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« Episode 1: Global Energy Transformation: Historical Dynamics, Possible

Pathways and Investment Needs (Prof. Dr. Nebojsa Nakicenovic)

 Episode 2: Global Energy Transformation: Challenges and Possible

Solutions (Prof. Dr. Jirgen Schmid)

* Episode 3: Interview
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1. You have an understanding of the sustainable potentials of renewable
energies in relation to the future energy demand.

2. You understand the efficiency advantage of renewable energy use.

3. You are able to evaluate the challenges concerning the use of renewable
energies and to classify the corresponding countermeasures.

4. You have an overview of a possible path for the transformation of the power
supply sector.

5. You are able to assess the costs of renewable energy use in comparison to
conventional energy supply systems.
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Content WBGU -

* CO, Emissions, Energy Demand
 Potential of Renewable Energy Production
« Efficiency of Renewable Energy Use

* Power Supply

» Heat Supply

* Transport
» Balancing of Renewable Energy Feed-In

* Power Network

* Energy Management

* Energy Storage

» Costs of Renewable Energy Use
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CO, Emissions, Energy Demand

Global Situation and Future Development
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CO, Emissions, Energy Demand WBG U
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Global Primary Energy Demand in Transformative
Scenarios
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Content WBGU -

* CO, Emissions, Energy Demand
* Potential of Renewable Energy Production
« Efficiency of Renewable Energy Use
* Power Supply
» Heat Supply
* Transport
» Balancing of Renewable Energy Feed-In
* Power Network
* Energy Management
* Energy Storage

» Costs of Renewable Energy Use
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Vision: Global Renewable Energy Supply by 2050
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The scenatrio is based on an extrapolation of current expansion rates for renewable energies. Renewables are
accorded priority in the energy system, leading to the substitution of existing conventional energy carriers. The
economy of existing infrastructures and the availability of key materials have not been taken into account. The

dotted line shows the development of global primary energy demand without transformation, based on the GEA
baseline scenario.
Source: WBGU, 2011
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Technical Potential of Renewable Energies Worldwide
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Content WBGU -

* CO, Emissions, Energy Demand
 Potential of Renewable Energy Production
 Efficiency of Renewable Energy Use

* Power Supply

» Heat Supply

* Transport
» Balancing of Renewable Energy Feed-In

* Power Network

* Energy Management

* Energy Storage

» Costs of Renewable Energy Use
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Efficiency leap:
Conventional power plants and direct power from renewable energies

Efficiency 38% Efficiency 100%

Source: Sterner et al., 2008; WBGU, 2008
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Efficiency of Renewable Energy Use WBG U
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Power supply:

Renewable energies reduce the demand for primary energies and CO,-emissions
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Efficiency of Renewable Energy Use WBG U
N _

Transformation of Heat Supply
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Source: Sterner et al., 2008; WBGU 2008
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Heat Supply: Renewable Energies reduce CO,-emissions
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Transformation of Transport Sector

« Advantages of electric mobility:
» Use of waste heat possible

« CO,-sequestration possible

* No fine dust in the cities

* Less noise

+ Storage system

Losses

Combustion engine Electric drive
Efficiency 20% Efficiency 80%

Source: Sterner et al., 2008; WBGU 2008

4 N\
www.va-bne.de e World in Transition: A Social Contract for Sustainability
Ny~ Lecture 5: Technical and Economic Feasibility of the Transformation e Episode 2 e Prof. Dr. Schmid Qoo



Efficiency of Renewable Energy Use WBG U
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Efficiency Development in the Transport Sector
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GHG Emissions from Direct and Indirect Land Use Change

Efficiency of Renewable Energy Use
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Efficiency of Renewable Energy Use WBG U
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GHG Reduction in Relation to Allocated Cropland
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* CO, Emissions, Energy Demand
 Potential of Renewable Energy Production
« Efficiency of Renewable Energy Use

* Power Supply

» Heat Supply

* Transport
« Balancing of Renewable Energy Feed-In

* Power Network

* Energy Management

* Energy Storage

» Costs of Renewable Energy Use
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Balancing of Renewable Energy Feed-In

Characteristics of Renewable Energy Feed-In
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Grid Expansion

Wind energy

Solar energy
Pumped storage
Marine energy
Offshore super grid

Transnational
transmission network

5 Map: cartogis
Source: IWES 2012 (unpublished)
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Balancing of Renewable Energy Feed-In

The Renewable Combined Power Plant

WBGU

Coverage of 1/10.000 of the German load curve at all times — Controlling real plants

Das Regenerative Kombikraftwerk

Zu jeder Zeit und bei jedem Wetter eine verldssliche
Stromversorgung allein mit Erneuerbaren Energien.
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Source: ISET / IWES 2012
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Load Management — Intelligent Distribution Networks

Bidirectional energy management interface
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Example: Use of Gas Storage Facilities in Germany
as simulated in a 100% renewable energy scenario
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Storage Capacity and Discharge Time of Different Storage
Systems
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Source: Specht et al., 2010
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Coupling of electricity and gas grids as storage system
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Balancing of Renewable Energy Feed-In

Renewable power (to) methane | efficiency

Waste
heat

ycle Plant

POWER GENERATION
POWER STORAGE 60%

36% =
100%

75% 80%

Methanation

Windturbine
Electrolysis

Source: Specht et al., 2009; Sterner, 2009

WBGU _

60-65% Methane
35-40% Power
50-60% CHP

Vs. 0% Curtailment of
electricity
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Balancing of Renewable Energy Feed-In

WBGU

Roadmap Transformation Power Supply System - Gérmany_
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Source: IWES, 2011
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Costs of Renewable Energy Use

from Renewable Energies

WBGU _

Global Development Potential of Costs for Electricity
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Costs of Renewable Energy Use WB < U
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Comparison of Prime Costs
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Costs of Renewable Energy Use

Production in Germany

WBGU _

Development of Differential Costs of Renewable Electricity
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Conclusions WBGU

» The transformation of the energy system is based on energy efficiency and
the use of renewable energies.

» Switching to renewable energies reduces the primary energy demand.

* Network expansion, energy management and storage systems are essential
to integrate high shares of renewable energies.

* The renewable path is the less costly option in the long term.
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Exercises for Self-Study WBG U
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1. Could a 100% renewable power system exclusively based on PV be realised
(e.g. for Europe)? Discuss the characteristics of the required storage (power

VS. capacity).

2. Compare the pros and cons of renewable energy use. Which actions have to
be taken to compensate the negative aspects? Gather information and
investigate the current development status of different balancing options.

3. Compare the different options for CO, -neutral mobility.
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