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Principles

* Modelling of french electricity production curves,
regarding the type of energy used, and based on time
and temperature-dependant functions

» Choice of a year supposed to be representative

e Analyse of production dynamics, identification of
specific evolution morphologies, supposed to be linked
with electricity uses categories in the building sector

e Differentiated determination, regarding uses and
function of time, of production mix for every category
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| Climatic aspects: definition of a representative value
) Available RTE data

Température annuslle en France depuis 1900
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Climatic aspects: definition of a representative value
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Electricity production: data

 Telemetric hourly production measurement, for

installations of more than 20 MW, given by RTE since
2007

e Available for the main means of production (nuclear,
hydro-electricity , fuelt+peak production, coal+natural
gas, others)

* Choice of data for 2008, supposed to be representative
on a first step

* Modelling: analysis of frequencies aspects
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Spectre fréquentiel de la production électrique thermique en 2008

Spectre fréquentiel de la production électrique nucléaire en 2008
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Spectre fréquentiel de la production électrique hydraulique en 2008
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Methodology

* Modelling of the production with functions of sinusoidal
form:

T

P(6,T,) = ) (X(To,) *cos (w;* £ + %)) + Z(T,,)

i=1

In the case of nuclear and hydro power production:
Xi(Tap) = Ay * Tgy + B,
Z(Ty) = C*Typ+ D

In the case of thermal production:

Xi(Tﬂ:?) = AE * Tﬂ}‘: + B:’ * Tﬂ:—‘ + C:’ * T48 +D
Z(T,,)=E*T,*+F*T +G=*=Ty +H
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Results:

production (MW)
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Validation: comparison of GHG emissions

\ Production mean kg CO2 eq/kWh according to kg CO2 eq/kwh
EDF [EDF, 2009] according to Ecoinvent
MNuclear 4 7.9
Hydro production 7 3.5
Matural gas 1329 540.5
Coal 1030 1065.6
Fuel oil 1067 282
Thermal production 1200 854,5
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Curves exploitation: annual balance for each use type

Definition of uses categories:

e Base uses, which absolute importance doesn’t vary
during the year

» Seasonal uses, varying on one year
» Specific uses during working days (professional uses)

e Daily uses (domestic uses)

{ Thrar'h) = Thglh) + Thy(h) + Th-{h)+Thy(h) +Thp(h)
‘l Hmr”ﬂ = Hpg (h) + Hy (h) + He (h) -+ Hp (h) + Hp (h)
Nearlh) = Ng(h) + Ny(h) + Neo(Ch) + NaCh) 4+ Np(h)
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Curves exploitation: annual balance for each use type

Determination of « base » mix
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Curves exploitation: annual balance for each use type

\ Determination of « base » mix
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Curves exploitation: annual balance for each use type

ot

\ Determination of « base » mix: curves correction

,_,‘/\-\ N = corrected hydro-production
50000 A e rgrrected nuclear production

i W

Minimum de preduction (M
P L =
= = =
= =] =]
= = =
= = L=

10000

LU T 04 O O

1 4 7101316192225283134374043464952

Ljn o |

week

yos

MINES
ParisTech




Curves exploitation: annual balance for each use type

Determination of professionnal and domestic mix
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Import-Export of electricity

e Taking into account trans-border exchanges of
electricity, with neihgboor countries

» Exploitation of RTE data giving exchanges by hour

* Taking into account the production means concerned
by the exchanges, using different alternatives (average
production mix for each country, european mix,
hypothesis)
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GWP 100, en gCO2 eq/kWh

Curves exploitation: annual balance for each use type
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Limits, conclusions, perspectives

* Only one year used: need of a more wide sample of
data

o Simplifying hypothesis: limited number of variable
considered for production modelling: prod = f(time,
temperature)

e Sensitivity to temperature problematic: time and
temperature partially correlated

* Modelled data built on restrictive bases (infrastructures
> 20 MW)

* No consideration for holidays
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Modelling of thermal comportment of buildings

e Thermal Dynamic Simulation >

meshing by finete
volume method

e Data available on an hourly
time base : o s

- Heating needs

- Cooling needs

- Specific electricity
consumption

- Occupation scenarios

- Needs of hot water

“aleulation of solar flows
on the nclinated plans
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Hourly LCA: methodology

o Articulation with existing tools of the hourly
differentiation  of  electricity = production  and
consumption

e Use of models already developed

e Dynamic calculation, on an hourly time basis, of the
inventories linked to electricity production and
consumption
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Hourly LCA: common mix method

e Heating and/or cooling needs
* Hot water needs
e Domestic or professionnal uses

* Localized electricity production

. N{(h) H(h) Thih)
'Ir..n.“'_E L .rEJ = L T T I T * 'Ir.."-'- + L T L I, Wt * 'IrH + I T o I * ‘rrh)
- N{h)+ H{h)+ Th{h) N{h)+ H{h)+Th{h) N{h)+ H{(h) +Th{h)
ELC sa :':E::I

Inetwork
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Hourly LCA: specific mix method

* Allocation question for impacts, uses of electricity
considered as co-products

» Differentiated approach regarding uses, as the one
developed before, but on an hourly base:

- definition of a « base » mix, related to hot water production,
constant

- definition of mix related to seasonal uses, depending of time and
temperature

- « domestic » and « professional » mix, depending of time
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Application: INCAS plus energy
house

e DTS results: 18 kWh/m?/year
e Alternative |: « all electricity »

e Alternative ll: « all electricity », PV and solar hot water

production
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Methodology comparison for the two alternatives

\ Solar passive house
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Conclusions

* The case study is not decisive for LCA results

* Needs for a sensitivity analysis regarding production
and consumption volumes

e Dynamic aspects of production and consumption of
electricity are taken into account, this can permit a
better comparison of technological options (particularly
for local electricity production)

* Interesting for peak consumption limitation strategies
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Perspectives

* Needs for sensitivity analysis

* Production analysis: use of a wider set of data (more
years), better modelling (other aspects, variables),
integretaion of infrastructures of less than 20 MW
(cogeneration)

e Other dynamic aspects to consider: evolution of
components characteristics (insulation, technological
systems), consequential LCA, probabilistic evolution of
energetical context
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