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Energy Balances
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l. What is an Energy Balance?

PPPPP



Energy balances are a compact source of information 1ed

SUPPLY AND Geotherm., Biofuels

CONSUMPTION 2019 Coal Crude oil Qil products Natural gas Nuclear Hydro solar, d te Electricity Heat Total
[P1] wind, etc. andwas

Production 167549 190442 - 143639 30461 15195 13513 56539 - a5 617338
Imports 35644 102662 56858 42995 - - 2589 1341 2589 0 242089
Exports -37098 -102077 -60177 44313 - - -2606 -1076 -2606 0 -247347
International marine bunkers - - - - - - - - - - -
International aviation bunkers - - - - - - - - - - -
Stock changes -3720 -177 -167 -1537 - - - 9 - - -5591
TES 162376 190851 -3486 140784 30461 15195 13496 56813 -17 26 606490
Transfers -104 -9823 11218 - - - - - - - 1291
Statistical differences -1850 839 -107 -881 - - 298 33 963 36 -968
Electricity plants -72727 -1417 5727 -38996 -30315 -15195 71105 -5156 81984 - 98427
CHP plants -29624 0 -575 -13993 -146 - 26012 -3364 14971 11182 -21690
Heat plants -1042 -22 -359 -2552 - - 4078 -540 - 4155 437
Blast furnaces -7902 - -6 -1 - - - -2 - - -7912
Gas works -706 - -120 254 - - - -40 - - -612
Coke/pat. Fuel/BKB plants -4138 - -86 -1 - - - -5 - - -4230
Oil refineries - -182111 178099 - - - - - - - 4012
Petrochemical plants -20 - - - - - - 0 - - -20
Liquefaction plants -953 892 - -730 - - - - - - -791
Other transformation -12 562 -25 -999 - - -33 -3637 -14 -19 4144
Energy industry own use -3433 -357 -8949 -13438 - - -10182 -680 -8392 -1790 -37039
Losses -99 -317 -8 -1041 - - -8082 -8 -7244 -837 -9554
TFC 39786 h99 168375 68405 - - 97392 43415 82252 12823 417973
INDUSTRY 32571 65 12208 25700 - - 40540 9895 34439 6066 120979
TRANSPORT 13566 1 246 2607 - - 5300 198 4734 566 21919
OTHER 2975 1 2462 6383 - - 7578 103 4697 2881 19503
NON-ENERGY USE 1171 0 152 720 - - 4365 5 4123 242 6412

International Recommendations on Energy Statistics: “...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.”
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Transformation and
energy industries own use
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Energy balances are a compact source of information
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SUPPLY AND Geotherm., Biofuels

CONSUMPTION 2019 Coal Crude oil Qil products Natural gas Nuclear Hydro solar, d N Electricity Heat Total
[P]] wind, etc, 2nd waste

Production 167549 190442 - 143639 30461 15195 13513 56539 - a5 617338
Imports 35644 102662 56858 42555 2585 1341 2585 0 242089
Beotts 3038 102077 Comparable information Comparable energy o wmv
International marine bunkers - - - -
International aviation bunkers| - - for all prOdUCtS units (TJ) - -
Stock changes -3720 -177 - -5591
TES 162376 190851 -3486 140784 30461 15195 13496 56813 -17 926 606490
Transfers -104 -9823 11218 - - - - - - - 1291
Statistical differences -1850 839 -107 -881 - - 998 33 963 36 -968
Electricity plants -712727 -1417 -5727 -38996 -30315 -15195 71105 -5156 81984 - -98427
CHP plants -29624 0 -575 -13993 -146 - 26012 -3364 14971 11182 -21690
Heat plants -1042 -22 -359 -2552 - - 4078 -540 - 4155 437
Blast furnaces -7902 - -6 -1 - - - -2 - - -7912
Gas works -706 - -120 . 40 - - -612
Coke/pat. Fuel/BKB plants 4138 - 86 Global picture of energy 5 - - 4230
Oil refineries - -182111 178099 . S . - - - 4012
Petrochemical plants -20 - - situation in a country 0 - - 20
Liguefaction plants -953 892 - - - - -791
Other transformation -12 562 -25 -999 - - -33 -3637 -14 -19 -4144
Energy industry own use -3433 -357 -8949 -13438 - - -10182 -680 -8392 -1790 -37039
Losses -99 -317 -8 -1041 - - -8082 -8 -7244 -837 -9554
TFC 39786 599 168375 68405 - - 97392 43415 82252 12823 417973
INDUSTRY 32571 65 12208 25700 - - 40540 9895 34439 6066 120979
TRANSPORT 13566 1 246 2607 - - 5300 198 4734 566 21919
OTHER 2975 1 2462 6383 - - 7578 103 4697 2881 19503
NON-ENERGY USE 1171 0 152 720 - - 4365 5 4123 242 6412

IEA 2021. All rights reserved.
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http://www.iea.org/statistics/statisticssearch/report/?&country=GERMANY&year=2011&product=Balances
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Il. Why do we create energy balances?

PPPPP



So we can compute and monitor: 1ed

= Total energy supply and consumption as well as patterns for the whole
energy market

= Relative weight of different energy sources in the total mix
= Consumption shares across sectors of economic activity

= Energy intensity, dependence on energy imports and other socio-
economic indicators

= Similarities or differences with other countries’ energy systems

 Data quality (e.g. high statistical difference, efficiency in
transformation sector as a quality indicator)
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Ill. How energy balances are calculated

PPPPP



Flow of data processing at the IEA 1ed

Annual Questionnaires
OR
National publications, websites

%‘ Coal Commodity Energy
statistics balances

%l Qil
gj‘ Natural gas

Renewables

Electricity & Heat

IEA 2021. All rights reserved.



From energy statistics to energy balance — How? ed

Statistics Calorific Format __ Energy

by product — X values change = balance

A calorific value

* Is the amount of heat obtained from one unit (mass or volume)
of the fuel and is the only way to convert a fuel quantity from
physical units (mass or volume) into energy units (e.g. kJ).

Page 10



Energy balance methodological choices: 1ed

Common unit of account
Net vs. Gross calorific value approach

Calorific values by product

> W N

Primary energy form and primary energy equivalent for
energy transformations that do not involve combustion



1. Which energy unit?
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2. Net vs. Gross calorific values? e

The difference between NCV and GCV is the latent heat of
vaporisation of the water produced during combustion

5% 5% 10%

IEA uses Net Calorific Values
(NCVs)




3. Choice of calorific values by product 12d

For Coal, Natural Gas, Crude Oil and Oil products

Calorific values vary:

« over time (i.e. vary from year to year)

+ between commodities (i.e. coal # oil products)

« from country to country

« from flow to flow (in some cases, i.e. trade # consumption)

' 2 r~
, LT =N
. ‘I‘ ’ 'r
- 7 \~ » T D
; N ~
IEA 2021. All rights reserved &



4a. How to determine primary equivalents for non-combustible €0
sources?

B Combustible sources have measurable inputs in the context of a
transformation (i.e. natural gas input for gas-fired generation)

® But how about non-combustible sources like nuclear, geothermal,
solar, wind, wave?

The output is clear (electricity, heat), but how much is the related amount
of primary energy?

Geotherm., .
. . . Biofuels and .
Coal Crude oil Oil products Natural gas Nuclear Hydro solar, wind, ¢ Electricity Heat Total
waste
etc.

Electricity plants ‘ -72727 -1417 -5727 -38996 p) 2 2 -5156 81984 - -98427




4b. Primary energy form and primary energy equivalent 1ed

_ Heat: Electricity:
First energy form
downstream for ¢ hydro
which multiple energy ¢ nuclear electricity *  wind
uses are practical ¢ geothermal o wavelocean
¢ solar thermal .

solar photovoltaics

Implied efficiencies are:

Heat as primary energy form Electricity as primary
IEA opted for: energy form

Physical energy ['33% nuclear for electricity generation
content method

(
N . ® 100% hydro
10% for electricity generation

. .
Geothermal {50% for heat generation ® 100% wind

33% for electricity generation \0 100% solar-PV )
100%for heat generation )

® Solar thermal{

IEA 2021. All rights reserved Page 16
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V. Uses of energy balances

PPPPPP



Using the energy balance with economic indicators ed

* Population
* GDP

Examples:

* Energy Production/TES * Electricity Consumption/Population
« TES/Population * Industry/GDP

* Oil Supply/GDP * CO, emissions per capita

* SDG 7 indicators

IEA 2021. All rights reserved. Page 18



G Jfcapita

Developing high-level indicators 1ed

Indonesia total energy supply (TES) per capita Saudi Arabia self-sufficiency:
0 TES/population A50%
35 / 400%

,—/_/——J w
30 B — ———

,_//\/ 300% >
25

_—

250% \f’\

. N
200%

15
150%

1o 100% «

5 0%

D r T T T T T T T T T T T T T T 1 [m r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 1990 1995 2000 2005 2010 2015 2019
e Total self-sufficiency  =———Gas self-sufficiency  =———Coal self-sufficiency 0il self-sufficiency

Coupling energy balances data with various macro-economic variables

WWW.lea.orqg/statistics/

Source:
IEA, World Energy Balances, 2021

IEA 2021. All rights reserved. Page 19


https://www.iea.org/statistics/

Conclusion: Good Energy Balances... 1ed

® ... require good quality statistics (physical data & calorific values)
® ... are a compact source of energy information (convenient!)
® ... enable accurate checks of energy statistics (i.e. efficiencies)

® ... constitute the foundation for energy indicators (among which the
SDG 7 ones), energy accounts and for CO, emissions estimates

BALANCES@iea.orq



mailto:BALANCES@iea.org

Thank yout

eQ

BALANCES@iea.orq
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V. Examples and more information

zzzzzz



4c. Examples: primary energy equivalent calculation 1ed

Primary energy equivalent | Implied Efficiencies Energy Outputs
/o \
- 1000 TJ . 1 000 TJ

l\ ___ Wind ) electricity
___Nuclear ucear electricity
[ 10000 TJ | 1000 TJ
_Geothermal cotnerma electricity
| Geothermal | SO heat

Primary energy equivalent = Energy outputs + Implied efficiencies

IEA 2021. All rights reserved. P,
ag



Key structural features of the IEA energy balance 1ed

SUPPLY AND Geotherm,, Biofuels

CONSUMPTION 2019 Coal Crude oil Oil products Natural gas Nuclear Hydro solar, and waste Electricity Hea Fetat
[P1] . wind, etc. TES
Production 167549 190442 - 14 56539 - )
Imports 35644 102662 56858 4 Supply 1341 2589 Total

Exports 37098 102077 60177 4« Refined products and electricity ~ -1076 -2606 Energy |
}”Eemagﬂna: marne b;”klfgs - - - are secondary energy products. ) ) Supply
nternational aviation DUnKers - - - . . - - - -
Stock changes 3790 177 167 '+ Production equals to zero to avoid g ] - =501
TES 162376 190851 -3486_ 140 double counting 813 -17 96 C 606490
Transfers -104 -9823 11218 - - - - - - - 1291
Statistical differences -1850 839 -107 -881 - - 998 33 963 36 -968
Electricity plants C72727 D  -1417 5727 -38996 -30315 -15195 71105 -5156 - -9842
CHP plants -29624 0 575 13993 146 - 26012 -3364 14971 11182 21690
Heat plants -1042 22 -359 . -540 - 4155 437
Blast furnaces 7902 - % Transformation 2 . - 7912
Galiewnrks | -706 "u;'lZU « Negative value represents an -0 - - 612
e el B® ples o input, positive value represents an | 7 _ RS
Petrochemical plants -20 - - output 0 - - -20
Liquefaction plants 953 892 - « Transformation losses appear in - - - 791
Other transformation -12 562 -25 the Tota| Co|umns as negative -3637 -14 -19 4144
Energy industry own use -3433 -357 -8949 figures -680 -8392 -1790 -37039
Losses -99 317 8 8 7244 837 9554
TFC 39786 599 168375 6. __ o 13415 82252 12823 417973
INDUSTRY 32571 65 12208 25700 - - 40540 9895 34439 6066 120979
TRANSPORT 13566 1 246 2607 - - 5300 198 4734 566 21919
OTHER 2975 1 2462 6383 - - 7578 103 4697 2881 19503
NON-ENERGY USE 1171 0 152 720 - - 4365 5 4123 242 6412

IEA 2021. All rights reserved. Page 24



Learn more about Energy Statistics 1ed

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

A comprehensive Energy Statistics = =& =

Manual available in 10 languages. p——y Visit the IEA’s Statistics website to access

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

Click on the manual to = 5 : :
download it free of charge! ‘ & - collection methodologies.

. o

=

To learn more about the internationa
qu framework for energy statistics, Energy
please refer to the United Nations’

Statistics
International Recommendations for © %

STATISTICS Energy Statistics (IRES).

IEA 2021. All rights reserved.


https://www.iea.org/statistics/

Beyond data collection

Data services for purchase

] Beyoed 20720 oo ari) -oENl
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s
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2000001

bl WEALIVT - Word Enevgy Balances

Wable: WEALIVT - Worid Enaray Balsncas

Energy Carbon Tracker
World Energy Balances & Statistics
Monthly Oil Data Service
Oil Information
Natural Gas Information
Coal Information
Electricity Information
Renewables Information
Energy Efficiency Indicators
Greenhouse gas emissions from energy
Energy Prices
Projections: Energy Policies of IEA
Countries

IEA 2021. All rights reserved.

Free products

Key World Energy Statistics

Data and Statistics data browser

Energy Balance Flows (Sankey diagrams)
Energy Atlas

Weather for Energy Tracker

Monthly OECD oil, gas and electricity statistics
Annual highlights:

Energy balance, CO, emissions, Energy Technology RD&D,

Efficiency indicators, Gas Trade Flows

12Q Countrias  Fuals &technologios  Analysis  Data  Policies  Abowt 2 O
‘EFA“—"
Data and

statistics

Databrowssr  Datatabios  Gharts

Explore energy data by category, indicator, country
or region wea

Enaray tapic @ Indicator Gountry or regian
Energy supply - Tnh\unar'vlupplv (TES) by source -

ot ancrgy suppiy (TES) by oues, Work 1990 2018

———8

1ea

Data support for the Agency
COVID-19 impact on electricity

World Energy
Outlook

Qil
2021 World Energy
Investment

I 2021
A

Analysis and forecast to 2026

Energy

Technology

Perspectives
2020
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https://www.iea.org/data-and-statistics/data-product/iea-energy-and-carbon-tracker-2020
https://www.iea.org/reports/world-energy-balances-overview
https://www.iea.org/data-and-statistics/data-product/monthly-oil-data-service-mods-complete
https://www.iea.org/reports/oil-information-overview
https://www.iea.org/reports/natural-gas-information-overview
https://www.iea.org/reports/coal-information-overview
https://www.iea.org/reports/electricity-information-overview
https://www.iea.org/reports/renewables-information-overview
https://www.iea.org/reports/energy-efficiency-indicators-overview
https://www.iea.org/reports/co2-emissions-from-fuel-combustion-overview
https://www.iea.org/reports/energy-prices-overview
https://www.iea.org/data-and-statistics/data-product/projections-energy-policies-of-iea-countries-3
https://www.iea.org/data-and-statistics?country=WORLD&fuel=Energy%20supply&indicator=Total%20energy%20supply%20(TES)%20by%20source
https://www.iea.org/reports/key-world-energy-statistics-2021
https://www.iea.org/data-and-statistics?country=WORLD&fuel=Energy%20supply&indicator=Total%20primary%20energy%20supply%20(TPES)%20by%20source
https://www.iea.org/sankey/
https://www.tellmaps.com/iea/#!/tellmap/1378539487
https://www.iea.org/articles/weather-for-energy-tracker
https://www.iea.org/data-and-statistics/data-product/monthly-oil-statistics
https://www.iea.org/data-and-statistics/data-product/monthly-gas-statistics
https://www.iea.org/data-and-statistics/data-product/monthly-electricity-statistics
https://www.iea.org/data-and-statistics/data-product/world-energy-balances-highlights
https://www.iea.org/data-and-statistics/data-product/co2-emissions-from-fuel-combustion-highlights
https://www.iea.org/reports/energy-technology-rdd-budgets-overview
https://www.iea.org/data-and-statistics/data-product/energy-efficiency-indicators-highlights
https://www.iea.org/gtf
https://www.iea.org/reports/covid-19-impact-on-electricity
https://www.iea.org/fuels-and-technologies/cooling
https://www.iea.org/topics/energy-technology-perspectives
https://www.iea.org/topics/world-energy-outlook

