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Session 4 overview

The need for more detailed data to track progress energy efficiency policies

Beyond the energy balance: energy efficiency indicators

The IEA approach of collecting end use data and developing efficiency indicators

Example of energy Efficiency Indicators in Sub-saharan Africa

Practical exercise — industry
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What is energy efficiency?

Is this energy efficiency? Warm up:
Yes / No / Maybe
» Consume LESS energy to provide SAME service
e.g. substitute Incandescent bulbs with LED
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» Consume SAME energy to provide MORE service

e.g. increased production with the same energy
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What is energy efficiency?

Is this energy efficiency? Warm up:
Yes / No / Maybe
» Consume LESS energy because of CHANGE in service

e.g. economic restructuring

» Consume LESS energy and provide LESS service

e.g. walk or bike instead of drive
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The importance of energy efficiency — Multiple benefits

Energy
Asset savings GHG
values emissions

Disposable Energy
income security

Energy
l delivery
Resource

Energy efficiency
improvement Energy
management prices

Employment lml
productivity

Health and
well-being

Source: IEA (2014), Capturing the multiple benefits of energy efficiency, All rights reserved.

Environmental, economic and social benefits from energy efficiency
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There’s still a large potential untapped

36%

43%
57%

68%

64% 68%

Notes: The size of pie charts is approximately proportionate to total final consumption in each sector.

Source: IEA (2018), Energy efficiency 2018.
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The need for more detailed data to track
progress of energy efficiency policies

Energy efficiency indicators




Balances data example

United States TFC by sector, 2017

Domestic
aviation
3%

Domesti Road transport
Rail omestic is the most consumin
1% navigation g-

1% *

How do we track
road transport efficiency?

v

We need more detailed data:

consumption by vehicle type
e.g. cars, buses, trucks
co';:f"erce and - activity data
public services e.g. distance travelled,
14% passenger/tonne-kilometres

Data source: IEA (2019), World energy balances, All rights reserved.
IEA 2019. All rights reserved.
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Does energy intensity track energy efficiency?

Energy intensity (TPES/GDP)
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——Middle East @\ orld Source: IEA World Energy Balances, 2018

Energy intensity has generally decreased across regions.
Using less energy per GDP means “decoupling” economic growth from energy use

IEA 2019. All rights reserved.
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High-level indicators are useful

Residential energy use/population (toe per capita)

Zimbabwe
Zambia
South Africa
Mozambique
Kenya
Ethiopia
Botswana

Angola

0.5

Coupling sectoral energy data with socio-economic data

IEA 2019. All rights reserved.




But do aggregated indicators tell us the full story?
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Data for IEA 20 (Australia, Austria, Canada, Czech Republic, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Japan, Netherlands Norway,

Slovakia, Spain, Sweden, Switzerland, UK, USA). energy
* Temperature correction using heating degree days Doprent qu
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But do aggregated indicators tell us the full story?
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» But do aggregated indicators tell us the full story?
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» Choosing the most appropriate indicators is essential
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Data for IEA 20 (Australia, Austria, Canada, Czech Republic, Denmark, Finland, France, Germany, Hungary, Ireland, Italy, Japan, Netherlands Norway,

Slovakia, Spain, Sweden, Switzerland, UK, USA).
* Temperature correction using heating degree days

rights reserved
Data source: IEA, Energy efficiency indicators.
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» Choosing the most appropriate indicators Is essential
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Balances are very useful but do not frack end-uses

ENERGY BALANCE

Qil Geoth Biofuels & ..

Coal Crude Products Gas Nuclear Hydro /Solar Waste Electricity Heat Total
OTHER 136.42 0.23 425.87 633.44 - - 14.37 834.05 820.32 145.22 3036.92
Residential | 76.58 - 222.89 41855 - - 6.98 805.42 395.81 97.97 2024.19
Comm.and - 107.32 173.79 - . 1.15 16.33 338.31 32.47 692.67
public serv.
Agriculture g o 0.02 102.97 558 ; - 0.16 7.02 36.2 336 164.88
forestry
Fishing 0.01 - 5.69 0.02 - - 0.03 - 0.36 0.06 6.17

Residential:

no breakdown by end-use
- space heating
- space cooling
- water heating
- lighting
- cooking
- appliances

IEA 2019. All rights reserved.
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What drives energy intensity trends?

TPES/GDP
0.8

0.7
0.6

0.5

03 ® 2000
m 2017

. Source: IEA World energy balances,
v 2019
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Understanding aggregated indicators requires attention

Average annual percent change

Data source: IEA, Energy efficiency indicators. All rights reserved.

Intensity decreased more in country X

0.0%

-0.5%

-1.0%

-1.5% |

-2.0% -

-2.5%

-3.0%

IEA 2019. All rights reserved

Country X Country Y

Energy intensity (TFC/GDP) changes (1990-2010)

Ava

Quiz!!

Which country has decreased more its
energy intensity?
(Country X / CountryY)

Can we say that Country X has improved
more in ENERGY EFFICIENCY?
(Yes / No / Maybe)




Aggregated indicators are sometimes used inappropriately

Energy intensity (TFC/GDP) changes (1990-2010)
Country X Country Y

-2.0% -

-2.5% -

0.0% -
-0.5% - ' - I
-1.0%
-1.5% | . u
U ]

Average annual percent change

-3.0%
Data source: [EA, Energ) Eﬂ'-IGiEI’IG}" effect B Structure effect = Energy intEﬂEity

Country X intensity reduction was mostly due to structural changes,
while country Y improved more in energy efficiency.

IEA 2019. All rights reserved.




Disentangling efficiency from other driver

Drivers of final energy consumption in IEA
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Source: IEA (2017), Energy Efficiency Indicators, OECD/IEA, Paris, based on IEA Energy efficiency indicators database.
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Disentangling efficiency from other driver

Drivers of final energy consumption in IEA

EJ
180

150

120

90

60

30

2000 energy More Less efficient  Increased Shiftsin  Improvements 2017 energy
use buildings and  transport activity economic in energy use
appliances  patterns activity efficiency

Source: IEA (2018), Energy Efficiency Indicators, All rights reserved, Paris, based on IEA Energy efficiency indicators database, 2018.
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Beyond the energy balance: energy efficiency
indicators

Analyzing energy end-uses




Energy efficiency indicators: stronger data requirements

More easily available data:
Energy balances ™
Process/appliance

<RADE-OFF’
efficiency indicators

< - >
data requirement

What are the data needed to develop relevant disaggregated indicators?

IEA 2019. All rights reserved.

TPES/GDP

Aggregated \ TFC/Population
Indicators e

Space heating/square meter

End-use

E f k
efficiency indicators nergy for cars/pkm

Energy/ton steel

Energy/stock refrigerators
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Understanding end-uses across sectors

Energy balances:
Sectoral consumption

Energy efficiency: __
End-use consumption

\

IEA 2019. All rights reserved.

Taotal final
consumption
Transport
Residential Services Industry Other
Passenger ||  Freight

Space heating | | Space heating | | Iron and sheel Road: Road: Miming and
Space cooling | | Space cooling | | Chemical and Passenger Freight light- uarrying

petrochemical | | 1ighf-dufy duty vehicles| | construction
Water heating | | Water heating wvehicles Heawy duhy
Lightin Lightin Mon-ferrous Powerad vehicles Water

ighting ighting metals 2 and 3- supplyfwaste
Cooking Other MNon-rmatallic whealers Rail: management
ﬂm“ﬂ quj'mf minerals Buses Freight trains Eﬂm" -
- Adr: rasiny
Ofher energy | | Jfher eNerdy | | Transport Rail: .
use equipment Passenger }E‘f:' Fishing
airplanes

Food and frains Pipeline

fobacco Air Water: transport

Wood and Passenger Freight ships Mon-specific

wood products | | @Tplanes ather sectors

Paper, pulp Water: MNon-energy

& print Passenger use

Textlle and ships

leather

Mot

elsewhers

spedfied

IEA Energy Efficiency Indicators:

Fundamentals on Statistics, 2014
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Beyond energy balances: monitoring energy efficiency

Figure 4.4 e Breakdown of residential consumption by end use in 2010 for
20 selected OECD countries

Appliances (OECD 14) OECD (20)

0
Televisions 4% 49

Clothes washers
Dishwashers

Refrigerators e =150
& freezers

Other
appliances

Bl space heating [ Appliances

[ water heating [ Lighting

] Cooking ] Space cooling

Source: |EA, Energy Efficiency Indicators:

Note: The breakdown into individual appliances is available only for 14 countries. h
Fundamentals on Statistics, 2014

Starting from energy balances and getting more insights in energy efficiency
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Efficiency indicators link energy to activity across end-uses

Generic

Energy Efficiency Indicator

Energy Consumption

Activity

IEA 2019. All rights reserved.
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Data and indicators for the residential sector

Energy consumption data:
] Space heating*

L] Space cooling*

[ Water heating

] Cooking

[ Lighting

] Appliances energy consumption:
> Refrigerator

> Freezer

> Dishwasher

> Clothes washer
> Clothes dryer
> TV

> Computers

* Temperature corrected, using HDD & CDD

IEA 2019. All rights reserved.

# of people

Activity data:

[ Population

] Number of occupied dwellings
] Residential floor area

] Appliances stock and diffusion

# of dwellings Surface

i T g &
— ] . ga

B g

=t %= /1R
# of appliances

& energy
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Occupied dwellings vs total dwellings

Primary residences Unoccupied dwellings

IEA 2019. All rights reserved.




Residential: matching energy and activity

QUIZ

Water heating

floor area (m?)
NS\

IEA 2019. All rights reserve d.
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Residential: matching energy and activity

floor area (m?)

N

QUIZ

Appliances

= Ied
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Residential: matching energy and activity

floor area (m?)

Y

QUIZ

Appliances

.....

IEA 2019. All rights reserved.



Example of insights from end use data: residential sector

Cooking

Lighting 4%

4%

Space cooling
1%
Refrigerators™®
: 3%
Water heating
19%

Residential
appliances
10%

% Other
*~.. appliances 2%

Example of shares of end -uses on energy consumption

IEA 2019. All rights reserved.

Space heating TC*

Lighting

o 02 o4 06 cumPe
Water heating
Cooking

0 .20005 10 22013 15 20 GJ.-'dwES

Example of selected energy intensities
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Data and indicators for the industry sector

IEA 2019. All rights reserved.

Energy consumption data

(major ISIC sub-sectors):

Chemical
Iron and steel
Non-ferrous metals
. Aluminum
Non-metallic minerals
. Cement
. Clinker
Pulp and paper
. Pulp
= Paper

... etc.

Activity data:
= Value added

= Physical production

Volume

y energy
) [E)eparlmenl:
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Data and indicators for the transport sector

Activity data:

m  Vehicle stocks

B Vehicle- kilometres

Energy consumption data: ,
m  Passenger-kilometers

B Transport segment .
B Tonne-kilometers

= passenger / freight

B Transport modes

= road, rail, air, water, etc.

Vehicle stock Distance Occupancy Load

travelled

> energy
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Data and indicators for the industry sector

Mon-ferrous
Transport metals

equipment D Textiles
I 2%
Rubber
) 3% Agriculture |
Machinery 1
59 Construction
Wood Mining f&
h% Services |
Ferrous metals Manufacturing s
ofwh!bh.‘_

Ferrous metals
Non-ferrous metals ]
Chemicals |
Paper and printing ]
Food |

0 20 40 60 80 100 120 140 160
MJUSD™

Mon-metallic
minerals
16%

2000 m2016

Example of selected energy intensities
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Example of shares of industry subsectors on energy consumption

IEA 2019. All rights reserved.



Activity data for efficiency calculation in transport

IEA 2019. All rights reserved.

Passenger-km or tonne-km

Load factor

Vehicle Distance
stock travelled
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Activity data for efficiency calculation in transport

IEA Energy Efficiency in
Emerging Economies

Vkm = 5km + 5 km = 10 vkm

Pkm
Avg. load = pkm/vkm =30/ 10 = 3 p/v

6 passengers * 5 km = 30 pkm

= Ied

IEA 2019. All rights reserve d.



Example of insights from end use data: transport sector

Passenger
cars®
59%

Freight road
29%

Buses
4%

Motorcycles —

0.5%

Shares by mode/vehicle type on energy consumption, country Y

IEA 2019. All rights reserved.

Passenger cars®

Buses

Rail
MJ;’pI-(m*E
Freight road
Rail
0 05 y 15 2 25

2000 w2013 MJitkm

Selected energy intensities, country Y
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Insights from end use data

Largest end-uses by sector, 2016 Top six CO; emitting end-uses, 2016***

Source: IEA Enerqgy Efficiency Indicators Highlights, 2018

Refers to the 20 IEA countries for which energy efficiency data covering most of the end-uses are available: Australia, Austria, Canada, Czech Republic, leand France, Germany, Greece,

Hungary, Ireland, Italy, Japan, Korea, New Zealand, The Netherlands, Portugal, Spain, Switzerland, the UK and the US. . energy I e q
Energy

IEA 2019. All rights reserved.


https://webstore.iea.org/download/direct/2407?fileName=Energy_Efficiency_Indicators_2018_Highlights.pdf
https://webstore.iea.org/download/direct/2407?fileName=Energy_Efficiency_Indicators_2018_Highlights.pdf
https://webstore.iea.org/download/direct/2407?fileName=Energy_Efficiency_Indicators_2018_Highlights.pdf
https://webstore.iea.org/download/direct/2407?fileName=Energy_Efficiency_Indicators_2018_Highlights.pdf
https://webstore.iea.org/download/direct/2407?fileName=Energy_Efficiency_Indicators_2018_Highlights.pdf

The IEA approach

collecting end use data and developing efficiency

IEA 2019. All rights reserved.




IEA Members recognize the value of end use data work

» Agreed by member countries in 2009 (IEA Ministerial)

> Developed with international community of experts,
(Odyssee, LBNL, etc.)

> A user-friendly Excel questionnaire (available online)

> Collects energy consumption and activity data

> Covers four sectors: residential, services, industry, transport

> Publication and database : Enerqgy efficiency indicators Highlights

IEA 2019. All rights reserved.



A starting point for data collection and gaps assessment

Water Heating
Qil & Petroleum Products PJ 0 0 0 0 1277 11.22 10.22 5.34
Matural Gas FJ 0 0 0 0 519 515 507 5.02
Coal & Coal Products PJ 0 0 0 0 0 0 0 0
Combus. Renewables & Waste PJ 0 0 0 0 762 7.75 T.ET 8.04
Heat PJ 0 0 0 0 0 0 0.04 0.04
Electricity FJ 218 2.05 214 222 3.94 3.3 276 2.34
Other FJ 0 0 0 0 0 0 0 0
Total P.J 2.18 2.05 2.14 2.22 29.52 27.42 25.96 24.79
Cooking
Qil & Petroleum Products PJ 0 0 0 0 15.52 18.87 1717 17.48
Matural Gas FJ 0 0 0 0 3.94 437 451 494
Coal & Coal Products PJ 0 0 0 0 0 0 0 0
Combus. Renewables & Waste PJ 0 0 0 0 0 0 0 0
Heat PJ 0 0 0 0 0 0 0 0
Electricity PJ 0.59 0.42 0.42 0.45 167 2.09 254 3.3
Other FJ 0 0 0 0 0 0 0 0
Total PJ 0.59 0.42 0.42 0.46 2219 23.24 24.41 2571
Lighting
Electricity PJ 451 £.90 5.11 6.99 741 7.54 779 5.53
Other FJ 0 0 0 0 0 0 0 0
Total PJ 4.61 4.90 511 6.99 741 7.54 7.79 5.53
Domestic passenger airplanes
Jet Fuel & Aviation Gasoline P 0.50 083 0.75 1.00 087 0.42 0.48 0.33 0.50 0.23
Other P 0 0 0 0 0 0 0 0 0 0
Total PJ 0.50 0.63 0.75 1.00 0.67 0.42 0.46 0.33 0.50 0.68
Energy intensity MJ/pkm 207 250 2.20 237 L0 0,27 0.19 0,12 0.14 0.19) qu
IEA 2019. All rights reserved. @ REPUBLIG OF SOUTH AFRIGA



The end-use data collected and published by the IEA

Country

Country

Sector

Residential

Services

Industry

Transport

End use
Space heating
Space cooling
Water heating

Cooking

Lighting

Appliances
Other

Space heating
Space cooling
Lighting
Other

Textiles
Chemicals
Paper
Minerals
Basic metals
Other

Passenger cars
Buses
Passeng. trains
Trucks
Passeng. trains
Other

Energy product
Oil
Natural Gas
Renew. & waste
Heat
Electricity
Other

(...)

Energy indicator

Per capita energy intensity (GJ/cap)

Per dwelling energy intensity (GJ/dw)

Per floor area energy intensity (GJ/m2)

Per unit equipment energy intensity
(GJ/unit)

Per services employee energy intensity
(GJ/emplovee)

Per VA energy intensity (GJ/USD PPP 2010)

Per physical output energy intensity (GJ/t)

Fuel intensity (liters/100 vkm)

Passenger-kilometer energy intensity

(MJ/plkim)

Tonne-kilometer energy intensity
(MJ/pkm)

Vehicle-kilometer energy intensity
(MJ/pkm)

Other




Energy Efficiency Indicators Highlights

Residential sector

Cross-sectoral overview
Top-6 CO, emitting end-uses, 2014

Largest end-uses by sector, 2014

Final energy consumption by source Drivers of final energy consumption***

s

e

2014 2010 2018

]
2000 2005 2010

Actity
Eficiency

mOi mGas mElecinety B Comb, renewsbles™ B Coal = Other sources”

Estimated energy savings from efficiency™™ Estimated cumulative energy savings
by sector, 2000-14"

ﬁ 2
[
200 2014

2000 2005

—— Hypothatioal consumption

*Other industries indludes agricuure,
includes the remaining
ather anargy sources.

beyond the top-0; comb.

https://webstore.iea.org/energy-efficiency-indicators-2018-highlights

IEA 2019. All rights reserved.

Residential  Share of fossil fuels*  Population Consumption per  Average dwelling
i i i (million} it surface (m) s
(persidw)
2000 0T EJ =) 3 i 28
2018 11782 70 318 a7 181 28

Residential energy consumption by end-use, 2014

Residential energy consumption by end-use

o

20m 2005
Space heating pace cociing Lighting
mCookng mWater heating mResentil appiiances
=Non-specifed

Residential energy consumption by source Appliances per dwelling, 2000-14 % change

50
Remgerators®

Disn wasners
Clothes washers
Gones ayers
e

eos

o 25% s s wow 12w

Energy Intensities by end-use per floor area Energy intensities by end-use per dwelling

‘Space healing TC" Wrater heating
‘Space coaling TC* Gookng
Lgntng Resisental apprances
o e o1 em o2 o o3 [ s © 15 20 25
Game Guow
w2000 2014 = 2000 2014




A visualization tool for end use data

Show breakdown of final energy consumption for | Australia v |in 2016

Basicmetals

Ehemicals

d

Manufactuning Noremetalligminerals
BapeEr
B R Egran T et g nE

Bassengennoad

Transpont
Ereightiroad

Hail

Aiandiwater

e Spa b
Em.[es lizhtinzlandlappliancesy
[Eockines

peaEs @reling-

All senril:esl

Energy Efficdency Indicators Database, [EA 2018

I A Sankey diagram gives quick insights on the size of energy flows
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IEA resources : methodologies on indicators

»Fundamentals on statistics:
to provide guidance on how to collect the data needed for indicators

= Includes a compilation of existing practices from across the world

= https://webstore.iea.org/energy-efficiency-indicators-fundamentals-on-statistics

> Essentials for policy makers:

= To provide guidance to develop and interpret indicators

» https://webstore.iea.org/energy-efficiency-indicators-essentials-for-policy-making

Both available also in:
Spanish
Russian
Chinese

J

IEA 2019. All rights reserved.

Energy Efficiency Indicators:
Fundamentals on Statistics

Energy Efficiency Indicators:
Essentials for Policy Making

F energy
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IEA e-learning courses: capacity building on energy efficiency data

Energy Efficiency Indicators: Fundamentals on Statistics

Energy Efficiency Indicators.
Fundamentals on Statistics

iy

Energy Efficiency Indicators: Fundamentals on
Statistics INTERNATIONALENERGYAGENCY

1/

Energy Efficiency Indicators: Essentials for Policy Making

4 Energy Efficiency Indicators:
_’l“lim Essentia’s for Policy Making

Energy Efficiency Indicators: Essentials for Policy -
o w
an | S

[VETRIN- INTERNATIONALENERGYAGENCY

ENROLL IN EPMY

f energy

%S Department:
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IEA 2019. All rights reserved.
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Energy Efficiency Indicators

Examples of application
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Example of application — South Africa

TTTTTTTTT . 26 JUNIE 2008

GENERAL NOTICE

NOTICE 908 OF 2009

National Energy Efficiency Strategy
of the
Republic of South Africa

Department of Minerals and Energy
First Review October 2008

IEA 2019. All rights reserved.

Industry and Mining: Target of 15% reduction of TFC

* 1% per year improvement of energy intensity for iron and steel

* 1% per year improvement of energy intensity for chemical and
petrochemical

* 10% final energy demand for mining by 2015
» 2% per year improvement for paper, pulp and printing
2% per year improvement for cement

Commercial and public buildings: Target of 20% reduction of
TFC

Transport: Target of 9% reduction of TFC

Residential: Target of 10% reduction of TFC

1ed




Example of application - South Africa... and prospects for the post 2015 National Energy

Efficiency Strategy

* The continued development and maintenance of the existing Department of Energy database of
household appliance sales will provide the necessary data for monitoring the

* For the buildings target, the main challenge is assessing the baseline — it is likely that a survey of a
representative sample of dwellings would be necessary for this.

Source: post 2015 National Energy Efficiency Strategy (draft)

IEA 2019. All rights reservec



Example of application -

South Africa - S&L program

SOUTH AFRICAN ENERGY EFFICIENCY LABEL

APPLIANCE SALES Tk THE RETAIL SECTOR

IEA 2019. All rights reserved.

* Typical household usage of electricity in South African homes
(based on research from Eskom IDM)

APPLIANCE ELECTRICAL USAGE

Washing, laundry ~ Other appliances TV, computers, cell

2% \ | phones- 8%
Airconditions/heaters _ |
5% A )
Pool Pumps ___ WTE:;V?::(]IHS
B 39%
Ovens/Stoves

——— Lighting
17%

10%

* These data served as input for the design Standards and Labelling
programme, which determined that the following appliances should be
included in the programme:

1. Audio-visual 8. Tumble Dryers; 9.
equipment - TVs, ...;  Washer-Dryer

2. Fridges; 3. Freezers ; Combinations; 10.

4. Fridge-Freezers; 5.  Electric Ovens; 11.
Electric Lamps; 6 . Dishwashers; 12. Air-
Water heaters; 7. conditioners
Washing Machines ;
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Example of application — Kenya

i B fien » Examples of Energy efficiency programmes:

- Standard and labelling programme financed by the Global
i Environment Fund (GEF)

Development of a Power Generation and
Transmission Master Plan, Kenya

Table 3-2: EE programmes implemented or launched
Long Term Plan — Energy Efficiency

2015 - 2035 Sector EE technology

Residential Refrigerators; lighting (CFL); air-conditioners
Commercial Display refrigerators; air-conditioners; lighting (CFL)
Industrial AC motors; lighting (CFL)

Source: Standard and labelling programme (GEF)

- Replacement of incandescent lamps (ICLs) with Compact
Fluorescent Lamps (CFLs)

- Potential of EE evaluated in each sector

& Ministry of Energy and Petroleum

Repeicol Keaga
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The IEA mission on data

https://webstore.iea.org/energy-efficiency-indicators-2018-highlights

To collect and disseminate reliable data to inform policy-making

NI energy
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