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The importance of energy balances: bringing all information together G & @

“...An accounting framework for compilation of data on all energy products entering,
exiting, and used within the national territory of a given country during a reference period.”

IEA 2019 All ights reserved.— SOUrce: International Recommendations on Energy Statistics (IRES), UNSD, 2011 3



The complete picture — Sankey diagram example of energy balance (& @
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“Energy balances” are the starting point to develop energy indicators

IEA 2019. All rights reserved.



Why do we develop energy balances? 6 ®

To understand overall energy use in country, from supply, to
transformation and final consumption sectors.

To estimate high-level indicators and CO, emissions from fuel
combustion

To assess data completeness and check quality of the various energy
commodity balances
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How to read an energy
balance?



The energy balance table

Production
Imports
Exports

wan

International marine bunkers
International aviation bunkers™*=
Stock changes

TPES

Transfers

Statistical differances
Electricity plants

CHP plants

Heat plants

Gas works

Oil refineries

Coal transformation
Liguefication plants
Other transformation
Energy industry own use
Losses

Total final consumption
Industry

Transport

Other

Residential

| Commercial and public services

Coal®

574102
215884
-231319
0

0

-6734
551933
0

-2205
-355445
-9940

-2575
-243
163136
145924
17
16999
4588
5583

Crude oil*  Oil products Natural gas  Nuclear

172933
394274
-53719
0

0

3830
517319
-1536
5161

0

-508585
0
465

-628
-200
1674

o o o o

0
270806
-205851
-48701
-26553
-2092
-123n
2375
-3641
-31163
-360

0

0
501625

-20444
0
436001
53750
223485
70468
40544
7637

267262
61503
-51954
0

0

-867
245944
0

272
-119138
-178

0

20839
0

0
20839
0

0
-20839

Hydro

27438
0

0
27438
0

0
-27438

Geothermal,
solar, etc.

32414
0

767
40

127
631
63

Biofuels and Electricity Heat

waste
384N 0 0
460 3116 0
776 -1171 0
0 0 0
0 0 0
-106 0 0
3831 1945 0
0 0 0
-3 604 0
-21%08 23131 0
0 3536 1068
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
-16141 0 0

-4 -13904 | -85
0 -31469 | -33

345654 192623 971
57411 84544 236
3697 1820 0
284546 106260 735
276141 52296 404
7610 29916 294

Total™

1479119
945043
-574790
-48701
-26553
-5968
1769151
839
-10134
-3T5667
-5875

0

-30
-6960
-18358
-397
-161590
-62651
-36890
1236838
381748
241774
493119
385020
5373

jea @5)@

Balances for 2015
in thousand fonnes of oil equivalent (kfoe) on a net calorfic value basis

* Columns present the
“commodity balances”
for all products

« All data are comparable
thanks to a common
energy unit

- Total energy can be defined



QUiZ iea Q&) @

»How to convert mass (energy commaodities) to energy units
(energy balances)?

A. Density
5. Calorific value

C. Carbon content

IEA 2019. All rights reserved.



Answer e & @

»How to convert mass (energy commaodities) to energy units
(energy balances)?

A. Density

Typically in units
of energy per
mass (kJ/kg)

5. Calorific value

C. Carbon content

IEA 2019. All rights reserved.



Understanding the main energy flows

Supply

Transformation

Final consumption

IEA 2019. All rights reserved.

Production
Imports

Exports

International marine bunkers

International aviation bunkers

Stock changes

TPES

Transfers

Statistical differences
Electricity plants

CHP plants

Heat plants

Gas works

Oil refineries

Coal transformation
Liquefication plants
Other transformation
Energy industry own use
Losses

Total final consumption
Industry

Transport

Other

Residential

Commercial and public services

404

Coal® Crude oil* Qil products Natural gas Nuclear Hydro  Geothermal, Biofuels and Electricity Heat
solar, etc waste
574102 172933 0 267262 | 20839 27438 32414 384131 0
215884 394274 270806 61503 0 0 0 460 36
-231319 -53719 -205851 -61954 0 0 0 -176 -1171
0 0 48701 0 0 0 0 0 0
0 0 -26553 0 0 0 0 0 0
-6734 3830 -2092 -867 0 0 0 -106 0
551933 317319 -12391 245944 @ 20839 27438 32414 383111 1945
Rows present energy flows
across energy products
Ll LU Ll Ll Ll U v LU Ll
-30 0 0 0 0 0 0 0 0
0| -508585 501625 0 0 0 0 0 0
-18358 0 0 0 0 0 0 0 0
0 465 0 -862 0 0 0 0 0
Three main “blocks” of flows
163136 1674 436001 96013 0 0 767 345654 192623
145924 0 53750 39845 0 0 40 57411 84544
17 0 228485 7735 0 0 0 3697 1820
16999 0 70468 13385 0 0 727 284546 106260
4588 0 40544 10416 0 0 631 276141 52296
5583 0 7637 2628 0 0 63 7610 29916

294

jea Q&)@

Total™

1479119
945043
-574790
-48701
-26553
-5968
1769151
839
-10134
-375667
5875

0

-30
-5960
-18358
-397
-16150
-62651
-36890
1236838
381743
241774
493119
385020
5373



1: Energy supply

Production

Imports

Exports

EEE

International marine bunkers
International aviation bunkers*™
Stock changes

TPES

IEA 2019. All rights reserved.

Coal*

574102
215884
-231319
0

Crude oil®

172933
394274
-53719

0

Producers

Saudi Arabia
Russian Federation
United States
Canada

Islamic Rep. of ran
Peogls’s Rep. of China

Irag "
United Arab Emirates 182
Kuwait 158
Brazil 138

Oil products Matural gas  MNuclear

0
270806
-205851
-45701

Net exporters

Saudi Arabia
Russian Federation
Tray

United Arab Emirates
Canada

Nigeria

Kuwait

Venezucla

Rest of the world 1368

Angola
Istamic Rep. of Iran

World 431

Net importers

United States
Peoples Rep. of China
Inda

Jagan

Korea

Gemany

aly

Spain

Others

2016 provisional data

Netherlands

Total

France

2015 data

Others.

Total

2015 data

267262
51503
-31954

Hydro

20839 27438

] ]
0 0
0 0
0 0
0 0

20839 27438

Geothermal,
solar, etc.

32414
0

[ s T e

32414

Biofuels and
waste

384131
460
=776

0

0

-106
383711

“High-level” information: TPES, Totals, etc...

Electricity Heat

0
3Ne
=171

19435

0

0
0
0
0
0
0

jea (&) @
Total™

1479119
946043
-5T4790
45701
-26553
-5968
1769151

Source: IEA, Key World Energy Statistics, 2017
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1: Energy supply

Coal* | Crude oil*| Oil products MNatural gas Muclear Hydro Geothermal, Biofuels and Electricity Heat
solar, etc. waste

Production 574102 172933 0 267262 20839 27438 32414 384131 0 0
Imports 215884 394274 270806 651503 0 0 0 460 ane 0
Exports -231319 -53719 -205851 -51954 -778 -1171 0
International marine bunkers™” 0 0 -48701 0 0 0 0 0 0 0
International aviatid| » W 0 0 0 0 0 0 0

Producers. Mt :llld '
Stock changes TS T @ Worid TPES from 1971 to 2016 by region (Mtoe) 0
-I-PES Saud‘iA.mhm ‘ 560 128 2459 00 I]

Russian Federation 548 126

Canada a7 54| | Netexporters Mt 1400

Islamic Rep. of Iran 229 52 S P 1200

=q - 52 Russian Federafion 254 10000

People’s Rep. of China 192 44 g 157 Nt imporiers Mt )

United Arab Enirates 8[| | s emiaes | 120 P 800

i WL 84 Lamepoiln | 18] | Ui sises - 000

Brazi 13| 31 | s o | e -

Rest of the world 17| 309| | kwait 18] | ogan w2

World 4365 | 1000 | | Venezuela 0] | orea 1w 2000

2017 provisional data Nigeria 871 | Germany o I E i
Angola 82 | & 1471 i 1580 1635 190 145 0o A5 Ao Fill]
:::S 22 :Z::nm : Boeco M mddecast B Non-OECD Europe and Eurasia [ China
T Fraes 5 B Non-0ECOAsia' [ Non-OECD Americas B aica B Bunkers?
Others 506
Total 2113
2016 data

Total™

1479118
946043
-574790
-48701
-26553
-5968

1769151

jea (@Cé’

Source: IEA, Key World Energy Statistics, 2018

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

IEA 2019. All rights reserved.
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2: Transformation and energy sectors el & 9

Coal and Crude Qil Natural Nuclear Hydro Geothermal, Biofuels and Electricity Heat Total*
peat oil products gas solar, etc. waste
Electricity plants -355445 0 -31163 119138 -20839  -27438 -31647 -219038 231911 0 -375667
CHP plants -9940 0 -360 178 0 0 0 0 3536 1068 -BETh
Heat plants 0 T f . 0 0 0 0
Gas worke 30 ransrorming energy sources 0 o o 30
Qil refineries 0 -508585 501625 0 0 0 0 0 0 0 -6960
Coal transformation -16358 0 0 0 0 0 0 0 0 0 -18358
Liquefication plants 0 465 o Coal fired poxer plant 0 0 0 0 -397
Other transformation 0 0 0 16141 0 0 -16190
Energy industry I n p Ui. -628 — O U 1. p U 1. 65 -62651
Losses I —ﬂﬁ M . Genarator é e o -365890
(codl) e ] = L (electricity)

The concept of transformation efficiency = output / input

IEA 2019. All rights reserved.



QUiZ iea Q&) Cﬁ«?

»What is the average efficiency for a coal electricity-only power plant?

A.37%

B.52%

C.65%

Source: IEA, World Energy Balances, 2018

IEA 2019. All rights reserved. 14



Answer o & @

»What is the average efficiency for a coal electricity-only power plant?

A.37%

B.52%

iy
D
o

C.65%

i

i

L
:

AL

i3
R

Source: IEA, World Energy Balances, 2018

IEA 2019. All rights reserved.

15



3: Final consumption

Total final consumption
Industry

Transport

Other

Residential

Commercial and public services
Agriculture { forestry

Fishing

Mon-specified

Mon-energy use

Coal®

163136
145924
17
16999
4588
5583
22

0

6806
196

Crude oil*

1674
0

=

1674

Oil products  Matural gas  Nuclear

436001
23750
223485
70468
40544
7637
17281
1309
3698
83297

96013
39845
7755
13385
10418
2628
180

0

160
35028

=T —— T T

Hydro

= o @ @2

Geothermal,
solar, etc.

767
40
0
727
631
B3

33

Delivery of energy products to all final consumers (sectors)

IEA 2019. All rights reserved.

Biofusls and
waste

343654
57A1N
3697
284546
276141
7610

B

3

754

Electricity

192623
34544
1820
106260
52296
2996
17852
108
6089

0

jea Q@@

Heat

am
236

0
735
404
254

Total*

1236838
381748
241774
493115
385020

53731
35348
1419
17602
120196



Quiz

»What is the largest energy-consuming sector globally?

= Residential

= Transport

= Industry

IEA 2019. All rights reserved.

jea (&)@
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Answer

»What is the largest energy-consuming sector globally?

IEA 2019. All rights reserved.

= Residential
= Transport
= Industry

Source: |[EA, World Energy Balances, 2018

® Industry

B Transport

W Residential

" Commerce and public

services

N Other

18



Aggregated indicators from
the energy balances

$®



From energy balances we derive high-level information

Supply =———————P> {

Transformation

Final
consumption

IEA 2019. All rights reserved.

— -

WEEON TS CF OF SGREVeTT

SUPPLY AND Coal’ Crude o Natwradl  Nuodexr Hydo Geotherm/ Bofmls' Bleciicty Heat Tetal
CONSUMPTION of  products g Solar!  Waste

e
Producton WTHA4 4308, U282 66135 A4 18107 141308 - 210 1380544
Imparts. 84215 1337 11332 84430 - - - 202 8173 001 517512
Exports 215050 54 - - 1847 om
Stock chang =30.08 2. -

Energy intensity,
Self-sufficiency ...

Efficiencies of
transformation sector

Shares of energy
consumption by sector

508 . . - .
Cokepat uelBIEFEpants  -T0.25 - 280 001 - - 002 - - TR18
O refneries 412308 404080 - - - - - T343
[Petrochemical plants. 300 -za2 - - - - - 038
Liquefaction plants. .87 1“0 1742 . . - - . 1307
Other iransformation 043 10.07 L8 -1 - - H260 - .73 8040
Energy industry own use 10178 -1142 20520 20180 - -0.00 -394 -1T4E2 3481 £33.44
-8.80 085 2177 - 0.01 D19 18626 1958 2MX
7 1 64141 - - 51 7 ¥ X
- 1 123, 1.1
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Transport equeprment 383 - 200 1na - 0.00 005 n5 404 4531
14.30 7.21 20 - 0.00 [ 1] a5 535 131.40
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Wood and wood products. 383 207 260 - 0.00 750 10.20 a0 2841
488 28 amn - 0.00 033 1502 134 £.18
Textie and keather 1395 om 402 024 - 0.00 027 27 [+ 00.18
80.80 ar men M - 057 TEAD 13173 50 55845
TRANSPORT 286 7% - 00 I 2604 ]
Waorld aviation bunkers - 10848 - - - - - 168,48
navon 10752 - - - - - - 107.52
Foad - - 188 3810 - - 732 07 = WM
28 - =0 - - - 025 1065 - 268
Pipeline transport - - 035 500 - - - an - 6208
World marne bunkers 1404 - - - 008 - - 184.72
nawgation 5335 o011 . - 043 - - s3e8
HNon-speched 005 - 708 070 - - 000 001 300 - 11.54
OTHER 1559 048 4243 B34 - - TE BA445 35449 15078 328M
Residential 7505 - 20708 41008 - - e B4TS1 40041 10831 214213
Comm. and public senvices 3407 - 8550 18172 - A48 M40 M6 3825 Tad 4
Agricultureforestry 1513 001 10889 868 - 25 @ 4Tez s 16287
Fishing 0.00 - 584 0.0 - oor 001 0.50 002 050
Non-specifed 3023 (3] wa axn - - 07 260 L3 705 13285
NON-ENERGY USE 5868 1060 58811 16013 - - - - - - 215
in industryfrans? jenergy 5812 1060 56048 16013 - . . - - . 6.3
O WHCH Chbm T, 117 1058 4110 15857 - - . . ssa3s
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...calculate aggregated energy intensities and other indicators e & 9

Energy intensity measured in terms of primary energy and GDP, 2016

. |

X

R ]

0 0.2 0.4 0.6
Coupling energy balances data with various macro-economic variables: Tracking SDG 7.3 al
global level

IEA 2019. All rights reserved.



...understand the shares of sectors in total final consumption

100% -~
90%
80%
70%
60%
50%
40%
30%
20%
10%
0% -
é/

B Residential M Transport M Industry M Services M Others

Key to understand where energy is used and to define policy priorities

IEA 2019. All rights reserved.

jea (@@

* Total Final Consumption
excluding Non-energy uses

Source, IEA World Energy Balances, 2018

22



. project energy demand across countries

The engine of energy demand'growth}

moves to South Asia

Primary energy demand, 2035 (Mtoe) Share of global growth
2012-2035

e afa*

urasia OECD

United & 4 060 ! Japan

States Iy Middle

Southeast East
_Asia

Indla
Non-OECD
Asia
| Comparability of energy statistics across countries is key

IEA 2019. All rights reserved.

jea (&)C??

Source: IEA, World
Energy Outlook, 2013
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... estimate CO, emissions from fuel combustion o &9

Figure 3. Trend in CO; emissions from
fossil fuel combustion
GtCO,

35
30 s
25 /
20 r/
15 ’/‘J

10 /

: /W-V/

D T T r T : T
1870 1890 1910 1930 1950 1970 1990 2010

Source: Carbon Dioxide Information Analysis Center, Oak Ridge
Mational Laboratory, US Department of Energy, Oak Ridge, Source: IEA, World CO, Emissions from
Tenn., United States. Fuel Combustion, 2016

Based on energy balances and IPCC methodologies

IEA 2019. All rights reserved



Long-term CO, projection for 2 different policy scenarios (e & 9

Figure 1.8 Global carbon dioxide (CO,) emissions reductions in the WEO 2017 New Policies and
Sustainable Development Scenarios|

= A EEEE AR R A A A RN A R A R R N A R A R A A R A F A R A P RN A RN F A N P RS0 F LR
G} 36 o :
New Policies Scenario

44% Efficiency

36% Renewables
24 ttt.#dit.0.000.‘0‘###4##.0.000ltii#b#i#ii0.0.000litb#d#ti#.ib.itlitt#i#dit.i..dtlitt
Sustainable

20 Development Scenario

2%  Fuel-switching
Nuclear
9% CCS

16 [ T T
2010 2020 2030 2040

Source: IEA, World Energy Outlook, 2018

IEA 2019. All rights reserved.
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Example of applications of
aggregated indicators
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Indicators: key to set targets and tracking efficiency progress el & 9

ASEAN PLAN OF ACTION FOR ENERGY

COOPERATION (APAEC) 2016-2025

i

Reduce El by
20% in 2020
30% in 2025
based on
2005 level

But what indicators?

IEA 2019. All rights reserved.

Targets on Energy Efficiency

Malaysia Reducing Electricity Consumption by 8% in 2025.
Myanmar Reducing Electricity Consumption by 20% in 2030.
Philippines »  Reducing TFC by 1% per year until 2040,

equivalent with the reduction of one third of
energy demand.

*  Reducing Energy Intensity (TFC/GDP) by 40% in
2040 as compared to 2005 level.

Thailand Reducing Energy Intensity (TFC/GDP) by 30% in 2036
compared 2010 level.
Vietnam *  Reducing TFC by 8% in 2020 as compared to BAU.

*  Reduce Energy Intensity of Energy Intensive
Industries by 10% by 2020.

Source: ASEAN Plan of Action for Energy Cooperation (APAEC)

27



Indicators: key to set targets and tracking efficiency progress el & 9

Targets on Energy Efficiency

Brunei Darussalam  Reducing Energy Intensity (TFC/GDP) to 2035 by 45% based in 2005
level.

Cambodia *  Reducing TFC by 20% in 2035 compared to BAU.
/’;7” o + Industry: up to 20% in garment factories and 70% in ice factories
COOPERATION (APAEC) 20162025 *  Residential: up to 50%
| «  Commercial: 20 to 30%
*  Rural Electrification Energy Savings: up to 80%
© :
= *  Replacement of biomass use 30-50%
Indonesia * To achieve 1% energy intensity reduction per annum.
Reduce El by +  Reducing TFC in 2025 by 17% in industry, 20% in Transportation,
20% in 2020 15% in household, 15% in commercial building compared to BAU.
30% in 2025
based on Lao PDR Reducing TFC 10% in 2030 compared to BAU.
2005 level

Source: ASEAN Plan of Action for Energy Cooperation (APAEC)

But what indicators?

IEA 2019. All rights reserved. 28



Example of application — Thailand e & 9

20-year Energy Efficiency Development Plan
(EEDP) is formulated with a target to reduce
energy intensity by 25% in 2030 compared with
that in 2005.

Thailand
20-Year Energy Efficiency
Development Plan or
(2011 - 2030)

reduction of final energy consumption by 20% in
2030, or about 30,000 ktoe.

& ASSNSIINWAIITU
L MINISTRY OF ENERGY

IEA 2019. All rights reservec



Example of application - Thailand

Thailand
20-Year Energy Efficiency
Development Plan
(2011 - 2030)

& ASSNSIINWAIITU
k MINISTRY OF ENERGY

The priority sectors are the transportation
sector (13,400ktoe in 2030) and the industrial
sector (11,300ktoe in 2030).

Both mandatory measures, via rules and
regulations, and supportive/promotional
measures will be introduced.

IEA 2019. All rights reservec

mandatory measures: Minimum Energy
Performance Standards (MEPS) and energy
efficiency labelling

supportive and promotional measures: Standard
Offer Program (SOP), or funding for the amount of
energy saving achieved, which can be proven or
assessed.

$®



Vieinqm iea Q&S) @

A target of 8%-10% in savings is expected to be
The Word Bank achieved by 2020

Asia Sustainable and

Alternative Energy Program

The government monitors progress in meeting the
targets through estimates of energy intensity

It is difficult to assess the degree to which Viet Nam has
met the government’s energy efficiency targets — however
there have been initiatives promoting EE.

Vietnam Source: ADB (2015) Energy efficiency developments and potential energy
:*P-‘*:d:':}?PP;"""i““f°f savings in the greater mekong subregion
nergy Efficien:

FIGURE 5: VIETNAM RESIDENTIAL FINAL ENERGY USE, 1998-2007

7,000
6,000
5,000
4,000
3,000
2,000

I Electricity
I Gas
I Petroleum products
N Coal and peat
GDP, constant Y2000

1,000

Final energy use {thousand toe)
GDP, constant Y2000 (S billion)

1998 1899 2000 2001 2002 2003 2004 2005 2006 2007
Year

Source: |EA, Energy Statistics of Non-OECD Countries (2009).
IEA 2019. All rights reserved



Example of application - Myanmar e & 9

The Myanmar Energy Master Plan provides

supply strategies through viable energy mix
b e olaie comi i scenarios to secure the stable and reliable
energy supply in the long term view.

Developed to ensure the efficient use of energy
resources, to create effective investment
environment, to employ innovative technologies
and to minimize the environment and social
impacts

Myanmar Energy Master Plan

(ESess 53 Designed to ensure the integration of Global and
""""""""""""""""""" — ASEAN commitments and to provide strategic
support to the national Government

IEA 2019. All rights reserved.



Example of application - Myanmar

Figure E2: Myanmar Energy Intensity (2009 to 2014)

4.6

6.4

62

6.0

58

56

5.4

GJ / kyat(bilion, const 2010)

52

50

4.8 +

2009 2010 201 2012 2013 2014

» Example of aggregated indicators and high-
level data used to characterize the national
energy systems — and projections for 2030.

Figure E3: Final Energy Consumption
2012 2030

jea éﬁ)cﬁ)

IEA 2019. All rights reserved.

Nor-Energy Agriculfure Non-Energy. griculture
2% % 3% 3%

Industry

Residential
- Uroan
8%
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Resources on Energy Statistics e &9

The IEA produced a comprehensive Energy Statistics Manual covering most of our data
collection methodologies, consistently with the IRES framework.

A comprehensive Energy Statistics o
Manual available in 10 languages. Visit the IEA's Statistics website to access

Energy Statistics

MANUAL additional resources, including our questionnaires,
glossary and documentation related to our data

Click on the manual to = N : X
download it free of charge! ‘ PR collection methodologies.

=

=|
T

L7

To learn more about the international
framework for energy statistics, S Encrey o

please refer to the United Nations' Statistics lea
International Recommendations for =

Energy Statistics (IRES). STATISTICS

IEA 2019. All rights reserved
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ASEAN

THAILAND 2019

ADVANCING PARTNERSHIP
FOR SUSTAINABILITY

International Department of Alternative
° Energy Agency 0 Energy Development and Efficiency
1€a **“Gstainabie &) miNiSTRY OF ENERGY
Together
Www.1ed.0rg

I[EA #energyefficientworld
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