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SDG indicators: motivation

 Energy: a major enabler of sustainable development & 
indispensable for eradicating poverty 

 Energy allows countries to accelerate economic development, 
to increase prosperity and to empower people and businesses 

 Energy enables other universal goals including food security, 
good health, gender equality, water availability, economic 
growth, proper education, etc. 

 Energy is key factor for tackling climate change 

 1.2 billion people without electricity and 2.8 billion still 
depending on unsustainable solid biomass 

 4 million premature deaths annually are due to indoor 
pollution from lack of access to clean energy fuels 
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Goals vs. Targets vs. Indicators

 Goals: if something is important enough to our shared 
vision of the world in 2030, it should be the subject of a 
goal 

 Targets: instrumental to achieving our goals – Goals 
densely linked to multiple other goals through targets 

 E.g. share of renewables (climate change, sustainable 
production, sustainable energy, etc)

 Cross-cutting the agenda 

 High leverage, impact 

 Indicators: measurable proxies for our targets

5



Goal 7
 Ensure access to affordable, reliable, sustainable and modern energy 

for all 
 Target 7.1 By 2030, ensure universal access to affordable, reliable and 

modern energy services 
 Target 7.2 By 2030, increase substantially the share of renewable 

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

efficiency 
 Target 7.a By 2030, enhance international cooperation to facilitate 

access to clean energy research and technology, including renewable 
energy, energy efficiency and advanced and cleaner fossil-fuel 
technology, and promote investment in energy infrastructure and 
clean energy technology 

 Target 7.b By 2030, expand infrastructure and upgrade technology 
for supplying modern and sustainable energy services for all in 
developing countries, in particular least developed countries, small 
island developing States and landlocked developing countries, in 
accordance with their respective programmes of support 
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 While TES represents energy entering the national 
territory for the first time in a form suitable for use 
(primary energy), 

 Final energy consumption (FEC) represents a measure of 
energy as it is finally consumed*(closer to a measure of 
useful energy)

 The difference between TES and FEC consists of:
 Transformation losses

 Energy industries own use (amount of energy consumed 
in the production of energy products)

 Losses (e.g., transmission and distribution losses)

 Non-energy use of fossil fuels and their derived products
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Data collection issues and practices 
TES vs. Final energy consumption

* Strictly speaking, energy cannot be consumed. Here, Energy consumption means the consumption of energy 
products listed in SIEC
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2016

Primary production 3400 1234 345 4567 67 234 34 9881 4835

Imports 748 158 420 1024 180 10 81 2621 10

Exports -319 -265 -101 -873 -40 -6 -12 -1616 -6

Int’l mar. bunkers -28 -28

Int’l av. bunkers -78 -78

Stock changes -14 170 -81 75

TES 3815 -107 1723 -36 485 4571 67 303 34 10855 4839

Stat. difference 19 32 3 -26 -10 0 0 0 0 18

Transfers

Transformation -2201 270 -1680 1640 -300 -780 -67 870 587 -1661 -124

Energy ind own use -87 -31 -30 -43 -89 -124 -404 X

Losses 0 -10 -165 -88 -263 X

Final Consumption 1508 100 0 1630 152 3791 0 919 409 8509 4059

FEC 1500 86 0 1544 139 3791 0 919 409 8388 ???

Manufacturing 1500 86 0 255 48 650 0 370 409 3318

Transport 0 0 0 1152 4 0 0 56 0 1212

Other 0 0 0 137 87 3141 0 493 0 3858

Non-energy use 8 14 0 86 13 0 0 0 0 121 9



Advantages of using TES

 TES – with few exceptions, it is already hard to tell 
whether imported/exported electricity is renewable or 
not

 FEC – add to that: 

 transformation losses of mixed biomass/fossil fuels

 electricity and heat own use and losses

 Data on supply more readily available than on 
consumption, particularly for developing countries

 FEC subject to more uncertainties due to estimation

10



Advantages of using FEC

 We compare electricity with electricity, and not with the 
primary energy source (e.g. nuclear heat vs hydro electricity)

 Non-energy use of fossil fuels is not taken into account (it is 
included in TES)

 Since these fuels are not burned and are accounted for in 
the item “non-energy use”
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Renewable energy supply 
[%  total energy supply ,TES]

 The share of renewables in the TES is defined as a ratio 
between the renewable energy supply and the TES

 TES represents energy entering the national territory for the 
first time, less energy exiting from the national territory 
(through exports or international bunkering) and stock 
changes.  Thus, 

 Total energy supply = 
+ Primary energy production
+  Import of primary and secondary energy
- Export of primary and secondary energy
- International (aviation and marine) bunkers
- Stock Changes 
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Renewable energy supply (% of TES) from 
energy balance – top block

country
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2016

Primary prod. 3400 1234 345 4567 67 234 34 9881 4835

Imports 748 158 420 1024 180 10 81 2621 10

Exports -319 -265 -101 -873 -40 -6 -12 -1616 -6

Int’l mar. bunkers -28 -28

Int’l av. bunkers -78 -78

Stock changes -14 170 -81 75

TES 3815 -107 1723 -36 485 4571 67 303 34 10855 4839
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In this case, the indicator would be 4839/10855 = 44.6%



Primary 

coal

Biofuels 

and 

waste

Total 

energy

of 

which: 

renewa

ble

2016

Primary production 3400 4567 9881 4835

Imports 748 10 2621 10

Exports -319 -6 -1616 -6

Stock changes -14 75

Total energy supply 3815 4571 10855 4839
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Renewable energy supply (% of TES)
Importance on specific NCVs

2016

Primary production 2649 4567 9130 4835

Imports 673 10 2546 10

Exports -349 -6 -1646 -6

Stock changes -11 78

Total energy supply 2962 4571 10002 4839

2016

Primary production 2649 5749 10312 6017

Imports 673 13 2548 13

Exports -349 -8 -1647 -8

Stock changes -11 78

Total energy supply 2962 5754 11185 6012

default default

Coal 

NCVs

fuelwood  

NCVs 

25.80 9.135

25.80 9.135

25.80 9.135

25.80 

Specific 

NCVs

default

NCVs 

20.10 9.135

23.20 9.135

28.20 9.135

20.10 

Specific 

NCVs

Specific

NCVs 

20.10 11.50

23.20 11.50

28.20 11.50

20.10 

Indicator

44.6%

48.4%

53.8%

Based on an a assumption that the energy balance in the previous page was based on applying default NCVs from physical quantities:
- 25.8 GJ/ton for coal (other bituminous coal)
- 9.135 GJ/m3 for fuelwood (making all biomass)



Renewable electricity 
[% total electricity generation]

 This indicator refers to the percentage of electricity 
generation coming from renewable sources, irrespective of 
whether primary or secondary electricity.

 Renewable sources for electricity comprise of: hydro, wind, 
solar (photovoltaic and solar thermal), geothermal, wave, 
tide and other marine energy, as well as the combustion of 
biofuels and renewable waste.

 Nuclear electricity is excluded, but there is a related indicator 
“non-carbon electricity” in which it would be included

 A properly designed energy balance can be used to derive 
this indicator
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Renewable electricity generation 
(% of total) from balance
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2012

Primary 

production

3400 … 4567 67 234 34 9881 4835

Imports 748 … 10 81 2621 10

Exports -319 … -6 -12 -1616 -6

Int’l mar. bunkers … -28

Int’l av. bunkers … -78

Stock changes -14 … 75

TES 3815
…

4571 67 303 34 10855 4839

Stat. difference 19
…

0 0 0 0 18

Transfers …

Transformation -2201
…

-780 -67 870 587 -1661 -124

Electr. plants -1601 … -67 701 -1267

CHP plants -300 … -780 169 587 -324 -124

16

Not always possible to derive. In this case, for CHP plants the electricity and heat from combusted 
biomass needs to be disentangled from the electricity from coal. 
However, electricity stats are usually detailed enough to provide such information.



Proportion of bioenergy in total renewable 
(primary) energy production

 Bioenergy is energy from biofuels, including different 
types wastes and byproducts, such as bagasse and black 
liquor

 Share of bioenergy on renewable energy prod. = (Biofuels 
prod/Total renewable production*100
 Difference: primary electricity and primary heat (excluding 

nuclear heat) 

 Only primary production should be considered to avoid 
double counting (as such, charcoal, for example, is 
excluded)

 Since only primary production is considered, this 
indicator can be easily derived from an energy balance
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Proportion of bioenergy in total renewable 
energy production (from balances)

18
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2012

Primary prod. 3400 1234 345 4567 67 234 34 9881 4835

Imports 748 158 420 1024 180 10 81 2621 10

Exports -319 -265 -101 -873 -40 -6 -12 -1616 -6

Int’l mar. bunkers -28 -28

Int’l av. bunkers -78 -78

Stock changes -14 170 -81 75

TES 3815 -107 1723 -36 485 4571 67 303 34 10855 4839
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In this case, the indicator would be 4567/4835 = 94.5%
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Proportion of bioenergy in total renewable 
energy production (specific NCVs)

Biofuels 

and 

waste

Total 

energy

of 

which: 

renewa

ble

2012

Primary production 4567 9881 4835

Imports 10 2621 10

Exports -6 -1616 -6

Stock changes 75

Total energy supply 4571 10855 4839
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2012

Primary production 5749 10312 6017

Imports 13 2548 13

Exports -8 -1647 -8

Stock changes 78

Total energy supply 5754 11185 6012

default

fuelwood  

NCVs 

9.135

9.135

9.135

Specific

NCVs 

11.50

11.50

11.50

Indicator

94.5%

95.5%

Based on an a assumption that the energy balance in the previous page was based on 
applying default NCVs from physical quantities:
- 9.135 GJ/m3 for fuelwood (making all biomass)
- In this case, not a big difference because the indicator was already close to 100%



Energy efficiency from generation to end-use
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Efficiency of thermal power plants

 Source: UNSD electricity profiles
21



Transformation -2201 270 -1680 1640 -300 -780 -67 870 587 -1661 -124

Electricity plants -1601 -300 -67 701 -1267

CHP plants -300 -780 169 587 -324 -124

Heat plants 0

Coke ovens -257 240 -17

Briquetting plants -43 40 -3

Liquefaction plants 0

Gas works 0

Blast furnaces -10 -10

NGL plants and gas blending -200 190 -10

Oil refineries -1480 1450 -30

Other transformation 0

Energy industries own use -87 -31 -30 -43 -89 -124 -404 X
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Efficiency of the transformation sector
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• Sector-wise, you can have an idea of the transformation efficiencies by type of transformation, by using an energy balance
• However, you need more detailed energy statistics to know it more precisely (and specific NCVs!)
• And maybe microdata to know individual plant efficiencies



Efficiency of transmission & distribution

 Transmission and distribution losses (source: IEA)
 Country size, non-technical losses (theft) and maintenance influence these numbers
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Efficiency of electrical appliances
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Methodological issues
Monetary or physical output measures?

 Physical output measures make sense for subsectoral intensity and efficiency data
 Better to track efficiency changes in a country than to compare countries

& GDP



 For households, only physical measures are used:

 Floor area, number of households, population

 They relate to heating, cooking, cooling, lighting

 Comparisons may be distorted by better access to 
affordable energy services (both b/w countries and in time)

 For services, both monetary and physical (usually 
floor area) measures can be used

 Physical measures relate to heating, cooling, lighting

 Specific subsectors may have more specific measures (such 
as bed capacity and # of occupied beds for hospitals)
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Methodological issues
Monetary or physical output measures?



 For transport, physical output measures can be passenger-
kilometer, tons of freight-kilometer, vehicle-kilometer 

 Intensity per vkm relates to the specific vehicle efficiency

 intensity per pkm (similarly for tkm) also depends on the 
“usage efficiency”: using one vehicle to move three people is 
more efficient than using three vehicles

 For specific industries, the respective output in physical 
terms (e.g., tons of iron, tons of paper & pulp) can be used

 But not for overall industry or aggregates of industries 
producing different physical outputs
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Methodological issues
Monetary or physical output measures?



 Energy systems are for most economies largely driven 
by the combustion of fossil fuels. 

 During combustion the carbon and hydrogen of the 
fossil fuels are converted mainly into carbon dioxide 
(CO2) and water (H2O), releasing the chemical energy 
in the fuel as heat. 

 This heat is generally either used directly or used (with 
some conversion losses) to produce mechanical energy, 
often to generate electricity or for transportation. 
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Calculation of emissions - Intro
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Energy as a main driver of GHG emissions 
and CO2 share

32
Energy-related CO2 constitute the great majority of GHG emissions 



 However, this share varies across countries
 Country circumstances should be taken into consideration (climate, 

reliance on energy-intense industries, etc)
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IPCC

 The Intergovernmental Panel on Climate Change 
(IPCC) is the leading international body for the 
assessment of climate change. 

 It was established by the United Nations Environment 
Programme (UNEP) and the World Meteorological 
Organization (WMO) in 1988 

 to provide the world with a clear scientific view on the 
current state of knowledge in climate change and its 
potential environmental and socio-economic impacts. 

 In the same year, endorsed by the UN General 
Assembly.

 Currently 195 countries are members of the IPCC. 
34

http://www.ipcc.ch/docs/UNEP_GC-14_decision_IPCC_1987.pdf
http://www.ipcc.ch/docs/WMO_resolution4_on_IPCC_1988.pdf


 The energy sector mainly comprises:
 exploration and exploitation of primary energy sources

 conversion of primary energy sources into more useable 
energy forms in refineries and power plants

 transmission and distribution of fuels

 use of fuels in stationary and mobile applications

 Emissions arise from these activities by combustion and as 
fugitive emissions, or escape without combustion

 For inventory purposes, fuel combustion may be defined 
as the intentional oxidation of materials within an 
apparatus that is designed to provide heat or mechanical 
work to a process, or for use away from the apparatus.*

35

IPCC methodology for 
estimating CO2 emissions

* This allows a distinction of productive energy use from the heat released from the use of hydrocarbons in chemical reactions in industrial 
processes, or from the use of hydrocarbons as industrial products.



 Typically, only a few percent of the emissions in the 
energy sector arise as fugitive emissions from 
extraction, transformation and transportation of 
primary energy carriers. 

 Examples are leakage of natural gas and the emissions 
of methane during coal mining and flaring during 
oil/gas extraction and refining.

 These are not within the general scope of energy 
statistics, but can be collected as memo items

36

IPCC methodology for 
estimating CO2 emissions



IPCC methodology - Tiers
 TIER 1

 The method is fuel-based, since emissions from all sources of 
combustion can be estimated on the basis of the quantities of fuel 
combusted (usually from national energy statistics) and average 
emission factors. 

 Emission factors are available for all relevant direct greenhouse 
gases.

 TIER 2
 Emissions from combustion are estimated from similar fuel 

statistics as in Tier 1, but country-specific emission factors are 
used instead of defaults

 TIER 3
 Either detailed emission models or measurements and data at 

individual plant level are used where appropriate
 Properly applied, Tier 3 should provide better estimates primarily 

for non-CO2 GHGs, though at the cost of more detailed 
information and effort (for CO2 only, usually not worthwhile)
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Decision tree 
for Tiers
 It’s possible to mix tiers 

in the calculation of 
the national aggregate

 It’s usually not worth 
the effort to use Tier 3 
for CO2 emissions only

 For the other two tiers, 
energy statistics are 
paramount

 The difference being 
the specificity of 
calorific values and 
emission factors
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 Harmonised energy product 
definitions are provided in 
IRES for all SIEC products

 Properly constructed energy 
balances allows for 
allocation of emissions to 
sectors

 as well as to duly take 
exclusions into account 
(e.g., bunkers vs. domestic 
transport)

39

IPCC methodology 
Data collection issues



 In energy statistics and other energy data compilations, 
production and consumption of solid, liquid and gaseous 
fuels are specified in physical units, e.g. in tonnes or cubic 
metres. 

 To convert these data to common energy units, e.g. tonnes to 
terajoules, requires calorific values. That is done already in 
the construction of energy balances!

 The IPCC Guidelines use net calorific values (NCVs), 
expressed in SI units or multiples of SI units (for example 
TJ/Mg). 
 Some statistical offices use gross calorific values (GCV). The 

difference between NCV and GCV is the latent heat of 
vaporisation of the water produced during combustion of the 
fuel. If countries use GCV, they should identify them as such. 

 As a consequence, for coal and oil the NCV is about 5 percent 
less than the GCV For most forms of natural and manufactured 
gas, the NCV is about 10 percent less. 
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IPCC methodology 
Conversion to energy units



 2006 IPCC table (partial)

 Same as IRES default values, which are used to construct balances in 
the absence of specific values 42

IPCC methodology 
Conversion to energy units



 Excerpt from 2006 IPCC guidelines with some default emission factors
 Note the uncertainties given by the 95% confidence intervals
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IPCC methodology 
Default CO2 Emission Factors



IPCC methodology 
CO2 Emissions

Two approaches:

 Reference (or top-down) approach, based on TES
 first-order estimate of national GHG emissions based on 

the energy supplied to a country

 Quality check on the…

 Sectoral (or bottom-up) approach, based on (detailed) 
final consumption
 The 3 tiers consider this approach

44

Energy 
consumption

Calorific 
values

CO2 emission 
factors

CO2

emissions
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IPCC methodology 
CO2 Emissions

10 kt (or Gg) 42 TJ/kt 420 73300 30.79 



 Energy values: Captured in the energy balance

 From an energy balance, the multiplication by CO2 
emission factors is straightforward, in order to arrive at 
CO2 emission estimates
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IPCC methodology 
CO2 Emissions

Energy 
consumption

Calorific 
values

CO2 emission 
factors

CO2

emissions



 Energy supply: basis for reference approach or top-down 
emission estimates

 Note relative weights of sources
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2016

Primary prod. 3400 1234 345 4567 67 234 34 9881 4835

Imports 748 158 420 1024 180 10 81 2621 10

Exports -319 -265 -101 -873 -40 -6 -12 -1616 -6

Int’l mar. bunkers -28 -28

Int’l av. bunkers -78 -78

Stock changes -14 170 -81 75

TES 3815 -107 1723 -36 485 4571 67 303 34 10855 4839



 Final consumption: basis for the sectoral approach or 
bottom-up emission estimates
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 Note that CO2 emissions from biomass fuels (including non-
fossil waste) are not included in the national total but are 
reported as an information item. 
 Note that peat is treated as a fossil fuel and emissions from its 

combustion are therefore included in the national total.

 Fuels used for non-energy purposes are not burned, and 
therefore do not emit CO2
 For this reason, they are excluded from emission estimates

 However, if and when they are recycled and burned (e.g., waste 
oil), then emissions should be properly account for

 Bunkers (int’l aviation and navigation) are excluded from 
national totals, but included in world totals
 Few countries provide the split between domestic and 

international navigation/aviation 
49

IPCC methodology 
Exclusions



 29% higher CO2 emission estimates by using default NCVs
50

IPCC methodology 
Importance of specific NCVs
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2012

Primary production 131.8 25.8 20.10 3400 2649

Imports 29.0 25.8 23.20 748 673

Exports -12.4 25.8 28.20 -319 -349

Stock changes -0.5 25.8 20.10 -14 -11

Total energy supply 147.9 3,815 2,962 94.6 360,899 280,193
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Thank you.
http://unstats.un.org/unsd/greeneconomy/


