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11 (Energy Trilemma)

Balancing the
‘Energy Trilemma’

The effective management of primary energy supply
from domestic and external sources, the reliability

of energy infrastructure, and the ability of energy
providers to meet current and future demand.

Accessibility and affordability of energy supply
across the population.

Encompasses the achievement of supply

and demand side energy efficiencies and the
development of energy supply from renewable
and other low-carbon sources.

'

ENERGY
EQUITY

¢

ENVIRONMENRL
SUSTAINABILITY




MIAl oA x| oj2f = X[ £7Hs et 2

- MA AUHX 8= &=, A § UESYUTL T = 2035H7K| 30-40% S/t

X O} o]
L- O O
« 20353 MA O|HX| SE0M 2t AR = 75%2] HISS XX A2 0o
- O[EH FN7I X|&E B2 7|2 H3t &etE ¢l 2°C Eit 249 7tesd2 395l d
Cumulative energy-related CO, emissions ‘Carbon budget’ for 2 °C
Total emissions Remaining
Gt 800 1900-2035 budget

\
600
= MNon-OECD
49%
400 2012-2035
200
= OECD
-

1900 1930 1960 1990 2013
-1929  -1959 -1889  -2012  -2035

IEA, World Energy Outlook 2013



Gt CO,

IEA ETP 2DS A|L}2|2(2014H)

« =AAt=|7F FH0tE

- oYX
ZHo 2 7|Cf=

2°C 2HEE T

© EAE2 NMEL BEHOLEY| da S
© CCs= G2 S8/t olds A= HY

Sectors

COPOIPOPOERORPOCORRORPOOORRORPOCORRORPOPORPORPOAOINTO00A0NNTOR0000NGR00000 0N

60 60

BHIPRIIRO00M00 000000000000 000000000000000000008000 00

50 50

40

SH00400000000000¢

40

30

PORORPOPRRROIRRIORIROROIRIOIIRIRIRIOIVIOIONTY

30

20 20

FEEHRE00000008 00000000 0000000000000000000000000000 00

10 10

L A L A A R L R AR AR EEL)

0 L) L] L) L} L} LJ L} L} L} 0
2011 2020 2030 2040 2050

@ Power generation 41% @ Industry 19%
W Transport 19% W Buildings 13%
@ Other transformation 8%

28 Fdi M0 HX| BEg =7t 227t 45

H|Z 2 19031 0|2 A% 24

2011

B End-use fuel and electricity efficiency 33%
W End-use fuel switching 10%
W Power generation efficiency and fuel switching 2%

= 2dot7| f2t X AlLtE[L

=0 28H 9=

ot

A (IPCC AR5 WGIII)

Technologies

OO0 0000000000000 0000000000008 000 0000800000008004000004400008000000080%0

GOBLOLAG00000000000000000000000000 0000000000000 0000ANY"
T T YT TR T YT Y T
GOAO000000400000004000000000000

GOPOPOPO0000000000000000000000000000000000000000000000

FEOOHE00R000000000000000000000 0400000000000 INERUENININIUOsINININesINIdNdNY

2020 2030 2040

B CCS 14%
B Renewables 34%
= Nuclear 7%

IEA, ETP 2014



60 000 -
50 000
+ D 1/ ariable 8%
30 000 -
20000 .
10 000 -
0 - ;
2011 G005 205 hi-Ren
il B Coal B Coal with CC5 B Matural gas MNatural gas with CC5 B Nuclear
Waste B Biomass Biormass with CCS B Hydro Geothermal B STE
Solar v W Land-based wind Wind offshore B Ocean

- 2DS A|L2|2 : CO, HiZ2F 205014 7HX| 20114 CHH| 50% O] Ak Zt=
« CO, £& Z=2o| Hutg Ao X| 7} 7|0 (22 18%, E{YH 13%, CCS14%)
. MU AER 2712 PV 92GW, SAHZ 2 80GW, SfjAHZE S 16GW, CSP 18GW

IEA, ETP 2014, 2014



Power
consumption
(compared to 2008)

Gross energy
consumption
(compared to 2008)

Heat demand,
buildings
(compared to 2008)

Final energy
consumption,
transport
(compared to 2005)

Greenhouse
gases
{compared to 1990)

£ 0j|L{ x| X ZHEnergiewende)2| H|H

M2 gayg e
, DS U|L{X], @ 47tA S0 Ty

B Target in %
Share of renewables in %
Trend

«  Interms of
primary energy

2020

2030

2040 2050

energytransition.de X}| |- &



14000

12000

10000

(]
o
o
o

6000

Primarenergie, PJ/a

4000

2000

EQ oL x| ME AL}

mO

IE

2000

<1X} Of| L K| AH| ZEA: 20205 0f 2009L

14537

2005

Rl
ne

x
o

1%
rm
oin

N

E
)

L

Il

AR}y

BASIS10/PRIMSTR; 3.11.10

2009 2010 2015 2020 2025 2030 2040 2050

1L

O| 84%, 2050 0f| 56%>

Lot 5L FME{(DLR) &, 2010

T



Unit : Million tCO2

ro

9| INDCQ} =7} 247t2 AF ALIE|2

522 2030\ HIZ T K| (851 HBHCO2) ThH| 37%S ZHote 27t
2% 2EE U7|SHEEYL| NS
0| XXM o HAX|AZ AN E 7| 2XQl Jto|=ateloz XtgY

LI
i
=}

lA14.7% lmaz% IA257% In313% H
638
A37.0%
560
v
@ @ ©)
BAU

. UH AL XS =8
2005 2012 2030

34



SA| LY X| ME : K|S T7HS 3 EA| - 28 CHAL

«  EAl= MA 0'|||—1X|O| 75%E AH|SlD LAITIAO| 80%E HiESH= K|

© EAXIof o0%E Goto] QIS QLof 7| % pisto) X ofgt

C HASH SAIT FBS SFO| ChSBH7| Slef AHBATA| SMEA|, IS LA
Ol AR|IRH Y EAl S Cheh g at H2fo] S T AL 2 AL 57

- ANE E HUX] 5 ExArRe F o[ES E0|1L HY[E1 247tL & LEEE
Hi =S Z[23l5l= AO| AL X|&£7tsdE =0|= 7|2 =Y
© FLHO|M AT STAI0} 0| 0| CfotO R, SHE LS 23}0| HZMO 2, K|
Azl Yeto 2, X[ Fredetet A GotA gl detez ofjHX| XAtE 2
O X 20| ZxRE|LD U
Organic
Glrg;mlc waﬂeisd
%ﬂﬂﬂ?‘u 584, Food e e
dumping) &
Coal _ Emissions  Renewable Mi”imup'l
z:.:cie-ar Energy . ﬁgj‘ i ré"1::'I':J'n!-'l-llm Ih‘hlm wu‘p““ Eﬂwg;g;
Inputs Outputs
Incrganic Goods
Goods ?ﬂﬁlfnséﬁi-, Materials

recycled

Hinterland works
within reglonal
ecosystems

Hinterland has a
global reach



XI&7Hs 3 EAIQ M3 : S =4 EA| XI5

« HEHH Z3peb o] E= Aot X|EH7tsth EAlE XS] 284
O] 81 MO L X| 2E0| Ha ¥l ~Er

= Nitrogen dioxide * Enengy consumption
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« Ozone » Renewable energy consumption
+Particulate mater = Clean and efficient enengy policies
«Clean air policies
Energy

Buildings
- Water consumption - Energy consumption of residential buildings
= Systermn leakages = Energy-efficient buildings standards
- Wastewater system reatment = Energy-efficient bulldings initiatives

Transport

= Water efficiency and treatment policies
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Source: Cities, Towns & Renewable Energy (IEA, 2009)
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