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WITCH: World I.nduced T _echnical C_hange Hybrid model

Hybrid [.LA.M.:
Economy : Ramsey-type optimal growth (inter-temporal)
Energy: Energy sector detail (technology portfolio)
Climate: Damage feedback (global variable)
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Focus on energy sector

Focus on technological change

Learning-by-Doing in W&S

Energy intensity R&D

Breakthrough Technologies (two factors learning curves)
Focus on channels of interactions among regions

Technological spillover

Environmental externality

Exhaustible common resources

Trade of emission permits

Focus on strategic behaviour (open loop Nash game)
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In a wide range of exercises with the WITCH model we
consistently find that in stringent mitigation scenarios it is
optimal to electrify energy supply

In stabilization scenarios at 550ppm COZ2e it is optimal to
have almost carbon-free electricity generation

Decarbonization in the power sector is less costly than
for non-electric energy use
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Share of electricity over total energy
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Electrification is needed, given the high cost of de-carbonizing non-
electric energy demand
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Reaching zero carbon electriciy generation with present technologies is
technically feasible, but serious issues arise in scenarios with a high
penetration of nuclear and coal with carbon capture and sequestration
(CCS)

A large part of the modelling effort is devoted to introduce new
technologies that have the potentiality to substitute, at least in part,
nuclear and coal with CCS

Carbon-free backstop technologies in non-electric and electric sectors

The next step is to “give shape” to backstop technologies. In particular
we want to explore:

the possibility of increasing the penetration of present
decentralized renewable electricity generation (photovoltaic,
wind)

the possibility of developing solar thermal power generation on a
large scale
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New electricity grids are needed to:
increase the penetration of electricity generation from renewables (smart
grids)
allow for the deployment of new technologies through the construction of
super grids

A more thorough assessment of power generation portfolios in terms of grid
requirements is necessary

A partnership with the Power Systems Group of CMCC would allow to
increase the accuracy and reliability of the scenarios developed with WITCH:

Technological options
Costs
Management constraints

On the other hand WITCH can provide long-term electricity demand
scenarios that offer powerful insights to power systems analysts

Electricity demand
Time path of electricity demand
A macro-economic, long-term, assessment of technology portfolios
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Super-grids are intended to connect, in a more integrated way,
Inter-regional electric power systems, facilitating trade among
regions and allowing to take advantage of distantly located
energy sources

Super-grids will allow the exploitation of production plants

distantly located from the demand , that is a favourable condition
for the implementation of technologies with acceptability issues,
like for example CCS operations or nuclear production

Super-grids will also allow to reach areas where highly productive
solar and wind plants can be positioned

For example, in Europe the Desertec project aims at installing solar
power plants in North Africa to provide Europe with low-carbon
electricity and North-African countries with electricity and fresh
water
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Western Europe has the possibility to import solar thermal electricity
from Middle East and North Africa (MENA)

Solar thermal is introduced as a substitute for Nuclear Electricity.
Alternatively, it can enter either as a substitute for traditional
renewables (wind and photovoltaic) or as a substitute for fossil fuels
power plants

Solar thermal electricity is not used domestically by MENA

The price of electricity is such that in the market for electricity supply
equals demand

No grid so for now it is possible to have smooth increments of
supply/demand
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We compare 4 cases:
Baseline (no climate policy)
Stabilization at 550 ppm CO2e

Stabilization at 550 ppm CO2e
limit on Old Euro W&S production (max = 25% of total electricity)
limit on Old Euro Nuclear production (max = 2005 level)
no CCS
no Back el , no Back nel

Stabilization at 550 ppm equivalent (with CCS)
limit on Old Euro W&S production (max = 25% of total electricity)
limit on Old Euro Nuclear production (max = 2005 level)
no Back el , no Back nel
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Investment in Solar Thermal Electricity Capacity Installed in Solar Thermal Electricity
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Price of Solar Thermal Electricity
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Market Value ( Billion$)

Stab Constrained

0.000
1.597
3.747
5.415
5.944
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Income for MENA (% GDP)

Stab Constrained

up to 2080 0.000%
2085 0.120%
2090 0.260%
2095 0.347%
2100 0.351%

Expenditure for OLDEURO (% GDP)

Stab Constrained

up to 2080
2085
2090
2095
2100

0.000%
0.041%
0.093%
0.131%
0.139%
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Old Euro Electricity Generation - Stab_Constrained
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Old Euro Electricity Generation - Stab_Constrained
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Near future:

- Model the Western Europe-Mena SuperGrid

- Introduce Imports in Eastern Europe

- United States domestic generation?

- Domestic use of solar thermal electricity in MENA

- Learning-by-doing and learning-by-researching

- Integration with new version of WITCH model with extraction and
trade of oll

- Longer time horizon
- Collaboration with Power System Modelers for Smartgrids

Later:

- Optimal distance and supergrid investments with GIS positioning
of power plants in MENA: trade off between optimal geo-position
and cost of grid infrastructure
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