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Energy development

Energy is needed for development

600+ | Other Renewables
1 550+ Nuclear
Societal 0| W Moo .
. 450-| M Gas I.H: Internet
Econom IC 400- B oil Microchip
350+ M Coal I I
Environmental & j‘;‘i W Biomass Nuclear |
. . 200 = B
All services require energy 150, : ﬁ/ }:r,
- ol e e ST
Fossil fuels: 50| Seam motor _eng
0
N 1975 20002008
Cheap and plentlfUI World Primary Energy Use
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Growth in primary energy demand and
potential
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Scenarios of GHG mitigation potential

+» Our emissions are on the increase
+ What pathways are considered ’safe’
+ What are the options to reduce GHGs
+ Technical
+ Behavioural
+ What is acceptible?

+~ What is nationally appropriate?

Emissions relative to different GHG concentration pathways

[l Pk =t 550 ppm, long-temm stabilization 550 ppm
B Pesk &t 510 ppm, long-term stabilization 450 ppm
Peak at 430 ppm, long-term stabilization 400 ppm
Global GHG emissions
GiCO.e per year

70 70 Business-as-usual

60 -

Technical measures
< €60 per tCO.e

30 - (Focus of the study)

40

Technical measures
32 £60-100 per tCO.e

a (High-level estimates)

Behavior changes
20 23 (High-level estimates)




Global GHG abatement cost curve beyond business-as-usual — 2030

Gas plant CCS retrofit
Coal CCS retrofit

Abatement cost

€ per tCO.e Iron and steel CCS new build
B0 Leawr peneiration wind — Coal CCS new build
Cars plug-im hybrid ——— Power plant biomass

90— Residential electronics Degraded forest reforestation —— co-fining T

. . ) Reduced intensive
a0 H Residential appliances MNuclear agriculture conversion

Retrofit residential HVAC Pastureland afforestafion High penstration wind
30 A Tillage and residue mgmi Degraded land restoration
20 H Insulation retrofit (residential) 2 generation bicfuels
. Building efficien
ol ~ Cars full hybrid 9 rew buid | — 1
. Waste recycling
All the options : L

I | = |
—lJPEL 15 L 20 . 25 30 35 38
Crganic scil restoration

0 -10
Cost on the Y-axiIs Geothermal Abatement potential
~20 Grassland managemsent GICO.2 per year
1 1 a0 Reduced pastureland conversion
Red UCtI O n pOte ntl al Reduced slash and bum agriculture conversion
on the x-axis e - Small hydro
50 — 19 generation biofuels
5 . — Rice management
COmbInathn Of Al — Efficiency improvements other imdustry
— Electnicity from landfill gas
Supply and demand o L Clinker substitution by fiy ash
a0 Cropland nutrient management
- Motor systems efficiency
80 L Insulation retrofit (commercial)

o0 & Lighting — switch incandescent to LED (residential)

MNote: The curve presents an estimate of the maximum potential of 3l technical GHG abatement measwnes below €60 per tCCLe if each
lever was pursued aggressively. It is not a forecast of what rode diffierent abaternent measures and technologies will play.
Source: Gobal GHG Abatement Cost Curee w20



Capital investment required

Funding and access to capital
can be clear barrier

Can influence the choice of
technology that might fit

Can form the basis of a NAMA
application

Capital intensity by abatement measure

Capital intensity

€ pertCO.e
180
170
160 Geathermal —
150 Residential electronics ——
140 Insulation retrofit {commercial) —
Muclear —

120 Iron and steel CCS new build —
120 Coal CCS new build —
110 Reduced pastureland conversion —
100 Reduced slash and bum —

a0 agricutture comversion

Degraded forest —

B0 reforestation

- Lighting — switch incande- —

gn | seentio LED (residential)

Poweer plant biomass

o ce-firing High penetration wind
40 Pastureland g pEnErsen wIn

a0 afforestation Coal CC
20 Waste recycling

All agriculture
10 sector levers
o I Tl ]
-10 ' 5 o
Clinker substitution by fly ash
-20

2nd generation biofuels —

Building efficiency new build —

Reduced intensive agricultural conversion —
Retrofit residential HVAC

Insulaticn retrofit (residential ) —

Electricity from landfill gas—
Residential appliances

Salar PV —

Low penetration wind —
1= generation biofuels —

Shift coal plants to higher gas utilization

L — Residential water heating

Motor systermns efficiency
Gas plant CCS retrofit—
Solar C5P—

Efficiency improve-
ments other industry
Small hydrno

S retrofit

Cars plug-in hybrid
Cars full hybrid —

35 40

Abatement potential
GICO.e per year



Technology and policy

Technology deployment
Cost
Applicatiblity

Ease of use

Policy

Fits well with the concept of
NAMAS...

Key areas of regulation

Abatement cost

€ pertCO,e
60
0 -
0 i
i 20 ! 40
=30 & :
0 i Abatement potential
i GICO.e peryear
vy i
420 | 5
150 4 I |
At Rt s
o Energy efficiency Long-term stable international Mechanism to drive
regulation, e.q., system for power and industry selected key

technical standards
for buildings and
transportation

o Targeted systems for agriculture
and deforestation linked to
national development agendas

technologies down
the learning curve



GHG Emissions -

Sectoral split is important

Determines where to focus

Each sector has special charachteristics
GHG / Energy
Sustainable development

Appropriate PAMs etc

where they are (1)

Business-as-usual emissions split by sector in 2005 and 2030

GICO.e per year
Annual growth,
2005-2030
Percent
ﬁg|g @
/" Power
/-' 187 Power E 27%
45.9 / / 35 Petroleum and gas m )
I // 22 cement g Industry
109 1/, 47 Iron and steel [ 3.2 2
AT 37 Chemicals 55 )
75 /A 30 Other Industry D
—  — 16— J/ /
=21 —16=" 14 Transport (25 ]
=, — 1.6 : Tans
—23 Consumer refated sectors
6.2
= | 46 Buildings 114
—14 p— = Waste L 0.9 )
74 72 Forestry m | Land use refated sectors
62 79 Agriculture <

2005 2030



GHG Emissions — Where they are (2)

Growth is occouring in emerging
economies

Opportunity to change direction now
With long term gain
Cleaner growth (less adaptation)
Lower operating costs

Smaller infrastructure stock

Business-as-usual emissions split by region in 2005 and 2030

GtCO.e per year

69.9

North America*

VWestem Europe*™

Eastern Europe**
QECD Pacific

Latin America

Rest of developing Asia

Africa

China

India
Middle East
Global Air & Sea Transport

Annual growth,
20052030
Percent

160 6 ©6 6060 06

Developed

Developing,
Forestry

Developing,
Non-Forestry

Globalunattributed



Abatement potential

By sector and technology
Electricity
Direct
Indirect
Industry
Forestry

Agriculture

Power
Petroleum and gas
Cement

Iron and steel
Chemicals
QOther industry
Transport
Buildings
Waste
Forestry
Agriculture

Total

Abatement potential

GtCO.e peryear, 2030

| 78

Abatement potential by sector and key levers

100

Abatement
Key levers potential
+* Renewables (Solar, wind, hiomass) 4.0
= MNuclear 20
« CCS 17
« CCS 04
* Energy efficiency 03
+ Clinker subsfifution 05
+ Alternative fuels 03
« Energy efficiency 05
+ Co-generation 03
« CCS 04
+ Motor systems 03
= |CE improvement, hybrids, EV 15
= Biofuels 0.5
= Mew build efficiency packages 0o
= Lighting and lighting controls 0.7
= Waste recycling 0%
= Land fill gas direct use 0z
+ Avoided deforestation 36
+ Afforestation/reforesiation 24
+ (Grassland management 1.3
= Organic soil restoration 1.1



A note — why the opportunity Is In emerging
economies

Existing infrastructure phase-out projection

+ Infrastructure is long lived

+ Patterns of production can be difficult to
change

Global GHG emissions®

60

55 F

GtCO.2 per year

50 & Total 2010 emissions

45 L

40

30

25 F

20 F

15

Mon-infrastructure related emissions,
e.qg., Forestry, Agriculiure, Waste

Buildings — direct emissions

Buildings — indirect emissions
from electricity usage

Industries —
10 F direct emissions
5 I Industries — indirect
emissions from electricity usage
[} 1 1 1 1 1 1 I
200 2015 2020 2025 2030 2035 2040 2045 2080



Infrastructure dynamics

The role of infrastructure choices along the cost curve

Abatement cost B Mewbuid

€ pertCo.e B Rewcit
80 r I Mot infrastructure dependent
70 |
60
50

Considering infrastrucutre o |

New build is 'best’ 20
Retrofit 10

Other I

20 40

Abatement potential
GICO,e per year

= 50% of the cost curve is choosing low-carbon options
in infrastructure new-builds

» 15% is retrofitting of existing infrastructure

= 35% is not infrastructure dependent

-100
-110



Low Carbon Technologies — Power sector

Global GHG abatement cost curve for the Power sector -

Scenario A: Maximum growth of renewables and nuclear energy
Societal perspective; 2030

Energy efficiency

Gas CCS Retrofit
Biomass CCS —
N u Cl ear Abatement cost Coal CLS Retrofit
€ pertCo.e Coal CCS New Build
60 L Biomass co-firing
Ren ewab I es B . f’m?e::z: - Wind — high penetration —
: 45: I | [ uiization Solar PV
Variable w | (| | [ Geotnerma solarcse
a5 L ' Muclear - Coal CCS new
_ o | | build with EOR
Conventional » L Wind —fow
20 Demand reduction . lrpenetramn
Carbon Capture and Storage ol ] !
5 L
o 0 d 0 I:_I
Higher efficiency of ) , ; ; o - .

Abatement potential
GtCO.e per year



Low Carbon Technologies — Petrochemicals

Global GHG abatement cost curve for Petroleum and Gas sectors
Societal perspective; 2030

[ Downstream
[ micstream
Bl Upstream
—Energy efficiency
Abatement cost requiring CAPEX at Carbon Capture and
€ per iCO.e process unitlevel  — Enemgy efficiency Reduction of Storage (CCS)
requiring CAPEX continuaus,
Eff ] 60 r More at process unit remote flaring
IClenc . offcent | SV on reOfS
y 40 | [Ereray meeney new buics
- a0 L changes
Co-generation
0 1 A 1 | 1 1 1
I
= 0 10 400 ‘ 50 €00 T00 800 900 1,000 1,100
Fla”ng -20 ¢ Replace -
40 compressor | Cogenerstion |- Carbon Capture and Abal:;;ngt potential
F seals Storage (CCS) 28 Per year
Directad
Carbon Capture and Storage ol et |
maintenance on |n.9|::be-d inspaction and
nt:
80 H— compressors distrbution network
Energy efficiency from improved
-100 * behavior, maintenance and process

contraol on retrofits

Energy efficiency from improved
maintenance and process control

“ Improved planning




Low Carbon Technologies — Chemicals

+ Energy Efficiency

+ Fuel Switching

+» Combined Heat and Power
+ Process change

+ Carbon Capture and Storage

Global GHG abatement cost curve for the Chemicals sector
Societal perspective; 2030

[ mew Build
[ Retrofit
Abatement cost
€ pertCO,e Decomposition of  Process/catalyst
an - N0 from adipic intensification
and nitric acid Level Il cCs
&0 L production CS Ammoni combustion
Efficient motor systems
4‘] -
20 L ’—’—CHF’
N  .on N .
1] 200 600 800 1,000 | 1,200 {400 1,600 1,800 2000 2200
20 F
Abatement potential
40 F Process/catalyst Process/catalyst MICO,e per year
[“E”f'lﬁmm” intensification
60 L eve Level III
an L - LEthylene cracking
improvemeants

Fuel shift oil to gas L Fuel shift coal to hiomass
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Low Carbon Technologies — Cement

Process change
Fuel switching
Waste heat recovery

Carbon Cature and Storage

Global GHG abatement cost curve for the Cement sector
Societal perspective; 2030

Abatement cost CCS retrofit

60
50
40
30
20 |

€ per tCO2e —‘
CCS new build—‘ |

Altemafive fuels — bio

250 500 750 1,000

Abatement potential
MtCO2e per year

Clinker Waste heat

|

Altemative =
subsiitution recovery
fuels — waste by slag

Clinker substitution
by fly ash

Clinker substitution
by other MIC

Mote: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €80 per t00Le if each
lever was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.
Source: Global GHG Abaternent Cost Curve v2.0



Low Carbon Technologies — Transport (1)

Efficiency
Hybrids
Electrification
Biofuel

Mode switching

LDVs — Comparison of abatement measures

Gasoline

Diesel

Base vehicle

Max ICE
improvement

Full hybrids
Plug-in hybrids*

Base vehicle

Max ICE
improvement

Full hybrids
Plug-in hybrids*
CMNG vehicles

Eleciric vehicles

Abatement potential
Emissions reduction, Percent

|«

Tank-to-wheel emissions
(Europe, on-the-road)

g CO,e/km

218

134

121

83136

1584

126

104

71-125

65

8170

- Dependency on power
sechor GO, intensity

Additional investment
2030 (rounded)
EURMehicle




Low Carbon Technologies — Transport (2)

Global GHG abatement cost curve for the Road Transport sector - [ sicfusis
Mix Technology World scenario B Lo levers
Societal perspective; 2030 Il o levers
o Tay| Abatement cost
= Efficiency Abatement
) 100
+ Hybrids 80 |
60 |
+ Electrification ar
m -
= Biofuel ’ o 15
<« DBlOTUe 20 1400 1600 1800 2,000 2200| 2400 2,600
. . -40 Abatement potential
<> MOde SWItCh'”g -0 MtCO.e per year
-80
-100
LDV ICE LDV LDV Full 1stGen. 2nd Gen. LDV HDV LDV EV
(Gasoline) CNG hybrid ~ Biofuels Biofuels PHEV  ICE
MDV ICE
LDV ICE MDV ICE (Diesel)

(Diesel) (Gasoline)



Low Carbon Technologies - Buildings

End-use energy consumption and emissions in the Buildings sector,

Where is energy used? 100% 100%
Thermal comfort u
HVAC 45
Water heating
- /’"f 15
Appliances
Water heating 19 / -
Lighting
Appliances 14 o
ol 15
Other... Lot o
Other* 1 16

Energy consumiption GHG emissions



Low Carbon Technologies - Buildings

Global GHG abatement cost curve for the Buildings sector
Societal perspective; 2030

Abatement cost Retrofit BUILDING ENVELOPE, package 2 - residential
Effl C|e n Cy € pertCOZ2e WATER HEATING - replacement of
— LIGHTING - switch incandescents to LEDs, commencial elediric, commercial
— LIGHTING - switch incandescents to LEDs, residential
HVAC — WATER HEATIMNG - replacement of gas, commercial nféﬁraﬂl.ﬁ ]
80 ) ) ;
LIGHTING - switch CFLs to LEDs, commercial rfgﬂrﬂﬂﬂﬂ Eﬁﬁﬂwrgﬁagaﬂgzi
an | ELECTROMICS - consumer, residential Eﬁdenﬂar?eﬁii
Water h e at| n g LIGHTING - switch c!=|5 to LEDs, residem.jal
a0 b " LIGHTIMNG new build controls, commercial
Appliances o | - 1 I 1 I| 1 1 1
i 500 1,000 1 2,000 3,000 3,500 4,000
20 b LIGHTIMG retrofit controls, commercial
= . . Ly T_ WATER HEATING - replacement of electric, residential
Bl.“ldlng retroﬂt | LI_RLIGHTING-TizmTBfTE,mmmciaI
etrofit HYAC - gas/oil heating, residential Abatement potential
=0 Retrofit BUILDING ENVELOPE, residential MICO.e per year
B u i Id I n g d eS i g n i Retrofit HVAC - air conditioning, residential
| | Retrofit HVAC, commercial
=0 r J — WATER HEATING - replacement of gas, residential
5 : — Retrofit BUILDING ;
Fuel switching 100 [ ENVELOPE. commara A
APPLIANCES - residential o slactrie heat'pumm mfd;m;e ng
-12g L Retrofit HVAC maintenance - residential -
APPLIANCES - refrigerators, commercial -
ELECTRONICS - office. commercial —




Low Carbon Technologies — Forestry

Land use change:
Slash and burn agriculture
Pasture land
Timber harvesting
Afforestation
Forrest restoration

Agriculture intensification

Global GHG abatement cost curve for the Forestry sector
Societal perspective; 2030

Abatement cost

€ pertCOe . . . )
g - Reduced intensive agriculture converslon—|
% | Cropland afforestation — T
24 - Degraded forest reforestation —
22 -
20 | Forest management
18 + Pastureland afforestation
16 r Reduced timber harvesting —
14
127 Reduced T
10 deforestation from '
8 I - Reduced deforestation | Pastureland
6 from slash and bum conversion
4 | agriculture conversion [
2 F [T
{] 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Abatement potential
MICO.e per year



Low Carbon Technologies - Agriculture

+ Nutrient (fertilizer)
management

+ Livestock and methane
+ Grassland management

+ Qrganic soil restoration

Global GHG abatement cost curve for the Agriculture sector
Societal perspective; 2030

Abatement cost Livestock feed supplements
€ per iCO,e
50
40 -
30 Organic soil restoration

Agronomy practices
Degraded land restoration

20 Grassland management —
10
0 4 f = : e ]
o0 M 500 1,000 1.500 2,000 2,500 3,000 3,500 4000 4 500 5,000

=20 F Abatement potential
30k L MICO.2 per year

L Livestock — Anti Methanogen Vaccine

L Rice management shallow flooding
L Rice and nutrient management

L Grassland nutrient management
L Tillage and residue management

L Cropland nutrient management



Which of these could fit your NAMAS?

+ Sustainable development

«» FIts into current national
development

+ GHG mitigation potential
+ Financing potential

+ Transformative

+ National economy links

+ Develop data, scenarios and MVR

-

Top down
approach:

1.

Set policy
objetive &
targets

2. |dentify

MNAMAS in
various
sectors
(macro-
BCONOMIC

modelling)

International
support:

S, capacity

development,

technologies

LEDS Vision ——— \Voluntary targets

|

Bottom up approach:

LEDS Strategy
1. Identify NAMAs
2. Analyse aggregate

-
$ o

3. Lay foundation for

MRV : LEDS
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