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Strategic decision by European Council in

2014
-20 % 20% 10 %
2020 Greenhouse Renewable Interconnection
Gas Emissions Energy

2030 227 0/0 _ 70/0* 15 %
Renewable Energy nterconnection
Energy Efficiency

New governance system + indicators



i MOTIVATION: ﬂ

Why promoting energy
efficiency?

To reduce energy consumption &
CO2 emissions
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Energy Union S

Energy efficiency

Energy security, A fully integrated
solidarity and trust energy market

Energy
Union

Decarbonizing the Research, innovation &
economy | competitiveness

& g - Euroﬁean |
> #EnergyUnion Commission
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Goals of the Clean Energy For All Europeans
Package

|'é

Putting energy Demonstrating Delivering a fair
efficiency first global leadership in deal for
renewables consumers
An opportunity to...
...create jobs & growth B .. make the market fit for purpose
...spur investment ‘ ...bring down GHG emissions

...secure energy supply ‘ ...foster innovation
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Structure of the Package

Innovative Inter-connected

s Enabling Framework s ﬁ

Energy Union Governance

Inclusive
Energy Efficiency Renewables Electricity Market
Design
—N Energy Efficiency Revised - Rggulf:ltion and
—_— Directive, Energy | Renewable i plrectlve onn
Performance of i s ‘ Energy internal electnc@y
__ Buildings Directive I ’i\ Directive market; Regulation
- on risk-
preparedness,
ACER regulation St ol
= ;
Digital Investment- : 7
= : friendl - uropea |
8 #EnergyUnion y Commission



g Amory Lovins’ approach ﬂ

* If It IS cheaper to save energy than to
generate it .... 2

Amory B. Lovins:

,Negawatt vs. Megawatt"



//upload.wikimedia.org/wikipedia/commons/9/96/Amory_Lovins.jpg
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gwro 2. The basic concept of M
providing energy services

* There Is no Interest to consume energy.
There Is a demand for energy services:

clean shirts, warm and bright rooms, cold
beer, hot coffee, mobility ...

 |nputs: Energy, Technology, human capital,
environment

10



i The model m

Basic principle: Efficiency of

Infrastructure:
buildings, streets,
electricity grids

?:f(E, N (Tc)1 N (TIS))

TS

Efficiency of conversion

Service: Energy: technology:
heating area,  Final energy mix, kWh/fridge, kWh per m?
litre/km driven, share heating area, litre/100 km

Size fridge renewables driven 1
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* But currently the balance is biased tremendously:
To much energy, far to less technical efficiency!




oz Basic principle: Production of m
energy service S

Short-term, if sufficient infrastructure is available :
* Technically: S=En (T)
E...energy, n (T) ... efficiency of technology

* Economically: S = f(ps, Y)

Ps ... price of service, Y ... income

* Service price: Pg = PEg I n(T)

Pe ... price of energy, Y ... income 13



{ne,gx 3. History: m
“%  Development of the steam machine
Ca. 1695: 0.01% Ca. 1720: 2 % Ca. 1770: 5%

PAPIN NEWCOMEN WATY

Kolben

Heizmantel

E |
Huygens (1650)
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W. Stanley Jevons:
,1he coal question (1865)",

... EXpansion problems:

« continously growing number of steam
machines = How long will coal last?

* Extention of the railway grid:
How long will coal last?

16



@353”“ W. Stanley Jevons major findings ﬂ

« Exponential growth of energy
consumption is not possible

* There is a rebound if efficiency is
improved (steam engine: Newcomen -

Watt!)

* A looming coal (price) crisis could have
heavy impacts on the British economy

17
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,,Jévdns(1865y
j Prognose des Kohlebedarfs §

Maximum 1914

18



BEonomics
roup
Recent Combined cycle plant technologies
(combined gas and steam turbine, CC)

0% T Mew Concepts i -
#
’ Best: 62%

J: B0% T Current
2 Frojection
E MiChe Limitations
- Great
L - .

S0

Hiatuz
400 } ! i
1475 19385 1995 2005 2015

Source: Cohn, Electric Power Research Institute

e Electrical net efficiency of modern CC plants: ~58%

e Latest Siemens “H” type gas turbine:
CC electrical net efficiency: ~60% 19
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HISTORY OF LIGHTING

HISTORICAL BACKGROUND:
17th century: Otto v. Guericke

experiments with Sulphur balls which under
friction drew light scraps; was the first who
used the term ,,vis elektrica“




{cézc}z{ics EIECtrICIty -
THE energy carrier

éa’z;fm,ﬂﬁdlzﬁlaﬂma
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EDISON GLUHIAMPEN-FABRIKS-K B
Ing. CCLERICE S C.

Lager wnd Yerkaut 1 tliostn Proisen b J. SOSCHITIRY - BRUWN, Bramistitie 3 -

1878: Edison founds the “Edison electric
light company” -
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Eiffeltower
1889
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The example of LIGHTING

10-000_1_ Parafin Candle

Gas Light

im [Watt]

1000+ Goeb e ressurized Gas Wick Lamp

Most Important driver: Technological progress!

o o | Electric Bulbs
[= with Tungsten Filament igh Temperature
Q Filament
0E> \
e Fluoreszent Lamps L E D
= ‘
o 107 Low-Pressure
i Sodium-Vapor Lamp  e—
% - - - - -Theoretical ﬁinimum
= — : : = : : ; —
1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000
Years

Figure 1: Technical development lead to a rapid decrease of power 23

requirement for producing the same amount of light



g The servive price of lighting m
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Figure 6. Price of Lighting from Gas, Kerosene and Electricity in the United
Kingdom (per million lumen-hours), 1800-2000
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Source: authors’ own estimates — see Sections 11.1.3-5 and 11.3 \/ 24



The example of LIGHTING

H

Tnllion lumen-hours

0 Gas light

Electric light

1900 1910 1920

1930 1940

1950

Source: authors’ own estimates — see Sections 11.2.3-5

nd Il 3 Trillion* 1012 (j ¢ ane mil

Source: Fouquet/Pearson (2005)
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4. The Rebound Effect w

Rebound effect!

AEAct

Energy (kiNh%



@:g%a How the direct rebound effect m

works
1 is improvV
Ps decreases\ /

S increases

- AE_, decreases\

27

References:
Haas/Biermayr (2000) for Heating;
Ajanovic/Haas (2012) for transport



c::g%cs lllustration of rebound effects w
for consumers

Lower Holiday —

petrol in
Embodied bills Spain
energy

Loy

Fuel- efhczenr

Less energy

More energy

Lower .

Driver further
runnin

or more often
Ccostis

28
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Standard

How a standard works
30



%"”3"’" Effect of taxes w

E, AE, E, E

How a tax works
31
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Mg ---old
Ps efficiency

Ps, =Ps,

Ps,

How taxes and standards interact and how they can be implemented in a
combined optimal way for society 33



¥4« 5 Costs and Potentials of ﬂ
Energy Conservation

34
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A simple conservation cost curve

$/kWh delivered cost from new pr—

generation

..................................................................................

electricity rates

™

o~ N

™ efficient fridges

efficient light bulbs

electncity saved Potentials

efficient motors
+

Specific costs ($/kWh)

35
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Specific costs ($/ton CO2)

GHG REDUCTION OPPORTUNITIES WIDELY DISTRIBUTED - 2030 MID-

RANGE CASE I Abatement costs <$50/ton
Cost Real 2005 dollars per ton COze Commercial Residential
100 - buildings -  buildings —
HVAC HVAC M
.y equipment  equipment
80 - efficiency efficiency
70 - Fuel economy Industrial Coal Residential . buted '
80 - packages — process mining - buildings — solar PV
50 - Residential Light trucks improve- Methane Shell

| ments mgmt retro Active forest
| management

30 | A2

Pattntial
adwewy - Gigatons/year

power ~ CCS new

Manufac- | Cofiring builds :n
Potentials = | &

s puwer um

-100 , } builds with EOR 1
-110 FCommercial ' ' j 0d
120 o:;ronic: Commercial Conservation gas and Winte gas shift -
Ead ) buildings - tillage petroleum ; dispatch of
T New shell systems AOVAECEops existing plants
230~ improvements mgmt Reforestation
Fuel economy Afforestation of
packages - Cars pastureland

The analysis found that abatement options are highly fragmented and widely spread across the economy. Almost 40
percent of abatement could be achieved at “negative” marginal costs, i.e., the savings over the lifecycle of these options
would more than pay for the incremental investment, operating, and maintenance costs. Realizing the potential of many
negative-cost options would require overcoming persistent barriers to market efficiency.

36



B Conservation cost curves m
Cyes CRF

Ccon™

AE

Measure B con

With about 50% rebound effect

Measure A Measure B

Measure A | Without rebound effect

AE (kWh) a7

Costs (EUR/kWh)




B 6. Conclusions w

- Increasing energy efficiency Is important
for an economy

- ... leads to cheaper services (as lighting,
heating, transport, cooking technologies

- ... cheaper services lead to increase
In service demand = Rebound effect!

- ... in turn: higher efficiency may not lead
to expected energy conservation amounts

- Yet, overall more and cleaner energy e.g.
In developing countries



