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Monitoring renewables and energy
efficiency: why?



How to track economic and social development indicators? iea

Box 2
Main Economic and Social Development Indicators for the 13th Five-Year Plan Period
THE 13TH FIVE-YEAR PLAN 5-year
average
FOR ECONOMIC AI\,ID SOCIAL DEVELOPMENT OF Indicator 2015 2020 I h'ril?l of
THE PEOPLE’S REPUBLIC OF CHINA cumulative cator
tnkall
(2016-2020) 19. Energy consumption n/a n/a [15]
reduction per unit of GDP
(%) Obligatory
20. Non-fossil energy (% of 12 15 [3] .
primary energy
consumption)
21. CO2 emissions n/a n/a [18]
reduction per unit of GDP
(%)

Targets for 2030:

China National Determined Contribution (NDC) , peak CO, emissions by 2030 at the latest

* lower the carbon intensity of GDP by 60%—-65% below 2005 levels
* increase the share of non-fossil energy in total primary energy supply to
around 20%

Several important targets require indicators relying on energy data



Efficiency and renewables are changing the energy system iea

Chinese energy use, GDP and energy intensity, 2000-15
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Source: |[EA Energy Efficiency Market report, 2016

Dramatic progress on energy efficiency since 2006 saved 350 million tonnes of coal in 2014.
Energy savings were as large as China’s renewable energy supply.
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China to surpass EU to become largest wind generator {eal

Wind electricity generation by country/regions
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China will generate 30% of global electricity from wind by 2022 but it could generate even more
if grid integration challenges are addressed quickly
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Policy has been the major driver of energy efficiency in China iea

Chinese energy use, GDP and energy intensity, 2000-15
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Efficiency policies within China’s 11th, 12th and 13t five year have made a significant impact.
The top 1,000 and 10,000 Programmes are substantial contributors



@enewables and efficiency: core of sustainable development goals (i

Pycoy

iea

ABOUT NEWSROOM TOPICS . COUNTRIES - STATIETICS DATA & PUBLICATIONS

energy effl f(5DG7.3)
development agenda to 2030" by IEA Executive Director Dr Fatih Birol.

Access to Electriciny Access o Clean Cooking Renewables Energy Efficiency

Target 7.3: By 2030, double the global rate of improvement in energy efficiency

ountry data on access to electricity and clean cooking (SDG 7.1) and is the main source for tracking progress
(5 gets. Learn more below or read "Energy is at the heart of the sustainable

0.26
Energy intensity measured in terms of primary energy and GDP, 2015 -

toe per thousand 2010 USD PPP

World
China

http://www.iea.org/sdg/

Globally, also tracking SDG7 indicators 7.2 and 7.3 also relies on good balances data
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efficiency improvement will not reach this level without a significant ramp-up in global policy ambition and sustained progress.
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IEA and the Sustainable Development Goals
The adoption of the new United Nations Sustainable Development Goals (SDGs) in 2015 marked a new level of political recognition of the importance of energy to development. For the first time, this included a target to ensure access to affordable, reliable, sustainable and modern energy for all – collectively known as Sustainable Development Goal 7, or SDG 7. Thanks to more than two decades of work, the International Energy Agency has been at the forefront of global efforts to assess and analyse persistent energy access deficit. The IEA provides annual country-by-country data on access to electricity and clean cooking (SDG 7.1). IEA energy balances are also the main data source for tracking official progress towards SDG targets on renewables (SDG 7.2) and energy efficiency (SDG 7.3).

As part of these efforts, the IEA developed the Sustainable Development Scenario (SDS) in the World Energy Outlook 2017. The SDS combines ambitious climate policy (SDG 13) with significant action on achieving energy access (SDG 7.1) and creating cleaner air (SDG 3) – an integrated approach that speaks to energy policy priorities in a very wide range of countries.

The IEA is the lead custodian agency for SDG 7.2 and 7.3. It also plays a key role in the preparations for the High-Level Political Review of SDG 7 by the United Nations, in July 2018, leading a number of policy briefs that will serve as substantive input to the review. It is also participating in the Ad-Hoc Informal Multi-stakeholder Technical Group of Advisors on SDG 7. The IEA also co-leads the Global Tracking Framework report with the World Bank, providing a benchmark to track progress towards achieving SDG 7.

The IEA is also custodian of SDG target 12.c, which aims to rationalise inefficient fossil-fuel subsidies that encourage wasteful consumption. The IEA has been systematically measuring fossil-fuel subsidies for more than a decade, showing the impact of subsidy removal for markets, climate change and government budgets. And, finally, the IEA is also a global co-custodian, with the United Nations Industrial Development Organization (UNIDO), for SDG 9.4.1 on carbon dioxide per unit value added.

Related Materials

http://www.iea.org/sdg/

Reminding the key elements of
the energy balance



The energy balance matrix

Production
Imports
Exports

s

International marine bunkers
International aviation bunkers™*
Stock changes

TPES

Transfers

Statistical differences

Electricity plants
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Heat plants

Gas works

Qil refineries
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Liquefication plants
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Coal*
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0
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0
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0
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-872

53573
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0
517383

112618
43640
-2715
0

0

0
158543
0
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-26070
0
-5263
1078

-21719
-1839

44509
0

Hydro

95544
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solar, etc.

46236
0
0
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113508
0

0

0

0

0
113508
0

16
21917
0
-1468

0
0

534
-1604
0

0

0
1070
0

-14
502558
0

0

0
0
-56417
-25696

Heat

=

-11472
-1152

Total™

P495635
546982
-58007
-9228
-7799
5670
973254
429
-6407
-628154
0
-36575
-3699
-15508
-164982
-1457

0
-180860
-29562

iea

Columns present the
“commodity balances”
for all energy products

Source: |[EA World Energy Balances 2017

Based on NBS data processed with IEA methodology

All data are comparable thanks to a common energy unit - Total energy can be defined
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Understanding the three matrix blocks

Supply |

Transformation -

Final consumption .

Source: IEA World Energy Balances 2017

Based on NBS data processed with IEA methodology

2015 ¥ ndicators | Balances Coal Eleciricity and Heat Natural Gas il Renewables and ste
Coal* | Crude oil* | Oil products = Matural gas  Muclear Hydro  Geothermal,  Biofuels and  Electricity Heat Total**
solar. etc. wasie
Production 1868158 214780 0 112618 | 44508 | 05344 46235 113508 0 0 | 2405635
mports 108753 325482 53573 42640 0 0 0 0 534 0 545082
Exports -pg02 -2886 -41220 0 0 0 0 -1604 0| -58007
nternational marine bunkers*** o o -8228 o 0 o o o o o -8228
nternational aviation bunkers*** o o o 0 o o o o o
Stock changes 14842 -6238 o 0 o o 0 o o 5870
TFES 1931952 541139 -T407 158542 44505 35344 46236 113508 -1070 0 2873254
Transfers -871 -1000 2400 o 0 o o o o o 420
Statistical differences Q7
Electricity plants 4
Rows present energy flows 0
Heat plants ° B
across the various products g
Oil refineries r
Coal transformation -164882 o o o 0 o o o o 0 -164882
Liguefication plants -3842 2185 o o 0 o o o o o -1457
©Other transformation o o o o 0 o o o o o o
Energy industry own use 58075 -4404 0 o o o 58417  -11472  -120880
Losses 0 -872 -4 -1838 0 0 0 0 -1162 | -20582
Total final consumption TO0754 3422 477009 105420 0 o 26256 s0138 419401 83279 1905679
Industry 538622 2066 54758 38506 0 o 210 o 276246 | 55722 966131
Transport aaxn o aganse aeena n o o anaz 4Ea4D n_ao0Rgg
Other 2
R “ 1
Three main “blocks” of flows e
Commercial and public services ]
Agriculture / farastry e o) ] 0 ] 840 | ] @043 257 dinss
Fishing o o o o 0 o o o o o o
Mon-specified 21003 0 0 0 0 0 38 0 27488 2059 51586
mm MNon-energy use 55589 1357 50804 9980 0 o o o o 0 157720
-of which chemicslipetrochemical o 1357 55381 9580 o o o o o o BET18

iea
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1: Energy supply iea

Coal*il products Matural gas MNuclear Hydro  Geothermal,  Biofuels and Electricity Hea
solar, etc. waste

1868158 214760 0 112618 | 44509 | 95544 46236 113508 0

Production 2495635

108753 335483 53573 45640 0 0 0 0 534 546982

-9602 -2866 -41220 -2715 -58007

World total primary energy
supply by region

International marine bunkers™*

International aviation bunkers™* Producers 7799
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0
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0
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2015 data

Source: IEA, Key World Energy Statistics, 2017

"High-level” information: Total primary energy supply, production, trade, etc...
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2. Transformation and energy sectors

Electricity plants
CHP plants

Heat plant=s

Gas works

Qil refineries

Coal transformation
Liquefication plants
Other transformation

Energy industry own use

Coal* Crude oil* Oil products  Matural gas

Muclear Hydro  Geothermal,

iea

Biofuels and Electricity  Heat — Total™

solar, etc. waste
-125 -2253 -26070  -44509 -95844 -19980 21917 (502558 0 -528154
0 0 0 0 0 0 0 0 0 0 0
-121455 67 -ARJ5 -R2R3 n n n -1468 0 95903 -36975
4171 ° Transforming energy sources = ° o) o 3%
0| -533291\ e - — — — 0 0 0 -15803
-164982 0 0 0 0 0 0 0 0 0 -164982
-3642 2185 0 0 0 0 0 0 0 0 -1457
Coal fired power plantL
0 0 0 0 0 0 0
il - 0
Input [, [ Output
(coal) ey (electricity)

The concept of efficiency = output / input
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3: Final consumption

Coal®* Crude oil* Qil products

lotal final consumption 700754
Industry 538623
Transport 2442
Other 104100
Residential 49185
Commercial and public services 20185
Agriculture / forestry 13637
Fishing 0
MNon-specified 21083
Non-energy use 55589
-of which chemical{petrochemical o
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0
0
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15731
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0
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Hydro
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210

0
26046
21807
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36
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90138
0
2047
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Deliveries of energy products to all final consumers

Electricity  Heat

419401 83279
276246 | 55722
15449 0
127706 | 27556
65061 | 22409
26204 | 2163
8943 25

0 0
274599 | 2958
0 0

0 0

iea

Total*™

1905679
966131
298596
453222
3125599

77996
41041
0
51586
157730
66718
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Understanding efficiency from
the energy balance



Overall targets relate to the energy intensity of the economy iea

Main energy-related targets in China 13" Five Year Plans

Unit 2010 2015 2020 Growth rate(%) Type
Total primary energy production Billion tce 3.6 4 2 (annual)Indicative
Total energy consumption Billion tce 3.61 4 <5 <3 (annual)Indicative
Energy c.onsun:lptlon reduction per unit of GDP% -15% Mandatory
(energy intensity)
CO; emission reduction per unit of GDP % -18% Mandatory

(carbon intensity)

Energy intensity is defined as energy / GDP, and reflects energy efficiency progress
among other factors

© OECD/IEA 2018



nergy intensity trends for China iea

China TPES/GDP (toe per thousand 2010 USD PPP)
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Source: |[EA World Energy Balances 2017

Based on NBS data processed with IEA methodology © OECD/IEA 2018
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You can compare your country with the average of OECD and non-OECD countries also shown in the chart.



Understanding why TPES and energy intensity (TPES/GDP) vary

Mtoe
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Total primary energy supply (TPES) and demand side, China

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

M Distribution losses

B Energy industry own use

W Other transformation
losses

B Electricity and heat losses

B Total final consumption

Source: I[EA World Energy Balances 2017

iea

Based on NBS data processed with IEA methodology

Overall intensity TPES/GDP depends on efficiency across all demand-side sectors:

transformation/energy and final consumption



Transformation efficiency: electricity and heat generation example

Primary electricity is obtained from natural sources such as hydro, wind and solar power, whereas primary heat is obtained from geothermal and solar thermal power. Secondary elecfricity and heat is
produced e.g by burmning primary combustible fuels such as coal, natural gas, cil and renewables and wastes. The annual questionnaires classify electricity and heat generating plants into three groups:

1) Electricity-only plants, which generate electricity only;
2) Heat-only plants, which generate heat only;
3) Combined heat and power plants (CHP), which generate heat and electricity in a combined process.

—> &

Input(s) [ktoe]
Output{s)
Coal Natural gas il Bx:;‘::“ Electricity Heat
Q v E s
—_ GWh TJ
4) Electricity-only plants  -920,053 26,072 2,378 21,917 4,327,748
5) CHP plants 0 0 0 0 0 0
6) Heatplants  -121,455 5,263 4,692 1,468 4,016,045

Efficiency Must always be between 0-100%/
38%

T2%

Efficiency: output/input (energy units) -- Need good calorific values data for each product.
Efficiency computations help checking data quality.

iea
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Transformation efficiencies: refinery example

A refinery takes crude oil and separates it into different fractions, then converts those fractions into usable products, and these products are finally blended to produce a finished product. These products are

he fuels and chemicals used every day. In a refinery, portions of the outputs from some processes are fed back into the same process, fed to new processes, fed back to a previous process or blended with
sther outputs to form finished products. il products produced and used for energy purposes must be accounted within production.

00,000
533,208 Refining losses (mass) = Input(s), Total - Outputis), Total
500,000 = 533206 kt - 510022 kt
) = 23184 kt
z 400,000 Must always be = 0/
=
5 share of the i - 4.3%
S 300,000 are of the input
=
3 .
200,000 Ranges:
- = 0% Impossible
100,000 0-5% Reasonable
— 5% - 10% High
0 -
Inputis) Refining losses (mass) Output(s) = 10% Suspicious

Refinery losses are mass differences which appear between the total oil throughput of the refinery (reported as Refinery Intake Observed in Qil refinery losses are within reasonable range.
lable 1) and the total gross production of finished products (reported in Table 2A). The losses arise through genuine il losses and the
:onversion of refinery statistics used within the refineries to mass units.

Refinery efficiency: output/input (energy units) < 100% because of energy losses.

iea
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Efficiency in final consumption sectors

iea

Graph 3: Electricity production by source

DEMAND
FINAL ENERGY CONSUMPTION

o 400 800 1200
Total final consumption (TFC) was 1906 Mtoe in 2015. I ! !
Industry is the largest energy-consuming sector at 1100 Industry
Mtoe. It represents 58% of TFC. Residential sector ) )
accounted for 16% of TFC in 2015. Residential
Transport
Services
Mon-specified
M Coal ool H Natural gas W Biofuels and waste M Electricity Heat

Graph 4: Total final consumption, Mioe

1. Excludes elecricity frade
2 Indudes geothermal, solar, wind, tidefwavadocean, heaf and ofher
Source: |[EA World Energy Balances 2017

Based on NBS data processed with IEA methodology

The energy balance helps understand trends of energy use across final sectors.
More data would be required to assess end-use efficiency progress

© OECD/IEA 2018



Understanding renewables from
the energy balance



Targets mention “non-fossil” consumption, capacity and generation

Main energy-related targets in China 13" Five Year Plans

Unit 2010 2015 2020 Growth rate(%) Type
Non-fossil energy consumption in primary consumption % 9.2% 12% 15% Mandatory
Non-fossil electricity installed capacity % 35% 39% 4Indicative
Energy mix Non-fossil electricity generation % 27% 31% 4Indicative
Natural gas consumption % 4% 5.9% 10% 4.1 Indicative
Coal consumption % 69.2% 64% 58% -6 Mandatory
Solar power generation capacity GW 43.19 110
of which: distributed PV GW 26 431 60
Solar Utility scale PV GW ’ 45
Light and heat GW 0.1 5
Power generation capacity from biomass GW 10.3 15
of which: Direct Combustion from traditional biomass GW 5.3 7
Waste GW 47 7.5
Biogas GW 0.3 0.5
Bi Biogas (methane) bcm 19
ioenergy .
Large-scale biogas bcm 8 (annually)
Solid biomass Mt 8 L
(annually)
Bio-ethanol Mt 2.14 (annually)
Bio-diesel Mt 0.8 2 (annually)

Several targets in the five-year plan rely on complete renewable energy data to be tracked



SIEC Headings

What are the renewable energy products to be included in the balance?o

Cofmespondent &3

5 Biofuels
—
51 Solid biofuets
51 Fuebwood, wood residues and by-products
511 Wood pellets 39280* 4401.30*
5119 Oher fuehwood, wood residues 03130, 31230, 4401.10, 4401.21,
and by-praducts 980" 40122, 4401.30*
512 5120 Bagasse 3940 2303 20*
513 5130  Anifmal waste 54" 3o
54 3140 Bhl:i:lquu' 39330 3804.00%
515 5150  Oher vegetal material and residues 0913, 21710, 090190, 1213, 1802*,
346547, 39120%, 2307, 7304, 2305, 21306,
35150* mm
516 5160 Charcoal 34510 4402
52 Liguid bicfuels
321 5210  Biogasoline 341371°, 34139*, 1207 20%, 2905.11%,
34170 1905.13%, 2906.14°,
250919
522 5220 [Biodiesels 35490 382490
523 5230 Bio jet kerosene
5239 5290 Other liquid biofuels
53 Biogases
531 Bingases from anaenobic fermentation
5311 Landfill gas I340* e
5312 Sewage sludge gas 33420* e
5319 Other biogases from anaerabic 33400 gl el
ferrnenitation
532 5310 [Biogasesfrom thermal processes

lea

39910

3825.10

7
m
700 7000 —TRETRTy 17100 78
p—
E
B0

2200 90+

Source: United Nations International Recommendations for Energy Statistics (IRES)
https://unstats.un.org/unsd/energy/ires/IRES-web.pdf

Refers to SIEC, Standard International Energy products Classification

It is important to collect data for all renewable products
(biofuels)
Also: electricity heat can be generated from renewables.

© OECD/IEA 2018


https://unstats.un.org/unsd/energy/ires/IRES-web.pdf

Biofuels in the energy balance for China iea
koe ~ Municipal waste (ren) Primary solid biofuels Biogases Biogasoline Biodiesels Biojetkerosene  Charcoal

Production 0 99222 7447 1344 703 0 0
Imports 0 0 0 0 0 0 0
Exports 0 0 0 0 0 0 0
Stock changes 0 0 0 0 0 0 0
Total primary energy supply 0 99222 7447 1344 703 0 0
Electricity plants 0 -18125 0 0 0 0 0
CHP plants 0 0 0 0 0 0 0
Heat plants 0 -453 0 0 0 0 0
Total final consumption 0 80644 7447 1344 703 0 0
Industry 0 0 0 0 0 0 0
Transport 0 0 0 1344 703 0 0
Domestic aviation 0 0 0 0 0 0 0
Road 0 0 0 1344 703 0 0
Rail 0 0 0 0 0 0 0
Residential 0 80644 7447 0 0 0 0
Services 0 0 0 0 0 0 0
Agriculture/forestry/fishing 0 0 0 0 0 0 0

Source: |[EA World Energy Balances 2017, Based on NBS data processed with IEA methodology

Renewable energy products are used directly across all transformation and consumption sectors.
Are the data complete across products and sectors?



What are the renewable sources of electricity and heat?

ELECTRICITY Unit: Mwh HEAT Unit: TJ
Total Total
Hudro A Geotherrnal
Hydro-1 ke A Salar thermal
Hydra 1-10 k' A Industrial ‘waste
Huydrao 10+ paias 3 Funicipal waste [renew.]
Purnped hudra A Funicipal waste [non-renew|
Geothermal Solid biofuelz
Salar photovoltaic Bingazes
Solar therrnal Biodiezels
Tide, wave and ocean Cther liguid biofuel=
Wi

|ndustrial waste

Furnicipal waste [renem.]

Flurnicipal waste [non-renew)
Solid biofuels
Bingazes

Bindiesels
Cther liquid biofuel=

Data from all sources need to be collected to produce a complete energy balance

© OECD/IEA 2018


http://www.iea.org/media/statistics/questionnaires/Renewables_questionnaire_instructions_2016.pdf

Electricity generation from non-combustible renewables in the energy balance

Production

Imports

Exports

Total primary energy supply
Transformation processes
Main activity producer
electricity plants

Autoproducer electricity
plants

China

Electricity from non-
comb. renewables electricity

iea

Total

95844 5059 3889 21311 1 15976 0 0
0 0 0 0 0 0 0 534

0 0 0 0 0 0 0 -1604
95844 5059 3889 21311 1 15976 0 -1070
-95844 -107 -3889 -7 -1 -15976 115824 502598
-95844 -107 0 -7 -1 -15976 111935 | 485850
0 0 -3889 0 0 0 3889 16747

Source: |[EA World Energy Balances 2017, Based on NBS data processed with [EA methodology

Generation from all renewable sources contributes to the total electricity generation

© OECD/IEA 2018



What is the share of renewables in final consumption for China?

2500

Mtoe

2000

Total final consumption by product, China

1500

1000

500

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

35%

30%

25%

20%

15%

10%

5%

0%

Ren* Ele/heat

mm Other direct
renewables

mm Primary solid biofuels
Non-ren* elefheat
Gas

s il

mm Coal

renewable share

* [EA estimation based on Global Tracking Framework methodology

iea

Source: IEA World Energy Balances 2017,
Based on NBS data processed with [EA methodology

Renewables in final consumption include direct use and the renewable fraction of electricity/heat

© OECD/IEA 2018



Beyond energy balances: what other
relevant information to collect?



Renewables: capacity data by technology jea

Electricity capacity additions by fuel, 2016

0 20 40 60 80 100 120 140 160 180
Additions (gigawatts)

@ Net additions Retirements

Renewables 2017. [EA

200

500

400

300

Renewable capacity growth by country/region

I I I - - =
Eu

China Unived States India Japan Brazil Africa & Middle East

2011-2016 @ 2017-2022maincase @ Additional accelerated

Source: [IEA Renewables 2017

It is important to track installed and retired capacities by size and type

© OECD/IEA 2018



apacities relate to generation through “capacity factors” jea

Previous lssues

EleCtrlc POWer Monthly Issue: | March 2018 v Format: °
Data for February 2018 | Release Date: April 24, 2018 | Next Release: May 24, 2018
| full report [

Table 6.7.B. Capacity Factors for Utility Scale Generators Not Primarily Using Fossil Fuels, January 2013-
February 2018

Conventional Solar Solar Landfill Gas and Muncipal Other Biomass
Period Nuclear Hydropower Wind Photovoltaic Thermal Solid Waste Including Wood Geothermal
Annual Factors
2013 89.9% 38.9% 32.4% NA NA 68.9% 56.7% 736%
2014 91.7% 373% 34.0% 25.9% 19.8% 68.9% 58.9% 74.0%
2015 92.3% 35.8% 32.2% 25.8% 221% 68.7% 55.3% 74.3%
2016 92.3% 382%  345% 251% 222% 69.7% 55.6% 73.9% e

)] USE I

2017 92.2% 452%  36.7% 27.0% 21.8% 70.9% 50.7% 76.4% cla’

Example for a specific installation
Genfration

740,000 MW-h
(365 days) x (24 hours/day) x (290 MW)

= : 29.1%.

T T Capacity factor

Capacity

For example, solar PV capacity factors depend on average solar irradation (latitude/cloud cover)
and operational conditions

© OECD/IEA 2018
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At the low range of capacity factors is the photovoltaic power station, which supplies power to the electricity grid from a large-scale photovoltaic system (PV system). An inherent limit to its capacity factor comes from its requirement of daylight, preferably with a sun unobstructed by clouds, smoke or smog, shade from trees and building structures. Since the amount of sunlight varies both with the time of the day and the seasons of the year, the capacity factor is typically computed on an annual basis. The amount of available sunlight is mostly determined by the latitude of the installation and the local cloud cover. The actual production is also influenced by local factors such as dust and ambient temperature, which ideally should be low. As for any power station, the maximum possible power production is the nameplate capacity times the number of hours in a year, while the actual production is the amount of electricity delivered annually to the grid.


Energy efficiency: more detailed end-use data than in energy balances (e

Across all of China’s end-use sectors, energy efficiency improved by more
than 19% since 2000 and the pace of change appears to be quickening.
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End-use data across sectors of final consumption help understand demand drivers
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The importance of good balances to monitor efficiency and renewables
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Energy balances are a key piece of information to track energy targets

Energy balances are essential to understand efficiency of energy use across
transformation and consumption sectors — therefore energy intensity trends

Complete energy balances across energy sources are essential to track the
change in renewable shares across sectors.

Data collection following coherent methodologies enhances comparability of
energy balances across regions and countries

The IEA is committed to facilitate national work and exchange across countries,
with a view to strengthening the long-term institutional capacities
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