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LNEG Resource Economics Unit

The unit is crosscutting the Energy and Geology areas of LNEG
Develops I1&D&D activities and decision-support for both public policy-makers and the private sector on energy and
geology resource economics, towards carbon neutrality and sustainable resource exploitation and use

The unit applies techno-economic & social analytical approaches in the following 1&D fields:

©Sofia G. Simdes, 2022 LNEG | NOVA-FCT

Sustainable Resource use Classification Economicand  Circular Sustainable
energy for energy of geological social impact economy, public circular
systems production depositsin a of the energy  including procurement
and global transition design of
consumption economy products,
services,
systems and
business
models
https://www.lneg.pt/en/unit/resource-economics-unit/ .
5 LNEG
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https://www.lneg.pt/en/unit/resource-economics-unit/
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BP Statistical Review of World Energy 2015
© BP p.l.c. 2015
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86% OF CAR JOURNEYS TO WORK ARE DRIVER ONLY
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® Some energy concepts

® Historic trends in energy consumption & Energy access

= A new energy era’?

12
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® Some Energy concepts
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Primary energy versus Final and useful energy

World Primary Energy Supply (2006)
100% ~ S507EJ

Electricity-related
Losses 27.8%

Industrial 36.62%
(55% Efficiency)

Residential 10.68%
(60% Efficiency)

Transport 12.63%
(15% Efficiency)

Commercial 5.4%
(54% Efficiency)

Useful Energy
32.40%

Total Energy Losses 67.59%




Energy services

* Lighting

* Cooking

* Clothes washing, drying
e Dishwashing

* Space heating

e Space cooling

i ENERGY
* Recreation

*  Mobility

* Process heat
* Machine drive in industry

* (..)



Energy units

toe/tep tonne of oil equivalent (Mtoe, ktoe)

qu Countries  Fuels & technologies  Analysis Data Policies About

Wh watt hour (TWh, GWh, MWh, kWh)

Jjoule (PL, T, G Unit converter and glossary

For common energy units

Btu British thermal units

https://www.iea.org/reports/unit-converter-and-glossary

cal calorie

_ [Installed capacity in GW, TW, MW]
tce tonne of coal equivalent

Capacity (MW) x operation hours (no. hours) x capacity factor (non dimensional) = energy production (MWh)

Solar PV plant with a capacity of 1.5 MW that is If same solar PV plant, because of maintenance stops,
operating at its maximum capacity for 2 hours - at ~ orders from the grid operator, or lack of solar

the end of the 2" hour, the PV generates 1.5 MW x 2 irradiation during those 2 hrs period operates only
hours = 3 MWh energy “ 1hr, then atthe end of the 2" hour, the PV

generates 1.5 MW x 1 hours = 1.5 MWh energy

capacity factor (non dimensional) = actual operation hours / maximum possible working hours at full capacity
(normally in an year, i.e. 8760 hrs)


https://www.iea.org/reports/unit-converter-and-glossary

WHICH IS THE
AVERAGE CAPACITY
FACTOR OF SOLAR
PV IN PORTUGAL?
@ Andofagas power
plant?
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the European Union (Grant 690462).
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Energy System

Energy
Resource
extraction

primary

energy
suppliers

Supply-side

Conversion
into energy
carriers
(electricity)

generators

Electricity
Transmission

Electricity
Distribution
and Retail

Supply

Demand-side

Industry & construction

Households & services

Transport

_____________________________




Figure Z2.11 =

Coaal

Matural gas

Oil

Muclear

lenewables

Energy Balance — example for 2040

World energy demand by fuel and sector in the
New Policies Scenario, 2040 (Mioe)

65

97
24

1.4

© OECD/IEA 2015 — World Energy Outlook 2015
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people without
electricity access

. J
What is popenrs PG

o, 290
E billion

Sustainable 2.96
Energy? _—

clean cooking

people without
clean cooking

total final total final
energy consumption energy consumption
from renewables from renewables (2016)
https://www.irena.org/-
g:;:;i/pi;lfes/lRENA/Agency/PubI|cat|on/2019/May/2019-Track|ng-SDG7- primary energy ' primary energy
intensity intensity (2016)
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® Historic trends in energy consumption & Energy access
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World Energy Consumption
1860-2000

— 1st WW | 2nd WW | oil crisis in 1973 | Gulf War in 1981 did
not significantly affect constant growth

— Modern economies defendant on fossil fuels (85% of world
energy consumption).

— Each new energy carrier does not replace “old” ones - it is
additional

Worldwide Energy Consumption

in exajoule = 34,12 million tons of coal equivalent units

Renewable _ Non-renewable
energies - energies

1900 1910 1920 1930 1940 1950 1960 1970 1980
Fonte: Deutsche Shell

Prognosis after 2000 —
Assuming global economic
growth of 3 percent per
year and a global

’ population of 9 billion
Source: Deutsche Shell —— ﬁ.,—._. ople by 2050

1Photovoltaics

4Geothermal

15alar thermal

4Biomass
(electrical)

4Biomass
(fuel)

“Wind

Wave and tidal
power plants

4Hydrocarbon

2000 2010 2030 2050



Crude oil prices 1861-2019

S dollars per barrel Yom Kippur war

World events

Fears of shortage in US Post-war reconstruction Iranian revolution
Growth of Venezuelan Loss of Iranian Metback pricing | Asian financial crisis
production supplies intreduced
Pennsylvanian Russian Sumatra | Discovery of East Texas field Suez crisis Irag Imyasion | Arab
oil boom oil exports | production | Spindletop, discovered invaded of Irag Spring’
began began Texas Kuwvait
140
B $ 2019 (deflated using the Consumer Price Index for the US) 130
W $ money of the day
120
110
100
90
a0
[ ‘ 70
A I -
A 50

40

V 30
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J 10

1861-69  1870-79  1880-89 189099 190008 191019 192029 193039 194049  1950-59  1960-69 197079 198089 199099 200009 2010-19 0O

BP Statistical Review of World Energy 2020, © BP p.l.c. 2020
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf



https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf

Primary energy world consumption 1994-2020

World consumption
Exajoules

Shares of global primary energy

B Renewables
B Hydroelectricity
M Muclear energy
B Coal

B Natural gas

H Oil

©Sofia G. Simdes, 2022 LNEG | NOVA-FCT

04

14

Percentage
m O W Hydroelectricity 20 bp
B Coal B Nuclear energy
W Matural gas B Renewables
40
Oil still largest % with 33%
_h

Coal 2nd largest (down % in 2019) to 27.0%
e,

\30

natural gas record high 24.2% —

20

10

Hydro stable at ~ 6%

RES to record highs of 5.0%

nuclear overtaken by RES (4.3%)

94 89 04 09 14 19 0

BP Statistical Review of World Energy 2020, © BP p.l.c. 2020
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf



https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf

Primary energy regional consumption pattern 2020

North S. Central Europe CIS - Former Middle Africa Asia
America America Soviet Rep. East Pacific

BP Statistical Review of World Energy 2020, © BP p.l.c. 2020
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf
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http://www.bp.com/home.do?categoryId=1&contentId=2006973
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf

Global renewable energy evolution 1999-2020

Renewables consumption by region Renewables generation by source
Asia Pacific 35 Solar 3000
M Africa Wind
M Middle East B Cther
HmCIS
M Europe 30
M 5. & Cent. America 2500

B Morth America

25
2000
20
1500
1000

93 01 03 05 07 09 11 13 16 17 19 0 99 01 03 05 07 09 11 13 16 17 19 0

BP Statistical Review of World Energy 2020, © BP p.l.c. 2020
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf
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http://www.bp.com/home.do?categoryId=1&contentId=2006973
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf

Primary energy consumption per capita 2014
Tonnes oil equivalent

86% OF CAR JOURNEYS TO WORK ARE DRIVER ONLY

BP Statistical Review of World Energy 2015
© BP p.l.c. 2015

©Sofia G. Simdes, 2022 LNEG | NOVA-FCT



Energy Access

©Sofia G. Simdes, 2022 LNEG | NOVA-FCT

Greater Electricity Use
Extends Longevity

United Nations links affordable energy to quality of life

United States

Germany japan

Russia

@® China
® O

India Life expectancy, educational
attainment and lower poverty
Nigeria levels are all statistically connected
to higher levels of electricity use
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(0) 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000
@ Electricity Use per Capita per Year (kWh) '

Source: World Bank, 2012 data; United Nations, 2012 data.



Energy Access

How can we provide the benefits of energy to the population of the
globe without damaging the environment, negatively affecting social

stability, or threatening the well-being of future generations?
in Sustainable Energy, MIT 2005

One-Quarter of World's
Population Lacks Electricity

Replacing wood and coal with electricity could help reduce poverty and
pollution

By Mathanial Gronewold | Movernber 24, 2009 |7 1

The total number of individuals without electric power is put at about 1.5
billion, or a quarter of the world's population, concentrated mostly in
Africa and southern Asia.

Ler o artigo em: http://www.scientificamerican.com/article.cfm?id=electricity-gap-developing-countries-
energy-wood-charcoal

PRIMITIVE ENERGY: With no electricity, many people
in Third World countries cook their food over wood
fires. Image: ISTOCKPHOTO/DORINS



A woman dries cassava paste by a natural gas flare in Nigeria. Millions of people in Nigeria lack
access to modern energy, even though the African nation is a major oil producer.



Energy Access

Source: IEA, World Energy Outlook -2019
Electricity Access, Summary by Region

Proportion of the population with access to electricity

* 89% world population has

National Urban
5010 >018 access to electricity (only 45%
WORLD 73% 77% 80% 85% 89% 96% 79% Of SUb-Saharan African
Developing Countries 64% 69% 74% 80% 86% 95% 77% population)
Africa 36% 39% 43% 49% 54% 79% 35% * huge difference in rural vs
North Africa 91% 96% >99% >99% >99% >99% >99% urban
Sub-Saharan Africa 24% 28% 33% 40% 45% 74% * very quickly improving but
Developing Asia 67% 74% 79% 87% 94% 98% 91% mostly due to India
China 99% >99% >99% >99% >99% >99% >99%
India 43% 58% 68% 79% 95% >99% 92%
Indonesia 53% 56% 67% 88% 98% >99% 96%
Other Southeast Asia 65% 76% 79% 85% 90% 97% 83%
Other Developing Asia 38% 46% 57% 74% 79% 89% 73%
Central and South America 88% 91% 94% 96% 97% 99% 88%
Middle East 91% 90% 91% 92% 93% 98% 78%

IEA (2019), SDG7: Data and Projections, IEA, Paris
https://www.iea.org/reports/sdg7-data-and-

projections

©Sofia G. Simdes, 2022 LNEG | NOVA-FCT


https://www.iea.org/reports/sdg7-data-and-projections

Energy access in south hemisphere

% of population with access to electricity

¥ Close to 860 million people are still
without access to electricity in the
." A world (600 million in sub-Saharan
RN e Africa)

£

EEEEEEEC
0% 25% 50% 75% 100%
Most access gained in Ethiopia, Kenya and Tanzania mainly via grid
L , connections & via solar home systems — countries with less access are
IEA (2019), SDG7: Data and Projections, IEA, Paris

https://www.iea.org/reports/sdg7-data-and- Nigeria, DR Congo, Ethiopia, Tanzania and Uganda

projections
©Sofia G. Simdes, 2022 LNEG | NOVA-FCT



https://www.iea.org/reports/sdg7-data-and-projections

Energy access in south hemisphere

Number of persons without access to electricity

Decentralised solutions are the least-cost way to
provide power to more than half of the
population gaining access by 2030

/ Nigeria/

78.3m ) [N 73.7m
0.5m » @ DRCongo
Brazil e
0.4m
]
1m 10 m 100 m

IEA (2019), SDG7: Data and Projections, IEA, Paris
https://www.iea.org/reports/sdg7-data-and-

projections
©Sofia G. Simdes, 2022 LNEG | NOVA-FCT



https://www.iea.org/reports/sdg7-data-and-projections

Fast facts

17%

of global population
lack access to
electricity, despite
modest
improvements

38%

of global population
lack clean cooking
facilities

International
Energy Agency

Secure
Sustainable
Together

Go to https://trackingsdg7.esmap.org/
Pick a country and report back:

- % population access to electricity

- % population access to modern cooking

YOU HAVE 5 MINUTES

35


https://trackingsdg7.esmap.org/

& IRENA

International Renewable Energy Agency ABOUT v OUR WORK v RENEWABLES NEWSROOI

Energy Access

More People Have Access to Electricity, but World Is
Falling Short of Sustainable Energy Goals

22 May 2019 | Press Release

https://www.irena.org/newsroom/pressreleases/2019/M
ay/More-People-Have-Access-to-Electricity-Than-Ever-

Before




Evolution of primary energy and GDP

Figure1.1 Global total primary energy demand, population and GDP, 1950-2019

13500

1230

1000

Index (1950=100)

Since 2000, energy intensity
(energy consumption per unit 750
of GDP) has been declining.

_—

500
“Today, the world needs 20%
less energy to produce one =0
dollar of economic output - h
than it did only 19 years ago” 1950

Mote: TPED = total primary energy demand.

I
1960

I
1970

1
15380

1
19390

2000

I
2010

2019

=—=0GDP

—TPED

GOP per
capita

Pogulation

TPELD per
capita

TPELD per
GOP [energy
intensity]

& M 1 riabhte recarn ot
A 2020. All rights reserved

Energy demand has historically been driven by GDP and population, reaching a sevenfold
increase from 1950.



Energy Services drivers

Energy demand drivers for human consumption:

e Energy services: food, comfort, hygiene, health, culture
e Population and households
e Wealth

e Consumption profiles: preferences in expenditures with
goods and services

38



Energy intensity everywhere (from 2000)

Figure 1.6 Global average energy intensity in selected end-use sectors, 2000-19

120
= ——|ron and sieel
-]
E
= - Chemicals
o
]
g=! Cement
=
60 Residential
40 ——Services
20 = Light-duty
vehicles
0 Air travel

2000 2005 2010 2015 2019

IEA 2020. All rights reserved.
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Energy intensity in wealthy countries

Sector Intensities* & Total Economy Effect

110%

1009%
é Freight Transport
T 80%
E Passenger Travel
£ 80% —
> Total
=
c

% :

-ﬁ 70 Service
o
E ' I
g 60% | Households
@
[ —
&

E.D-:]_';| | | | | | | | | | | | | | | | Manufa ctunng

ESAC . P S . SN T A

Energy intensity declines have slowed in all sectors since the late 1980s

"Mote: Data for IEA-11 {Australia, Denmark, Finland, France, Germany, Italy, Japan, Norway, Sweden, the Unitad
Kingdom and the United States)

©Sofia G. Simdes, 2022 LNEG | NOVA-FCT



Energy intensity in all countries

Figure 1.2 Annual change in GDP, total primary energy demand and energy intensity in
selected countries/regions, 2000-19

Waorld e
Emerging economies S nGDR
Advanced economies — Y
China e !
Middle East L
india B — L — ! BEneray
Southeast Asia T gemand
Africa I
Latin America [
Russia — 1 a Energy
United States = " Intensity
improvement
Europe N
-2% 0% 2% 4% 6% 8% 10%

A M H \ rimbte reosm =
EA 2020, All rights reserved

Mote: Energy intensity is measured as total primary energy demand per unit of GDP. GDP is measured in PPP terms.

Energy intensity of the global economy improved on average by 1.6% per year due to
structural changes, saturation effects and efficiency gains.

©Sofia G. Simdes, 2022 LNEG | NOVA-FCT



Change in activity by sector during COVID-19 confinement (%)

@® Power
0l @ “Government policies during the COVID-19
© Suriecs pandemic have drastically altered patterns of
@ V4
604 o energy demand around the world.
40 -
£ 20
=
2
8 ol —0—
“The data includes: for the power sector, £ g 3
temperature-adjusted electricity trends in Europel?, gﬂ
!n(‘:iiaﬁ and.the QSH; for the industry sector, coal use é‘ -20 e
in industry in ChinaZZ and US steel production32; for
. . —_ S
the surface transport sector, city congestion4S, —_0— . g
country mobility2l, UK42 and US state*2 traffic data; for =40 §
the residential sector, UK smart meter data2??; and for :
aviation, aircraft departures2®. 60 - Y ;
Each data point (filled circles) represents the analysis -0 I
of a full time series and shows the changes in activity
compared to typical activity levels prior to COVID-19, -80 , I
corrected for seasonal and weekly biases. “ :
-100 T T T | T T | T
European India us China us City Country UK us UK smart World
Le Quére, C,, Jackson, R.B., Jones, M.W. et al. Temporary reduction in daily countries states coal steel congestion mobility states meters countries

global CO, emissions during the COVID-19 forced confinement. Nat. Clim.
Chang. 10, 647-653 (2020). https://doi.org/10.1038/s41558-020-0797-x
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https://doi.org/10.1038/s41558-020-0797-x
https://www.nature.com/articles/s41558-020-0797-x#ref-CR10
https://www.nature.com/articles/s41558-020-0797-x#ref-CR38
https://www.nature.com/articles/s41558-020-0797-x#ref-CR11
https://www.nature.com/articles/s41558-020-0797-x#ref-CR22
https://www.nature.com/articles/s41558-020-0797-x#ref-CR39
https://www.nature.com/articles/s41558-020-0797-x#ref-CR40
https://www.nature.com/articles/s41558-020-0797-x#ref-CR41
https://www.nature.com/articles/s41558-020-0797-x#ref-CR42
https://www.nature.com/articles/s41558-020-0797-x#ref-CR43
https://www.nature.com/articles/s41558-020-0797-x#ref-CR44
https://www.nature.com/articles/s41558-020-0797-x#ref-CR45

" https://ourworldindata.org/energy

® Check your country primary energy
consumption

® Check your country energy intensity evolution
Do it for next class
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Key information you should
have apprehended after the
class

Differences between primary energy, final energy and
useful energy

What are energy services

Main energy units for energy flows

Main energy units for installed capacity of power plants
Going from installed capacity to generated electricity

What is a capacity factor for a power plant and why is it
important for solar PV and wind

What is the “energy system”
How to read an energy balance

Grab how multidimensional and systemic is the
transition to a low-carbon economy (and energy system)
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