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IEA’s focus on energy technology

1. Where do we need to go?

2. Where are we today?

3. How do we get there?
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Tracking energy and energy emissions data

Global energy‐related CO2 emissions
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IEA analysis shows that global CO2 emissions from energy remained flat in 2016 for the third year in a 
row, even though the global economy grew



Where do we need to go?Where do we need to go?
The global challenge: Climbing down the mountain 
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And technology transitions in the energy sector are slow

Data from Smil (2010) and IEA (2015), 2DS scenario

© IEA 2017



How far can technology take us?
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Pushing energy technology to achieve carbon neutrality by 2060 
could meet the mid-point of the range of ambitions expressed in Paris.



The future is electric
Change in final electricity
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In every scenario, whether reference (RTS) or low carbon (2DS and B2DS), the electricity share in final 
energy use more than doubles compared to today



How difficult is it?
A it dditi i diff t i d i th B2DSAverage capacity additions in different periods in the B2DS
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Recent successes in solar and wind 
will have to be extended to all low-carbon solutions, and brought to a scale never experienced before 



Tracking technology development  
Technology Status today against 2DS targets
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Tracking Clean Energy Progress (TCEP) highlights the overall status and recent progress in key clean-
energy technologies as well as providing insights to achieve their full potential



Solar PV and Wind are still leading the transition…

Electricity generation of selected renewable power generation technologies
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Solar PV and onshore wind electricity generation are expected to grow 
by 2.5 times and by 1.7 times, respectively, over 2015-20. 



… but can’t make up for other low-carbon generation sources

Total renewable power generation by region
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While renewable power additions keep breaking records, they need to grow much faster to reach the 
2DS electricity generation targets. Progress on early-stage technologies also needs to accelerate.



Decarbonising power lagging behind
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Phase out construction of subcritical plants; encourage carbon pricing, maximum emission caps, strict 
pollution regulations to incentivise lower carbon generation



• EVs are still on track, 

Evolution of the global BEV and PHEV stock, 2005-2016
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The global PEV car stock has reached 2 million units in circulation last year, 



• EVs are still on track, but are losing momentum

Evolution of the global BEV and PHEV stock, 2005-2016
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The global PEV car stock has reached 2 million units in circulation last year, but sales growth went from 
70% last year to 40% this year, suggesting an increasing risk to start diverging from a 2DS trajectory.



• The value of storage is starting to get clearer

Globally installed non-pumped hydro electricity storage (MW)
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Positive market and policy trends supported a remarkable year-on-year growth of over 50% for non-
pumped hydro storage.



Storage growing quickly as an option for accommodating renewables

Globally installed non-pumped hydro 
electricity storage (GW)
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Positive market and policy trends supported a year-on-year growth of over 50% for non-pumped hydro storage
But near-term storage needs will remain largely answered by existing or planned pumped hydro capacity 



Most of storage has been built for one purpose by centralised utilities…

© IEA 2017

Vast majority built as a cost-saving measure to shave demand peaks and shift loads, by public, 
vertically-integrated utilities, mostly during the rapid nuclear growth era



…but renewables and distributed energy resources demand new market designs and new 
applications

Main applications of world battery storage investment
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The expansion of grid-scale batteries, which are used mainly for frequency regulation and demand
shifting, will hinge on market design –

Markets that reward additional capacity, flexibility or avoided grid cost services.



A huge scale-up in batteries coming – high profile announcements only part of the story
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With China particularly taking big leaps in manufacturing output, the PV story could be repeated for 
storage



Digital grid transformation supports more electrification and renewables

Investment in smart grid infrastructure and total electricity networks spending 

300on

200

20
16

) b
ill

io

100U
SD

 (2

0
2014 2015 2016

Physical backbone Power equipment Smart meters
Smart grid infrastructure EV chargers

Source: IEA World Energy Investment 2017

© IEA 2017

Grid spending is dominated by traditional lines and equipment, but digital smart grid infrastructure –
with advanced connectivity and communication - now accounts for over 10% of networks investment.



Grid modernization underpinned by regulatory framework & market design

Electricity grid investment per capita versus system cost recovery ratio (most recent five years)
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60% of 2016 investment was made in single buyer markets (e.g. China, India, SE Asia). Investment 
depends on regulatory models that address cost recovery, tariff design and key performance metrics. 



Distributed energy resources scaling up

Digital technologies like blockchain
could accelerate deployment (LO3; 
Power Ledger AU; Investments in 

t t )startups)

© IEA 2017

Accelerated deployment of residential solar PV and storage reaching 1 GW annual 
installations in 2017



• The necessity of CCS is still not understood

Large-scale CO2 capture projects
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The global portfolio of large-scale CCS projects continued to expand, with the first steel plant CCS and 
the first (BECCS) plant being deployed, but no new investment decisions have been taken since 2014.



• The necessity of CCS is still not understood

Large-scale CO2 capture projects
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The global portfolio of large-scale CCS projects continued to expand, with the first steel plant CCS and 
the first (BECCS) plant being deployed, but no new investment decisions have been taken since 2014.



• The necessity of CCS is still not understood

Large-scale CO2 capture projects
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The global portfolio of large-scale CCS projects continued to expand, with the first steel plant CCS and 
the first (BECCS) plant being deployed, but no new investment decisions have been taken since 2014.



Negative emissions compensate for other sectors/end uses
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Around 145 EJ of sustainable bioenergy is available by 2060 in all decarbonisation scenarios, 
but in the B2DS a lot more goes to negative emissions technologies (BECCS)



Progress in electricity access is seen in all world regions, 
but sub-Saharan Africa lags behindg
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Million 
people

600 Sub‐Saharan 
Africa

Sub‐Saharan 
Africa

Million  600 Sub‐Saharan 
Africa

400

India

400

200

Other Asia

India
Other Asia200

Other Asia

2000 2005 2010 2016

M i l d b I di k hi i f ll l ifi i b 2030

India
2020 2025 20302000 2005 2010 2016

India
2020 2025 2030

© IEA 2017

Many countries, led by India, are on track to achieving full electrification by 2030, 
but – despite recent progress – efforts in sub-Saharan Africa need to redouble 



A shift in the electricity access paradigm

Population gaining access by source
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Declining cost of renewables and innovative off-grid business models are 
transforming the way access is delivered, especially in rural areas 



Tracking energy access

Additional impact of the Energy for All Case relative to the Central Scenario, 2030
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The benefits of achieving universal energy access by 2030 far outweigh the costs



A whole new sustainable energy world

Impacts of the Sustainable Development Scenario relative to the New Policies Scenario, 2040
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Policies of the Sustainable Development Scenario contribute to increasing energy access, 
improving human health and addressing climate change



An IEA strategy to universal electricity access

Grid extension for 150 million additional 
people, with hydro accounting for the 
li ’ hlion’s share

Decentralised solutions mainly solar PV
On‐Grid
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Off‐Grid
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Decentralised solutions, mainly solar PV, 
for the remaining 450 million people in 
rural areas

Existing grid

An additional $26 billion per year is 
needed in electricity generation and grids
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needed in electricity generation and grids



© IEA 2017
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Clean cooking  for all: what will it take?
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access to clean cooking
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The deployment of a range of clean fuels and technologies can lower premature deaths 
related to household air pollution from 2.5 to 0.7 million in 2030



• Innovation and RD&D – is it on track?

IEA government Energy RD&D expenditure
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Energy RD&D spending should reflect the importance of energy technology in meeting climate 
objectives



… however a strong boost is needed going forward
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Global RD&D spending in efficiency, renewables, nuclear and CCS plateaued at $26 billion annually, 
coming mostly from governments. 

Global RD&D spending in efficiency, renewables, nuclear and CCS plateaued at $26 billion annually,
coming mostly from governments. Mission Innovation could provide a much needed boost.



Public and private RD&D spending
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Global RD&D spending in efficiency, renewables, nuclear and CCS plateaued at $26 billion annually, 
coming mostly from governments. 

Public and private sector invest in different areas and innovation stages.
Public spending supports technologies that are further from the market or have high development and 

demonstration costs, including nuclear, CCS and ocean energy. 



Thanks for listening. Questions?

1959 2017 2050?1959 2017 2050?
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Additional material

© IEA 2017



Much greater electrification of the transport sector
Vehicle sales and technolog  shares nder different scenariosVehicle sales and technology shares under different scenarios
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The transportation sector already experiences technological change,
but won’t shed its oil dependency without assertive policies.



Much greater electrification of the transport sector
Vehicle sales and technolog  shares nder different scenariosVehicle sales and technology shares under different scenarios
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The transportation sector already experiences technological change,
but won’t shed its oil dependency without assertive policies.



Innovation stages require different public and private models

I ti i l ti h b t d ’ i l t h l i h th l b

© IEA 2017

Global RD&D spending in efficiency, renewables, nuclear and CCS plateaued at $26 billion annually, 
coming mostly from governments. 

Innovation is an evolutionary process whereby today’s commercial technologies – whether low-carbon 
or high-carbon – can be out-competed by solutions that are currently at the prototype stage if 

conditions are right. 



Clean energy remains a small part of all corporate R&D
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Clean energy spending is growing in absolute terms and represents ever larger share of all corporate 
R&D spending. 

Clean energy spending is growing in absolute terms and represents ever larger share of all corporate 
R&D spending. 



Early-stage VC investment in clean energy topics
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Clean energy spending is growing in absolute terms and represents ever larger share of all corporate 
R&D spending. 

Early-stage VC funding for clean energy has grown at 20% per year since 2013, but the technology mix 
has become more “capital light”.



System integration through smart demand response

Residential sector
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Demand response programs – in buildings, industry and transport - could provide 185 GW of flexibility, 
and avoid USD 270 billion of investment in new electricity infrastructure



Smart charging of electric vehicles

EVs standard vs smart charging
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EVs smart charging would provide further flexibility to the grid
saving between USD 100-280 billion investment in new electricity infrastructure



Lithium
2020 battery manufacturing

Cobalt
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Push for efficiency and electrification in buildings
Energy use in the buildings sector under different scenarios
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Efficiency technologies can provide the same level of comfort while reducing energy demand despite 
doubling floor area.



Industrial applications of CCS

2DS B2DS

3,0

3,5

4,0

tu
re
d 3,0

3,5

4,0

1 0

1,5

2,0

2,5

G
tC
O
2
ca
pt

1 0

1,5

2,0

2,5

0,0

0,5

1,0

2020 2030 2040 2050 2060
0,0

0,5

1,0

2020 2030 2040 2050 2060

Cement Iron and steel Chemicals Pulp and paper

© IEA 2017

CCS in the industrial sector more than doubles when moving to a 2DS as other options are increasingly 
exhausted


