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Ove rvie w  o f t h e  cu rre n t  glo b a l e n e rgy m a rke t

2

・ Although  the  t re nd  of Asia  a s  le a d ing the  g loba l e ne rgy m a rke t  
re m a ins  uncha nge d ,  de ve lopm e nts  in  the  US a nd  China ,  which  
a ccoun ts  for 40%  of the  e ne rgy m a rke t ,  m ust  be  ca re fu lly 
m onitore d .

・ World  coa l de m a nd droppe d for two ye a rs  in  a  row (US a nd  China  
la rge ly)  while  oil a nd  ga s  gre w. Ch ina ’s  coa l consum ption  
de cline d  for the  th ird  conse cu t ive  ye a r (2016 ,  BP) .

・ Discuss ions  on  Pe a k Oil (supply)  of the  2000 s  a re  now cha nging 
to Pe a k De m a nd.  Note  the  re ce n t  m ove m e nts  tha t  a im  to ba n  
the  sa le  of in te rna l com bust ion  e ngine  ve h icle s .

・ CO2 e m iss ions  droppe d in  2015  bu t  incre a se d  a ga in  in  2016 .  
Ind ia  a nd  ASEAN showe d b ig  incre a se s  de sp ite  the  de cline d  
obse rve d  in  the  US a nd  China .

・ Pa ris  Agre e m e nt  ca lls  for “Long-te rm  low gre e nhouse  ga s  
e m iss ion  de ve lopm e nt  s t ra te gie s” by 2020 .  Th is  Outlook e xpa nds  
its  e s t im a tion  pe riod  to 2050 .
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Sce n a rio s  in  t h is  Ou t lo o k

3

< Energy Model Analysis>
# Reference Scenario
Reflects past trends with current
energy and environment policies.
Does not reflect any aggressive
policies for low-carbon measures.

# Advanced Technologies Scenario
Assumes the introduct ion of powerful 
policies to enhance energy security 
and address climate change issues.
I t  promotes utmost penetrat ion of 
low-carbon technologies.

# Oil Demand Peak Case
Assumes a more rapid introduct ion of 
electric drive vehicles than in the 
reference scenario, to analyze the 
possibilit ies of oil demand peak. *1 ZEV: battery electric vehicles, plug-in hybrid electric vehicles  and fuel cell battery vehicles

*2 CCT: ultra super crit ical, advanced-USC and integrated coal gasificat ion combined cycle

❖Examples for Technology

< Clim at e Model Analysis>
# Reference:  Emissions path with cont inuing past t rends
# Minim izing Cost:  Emissions path with m inim izing total cost
# Halving Emissions by 2050:  Emissions path reflected RCP2.6 in AR5 by IPCC

Reference Advanced
Technologies

Peak Oil 
Demand

En
er

gy
 e

ffi
ci

en
cy Vehicle technology

(ZEV*1 sales share)
9% in 2030
20％ in 2050

21％
43％

30％
100％

Coal-fired power 
generation
(CCT*2 share in newly 
installed capacity)

30％ in 2030
90％ in 2050

70％
100％

Sam
e as Reference

Ca
rb

on
 fr

ee
 

te
ch

no
lo

gy Installed capacity
PV
Wind
Nuclear

(2015 to 2050)
0.2 to 1.5 TW
0.4 to 1.9 TW
0.4 to 0.6 TW

(2050)
2.5 TW
3.0 TW
1.0 TW

Thermal power 
generation with CCS
(Only countries and regions 
with CO2 storage potential 
excluding aquifers)

none Newly 
installed 
after 2030
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En e r gy Ou t lo o k  u p  t o  2050
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En e rgy m a rke t  sh ift in g t o  so u t h e rn  Asia

Despite large improvements in energy efficiency/intensity, global energy demand 
continues to increase. Two thirds of the energy growth comes from non-OECD Asia. As 
China peaks during the 2040s, the center of gravity of the market shifts within Asia 
towards the south.

5

❖ Global Populat ion, GDP and Energy ❖ Grow th in Primary Energy

255

145

132

GDP

Energy

Popu lat ion

< Reference>

* Middle East and North Africa, * *Sub-Saharan Africa
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De m a n d  le d  b y fu e ls  fo r  Ge n e ra t io n  & Tra n sp o r t

Three quarters of the growth until 2050 are for fuels for power generation and 
transportat ion. The economic development and improvements in living standards of the 
relat ively poor and populous areas - non-OECD Asia - contribute to the global energy 
expansion.

6

❖ Elect ricit y ❖ Oil fuels for vehicles

< Reference>
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44.1
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5 

10 
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2015 2050

Gtoe

-0.5 0.5 1.5 2.5

Coal

Oil

Natural Gas

Nuclear

Renewables Asia*

RoW**

Gtoe

High  d e p e n d e n ce  o n  fo ss il fu e ls  co n t in u e s

Sixty percent of the growth in electricity demand will be met by thermal power generation, 
especially natural gas. Asia leads the large global increase in fossil fuels required for power 
generation as well as for transportat ion. The high dependence on fossil fuels remains 
unchanged and energy related CO2 emissions increase by 34% by 2050.

7

❖ Grow th in Primary Energy ❖ Energy-related CO2

< Reference>

❖ Energy Mix

* Non-OECD Asia, * *Rest of the world

81%

79%
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19.8

17.2

0

5

10

15
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25

1990 2000 2010 2020 2030 2040 2050

Reference

Advanced Technology

Gtoe

elec.
elec.

elec.

other 
fuels

other 
fuels

other 
fuels

genera-
tion loss

transm
ission

losses*

-0.8 -0.6 -0.4 -0.2 0.0

Industry

Transport

Building

Power
Generation

Gtoe

Dra w in g a n o t h e r  p a t h  – Ad va n ce d  Te ch n o lo gie s  Sce n a r io

With the maximum installat ion of low-carbon technologies, the Advanced Technologies 
Scenario can reduce energy consumption by 13% in 2050. Energy efficiency in power 
supply/demand technologies would account for 30% of the total reduction. The energy 
conservation in the transport sector is quite large due introduction of HEVs, EVs, etc.

8

❖ Global Primary Energy ❖ Reduct ion Ef fects by ATS in 2050

Up- t o-dat e
Technolog ies

Ef f iciency
I m provem ent

Ef f iciency
I m provem ent
and
Zero-em ission
Generat ion

* Including station service power

Cum ulat ive 
Reduct ion  40Gt

< Advanced Technologies>

Ef f iciency
I m provem ent
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0 

2 

4 

6 

8 

10 

12 

14 

Reference ATS

2015 2050

VRE*

Other RE
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Oil
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TW

Ze ro -e m iss io n  Ge n e ra t io n  o ccu p ie s  t w o  t h ird s

ATS slows the growth in electricity demand from 1.8 t imes in the reference, down to 1.6 t imes. 
In ATS, non-fossil power generation accounts for 60% and zero-emission generation, including 
thermal generation with CCS represents two thirds (that’s half today’s CO2 emissions per unit  
of generation). Half of the total power capacity will be comprised of intermittent renewable 
energy, which needs to further reduce costs and enhance grid stability.

9

❖ Global Pow er Generat ion ❖ Global Pow er Capacity

* Variable Renewable Energy includes PV, CSP, wind and marine.

66%
62%

38%

34%

60%

6%

Non-
fossil

Fossil 
w it h  CCS

Fossil

34%

< Advanced Technologies>
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tion
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Trans-
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Coal

Oil

Gas

Nuclear

Renewables

Gtoe

Co a l fa lls  s ign ifica n t ly a n d  b e lo w  re n e w a b le s

In ATS, coal starts to decline from now and is surpassed by renewables around 2040, due 
mainly to energy efficiency and the elimination of emissions in the power supply/demand 
sectors. Despite large decline in transportat ion fuels, oil does not reach a peak. Fossil fuels 
share of the total in 2050 is reduced to 68%, from 79% in the reference case.  It  is st ill a 
high level of dependence. 10

❖ Primary Energy ❖ Ef fects by ATS in 2050
(solid line: ATS, dotted line: reference)

< Advanced Technologies>
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11

CO2 e m iss io n s  p e a k in  t h e  m id d le  o f 2020s

Energy-related CO2 emissions in ATS decline after 2020s but are st ill very far from reaching 
half of current levels by 2050. Efficiency is the most contributor for CO2 reductions from the 
reference. Two thirds of the total reductions are electricity-related technologies, including 
non-fossil power, thermal power with CCS and energy efficiency in power supply/demand. 

❖ Energy-related CO2 Emissions ❖ Reduct ions by technology

……▲6.2Gt

………▲0.4Gt

…………▲2.2Gt

▲14.4Gt

……▲3.6Gt

…………▲0.5Gt

……………▲1.5Gt

< Advanced Technologies>
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Ult r a -lo n g-t e r m  Clim a t e  An a lys is



IE
EJ

 O
ut

lo
ok

20
18

   
 IE

EJ
 ©

 2
01

7

‹#›

13

Ru le  fo r  u lt ra  lo n g-t e rm : Re d u ce  t h e  t o t a l co s t  

Without  m easures aga inst  clim a te  change , the  m it iga t ion  cost  is sm a ll, while  the  adap ta t ion  and  
dam age  costs becom e substant ia l. Aggressive  m it iga t ion  m easures on  the  o ther hand , would  reduce  
the  adap ta t ion  and  dam age  costs but  the  m it iga t ion  costs would  be  notab ly colossa l. 
The  clim a te  change  issue  is a  long-te rm  cha llenge  influencing vast  a reas over  m any genera t ions. As 
such, and  from  a  susta inab ility poin t  of view, the  com bina t ion  (or the  m ix) of d iffe rent  approaches to  
reduce  the  to ta l cost  of m it iga t ion , adap ta t ion  and  dam age  is im portant .

❖ Mit igat ion+ Adaptat ion+ Damage= Total Cost ❖ Illust rat ion of  Total Cost  for Each Path

M
itigation

•Typical measures are GHG emissions 
reduction via energy efficiency and non-fossil 
energy use.
• Includes reduction of GHG release to the 
atmosphere via CCS
• These measures mit igate climate change.

A
daptation

•Temperature rise may cause sea-level rise, 
agricultural crop drought, disease pandemic, 
etc.
• Adaptat ion includes counter measures 
such as building banks/reservoir, agricultural 
research and disease preventive actions.

D
am

age

If mit igation and adaptation cannot reduce 
the climate change effects enough to stop 
sea-level rise, draught and pandemics, 
damage will take place.

パス①

緩和過小

適応大

被害大

パス②

緩和中庸

適応中

被害中

パス③

緩和過大

適応小

被害小

緩和費用

適応費用

被害額

総合コスト
Mitigation 
Cost
Adaptation 
Cost
Damage 
Value

Total Cost

Mitigation

Adaptation

Damage

Too Small

Big

Big

Reasonable

Medium

Medium

Too Big

Small

Small

Path  ① Path  ② Path  ③
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‹#›Min im izin g To t a l Co st  in  IAM* *In t e gra t e d  Asse ssm e n t  Mod e l

Total cost of "Minimizing Cost" is half of the reference. In 2150, GHG emissions decrease by 
80% from now and temperature rises by 2.6 °centigrade from the late 19th century. In 
"Halving Emissions by 2050“, temperature peaks at  2100, result ing in 1.7 °C in 2150. However, 
total cost  is 20% higher than the reference and double of the "Minimizing Cost“ path.

14

❖ GHG Emissions ❖ GHG Concent rat ions
(incl. aerosol etc.)

❖ Temperature Rise
(vs. 1850-1900)

❖ Total Cost
（cumulative present value*）

*cumulating 2015 to 2500

*Emissions path reflected "RCP 2.6" in the 5th Assessment Report (AR5) by the Intergovernmental Panel on Climate Change (IPCC).
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St ill la rge  u n ce r t a in t ie s in  t h e  clim a t e  a n a lys is  

15

❖ GHG emissions and temperature rise using dif ferent  discount  rates (minimizing cost )

Discount  rate
This model uses 2.5%. There 
are a range of 1.1 to 4.1% 
summarized by AR5.

Equilibrium 
Climate Sensit ivit y (ECS)
This model uses 3 degree. 
According to AR5, high 
possibility that ECS is between 
1.9 and 4.5 degree.

1 .4  ° C
dif ference

Note:  A parameter indicat ing how many degrees 
cent igrade the temperature will r ise when the 
atmospheric greenhouse gas concentrat ion (CO2 
equivalent  concentrat ion) doubles.

Note:  The value used when convert ing future 
value ( income and expenditure) into current  value. 
The lower discount rate tends to raise emphasis of 
adaptat ion and damage, and strengthen the latest  
GHG reduct ion. The higher discount rate raises 
emphasis of m it igat ion costs and delays GHG 
reduct ion efforts.
Although it  changes every year in the model 
analysis, it  is represented by the average value in 
2015 to 2300 here.

❖ GHG emissions and temperature rise using dif ferent  ECS (minimizing cost )

1 .3  ° C
dif ference
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‹#›An o t h e r  p a t h  t o  “ 2 °C t a rge t ”

“ 2°C Minimizing Cost, for example, is a path that  minimize total cost  under the condition of 
2 degree temperature rise in 2150. Its total cost  is 20% higher than “Minimizing Cost” 
without the temperature limit . GHG emissions decrease by 30% in 2050 and needs almost 
zero-emissions after 2100. Temperature rises to just  over 2 degree in 2100 and then declines 
to 2 degree.

16

❖ GHG Emissions ❖ GHG Concent rat ions
(incl. aerosol etc.)

❖ Temperature Rise
(vs. 1850-1900)

❖ Total Cost
（cumulative present value*）

*cumulating 2015 to 2500

*Emissions path reflected "RCP 2.6" in the 5th Assessment Report (AR5) by the Intergovernmental Panel on Climate Change (IPCC).
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‹#›Te ch n o lo gy d e ve lo p m e n t  fo r  u lt ra  lo n g-t e rm

17

Technologies Descript ion Challenges
Technologies 
to reduce CO2
emissions

Next Generation 
Nuclear Reactors

Fourth-generation nuclear reactors such as ultra-
high-temperature gas-cooled reactors(HTGR) and 
fast reactors, and small- and medium-sized 
reactors are now being developed internationally.

Expansion of R&D support for next generation 
reactors

Nuclear fusion 
reactor 

Technology to extract energy just like the sun by 
nuclear fusion of small mass number such as 
hydrogen. Deuterium as fuel exists abundantly 
and universally. Spent nuclear fuel as high-level 
radioactive waste is not produced.

Technologies for continuously nuclear fusion and 
confining them in a certain space, energy 
balance, cost reduction, financing for large-scale 
development and establishment of international 
cooperation system, etc.

Space Photovoltaic 
Satellite
(SPS)

Technologies for solar PV power generation in 
space where sunlight rings abundantly above 
than on the ground and transmitting generated 
electricity to the earth wirelessly via microwave, 
etc.

Establishment of wireless energy transfer 
technology, reduction of cost of carrying 
construction materials to space, etc.

Technologies 
to sequestrate 
CO2 or to 
remove CO2
from the 
atmosphere

Hydrogen 
production and 
usage

Production of carbon-free hydrogen by steam 
reforming of fossil fuels and by CCS 
implementation of CO2 generated.

Cost reduction of hydrogen production, 
efficiency improvement, infrastructure 
development, etc.

CO2sequestration 
and usage
(CCU)

Produce carbon compounds to be chemical raw 
materials, etc. using CO2 as feedstocks by 
electrochemical method, photochemical method, 
biochemical method, or thermochemical method.
CO2 can be removed from the atmosphere.

Dramatic improvement in quantity and efficiency, 
etc.

Bio-energy with 
carbon capture and 
storage (BECCS)

Absorption of carbon from the atmosphere by 
photosynthesis with biological process and CCS.

It requires large-scale land and may affect land 
area available for the production of food etc.
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‹#›Lo w e r co s t  is  ke y fo r  in n o va t ive  t e ch n o lo gie s

Implicit  carbon price for “ 2 °C Minimizing Cost" is $85/tCO2 in 2050. The target costs for 
innovative technologies, such as  BECCS, hydrogen power, FCV, HTGR, SPS, are within the 
range of the carbon price. The 2 degree target can be reached with using these 
technologies. It  is important to enhance R&D from the long term view and international 
collaboration is dispensable. 18

Note: Cost (= carbon price) for “2 °C Minimizing Cost " is the highest cost of the technology adopted at each year. Refer to the main report for detail.

❖ CO2 Reduct ion Cost  by Innovat ive Technology

2°C Minimizing 
Cost 
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‹#›Fu rt h e r  CO2 re d u ct io n s  fro m  ATS

19

❖ Energy-related CO2 Emissions

1)  CO2 Free Hydrogen  (refer to previous Out look)
・ Hydrogen pow er  1GW x  3000 un it s
・ Fuel cell  veh icles 1  b i l l ion  un it s
(H2 de m a nd of 800Mt / yr corre sponds  3  t im e s  of toda y’s  LNG)

2)  Negat ive-em ission  Technology
・ BECCS: Biom ass pow er 0 .5GW x  2800 un it s
(Fue l supply of 2000Mtoe / yr ne e ds  la nd  of 2 .85  m illion  km 2)

3)  Zero-em ission  Pow er  and Fact or ies w it h  CCS
▲10Gt CO2 (Ma xim um  re duct ion  volum e  by subs t itu t ing

the rm a l powe r ge ne ra t ion  withou t  CCS)
・ SPS:     1 .3GW x  2300 un it s

or・ HTGR:  0 .275GW x  8700 un it s
or・ Fusion  react or :   0 .5GW x  4500 un it s
or・ Therm al pow er  w it h  CCS:  2800GW

(Es t im a te d  CO2 s tora ge  pote n t ia l is  ove r 7000Gt）
+
▲１ Gt CO2
・ CCS:  I nst al led in  20%  of  fact or ies and p lan t s
( iron  & s te e l,  ce m e n t ,  che m ica ls ,  pu lp  & pa pe r, re fine ry a nd GTL/ CTL)

❖ Examples of  technologies needing further reduct ions

*Emissions path reflected "RCP 2.6" in the 5th Assessment Report (AR5) by the Intergovernmental Panel on Climate Change (IPCC).
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<Climate Analysis>
●Minimizing Cost
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◆ Halving Emissions by 2050*
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Peak Oil  “ Dem and”  Case
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‹#›Transport at ion, especial ly cars d r ive o i l  
dem and

About 70% of the increases in oil consumption 
until 2050 is by transportation and 
petrochemical feedstocks. In part icular, road 
transport may decide where to go.

21

⛽ Oil consumpt ion [Reference Scenario] ⛽ Oil for Road [Reference Scenario]

However, oil consumption by cars in OECD is 
decreasing, and it  will be less than in non-OECD 
around 2020. Non-OECD accounts for all future 
increases.
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‹#›The t im e f or  car  elect r i f icat ion has com e?

22

⛽ Selected recent  movements by governments/assemblies and car makers
A resolut ion to ban conventional 
car sales in the European Union 
by 2030 was passed by the 
Bundesrat of Germany (2016)Germany

The ruling and opposit ion part ies 
proposed the abolit ion of 
conventional vehicles by 2025 
(2016)Norway

The Government announced that 
it  would ban conventional car 
sales by 2040 (2017)

France

The Government announced that 
it  would ban conventional car 
sales by 2040 (2017)

United Kingdom

Minister said that all new car 
sales after 2030 would be electric 
vehicles (2017)

India

Deputy Minister mentioned that 
the ban on the sale of 
conventional vehicles was under 
investigation (2017)China

The target for FCV sales is more than 
30,000/year in 2020 (2015). Reported 
of full-scale entry into EVs in 2020 
(2016)

Announced the strategy to increase 
EV share in its total sales to 25% 
with more than 30 models of EVs by 
2025 (2017)

Introducing 12 models of EVs by 
2022. The target of 30% of its total 
sales as EVs (2017)

The plan to prepare EVs at all line up 
by 2020 (2015)

Announced that eco-cars combined 
with EVs and HEVs will be raised to 
70% by 2025 (2017).

In 2030, two-thirds of automobile 
sales will be electrified. EVs will be 
released in China in 2018 (2017).
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‹#›Oil peaks around  2030 by rap id  penet rat ion 
of  ZEVs

Oil consumption by cars in Non-OECD, which 
continues to increase rapidly in the Reference 
Scenario, also declines from around 2030. It  is as 
much as one third of the Reference Scenario in 
2050.

23

⛽ Oil consumpt ion ⛽ Oil for Road [Peak Oil Demand Case]

In the Peak Oil Demand Case, oil consumption 
hits a peak of 98 Mb/d around 2030 then 
declines. The reduction from the Reference 
Scenario is 7 Mb/d and 33 Mb/d in 2030 and in 
2050, respectively.

Note: Dotted lines are the Reference Scenario
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‹#›While nat ural gas and  coal increase, 
pet ro leum  product  com posit ion changes

Whilst oil consumption declines, electricity 
demand by ZEVs increases fuel consumption for 
power generation. Both natural gas and coal 
exceed oil in the late 2030s. Since then, natural 
gas is the largest energy source.

24

⛽ Changes in consumpt ion
(f rom the Reference Scenario)

⛽ Composit ion of  pet roleum products
consumpt ion

Note: Excluding own use

Gasoline reduces its share to 10% in 2050. Share 
of diesel oil is not smaller than gasoline because 
diesel oil has other uses, but it  is 8 points lower 
than today.
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‹#›Crude o i l  p roduct ion sh if t s m ore t o  low -
cost  reg ions...

Oil price falls due to the change in supply and demand pressure and market sentiment – $65/bbl and 
$50/bbl in 2030 and in 2050, respectively, compared to $95/bbl and $125/bbl in 2030 and in 2050, 
respectively, in the Reference Scenario (in $2016). Given this drastic price decrease, superiority of 
lower production costs-regions increases, and only the Middle East produces more in 2050 than 
today. North America decreases by 40% from the Reference Scenario to 13 Mb/d.

25

⛽ Crude oil product ion [Peak Oil Demand Case]
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‹#›...but  t he econom ic dow nt urn also w orks
in t he M idd le East

Although the Middle East obtains the relat ive gain, its net oil export decreases of $1.6 trillion or 13%
of nominal GDP is significant.
On the other hand, the most benefit ing country from net oil import decreases is India, the second 
largest oil consumer, followed by China, which has more car fleet than in any other countries. The 
United States has lit t le impact despite of its consumption scale since it  is almost oil self-sufficient.

26

⛽ Changes in net  oil exports/imports and rat ios to nominal GDP [2050]

Note: Europe excludes the former Soviet Union
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‹#›Im pact  o f  less o i l  consum pt ion d iverges

Emission reductions in NOx and PM2.5, major 
drivers of the car electrificat ion, are 27% and 
3%, respectively, compared to total emissions in 
2010. Some contributions are expected to 
improve air quality in urban areas. 

27

⛽ Changes in emissions
(f rom the Reference Scenario)

⛽ Excise taxes on gasoline and
diesel oil for automobiles in OECD

Note: Automobile origin. Excluding effect on improvement of 
conventional automobile emission control performance 

Excise taxes on automotive gasoline and diesel 
oil decline significantly unless tax regime 
changes. They may cause financial problems 
along with the subsidies for ZEVs at their 
promotion period.
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‹#›How  do w e recognise t he rap id  de-o i l ing?

28

 The rising dependence on the Middle East  crude 
oil will increase geopolit ical risk for stable 
supply. 

 Although it  is reasonable the Governments in 
the Middle East  cut public investment and 
subsidies to reduce the budget deficit  coping 
with low oil price, it  is difficult  to deny the 
possibility of increasing social anxiety and 
worsening situation in the region.

 The role of consuming countries continues to be 
important as well as producing countries’ own 
efforts. Supporting such efforts as Saudi Arabia 
“Saudi Vision 2030“ is needed.

...and then
 It  should not be overlooked that 

oil is required even in 2050 in 
the Peak Oil Demand Case on a 
scale that  does not differ from 
today.

 If the supply investment 
becomes insufficient due to 
excessive pessimism in the 
future, it  could threaten energy 
security and  trigger the 
switching from oil to other 
energies.

 The Peak Oil Demand Case shows that  oil consumption can turn into a decline in the 
not too distant future under some circumstances.

 However, the feasibility of this Case can be said to be extremely challenging because 
the penetration of ZEVs is far greater than that  in the “Advanced Technologies 
Scenario,” in which a bottom-up approach to the maximum implementation of 
advanced technologies is adopted. Rather, it  can be interpreted that  oil consumption 
may not be easily peaked out. 
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‹#›

We provide 
part of our cutting-edge 
research results on energy 
and the environment on  

our website free 
of charge. 
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