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Sector coupling | Sector integration | Electrification*

Note *. Not in the way we as South Africans are accustomed to think of electrification. 



Fossil fuels have historically dominated as energy carrier 
to drive our lives as we know it
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Note 1. Including “other” alternates e.g. waste, landfill gas, etc. for electricity generation.  Source : Based on the South African energy filière, DOE 1994 (updated for the DBSA Energy 
futures workshop 2010 (using 2009 data)  by Mark Beare

Example of South African Energy Filiére, 2010



Massive technology and price developments during the last 
decade have enabled the ascent of Renewable Energy
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LCOE, by main renewable technology
2009 to 2019 ($/Mwh)

Source. UNEP. Trends in Renewable Energy Investment 2019. Angus McCrone, Ulf Moslener, Christine Grüning, Francoise d’Estais (Concept and editorial oversight). September 2019

Net capacity added in main generation 
technologies 2009 to 2019 (GW)

-70%

x 1.5

Disproving the long-held belief that RE is too expensive and cannot be scaled



Which means that Renewables have become an obvious alternative 
energy carrier to produce electricity as delivery energy
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“The thing about electricity, while sometimes it is dirty, it is the only fuel that CAN be clean”

clean



But what if low cost clean energy can be used to displace all 
energy carriers i.e. 100% renewable ENERGY
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Complete 
decarbonization  

100% RE is 
already being 

envisioned 
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Example 1. One Earth projection of 100% clean energy by 2050
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Source. https://www.oneearth.org/100-renewable-energy/ published mid 2017, University of Technology Sydney, the German Aerospace Centre and the University of Melbourne



Example 2. Cross-sector, global 100% renewable energy system 
outlined by LUT University and the Energy Watch Group (2050)
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Source. Ram M., Bogdanov D., Aghahosseini A., Gulagi A., Oyewo A.S., Child M., Caldera U., Sadovskaia K., Farfan J., Barbosa LSNS., Fasihi M., Khalili S., Dalheimer B., Gruber G., 
Traber T., De Caluwe F., Fell H.-J., Breyer C. Global Energy System based on 100% Renewable Energy – Power, Heat, Transport and Desalination Sectors. Study by Lappeenranta 
University of Technology and Energy Watch Group, Lappeenranta, Berlin, March 2019.

Shares of primary energy supply in 2015 and 2050

10% RE 100% RE

2015 2050



Example 3. 100% Clean, Renewable Energy and Storage for 
Everything (Stanford University) (2050)
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Source. 100% Clean, Renewable Energy and Storage for Everything by Mark Z. Jacobson, to be published by Cambridge University Press in early 2020.



Example 4. 100% in 139 countries modelled by The Solutions 
Project
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Source. http://web.stanford.edu/group/efmh/jacobson/Articles/I/CountriesWWS.pdf



Example 5. Commitments have also been made at country 
level
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Germany has set ambitious policies for increasing renewable energy 
shares with work being done towards a full energy system 
transition towards 100% renewable energy in Germany by 2050. 
Vision 100 also looking at sharing the experience to 5 countries. 

IRENA Coalition for Action. 2019. Towards 100% Renewable Energy: Status, Trends and Lessons learned. 

Costa Rica committed to become the world’s first decarbonised
economy, aiming to achieve a 100% renewable energy mix by 2030. 
Electricity already 98% clean in 2018, but only 25% of total energy 
use. Next focus transportation and fuels. 

Denmark has set a target for 100% RE in all sectors by 2050 
supplemented with the Energy Agreement (2018) to achieve 100% 
green electricity and 55% RE in net energy by 2030. 

As of 2018, the IRENA Coalition for Action found 53 countries that had pledged 
towards a 100% renewable energy target of some kind. Examples include:
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“A transition to 100% clean, renewable energies is 
highly realistic – even today, with the technologies 

currently available.”

Credited to Cristian Breyer, professor for solar economy at LUT



…and transformation to a 100% renewable energy system 
offers multiple benefits
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So then why are we not doing this?

Sources. various studies (IRENA, 2018a; Energy Watch Group and Lappeenranta University of Technology, forthcoming; University of Technology Sydney, forthcoming) 

Meet climate
targets

Health benefitsJob richLeast water
intensive

Least Cost

The transformation to a 100% renewable energy system in all end-uses would 
generate millions of new jobs, bring significant welfare gains in the form of 

health benefits from cleaner air and water, as well as increase energy 
independence and economic growth



Examples of 100% Renewable electricity / decarbonized power 
sector readily available, but…

If the world wants to achieve 100% RE by 2050 

Considerable efforts are still needed to speed up the transformation in 
other end-use sectors such as heating, cooling and transport, among 
others, widening the scope of the electricity sector to integrate other 

distributed sectors. 
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What are the remaining barriers to complete decarbonization 
within these timelines i.e. by 2050?

Major shifts depend on three pillars: technology readiness, enabling policy 
and market pull. So how are we doing? 
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Technology focus areas Market 

Policy

• System flexibility to incorporate 
large share of VRE 

• Affordable energy storage solutions 
at scale / peaker arrays

• Hard to abate sectors / end uses
• Data and data analytics to inform 

planning, evidence based decision-
making, policy development, sector 
integration, investments

• Physical land / surface area 
Standards (sustainability, waste, 
quality, affordability)

Investment trends and climate strikes 
all suggest a strong pull 

Ambitious targets supported by stable, 
long-term and reliable policies are of 
crucial importance as a signal of 
commitment to citizens, investors and 
other stakeholders.

Ensuring a just transition.

Technically feasible. Economically viable. Pending political will…



Decarbonisation or 100% RE scenarios by 2050 have common 
elements …and some variations 

• The transition will include a blend of 
alternative fuels and electrification

• Powered by 90 – 99 – 100% clean 
electricity

• Energy efficiency and reduced 
demand (not always explicitly stated)

• Energy storage / peaker arrays 

• Overall reduced energy usage (42% –
50+% less than BAU) 

• Do we need negative carbon 
technologies such as CCUS?

• Is nuclear part of the picture? 
Biofuels?

• And gas? 

• Hydrogen for those hard to reach 
places (electrolysis using RE)

• Exact impact on overall power 
demand, costs, employment varies, 
although overwhelmingly positive
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#ElectrifyEverything But, how does it look exactly?

Solutions unique to each country, e.g. South Africa…



By 2050, the Best Policy 
Scenario (BPS) means:

Cost of electricity 25% lower

⅔ less water vs “current policy 
scenario” 

~30% more employment

Low GHG emissions
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Source: Pathway towards achieving 100% renewable electricity by 2050 for South Africa. September 2019, LUT University, in Finland, Solomon Oyewo, Arman Aghahosseini, Manish Ram, Alena 
Lohrmann and Christian Breyer.; analysis published by PV Magazine and Engineering news

Solar PV Wind Coal and Gas*

Wind 28% of RE, Estimate wind - 89 GW

321 GW 

4% coal and gas

96% RE

Pathway towards achieving 
100% renewable electricity by 2050 

for South Africa

Meet climate targets

Job rich

Least water intensive

Least Cost



45% less energy consumed:

25% lower energy costs + 6% of 
GDP in avoided mortality and 
illness costs 

~30% more employment

Low GHG emissions

>11,000 fewer pollution related 
deaths
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Note 1. Not specified, but based on 2010 filiere orders of magnitude, likely to be double that of electricity only. 
Source: Solutions project, 100% RE for South Africa https://thesolutionsproject.org/wp-content/uploads/2015/11/100_SouthAfrica.pdf

Solutions Project 
100% Renewable Energy by 2050 

for South Africa 

Meet climate targets

Job rich

Least Cost

Solar Wind Other RE

27%
71%

Health benefits

x GJ

Estimate wind – 169 GW1



Wind market in South Africa can anticipate significant growth
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30 80

Wind Power: Gigawatt installed

IRP base case
Conservative view 

100% RE (LUT)
Electricity only (similar to 
CSIR least cost modelling 
2016)

100% RE Solutions Project
CSIR modelling to give 
consideration

9060 7040 50 140+120 130100 110

With an opportunity to influence the size and shape of the contribution

GW



Work being done in South Africa

• CSIR energy modelling

• Data collection and dissemination, 
fully interactive datasets, 
analytics and visualization
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A crack in everything is how the light gets in – Leonard Cohen 

One of the possible outcomes of crisis in society is that: 

“enough people see the cracks in society as creative openings where the 
light comes in and become creative in creating new structures that are 
much more functional. And then you channel the evolutionary pressure 
into creativity. So you participate and create something….. if enough 
people become creative, they move society forward into the next levels of 
development.”

~ Thomas Hübl
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Be part of the “next level of development”



Thank you
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