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ABSTRACT

After a presentation of the French ener-
getics context describing the electricity
tariffs and the praoblams different partners
are confronted with, we will show the
advantages of cogeneretion for each of
them. Simultaneously, the interesting types
aof wunits and their running schedules will
be deduced.

The technical and economical conditions
which are of primary importance 1in the
study of eany instellation, will then be
developed through the MECATHER approach.
The MECATHER softweare makes an hourly
energy balance by an hourly description of
the Ffactory using standard deys oand stan-
dard months.

This maethod will be further developed
through a case study.
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FRENCH ENERGETICS CONTEXT

Electricitv demand

Fig. 1 shows variations of electricity
demand in France of corresponding winter
and summer days.
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The following observations can te made

{a) a great difference between the
and summer demands. This can be
by

winter
explaired

# Electrical heating. This type of hea-
ting will be further daveloped and will
thus accentuate the winter/summer dif-
ferences and increase the paak levels.

# The longer use of certain
apparatus such as light,
liaries, etg.

glectrical
heating auxi-

* Increase af the energy consumpticnm of
cartain procescses sUch Aag watepr
heating, etc.

(1) Feak periods (9-11 am) and [(&8-8 pm).
This is due to the working schedules and to
the wse of domestic sppliances at certain
fixed periods.
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Production of electricity

In order to cope with these great
tions of demand,
production units.

varia-
EDF has several types of
Hydroelectric and nuclear

power stations produce the base load,
thermal power stations using coal or oil
are used for cold winter days. GBas turbines

provide the daily peaks in winter.

Frohlems encountered by EDF

Saturated network. Last years dinves-
tments mainly concerned production wuwnits
The electricity distribution network did

rnot benefit of an eguivelent effort and is
now very heavily loaded. EDF has to make

hFeavy investments to improve its network.

Muclear overproduction,
important differences between
forecasts and reality, the important French
nuclear programs has led {to the avearcapa-

city ©f nuclear production with regerds to
French demand.

Bacwsusa of
consumption

Costly ges and coal thermal station. To

cope with dsaily peaks and hard winters,
EDF must maintain an important park of gas
and coal stations which are wvery rarely

used ancd are thus very expensive.

Electriscity tariffs

The price of electricity in France is based
en a complex marginal «cost theory. Cur
purpose here, is rnot to explain this theary
but anly to show how the price of electri-
city varies with time.

The year is divided into two main parts

winter {(Movember-March) and summer {April-
Cectober) .
wWinter is

subdivided into two ; winter with

peaks (December to February) and without
peaks (November and March) .

2 pericds are used to describe a day
winter peak time (9-'1 am and 6-8 pm}, full
time {6 am-10 pm] and slack time (10 pm-
& am) .



TABLE 1 i Energy prices and susbs-
cription feas
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TABLES 1 and 2 represent the
types of contracts that a French
can strike with EDF. The most
contract depends on the peak power
and the equivalent time during which
peak power is effectively ussd.

diffaerent
industry
suitable
demand
thisg

Annual electrieity cost

F : period

BF : total subscription fee

5Pp : subseribed power in period p

REp : reduction coefficient in period »p
sf : subscription fee per unit kW

CE : consumption cost

Ep : energy consumed in period p

gxpredgssed In kWh
Ep : cost of a kWh

SF = ( (SPp ~ SPp+1) * ACp) * sf
p
oG = Ep * Cp
p
TOTAL COST = subscription fee (5F) +

consumption cost (CCj)

Variations of electricity costs
with periods

[N RS S

149

Fip. 2 shgws the evolution of electricity
pricas with the different EDOF periods for a
particular contract. The shaded part repre-
sents the subscription influence on the
total price.

We can note the high cost of electricity in

winter on2 the great difference between
winter ard summer prices.

ADVANTAGES CF COGEMNERATION

Cogeneration dis of economical and energy

(November
simultanecus

gavings interest only in winter
t*o  March) for a wunit having
glectricity and heat rneeds.

Cepegnding on the type af industry, we
differentiate two types of runmning
dules

can
sCche-

.al Permanent operation (24 hours a dey for
7 days a weehk) that is an annual running
pericd of 3,000 to 3,600 hours,

[k} Fall and
fours a day -
approximately
anually.

peak periods operation (16
S or 6 dayvs e week) that is
from 1,600 to 2,200 hours

Each bof thsse
trhese types of

two schedules
installations.

may interest

Pegirmanent running Industriel
iasg like continecug processes,
days &8 week and having continuous
needs,

acti-~
& or 7
gnergy

1)
it

Hospitals, commercial centers.

(2] Full and peak periods operation : 2
shifts industrial activities (2 # B hours a
day, 5 days a weeh),

Services, banks,

cammercial firms, etc.

Consumers interests

Financial irterest
self-generatsd
tariffs.

the lower cost of
electricity compared to EDF

Self-gencerated electricity’s cost must take

into  sccount the energy consumption but
.80 the expioitsetion and maintenance costs
ard tne economy due te the heat recovered
fram the motor.

The «cost of electricity bought from EDF
must include the subscription fee.



Calculations show that the mean price of a
kWwh (3.6 MJ) from the EDF tariff (Tarif
vert AS) including the subscription fee for
the periods concerned is of

0.50 to 0.85 F for permanent running,
0.65 to D.90 F for peak and Ffull
periaods operation.

The self-generated kWh cost’s varies from
0.0 to 0.25 F. Cash-flow coming out from
each self produced kWh ranges from 0.40 to
0.70 ¥,

The
accounting

Remarks
after

price of one kWh obtaiped

for the depreciation of
the installation is approximately of the
same order as summer EDF prices, thus
giving a price which is almost constant
throuvghout the year.

The study
shows that

of several cogeneration wunits

the dinvestment needed for a
cogengration unit varies from 3,000 F to
6,000 F per installed kW. Pay back varies
in general from 3 to & years.

Cogeneration also has other side interests

such as : a greater cheice of energy
sources and increased negociation powar
towards the suppliers, increased supply
reliability.

EDF’'s interests

Main interests. The interests come
essentially from the complementarities that
cogeneration presents towards tha nuclear
power stations.

These complementarities are :

(a) in sitwu, energy production

- no transpeortation losses,

- decrease of network overloads,

- less investment for improvement and

maintenance of distribution network,

(b) rapid ingstallation (a few months are
necessary to implant a cogeneration unit),

el erihibituey

- instantaneous
matic starting ups and shut downs,

- easy power regulation.

If we consider the national loads’ ocurvaes
in Fig. 1, we find a zone (between 35
and A5 GW) whara this type of installation

allows to peakshave the power demand
good conditions.

and if necessary auto-
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We can imagine the situation whan the lower
parts of this zone will be produced by
"permanant installation” and the upper onse
by "peak and Ffull" units.

This flexibility will be reinforced if EOF
negociates with its customer having & coge-
neration unit in order to make network
disconnection agreements when necessary
{incidents, particular situvations, ...) and
inversely, stopping these units when the
demand decreases (mild winters, ...) for =
better use of the nuclear plants.

Other interests for EDF. The presence
of an important cogeneration network will :

deve-—
electrical
increase

(a) allow EDF to cope with the rapid
lopment of actual and future
heating which will considerably
the peaks,

sales to
peak demands

(b) favourise electricity
neighbour countries having
they can’t satisfy,

(c) help EDF answar to the strong pressura
coming from its partners aiming to reduce
the mean cost of electricity for industrial
purposas by & less important diffaerence
between winter and summer prices.

National collectivity

The main interest for the nation is a more
afficient use of imported fuels.
The efficiency of cogeneration being

batwean 70 and B0 % whareas that of thermal
power stations are only of 30 %.

The economy generated by cogensration is
gstimated to be around 0,4 t0OE per MAh of
electricity produced.

If we suppose that half of the 35-45 kW
range {see Fig. 1) is supplied by cogene-
ratiaon during the 2,000 winter hours,

producing around 12,500 GWh of electricity,
5 million tOE/year mostly imported will be
saved' that 28 5 8 b dlirTofi—rrames.
The other interest being the opportunity to
export French products developed for ihe
national market.




BTUDY OF A COGENERATION UNIT

Utilization effeciency

Theoretically, & cogenaration unit has a
relatively high efficlency (80 %). This
afficiency does not take into consideration
the wuse of the waste heat. If the heat
demand is greater than what 1le produced,
all thae heat produced may be considared as
enargy savings (not produced by auxi-
liarles} . On the contrary, excesd heat ia
vented to the atmosphere or may be etorad.

The gtilization
defined as

effilciency may then be

= {Elactricity produced +
heat recoveraed)/
Enargy consumption

Utilization

This utilization efficiency ma y have
ingtantaneocus high values. The mean utili-
zation efficiency varies considerably from

cne plant to the other.

Partjial or completie disconnection from the
EOF mpetwork

A cogenaratlion wunit may

firstly allow the fsctory to disconnact
completaly from the EDF natwork by the uEfa
of & sufficiently powerful syctem in order
to absorb the peaks,

FLFCTRICITY DIHANT
Fouln ¢ el

N

= —[ ESTgltli‘f
i
I
0 l mklmrf
[ L iy -
L 2 3 4 B 4 B % 1% 11 17 11 14 1S 14 17 (B IF 29 21 27 23 Ta
TIME {Hoars¥
Fig. 3
sgcondly 7 reduce tha power demand from EDF
by the use of a cogeneration unit designed
to satisfy the base power demands. EDF
power being used to absorb the peake ( see
Fig. 3).
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The second type of installation allows :

{a} the installation of a smaller unit and
thereby less investment,
of tha motor tha

(B} tha runping neaar

optimum conditions,

{c] & better utilization efficiency.

Typa of motor

turbine

reciprocating engine or

To choose between & motor or & turbina, we

must take the following criteria into
condensation
-3 the ratioc between the electricity and

heat demonds,

(bl the

uaad,

temperature at which the haat is

{c) the variation of {a) and {b) with tima,

()

investmant level and pay bach

Running schedules

The price of EOF bought electricity
with the seasocns but also
tha doy. A close study of
tha differancsa betwaen
sgelf-produced and that of EDF electricity
must be made in order to choose betwaen
producing or buying electricity.

varies
with tha bhour of
the eavolution of

the cost of

This can only be dope if the powar demsnds
are hnown with sufficient details and
tainly not by the use of mean values.

cCer—

In porder to optimisa the cogenarstion unit,
detailed technical and economicsl calcula-
tions must be made. Several itarsations may
be necessary to reach the optimum solution.



MECATHER SOFTWARE

Obfactives
(a) increase the relisbility of &
study,

project

{b} minimise the cousts of a project study,

{c) give significant results for the mana-
gement of the existing er future unit.

Method

MECATHER takes into account the
of the wutilization efficiency and wvaria-
tions of energy prices by an hourly des-
cription of every significant emergy <con-
sumer and producsr. Hourly energy balances
are made to reconstruct the power demand
curves and thereby calculate the wtili-
zatiorn sefficienciss and the real costs.

variations

Comparison batween real consumptions oand
calculated ones are used to verify the
validity of the computer model. Once a

reliable model of the existing installatiaon
is obtained, we may procesd further with
modificetions of the plant in erder to make
erergy savings and reduce costs.

Machine description

Electrical
power { kW)

Operating
conditions

Heat
power [ kW)

a - no load 50 10
b - normal load s0 100
ot — peak load 75 125

A machine 1is defined by its different
operating conditions. These conditions are
used to describe standard days. A standard
day fills each of the 365 days of a year.

Buildinmg description

Camfort Tempersture Relative etc.
conditions {°C) humidity

a - night 15 610

b - day 20 &0

c - week-ends a 50

The same method using standard days is wused
to describe the building throughout the
year.
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Buillding consumption
tain number of

pondin to
whare %he

MECATHER hes a cer
numerical files

diffarent regions of
outside temperature,

solar ragdiations
hourly precision.
calculate heating
consumption.

corres

Franc
humidity an

are given with the sam
The files are used t
and air conditionin
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The power demand of sach machine 1is adds
to reconstruct the total power demand ( se
fig. 4). This is done for each type ¢
energy and for each network.
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Vented heat
Heat supplied by auxiliairies

By this method, we calculate the heat rec

vered from the cogenmeration units, t
additiconnal heat supplied by the aux
liaries (see fig. 5]. Other wvalues such

machines and buildings consumptiong a

costs are also calculated.



MECATHER'S POSSIBILITIES

A plant modelised with MECATHER may have up
to

4 different energy sources
30 heated or air conditionned buildings
40 machines : a machine may consume two
differents types of energy at the same time
0 energy generatars
electricity : hydroslectric genarators
reciprocating engines
gas turbines
heat : boilers
heat pumps
neat accumulators

Two heat networks and two electrical
netwarks may be used to transport energy
from the generators te tha consuming units.

Detailed results concerning consumption,
costs and peak power demands are available
at every level in the description of the
plant.

CASE BTUDY : CONTENTES

- Brief descrition of the factory (size,
production, energy consumption),

- Main energy consumers [(machines),

~ Energy demand curves,

- Pogsible solutions,

- Technical results,

- Economical results,

-~ Canclusions.

The caese is actually being studied, the

results will be presented =t the confe-
rence.
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