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SH (GDP) ve Enerji Tuketimi

The Coupling of World GDP (PPP) growth to, Energy Use & CO2
46 year Constant Dollar GDP (PPP), 1971 to 2017
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The Growth Rates World GDP, Economic Energy use and CO2 have
been in constant relation to each other showing "strong coupling”as
three linked parts of a system working as a whole. The global data

100.0 shows no effect of "sustainability" efforts; World CO2 still increasing
at 84% of the growth rate of Energy consumption, which in turn is
still increasing at 63% of the growth rate of GDP. ~.~"World GDP PPP
y = 26.307e0.0324x
556 Historical Data from IEA, World Bank, BP and WRI Avg. Growth rate 3.24%
’ GDP (PPP) 2016S, Econ Energy Mt Oil Eq., CO2 Mt Scale Doubles every 22 yr
Energy & CO2 Indexed to 1971 GDP by relative growth rates GDP Coupling=1
(to show their relative roles as parts of a whole)
&t Dotted lines are avg.— . Economic Energy
. exponential trends y = 17.08700204
Avg. Growth rate 2.04%
Scale Doubles every 35 yr
GDP Coupling = .63
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The World GDP as - part Energy & part Economic Energy Efficiency
GDP growth rate = 2 Parts Energy growth rate + 1 Part Energy Efficiency (GDP/E) growth rate
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Considering Energy as the universal resource and prime mover of the
world economy, GDP is seen as composed of energy use plus the
added value of how it is used. That growing value for using energy to
produce GDP we call "Econ. Energy Efficiency," measured as the ratio of

100.0 - GDP to Energy use. GDP growth consists of 2/3 growing energy use and
1/3 growing global energy efficiency in producing GDP. World GDP
i . . . GDP Growth (100%)
Showing Jevons principle that in a growth economy, efficiency
i y = 26.3070-032%
accelerates resource use and impacts.
Avg.Growth rate = 3.24%
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DAGITIMIN AGIRLIK MERKEZINDE DEGISIM

Changing power generation balance

Power generation Centralized vs decentralized
Power balance tipping towards renewables, 100 | C-RES D-RES
driven by policy & disruptive technology cost i 050
reduction ] 230

— t 2020

Main growth in variable renewables such as
wind and solar

Two growth paths

1

- Mainly centralized renewables

DK, Ministry of Energy

1

- Mainly distributed renewables DE, Energiewende
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CHN, Government plan

= = = CH, Energy Strategy 2050

RES contribution to annual total demand [%]

Distributed RES* contribution to annual total demand [94]

Renewables expected to be dominant source for electrical power generation

ENERJIGOND

Gizli .
-0 ‘ OB ANCHzmete Ozel



SEBEKEDE ZORLUKLAR

Grid — enabler or bottleneck ...

Technical challenges countries encounter

Short circuit power & significant
variable RES curtailment

Germany

demand

Max. hourly variable renewable
generation as a percentage of total

Conventional operation

2012 Today 2040

Grid investments and technologies required to address challenges
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GUNES
ENERJISI IS
MODELLERI

I Unique Value Unfair Ad- Customer
Froblem Solutien Proposition vantage Segments
High initial Green mass
costs market
Technology
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Channels

Ambassadors

Cost Structure

Revenue Streams

Lejant:

Sari: Ev sahibi modeli

Yesil: 3. parti modeli

Mavi: Ev sahibi ve 3. parti modeli
Turuncu: Topluluk Modelleri
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