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Power issues

Future power mix : a major issue for the next decades

[ Mvarostetric Power and Other

@ Huge investments are
forecasted in the power
sector North America Central and South America

@ Electricity environmental v

Europe* Eurasia®
Impact are consequent:

power generation stands
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for more than 45% of
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Middle East and Africa
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Figure : Power generation by region scurce: AER 2009.
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Power issues

Multiple recommendations for a low carbon electricity

system

: : Policies and Tools
Generation Solutions o Markets (carbon, power,. .. ):

s> Renewable and distributed taxes, prices, incentives,. . .
energy sources are attractive

| . ; . o National commitments:
alternatives for power generation POPE law 13/07/2005 and

= Nu.cle:ar 2 iaiiet o Grenelle (in France) , dividing by
zero-emission technology 4 RT

i Claim that new capture and
storage technologies may provide

major opportunities in several
areas @ Nuclear policy options: phasing

out or continuation . ..

@ International commitments:
3x20, post Cancun, ...
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Power issues

New paradigms present major technical challenges

~ Solar Thermal
~ Power Plants

| b Photovoltaics

Technical Solutions

@ embedded solutions
o Energy Efficiency
e Smart solutions : grids, water,
sustainable cities . ..

@ integration of intermittency at large
) J scale;
wﬁxm?’"‘m%:"mﬁ e mobility : electric, biofuels,..
T e e o s mbisteas | @ centralized / decentralized grid.

Figure : All-Renewable Electricity
Generation in 2050.Source: DESERTEC.
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Power issues

In order to design a future power sector

it is mandatory to sort out the imbroglio of technical recommendations
and policies throughout a long term approach, always revisited and that
allows to:

reconcile time and space scales
assess the global impact of the proposed solutions

consider the externalities

propose a trade-off to taking into account competitions and
substitutions
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Whilst Prediction imposes the future,

Prospective
@ envisions all the possible futures

@ in order to lighten tomorrow's consequences of today’s choices and
decisions

In other words Prospective exercises enable to :

@ be prepared to unexpected trends or events thanks to the assessment
of a diversity of imagined futures

@ i.e. to build a prosthesis for the stake-holders or decision-makers
who desire a calculated adventure

Pierre Massé

iz Tools are needed to think, debate, and to evaluate decisions and
measures
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Long term modelling

TIMES as a Prospective tool

"What we have the right to ask a conceptual model is that is seize on the
strategic relationships that control the phenomenon it describes and that it
thereby permit us to manipulate, i.e., think about the situation"

Source: R. Dorfman, P. A. Samuelson,R. M. Solow
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Long term modelling

Competitions, substitutions and coherence

TIME

A technical linear optimization model, ( Reference Energy System
open-source developed in the framework of conveRstons |
STORAGE
ETSAP: Energy Technology Systems (D —~ .
Analysis Program initiated by the IEA (in RESOURCES PRODCELION T
1 980) g\ Centralized SECTOR
= Decentralized r
@ demand driven p | [ dmeors B | heaing o I
€ ) %> bkl Residential |/ £
. / S C ial and [\
@ on a long term horizon: (50/100 2/ el B Tnetitational | \&
r ) ° £/ PROCESS Transport | [
years T ﬁ, Non Energy
. . L Coal conversion
@ in order to achieve a Exports Refiing N
. . . \ 4 ecycling
technico-economic optimum NS Enrichment
.. - - . S Gas distribution B éﬂ
minimizing the overall actualized cost restave \ smers )| |38 P
of the reference energy system ——— < —G

Flgu I€ [ The Integrated MarkAl (market
o whose flows are balanced allocation)-EFOM Reference Energy System

e satisfying a set of relevant technical constraints
(peak reserve for the power system,...)

N. Maizi et al. (MINES ParisTech) Low Carbon growth 2/6/2014 9 /32



Long term modelling

Based on an optimality paradigm

derived from von Neumann (1930) and Sraffa
2= How much should a nation save ?

The objective

establish a production plan (programme) x1, ..., X in order to minimize the
production cost taking into account the potentiels of the production factors
and driven by a demand

The plan is formulated as follows
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Long term modelling

The use of scenarios: prospective versus prediction

Energy planning modelling through TIMES enables to:

@ envision all the possible futures

@ in order to lighten tomorrow’s consequences of today's choices and
decisions

@ Instead of using scenarios kept in a stock

@ each question requires a flow of dedicated scenarios, to assess a
future power system

Desirable, Plausible, Sustainable J
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Long term modelling

Following the trend or changing the
paradigm

ParisTech’s Chair Modeling for
sustainable development
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Long term modelling

French electricity generation sector

=3 dominated today by nuclear power
Installed thermal | thermal | thermal | Hydro | wind | Solar
Capacities 17172011 || nuclear | fossil Ren power | power | PV
I (GW) | 631 | 271 | 1.2 | 252 | 58 | 0.9 |

Electricity Generation Shares

~14%

0.4%—,

45% - N\ [/ -

14.0% __—

0.7%

~ 500 TWh : Global production
~ 400 TWh : Nuclear thermal production (80%)
~ 30 TWh : Classical thermal production (coal and fioul)
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Long term modelling

Nuclear power replacement is the main driver for the future

Stock~2005 Stock~2010 Stock™2015 Stock™2020 Stock™2025 Stock™2030 Stock™2035 Stock™2040 Stock™2045 Stack™2050

SHUCLEAR  WHYDDAM  SHYDRN  ®HYDSTOR M WIND MCOMLB0  WCOALEO  WCOALFE WOl =oumc
mOLatsy  WOKS mieoi u waste " BOM BBOGAS  WCHPGAS  CHPBIOM  BCHPBIOMZ B CHPWASTE
DCNBID  BOCHWASTE S DCNBIOGAS © DCNINDGAS  DCWREFGAS © DCMOTHER  DCNCHPMUN | BIOGAS aTHER
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Long term modelling

Replacement of nuclear existing capacities

Fukushima triple disaster has opened the debate )

w= lifetime : discussion has moved from 30 to 60 years
o debate in 1999 : between 30 and 40 years [Bataille, Galey 1999]
(nominal 30)
e today discussions : between 40 and 60 years
w= more than 40 years submitted to ASN (french nuclear safety agency)
agreement
e our assumption: Smooth profile

In October 2011, The Ministry for Energy asked for a study in order to
assess different options for the future nuclear power in France including
phase-out options
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Long term modelling

Nuclear lifetime sensitivity analysis

TWh
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Long term modelling

Nuclear as a zero-emission solution
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Figure : Sensitivity of the CO, emissions of the power sector
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TWh

Long term modelling

Nuclear lifetime sensitivity analysis : tax + cap
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Long term modelling

Huge investments are needed

= new generation capacities to secure power supply
250
— T ¥ Wood seq
200 ¥ Wood
] . Wind
— Solar
150 +—— —— ®moil
— ¥ Geo
g Biogas
¥ Gas seq
100 — Gas
— ¥ Coal seq
B Coal
50 B Mun waste
-_ ¥ Nuclear
¥ Hydro
0 _—
BAU PROGt1 PROGv1 FASTt1 FASTV1

Figure : Lump sum of Power Plants Capacities (with“extended nuclear plants
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Long term modelling

Adressing dynamics issues of future power systems

i we might question the implementation relevance and plausibility of
the future energy mix through Prospective exercises

Long-term planning models Stability studies

deal with several years or decades involve time scales ranging from a
few milliseconds to a few hours
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Long term modelling

Future Power System : Reliability of electricity supply

Technical constraints binding the
operation of the future power system are
related to:

@ the given level and spatial
distribution of loads and capacities;

@ the expected level of reliability to
prevent from power outages.

1= Where reliability is the capability of
the power system to withstand
sudden disturbances due to load

Figure : Europe from orbit during the fluctuations.

Italian blackout (sept. 28th, 2003). Source:
French TSO.
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Long term modelling

Deriving reliability indicators (patent rr 11 61087)

i |n order to ensure system reliability enough reserve levels must be
provided:

@ magnetic reserve : transmission maintenance ;

@ kinetic reserve : frequency maintenance.

= The higher the reserves, the more reliable the system is.

Reliability criteria

@ The reserves are associated to two indicators Hein Hmag

@ They refer to dynamic properties of the installed capacities, each
contributing to the reserves level in a specific way

The level of reliability is characterized by H:

the time you have to recover the stability of the system after a load
fluctuation (equivalent to the whole system capacity) by monitoring its
reserves.
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Long term modelling

Kinetic and magnetic reserves for peak periods
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Long term modelling

Reliability Indicators as constraints

& = s ® power production: 100%
g renewable in 2030

Océan Indien

] _— © Blessed with high renewable
energy potentials

@ Small, weakly-meshed and

Selton remoted power system
'me‘gM : © Binding target in 2030:
—_ PR e 100% renewable sources in

power generation

@ Maximum : 30% EnR
intermittency
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Long term modelling

BASE Scenario : production (GWh)
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Long term modelling

noFOS Scenario : production (GWh)
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Long term modelling

Is 30% the maximum share ?

Electricity production mix in 2030

of a typical day during summer of a typical day during winter
35 35
30 30
O O
~— e = ~—
20 . Tt 20
3} 15 ' : 3} 15
T 10 L ; T 10
5 5
0 ]
57 9 12 17 2022 24 0 57 9 12 17 2022 24
t (h) t (h)
m— 100 % EnR ~  mm=== PV-OCE REF-2008

@ 100 % EnR : limitation of 30 % of instantaneous power production issued
from intermittent sources

@ PV-OCE : no constraint on intermittency

@ REF-2008 : kinetic reserve level in 2008
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Long term modelling

Impact on Demand Side Management and Storage

DSM = postponing demand from peak to off-peak periods + EE
Electricity production mix of a typical day during summer in 2030

Hern > L
Without reliability constraint V't Hein.t Reliability + DSM
min(Hecin 2008) + Storage
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Long term modelling

Impact on Demand Side Management and Storage

DSM = postponing demand from peak to off-peak periods + EE
Electricity production mix of a typical day during summer in 2030

Hern > L
Without reliability constraint V't Hein.t Reliability + DSM
min(Hecin 2008) + Storage

@
<)
S

800

@
<}
S

=}
S
@
S
S
@
3
S}

S
S
IS
S
3

Puissance (MW)
5
8

Puissance (MW)
IS
]
8

N
o
S

Puissance (MW)
~
8
S

o

)

0 579 12 17 202224 0 579 12 17 202224 0
t (h) t (h)

I srewoo [ coe M oAv I ceo [ oce-ETM IIRUN [ JsoL [ Joce-wav [T wIN

)

579 12 17 202224

t (h)

@ share of intermittent
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@ " total installed
capacities of 9.4 %
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Long term modelling

Impact on Demand Side Management and Storage

DSM = postponing demand from peak to off-peak periods + EE
Electricity production mix of a typical day during summer in 2030

Hern > L
Without reliability constraint V't Hein.t Reliability + DSM
min(Hecin 2008) + Storage
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Long term modelling

Policies dealt separetely but... interdependecy

Growing issues for water and energy

@ Energy sector: depletion of fossil resources, environmental impacts

o Water supply: availability and sustainability of water resources

N. Maizi et al. (MINES ParisTech) Low Carbon growth 2/6/2014 29 / 32



Long term modelling

Policies dealt separetely but... interdependecy

Growing issues for water and energy
@ Energy sector: depletion of fossil resources, environmental impacts

o Water supply: availability and sustainability of water resources

4 )

Water for energy
*Cooling systems
*Hydropower
*Extraction and mining

*Fuel production

*Emission controls \ /
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Long term modelling

Water as a constraint

Middle East Electricity Generation Mix

TWh M Others
Hydro
2000 —
CCs
1500 I .f Gas and fuel - others
M Gas and fuel -
1000 - combined cycles
| ] u Coal
500 + _— . | Nuclear
| | Wind
0 o Solar PV
2005 /2020|2050 2005|2020 2050 Geothermal
BAU ‘ FWC_M EA ‘ ® Bioenergy

@ FWC_MEA: fresh water consumptions in Middle East until 2100
< consumptions in 2005
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Conclusion

Technical plausibility of power generation assessed scenarios

In order to cope with environmental issues, some technological options are
highly recommended.

Strategic factors impact technical feasibility and relevance of future power mix )

@ Water as an output commodity and as a constraint

@ Level of reliability of an assessed power mix system

Prospective issues have been raised using planning tools : the power mixes must

fulfill a balance :

a global optimum associating water and energy

between reliability issue and the spread of renewable
energies
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Contact : nadia.maizi@mines-paristech.fr
Web Site : http://www.modelisation-prospective.org/

@ M. Drouineau, V. Mazauric, N. Maizi, Impacts of intermittent sources on the quality of
power supply: The key role of reliability indicators, Applied Energy 2014.

@ Future prospects for nuclear power in France, Proceedings of International Conference in Applied
Energy, 2013.

@ S. Bouckaert, V. Mazauric, E. Assoumou, N. Maizi., Smart grid and reliability of power supply:
Demand response impact on future power mixes, IEEE PowerTech conference, Towards carbon free society
through smarter grids, 2013 ISBN 978-1-4673-5667-1

@ Water modeling in an energy optimization framework - The water-scarce middle east
context, A. Dubreuil, S. Bouckaert, S. Selosse, E. Assoumou, N. Maizi Applied Energy (2012)

@ A prospective analysis of waste heat management at power plants and water conservation
issues using a global TIMES model Energy, S. Bouckaert, E. Assoumou, N. Maizi to appear
in Applied Energy (2014)

ParisTech’s Chair Modeling for
N. Maizi et al. (MINES ParisTech) Low Carbon growth 2/6/2014 32 /32



	Power issues
	Long term modelling
	Conclusion

