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Energy consumption in the United States (1776-2017)
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Zou, CN. et al., Energy Revolution from
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Natural Gas Industry B, 3, 1-11, 2016.
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Benefits of Fossil Fuels

Matertal in Stoal

. : : =
| Cheap Esecrricity

H 78
= =1 7Gx

sELN
Ed B ”n

Lubrication

Materals

[ s 1
Transportation
i J HH ::

Steel is a key construction material.
Electric lights, motors, appliances and

other applications are indispensable to
our way of life.

Natural gas is second to coal in
generating electricity. In the USA gasis

widely used for hearing and cooking,

Oil is used for heating. As a lubricant it
is essential to every kind of machine.
Plastics and other synthetic marerials
are made from petroleum. Bumned asa
fuel, oil powers the global fleet of cars,
wrucks and busses.

http://www.ticopa.com/HFCL/FOCUS/SystemsThinking/22-

fueldefinitions.html
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Electricity Generation Efficiencies (%)
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Industry estimates of economically viable fossil fuel reserves
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(1) greenhouse effect
BEME(CO,)

(2) particulate contamination
R URL(PM)

(2) increased UV radiation

(3) acid rain E&FI(SOy, NOy)

(4) increased ground-level
ozone concentration 25(0,)

(5) increased levels of nitrogen
oxides AE¥I(NO,)
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World® TES from 1971 to 2018 by source (Mtoe) 2018

Biofuels  Other

TES: Total Ener | andwaste  2.0%
16 000 >: Tota ergy Supply Hydro 9.3%
1. World includes international aviation and international marine bunkers. 2.5%
14000 + 2. In these graphs, peat and oil shale are aggregated with coal. N:;g;af-f
12 00 0 1 3. Includes geothermal, solar, wind, tide/wave/ocean, heat and other sources. a7
Source: I[EA, World Enerqy Balances, 2020.
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World electricity generation' from 1971 to 2018 by fuel (TWh) 2018

Nuclear
1 , 0,
- 0.2%

30 000
1. Excludes electricity generation from pumped storage.
25000 4 2. Includes geothermal, solar, wind, tide/wave/ocean, biofuels, waste, heat and other.
3. In these graphs, peat and oil shale are aggregated with coal.
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20000 } Sources: IEA, World Enerqy Balances, 2020; IEA, Electricity Information, 2020.
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World" CO2 emissions from fuel combustion? from 1971 to 2018 <018
4
by fuel (Mt of CO») p
Natural '
1. World includes international aviation and international marine bunkers. gas
35000 2 COzemissions from fuel combustion are based on the IEA World energy balances and the 2006 21.2%
IPCC Guidelines for national greenhouse gas inventories, and exclude emissions from
3 0 0 0 0 non-energy use. 3. In these graphs, peat and oil shale are aggregated with coal.

4. Includes industrial waste and non-renewable municipal waste.
Source: |[EA, CO, Emissions from Fuel Combustion, 2020.
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Total energy supply (TES) by source, Chinese Taipei 1990-2018
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Electricity generation by source, Chinese Taipei 1990-2019
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Hreos CO2 emissions by energy source, Chinese Taipei 1990-2018
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e e g e e ER k- i Existing energy systems have served us well... but a clean energy
B35 L KISHEEA future needs a modernized and integrated infrastructure.
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Today’s Electricity Grid Tomorrow’s Power System

Generation Delivery Customer Generation Delivery Prosumer
: . W &
Bryyan Hanneggan, Energy Systems Integration, National Renewable Energy Laboratory, USA, June 2015. [ E/JJ%I ( == ) % ]
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Energy system integration (ESI) = the process of optimizing energy

systems across multiple pathways and scales
Market Layer

Electricity

System Control Layer

Thermal

Communication, Information,
and Computation Layer

Local Control Layer

Device Layer

Data Pathway: Information and
communication technologies allow a

DE'IIEI’ understanding an’d Cﬂﬂtl'oi 'Df | ! - .’014(.1.10u]:.1 Tech Research
systems by linking sensor data from U ety ity oty S beoges S oo g et i
multiple locations to control centers. : - . - : a2 with Permission

Bryyan Hanneggan, Energy Systems Integration, National Renewable Energy Laboratory, USA, June 2015. O
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A system s ability to correctly interpret
ternaj data, to learn from such data, and
use those learnings to achieve specific
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