synthesis Report) contains a clear definition of 
the desired outcome, a precise list of measures and priorities for 
the creation of an enabling environment, as well as timelines and 
milestones to define the way to reach these targets. It should also 
specify gaps and barriers for the seizing of Co-Benefits and a list of 
suitable activities to overcome them. 

 Due to its potential to engage and align diverse stakeholders in a 
common course of action to create an enabling environment for 
Co-Benefits, the process itself is as important as the resulting 
document. 

 Roundtables bringing together a wide range of stakeholders and 
experts with various backgrounds, including scientists, 
representatives of civil society, business and policy makers have 
the biggest potential to identify suitable, creative and widely 
accepted actions to create an enabling environments for Co-
Benefits.  

 The recruitment of suitable participants for formats of collective 
planning (CobCon’s and roundtables) needs a lot of attention. 

 It is crucial to trigger already at an early stage the interest of 
the stakeholders not directly linked to (renewable) energy 
planning by raising their awareness about how future energy 
planning may affect their sector. 

 An intensive technical preparation of the roundtables is an 
essential precondition to enable a dialogue which is deep and 
broad enough to consider energy planning issues as well as 
conditions and policies in affected sectors. 

 The definition of high impact actions based on results of the 
roundtables requires an intensive inter-sectoral exchange 
between stakeholders, researchers and external experts from 
the focus country, while also the current political agendas in the 
focus country needs to be taken into consideration.  
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OPPORTUNITIES OF THE ENERGY TRANSITION 
The multiple socio-economic benefits of renewables energy (RE) in the global energy transition   

Renewables Academy (RENAC), Federal Foreign Office (AA) 

Turning challenges into opportunities  

Benefits of renewable energy use 

Further information about Co-benefits 

Co-benefits in numbers 

Co-benefits as drivers for ambitious climate action 
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Figure 1: Advantages of renewable energy use in the global energy transition | Source: RENAC 

 Within the Paris Climate Agreement, many countries have 
committed to substantially reducing their carbon emissions. These 
efforts have for long be seen as a costly luxury investment for 
industrialized countries and as a burden for emerging economies. 

 But along with the transformation of energy systems, there is a 
variety of potential social and economic opportunities – or co-
benefits. 

 Numerous studies and research have assessed the potentially 
positive side effects of renewable energy use, besides the positive 
impact of reduced greenhouse gas emissions. 

 The  global  transition  to  renewable  sources  of  energy,  as  a  key  action  area  for  climate change mitigation, is in full swing. The renewable energy sector 
is now attracting substantially greater investment flows than its fossil-based counterpart, with half of all related investments flowing to the global South.  

 The social and economic opportunities presented by  renewable  energies,  such  as  public  health,  accelerating  access  to  electricity, improved investment 
opportunities resulting from plummeting costs for renewable electricity, and local value-creation, are becoming important co-benefits of this climate-
friendly transition. 

 Given their capacity to incentivise governments to implement sustainable, climate-friendly energy policies, co-benefits will play an increasingly important 
role in efforts to advance climate change mitigation policies. 

 The parties to the Paris Agreement have adopted so-called Nationally Determined Contributions (NDCs), outlining the climate actions ta five-year period. 
NDCs link efforts to promote renewable energies with other development targets such as the United Nations sustainable development goals (SDGs). 

 Employment: In 2019, around 11 million people are employed in 
renewables worldwide (IRENA), 1.44 million thereof in the EU 
(EurObserv’ER), and 316,700 persons in Germany (DIW).  

 Globally 3.4 million people worked in the PV sector, most notably 
in China (REN21). 

 Investments: More than 1 trillion USD have been invested in the 
renewable energy sector all over the world, in the past three years 
alone! (BNEF) hereby surpassing the fossil energy sector and most 
of this is happening in emerging economies of the global South. 

 Health: Doubling renewables in the global energy mix could save 
up to 4 million lives annually by reducing outdoor air pollution 
(WHO). 

 Import dependence: replacing fossil fuel imports with renewables 
may save over €10 billion per year (BMWi). For the EU renewables 
avoided energy imports worth €93.5 billion and substituted 322 
MTOE of fossil fuels in 2017 (EurObserv’ER). 

 Reduced nuclear risks and economic externalities of nuclear power  
 Security of supply through diversification of energy sources 
 Public participation and democratic control of energy supply 

through citizens and prosumers 

 Assessment reports created within the COBENEFITS project have 
quantified advantages for India, Vietnam, Turkey and South Africa. 

 Multinational sources and market reports that regularly assess co-
benefits opportunities, such as IRENA, REN 21, BNEF, WHO provide 
valuable estimations.  

 Socioeconomic impacts of the energy transition in Germany was 
modelled by DIW / DLR / GWS. Monitoring and progress reports on 
the Germany’s Energiewende are regularly published by BMWi. 

 The Global exhibition on the energy transition in Germany has 
delivered further input. 
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CLIMATE INVESTMENT FUNDS

BACKGROUND

Evaluation and learning from over 10 years of 
climate action
JOSEPH DICKMAN     Senior Evaluation and Learning Specialist     Climate Investment Funds

The Climate Investment Funds (CIF) were created in 2008 to scale up 
finance for climate action, filling urgent financing gaps and 
demonstrating the viability of emerging solutions. With more than $8 
billion contributed from 14 donor countries, CIF works through 
multi-lateral development banks (MDBs) to support over 300 projects 
across 72 countries in the areas of clean energy transition, energy 
access, climate resilience, and sustainable forests. 

CIF was founded with the mandate to serve as a learning laboratory for 
scaled-up climate finance. The CIF Evaluation and Learning (E&L) 
Initiative and Monitoring and Reporting systems are helping to fulfill 
this mandate through a range of strategic and demand driven 
evaluations and results reporting. 

METHODOLOGY
Independent evaluations assessing CIF’s contributions to transformational change, according to dimensions 
of relevance, systemic change, scale and sustainability. 

Demand-driven studies led by CIF implementing entities, civil society stakeholders and others on priority 
topics including gender, local stakeholders, and small and medium enterprise finance. 

Assessing and reporting on a range of development contributions and co-benefits through results 
frameworks, evaluations and participatory annual review processes. 

Additional evidence-based learning on just energy transitions and 
development contributions of climate finance is needed to inform 
more transformational future climate investments. 

The ability of programs and initiatives to achieve clear win-wins for 
both climate and development, including just transitions, is critical for 
making progress in both areas.

CIF projects have directly 
contributed towards 10 of 
the 17 UN-Sustainable 
Development Goals.

MAIN FINDINGS
Countries that anchor CIF-funded 
clean energy programs within a 
broader social and economic 
development narrative are able to 
achieve greater buy-in from 
national and local stakeholders, 
increasing the prospects for scale 
and sustainability. 

Inclusive engagement of local 
stakeholders and traditionally 
marginalized groups early on in 
the investment planning process 
can yield important benefits and 
increased impact. 

Intermediated finance – working 
through local banks, firms and 
supply chains – can be an effective 
way to reach small-scale 
enterprises and communities with 
specific benefits for projects 
related to renewable energy and 
energy efficiency. 

CIF programs contribute 
significant financing to at least 10 
different SDGs and related areas. 

$693 million

$6.13 billion

$2.8
$billion†

$4.1 billion

$321 million

$501 million

$70 million

$4.4 billion

$714 million

$6.13
 BILLION
     IN TOTAL FINANCING*

$6.13 billion

CIF PROJECTS AND AND THE SDGs

CONCLUSIONS

$438 million

$372 million†

$438 million

$438 million

$22 million

$438
 MILLION
    IN TOTAL FINANCING*

$383 million

CIF projects generally 
deliver additional 
benefits that go beyond 
the climate mitigation 
and adaptation scope.

CIF projects have 
successfully leveraged 
over $54.5 billion in 
expected co-financing 
from MDBs, private 
sector and other sources 
that contribute to the 
SDGs. 

SREP projects have 
directly contributed 
towards 6 of the 17 
UN-Sustainable 
Development Goals. 

SREP projects 
support increased 
energy access for 
individuals and 
businesses in 27 
low-income 
countries.

SREP projects have 
successfully 
leveraged over $2.9 
billion in expected 
co-financing from 
MDBs, private 
sector and other 
sources that 
contribute to the 
SDGs. 

SCALING UP RENEWABLE ENERGY IN LOW INCOME 
COUNTRIES PROGRAM*

OVER ALL CIF FINANCING*

* Please note that only the SDGs that are directly impacted by the projects are taken into consideration. The matching of CIF projects with the SDGs are done subjectively based on available information in the project documents. Data based off MDB
approved projects in the CIF Semi-Annual Report ending in December 31, 2018.

† Reporting on CIF contribution to SDG5 is based on assessment of the share of projects in the portfolio hosting sex-disaggregated indicators in their project results frameworks.
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