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£z 1 MOTIVATION:  [TUJE
Why are we here today?

VIENNA| peee
*Energy is the fundament of our standard of life today
*Every second of our life — even in deep sleep —

we ,,consume‘ energy

Dramatic increase in energy consumption in recent years!
Dramatic increase in electricity consumption
N the next decades expectedI




TECHNISCHE

.. Mobile Phones Charging [TU|=™

,,,,,,

Source: Modi, 2011
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Other RES

Hydro

18000
mtoe!
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v \Wood for Cooking




ié’m’%” WORLD-WIDE TREND IN
ELECTRICITY CONSUMPTIO
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2012

RES: 18 %
1

Other RES

1973:

RES: 21.7%

0

Source: IEA (2014)
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o0 BY FUEL

6 000 A

5000 A

3 000 A Coal

Hydro ppwer

2 000 - ot
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1 000 A
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1970 1980 1990 2000 2010 2020 2030

IEA: Fossil fuels will continue to dominate the
global energy mix,
while oil remains the leading fuel!

Source: IEA (2012)




oup

{C?LI consumption over time

1000 2000 3000 4000
Zeit >




: TECHNISCHE
NN B | UnversITAT

nergy EN
conommi NNA
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Middle
East: 2/3

Rest of
world: 1/3
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temperature in the past 1000 years

Departures in temperature (°C)
from the 1961 to 1990 average

Mariations of Earth’s Surface |1V
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Year Source: IPCC, 2001a
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consumption:

30% of World

30/70 - 70/30
population:

) g 70% of World
- population :
70% of

0
energy! SOOI

energy!




£ 2. The basic concept of TV
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providing energy services

nere IS no interest to consume energy.
nere Is a demand for energy services:
ean shirts, warm and bright rooms, cold
beer, hot coffee.

 |nputs: Energy, Technology, human capital,
environment

* Energy services are produced :
S=E n(T)
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* But currently the balance is biased tremendously:
To much energy, far to less technical efficiency!
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g What are energy services’

Direct energy services:
e Lighting
* Heating, cooking
* Mobillity, Transport

Indirect energy services:

* Food

« Shoes, Shirts

« Communication

* What you can buy in a super market!
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Categories of energy:

Crude oil, wood, Gasoline,
coal, natural gas, electricity,
solar, hydro, nuclear pellets, district heat

Heat, light, Warm and bright

mechanical rooms, mobility
work,

PRIMARY
ENERGY
Losses final customer

Losses conversion

Losses exploration and transport Source: Nakicenovic/Haas (2010)




. 3. What is an
energy system?
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An energy system comprises an energy supply
and an end-use sector.

The supply sector consists of processes for
extracting energy resources, converting these
Into more desirable and sustainable forms of
energy and delivering these to places where the
demand exists.

The end-use sector provides services such as
cooking, illumination, transportation and
consumer goods.

The purpose of the energy system is the
fulfillment of demand for energy services.
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3. What Is an energy system
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Architecture of the Energy System

Extraction
Treatment

Conversion
Technologies

Currencies

(fuels)

Distribution

@ coal oil natural gas sunlight uranium wind biomass

coal hydro oil cleaning separation benefication liquef- gasifi-
muanedamiinie action cation

hydro thermal power oil nuclear generating photovoltaic wind
station plant refinery station cell converter

electricity gasoline methanol methane hydrogen heat

electricity grid gas grid  truck dewar railway district heat
grid

Service
Technologies

automobile light telephone furnace microwave aircraft PC
bulb oven

transportation communication keeping warm/cold food

potable water health care security consumer goods

What
Nature
Provides

Energy
Sector

What
People
Want

Source: Nakicenovic et al (1997)
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ENERGY SYSTEM: EXAMPLE!

Hydro power Natural gas Uranium Sunlight

: S

J
LSRN

Extraction —— Uranium mine,
Treatment Sweetem;‘g nuclear fuel
production
Conversion ) : :
. Hydro dam Generating stations Photovoltaic arrays

Technologies T n T

Currencies ———

(fUE|S) eC'?CIty
Distribution Electric grid

|

E-mail: PC, telephone, modem
|
Communicating with Grandmother

Source: Nakicenovic/Haas (2010)

Service
Technologies
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EXAMPLES

Primar
m
120 EJ 380 EJ Secondar Gasoline Electricit

350 EJ

500 EJ

160 ET" =Y Final Gasoline Electricit
F Car Light Bulb
190 EJ Useful Kinetic Radiant

fim

WASTE AND REJECTED
ENERGY
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and conversion factors

for measuring energy demand
Units for Orders of Magnitude

Number Expression
1 000 000 000 000 000 guadrillion
1 000 000 000 000 trillion*
1 000 000 000 billion
1 000 000 million
1 000 thousand
100 hundred
10 ten
1 one
0.1 tenth
0.01 hundredth
0.001 thousandth
0.000 001 millionth
0.000 000 001 billionth
0.000 000 000 001 trillionth

* UK: milliard = 1E+12 Source: Nakicenovic/Haas (2005)



B Some basic reflections:

Wh = 3600 Ws = 3600 J =3.6
g oe = 11.63 kKWiTs (X 3.6 ) 41.87 MJ

(1 BTU = 1055 J)

—




i% Useful conversion factors
on country level
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1 TWh =3.6 PJ =0.086 Mtoe
1 PJ=0.2778 TWh = 0.0239 Mtoe

1 Mtoe =41.87 PJ = 11.63 TWh

(1012 BTU = 1.055 PJ)

Example 1:
World energy consumption (PE):
12000 Mtoe = 500 000 PJ =500 EJ (Exa-Joule)

Example 2:
World electricity consumption (PE):
000 TWh
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Selected countries :

Austria: 32.4 Mtoe PE, Losses to FE: 21%, 65.8 TWh
electricity

Czech Republic: 43.4 Mtoe PE, Losses to FE: 21%,
57.0 TWh electricity

In which country Is share of
electricity on final energy highest?




B Conversion factors for |U
energy
| 10712
To : PJ Gceal Mtoe BTU TWh
multiply by
PJ 1 238800 0.0239 0.9479 0.2778
4.1868 x 3.968 x 1.163 X
Gceal 10-6 1 10 -7 10-6 10-6
From :
Mtoe 41.868 107 1 39.68 11.63
1012 BTU 1.055 252000 0.0252 1 0.2931
TWh 3.6 860000 0.086 3.412 1
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Why history is important

The level of energy service based on
consumption: commercial
. ener
technology was the driver! &

Electricity,
combustion
engine

Sailing ship
Steam machine \

N\

Source: Nakicenovic/Haas (2010)
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Y From Antiquity to
the Steam Age

For the longest period In history:
Main sources of energy human and animal work,
biomass (fire), mechanical wind and water.

Reasons for the humble improvements in energy
use and technologies:

* Work of many served only a few due to generally
highly hierarchal social structures

* General dislike of purpose-oriented technology

* Low population densities and lack of population
growth to accumulate knowledge!
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Otto v. Guericke éﬂ/‘dﬁ.{ﬁggg{l{;{gmﬂa

EDISON GLUHIAMPEN-FABRIKS-K G
Ing. CCLERICESC.

Lager und Vorkaat m hiligsen Prisen bei ). SUSCHITIRY - RUNN, randotite 3

Electricity — THE universal technology
for providing energy services




giz- A new era of mobility: oil ar‘]ﬂ
combustion engine
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—Ne 37435 —

KLASSE 460 LurT- UND GASKRAFTMASCHINEN.

BENZ & CO. in MANNHEIM.

Fahrzeug mic Gasmotorenbetrich.

Patentirt im Deutschen Reiche vom 29 Januar 1886 ab.

Oil products in vehicles end of
19t century, begin of 20th century
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e 7000 — O BT: Deforestation
along coasts;

« 1500 - 1700: England, German
 Today: Africa, India...

mayjor reasons:

* non-sustainable use;
* distance to place of use, transport, lack of infrastructure,

* Inefficient use;
Coal crises:

* 1870...

Qll crises:

* 1973, 1979,
2005 (?) ...

Source: Nakicenovic/Haas (2010)
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£z Shares of PE world-wide [TUI™
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B Primary Energy EU-27:;|TU|#™
: origin of resources

Indigenous:
Imports:

Coal

Natural 13%

gas
25%

Nuclear
31% \

o]]

62%

Total 2010: ca. 870 Mtoe Total 2010: ca. 1000 Mtoe

Source: EUROSTAT (2013)
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ydro and waste x4k Hydro and waste xx
8% 105 ane 2u, 100%  Oter

* % 1.1% .
Codl Nuclear Coal

24.6% 43,

UmIVERSITY OF
TECHNOLOGY

Natural
gas

21.3%
Ol
46.1%

6115 Mtoe 13371 Mtoe

* Total primary energy demand more than
doubled between 1973 and 2012,
* OIl down (more than -30%!!!), Gas up (>30%),

Source: IEA 2014
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1973 2012
: Electricity Other** Biofuels E|ec|ri<éiry Other**
Biofuel 11.5% 0.7% Coal* and waste 22.3% 1.9%
and waste od (
3.0% 10.8% 2.0% Coal*

3.4%

Natural gas

]7.700 O|| NU[UTU' as Oll

56.3% 19.8% 47 6%
| 2816 Mtoe | | 3582 Mtoe |

* The share of electricity increases continuously:
In 2012 of 1973

« Share of oil decreased from 56% to 48% "

** Other includes Solar, Geothermal, Wind Source: IEA 2014
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EU-27: Primary energy consumptlon
Natural gas
23% Nuclear
14%
Hydro*
2%
Othér*
1%
Renewables Biomass
11% 7%
Wind
2%
oil Solar
34% 1%
Solid fuels Other Geothermal
17% 0% 0%

e about 11% share of RES in 2012; Total 2012:
ca. 1680 Mtoe

« EU-target from 1997: 12% by 2010! 12
Source: EUROSTAT (2014)
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Others

m Other Renewables

O Photovoltaics

aWind

BThermal

BENuclear

B Hydro (MW)
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g Final Energy EU-28 by fuel
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0
1990 1992 1994 1956 1998 2000 2002 2004 2006 2008 2010 2012

s Petroleum and Products —  (ases Electricity
= Splid Fuels Derived Heat = Renewables
Wastes, Mon-Renewable

* steepest increase: electricity (+35%)
* RES double; 24
« Solids phasing out
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TWh

VIENNA
1200
- M
800
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L _""‘——"'"--.__\
0
1990 1997 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
s Splid Fuels = Renewables m==  Petroleum and Products
(35S = MNuclear Wastes, non-RES

Electricity generation EU-28TU

* steepest increase up to 2008: natural gas;

e RES from 12% to 22% in 2012;
* Oil phasing out
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Source: EUROSTAT, own estimations
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e 6. Drivers of energy

consumption e
The example of LIGHTING

Parafin Candle

-
Gas Light
L Goebe\urized Gas Wick Lamp
Edison
ith Carbon Fil.

B Electric Bulbsﬁ o

Most Important driver: Technological progress!

Fluoreszent Lamps e

Low-Pressure\

Sodium-Vapor Lamp

p—
F =
C
=2
E
o
o
o
-
B
2

P
e
1
T

Theorstical Minimum

Power Require

14 1 i 1 1 1 1 1 1 1 i

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Years

Figure 1: Technical development lead to a rapid decrease of power
requirement for producing the same amount of light
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Figure 6. Price of Lighting from Gas, Kerosene and Electricity in the United
Kingdom (per million lumen-hours), 1800-2000

3000

Price

Gaslight

2500 -

Source: Fouquet/Pearson (2005)

2000 -

Kerosene-light

1500 -

1000 - \ Electric-light

5&),

0 \ \ g \ \ \ r
1800 1825 1850 1875 19&3\ 1925 1950 1975 %OO
Source: authors’ own estimates — see Sections 11.1.3-5 and 11.3 \/
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The example of LIGHTING
250 -
200 -
5
I 150 -
:
=
— 100 -
2 Electric light
=
50 -
Gas light
0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1900 1910 1920 1930 1940 1950
Source: authors’ own estimates — see Sections 11.2.3-5 and 11 3 Trillion 1012 (i e _one million million)

Source: Fouquet/Pearson (2005)
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i 6. Indicators of
energy consumption

Further useful basic definitions:
GDP...Gross Domestic product (EUR or $):

Total of all economic values produced in a country
An indicator for measuring technological
progress iIs Intensity:

Intensity is defined as Unit of energy
consumption per GDP (e.g. MJ/1000 EUR)
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%- Indicator
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,oervice efficiency*
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I 77777 CZ: Steepest increase:

2010 double of 2000!
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Income vs Energy prices

3.5

INCOME

1 7v%

0.5

0

ELECTRICITY PRICE

1965

1970

1975 1980 1985 1990 1995 2000

2005

2010
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FACTOR > 3 !l




B Indicators Austria:

FACTOR 5 Il

Electricity price,
Gasoline price real

Price of energy service
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{}ggg%g In the Iong run:
- technology was the driver:

—>Cheaper energy (better exploration
transport, Infrastructure technologies

—>Cheaper services (better lighting, heating,
cooking technologies

—->Higher GDP: More services are produced
In shorter time with less man-hours
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Solar thermal .
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FOR FURTHER INFORMATION:

e HOmepage:
WWW. eeg . tuwien . ac . at

e E-Mail :
Reinhard.Haas @ tuwien . ac . at



