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SUMMARY High voltage

The emergence of efficient dispersed generation units implyreinforcement is necessary when the correct operation of
some changes in the current network planning decisidhe system is not possible. HV network deficiencies are
making process. This article presents an extension to tHetermined by four main technical criteria:
existing methods, giving consistent results when applied tdhe maximum permissible loads of the network elements
previously released studies, with both medium and highust not be exceeded
voltage particularities. An algorithm giving the suitable- a maximum number of long and short cuts must not be
size of a generation plant is described, with its applicatioaxceeded
carried out in the working group GS-23 led by the French a minimum level of short-circuit power at each bus bar
Ministry of Industry. must be met and the maximum short-circuit currents
admissible by the equipment must be respected
- voltage level must be in the range of the voltage limits.
INTRODUCTION These requirements must be verified not only in the normal
operating scheme ("N" rule), but also in the case of lines or
The development of dispersed generation in France leadggtmeration units outages ("N-k" rule).
an important evolution in the field of network planning,
which has relied on the existence of a strong, reduced sefrofa context involving centralised generation plants, the
generation plants. groups are mostly connected to the VHV network which
Rather than developing a totally new method for networkdlows, in a HV study, to take only the loss of HV lines into
planning, the key feature of the principles explainedccount. Moreover, due to their unavailability rates (around
hereafter is to extend the existing system, so that tBel0% it is not relevant to consider the loss of more than
previous set of methods become a subset of the new ooee line. So the "N-k" rule becomes a "N-1" rule. However,
This process ensures that the results of previously maghen considering dispersed generation connected to HV
studies, which did not include dispersed generation, willetwork and having high unavailability rates (around
remain unchanged when the new rules apply. 5.10%), the consequences of the joint loss of a network
element and a generation unit or of several generators must
This article describes a way to determine whether a netwdrsk studied. In fact all situations reaching an occurrence
element is constrained or not, then how quality is taken infrobability of 10* have to be taken into consideration. As a
consideration, then an algorithm used to determine the sissult, it can be seen that the situations that have to be
of a dispersed generation unit. These methods were applgddied are: N-1 network element, N-1 generator, N-2
to a real case as a part of the study group GS 23, led by ¢jemerators, N-1 network element + N-1 generator, N-3
Ministry of Industry. generators.

Since the situation of medium and high voltage networdV network planning is carried out considering several

differ, both in their consistency and in the kind ofonsumption levels. These are a high consumption level

respectively available data, the methods dealing with eathaditionally a winter point in France, but more and more

voltage level have been separated when necessary. summer peaks can be found due to air-conditioning), a low
consumption point (which can lead to excessive voltage
values for example) and one mid-season point (with

RESTRICTION DETERMINATION substantial consumption, but low network capacities).
Taking dispersed generation into consideration does not

The aim of restriction determination is to provide theffect these hypotheses.

planner with a quick and efficient method to find the

location in both space and time where a reinforcement Ndedium voltage

likely to be suitable. This step does not replace economic

optimisation which occurs as a second step, but it saveJmditional restriction determination on a medium voltage

lot of time and effort to avoid making complex calculatiometwork consists in a single study in normal operation,

in irrelevant situations. using a low probability consumption level (likely to appear
but 20 hours per year). In this situation, a check for



excessive currents and voltage drops is carried out, leading

to a possible set of constraints. In a context involving few,

reliable generation plants, such an approach can be

maintained. Total
Cost 4

However, multiple generators, or unreliable ones can create

ambiguous situations with partially solved restrictions, or

constraints appearing in particular situations. In such cases, Optimum

a probabilistic approach can be developed. In any network

situation, a simulation provides the highest voltage drop

and overload values. From these figures, it is possible to Investment

estimate the average yearly duration while constraints ate quaiity

met for each generation situation. Multiplying the worsghadow cost Quality

duration for a given generation availability situation by its

probability of occurrence leads to a probable hazarthis is the system used at EDF, featuring normative costs

duration. Adding these duration obtained for everfor short and long outages, combined with occurrence

availability situation gives the global constraint duration foprobabilities and duration for each potential outage. This

the network. Among he various availability situations, onlynethod calls for quite intuitive extensions, as described

the most relevant ones are taken into consideratiomereafter.

assuming their occurrence probability reachéd 10

High voltage

As previously explained, restrictions are determined in
low probability context. This reference context can b
considered as a probability threshold (e.g. 20 hours), whi
can itself be compared with the probable constrai

duration. This process allows to extend the conventiona l .
P mas to be multiplied by the probability of occurrence of the

approach to a complex situation, giving identical results tion. A it I bab| | f lit
identical generation-free situations, but answering the nigSguation. AAS aresutt, a yearly probable vajue ot non quaiity
s obtained by adding all these costs.

10% overload solved when it is solved 90% of the time
question.

aving detected all the constraints generated during

8ignificant situations of N-k HV network elements, planners
valuate the cost of non-quality induced by each constraint.
r each case, the cost of unsupplied energy or cut power

To calculate the volume of unsupplied energy on HV

) networks, planners do not use load curves, but load
Another evolution comes from the fact that networl«lan

. . . . notones. They obtain the mathematical probability of the
planning without dispersed generation used to be carrlﬁg?e during which the demanded consumption will be
out using a single reference value for consumption, i(.)%)

K | ituation f ing di d 'greater than the nominal capacity of the network. This
peax power. in a S"”a“of‘ eaturing disperse gen<_arat| minal capacity, called guaranteed power Represents
several points arise, that imply the use of several differ

; ) ST ) load that can be supplied without having constraints on
consumption levels. The first point is the potenti he network. Assuming the guaranteed capacity of the

emergence of evacuation restrictions when a IoWetwork to be constant over the year, the mathematical

consumptlon level cannot compensate the_ overload Fobability for non-delivered energy is calculated as shown
excessive voltage value created by an oversized genera

plant. This point creates the need for a low consumption
level study. Another problem comes from the fact that theP (MW)
generated power is likely to vary with the date, according to
contractual and tariff-related issues. This leads the planner \4
to introduce a mid-season situation study to check the state
of the network when dispersed generation can reach low

levels while consumption remains substantial.
PG

FAULTS PRICING

One of the aims of network planning is to provide a good

compromise between quality and development costs. A way
to achieve this goal relies on a global optimisation of

investment, losses, operating costs and quality. This global t
calculation can be perform through the assertion of a

shadow cost for non quality. The figure below shows how a

global optimum is met.




where V is the volume of non-delivered energy consideringinforcement, is likely not to be economically interesting
that the deficiency situation has occurred. since the additional generation costs are high and not
Let p be the probability rating awarded to the deficiencgalanced by the local profits on non-delivered energy,
situation considered, then the yearly probable amount ekcept in the case of short yearly duration of operation.
unsupplied energy is proportional te\f
In curative mode, the average yearly duration of generation
Medium voltage for a plant is extremely limited, up to a few hours. It is thus
possible to neglect the difference between locally generated
The method previously defined for networks studieenergy and energy supplied from a higher voltage level.
without dispersed generation involved a single yearly
calculation taking into account every possible N-1 lineln preventive mode, including the use of dispersed
situation. The consumption level is calculated for ageneration to solve "N" constraints, the duration of
average peak day, much more probable than the laweration can reach much higher values, up to several
probability used in the constraints detection phase. Thendreds hours. The difference between the cost of locally
presence of dispersed generation can bring the needatw centrally generated energy must be integrated in this
make the calculation over three periods -peak time, midase.
season and summer- as described in the previous section.
Moreover, it creates new network situations varying with
the availability or unavailability of each generation plantGENERATION SCALING
For each of these situations, N-1 lines, N-k generators, the
corresponding probability is calculated and is taken int@ispersed generation can appear in some situations as a
account if it exceeds 10 solution to network limitations. As a matter of fact,
strategies based on generators that can be started up as a
Since the raw estimation of the results for everfunction of local network requirements (for example in case
time/availability situation can increase the calculation timef a line unavailability) can be proposed by the network
by several orders of magnitude, some heuristics have begsanager as an alternative to network reinforcement. In that
developed to keep computation reasonable. Moreover,case, both curative and preventive modes must be studied.
first pair of calculations, using the two extreme generation
situations, in which the generators can be either &allhe main point of a solution based on dispersed generation
available or all unavailable, gives an estimation of this to set the power of the unit that is economically justified.
influence of dispersed generation on the possible a given year, a generator is profitable if the benefit it
emergency cases. This step enables the planner to chosevides is greater than its investment annuity. In practice,
between simply keeping an estimated result, and going ftor a generator used in the curative mode, the benefit is
exploring all the possible situations. equal to the cost of the avoided non distributed energy from
which the annual fixed operating charges are subtracted. To
determine the optimal number of generators to build in a
GENERATION COSTS given year, the units are progressively added, until the first
generator that is no longer justified is found. At this point
For safety and operation reasons, insulated generation, ffee process stops (and thus the last unit is not added).
supply of a part of the network which is disconnected from
the general network, has been forbidden. Moreover, HVvhere is a major difference between network
and MV planning methods do not allow any temporaryeinforcements and dispersed generation setting. As a
overload of lines and cables. In this context, it is thereforsatter of fact, in the first case, it is not possible to "divide"
not possible to start a generation plant to decreaseth® investment in order to make it fit exactly the
constraint after a fault occurred, since an overload meagg@nsumption. Thus the construction of a new line often
instantaneous disconnection of the concerned netwasklves the constraint for a long time.
element. Considering dispersed generation, it is possible to follow
exactly the consumption evolution since the units can have
Two ways to use generation in emergency situation remasmall sizes. As a consequence, the constraint comes back
The curative mode consists in starting generators afterapidly and makes it necessary to do more investments.
fault has occurred, to improve the re-supply capacity of tiéhis is shown on the following diagrams (the dotted lines
system. On the opposite, the preventive mode relies orrepresent the dates where the equipment, either a new line
continuous operation of generators to increase tl new generation units, is put into operation) .
guaranteed power as long as the mere network is unable to
keep it at a sufficient level. It is clear that the curative mode
does not bring any improvement in the number of power
cuts. Yet, it allows to reduce the unsupplied energy after the
start-up time of the generator. The preventive solution,
which leads to the same quality of supply than a network



MW of the load. Two main strategies can be determined to
increase the amount of power that can be recovered: either
building a second line or adding groups next to the

substation. The "network" strategy does not depend a lot

on the load growth rate, since once the line has been
/ decided its capacity is sufficient until the end of the study.
years

So no more investments are required. On the contrary, the
"generation" strategy is strongly dependent on the load
Fig.1. Evolution of non-distributed energy for a network reinforcementgrowth rate: the more the loads increase, the more groups
are needed (and the more often too). Thus it is useful to
consider two patterns in terms of growth rate, a high one
MW and a low one.

Moreover environmental pressures may prevent the line
from being build. In that case, the network strategy will be

_/:J,_J_/: based on an underground cable, which leads to a more
1 I 1

expensive cost.
years

Fig.2. Evolution of non-distributed energy in a dispersed generation |n the table below, the results of the study are presented.
strategy Rather than giving the cost of each strategy (which would
not be of any help for further studies), the table states which

SYNTHESIS AND DECISION MAKING PROCESS solution is the most interesting one regarding its balance.

Assuming that several feasible solutions have been fol néj Load growth Low High
that solve every detected constraint, a choice remaing 1¥PC of network
determine which solution provides the best efficiency-cost ©Overhead ~ Network
ration, and when it has to be carried out. line :

Underground Generation ~

To select the most optimal solution, the present valuelof __cable
each strtegy is calculated. It includes, for a reasonable time

period (typically 20-30 years), the discounted value of eadiie sign ~ means that both network and generation

elementary investment, technical losses, faults shad@iategies are economically interesting; their costs are
costs, and generation costs. On the last year, the usg{jgost the same and the difference between them is not
value of each investment is deducted, to integrate tREnificant (accuracy of the data).

remaining lifetime of each equipment. Le least present

value strategy is selected, provided its present value is

lower than the one of the "do nothing" strategy.

Finally, the optimal investment date is determined throughONCLUSION
the calculation of the benefit-cost ratio of the most suitable _ _ . _
strategy for each year until the value exceeds the discodrte growing development of dispersed generation means is

rate. This precise year is the optimal date to carry out tRgshed by a global deregulation context, the increasing
decided investment. concerns with environmental impact of network

development, and the great adaptability of these equipment,
both in terms of scalability and building delays. They are
REAL CASE APPLICATION thus likely to play an important part in the development of
electrical systems in the next decades.
This paragraph presents an actual implementation of the
method described previously. This case has been treatedE§\puring an optimal investment is a major issue for a power
a working group co-ordinated by the French Ministry ofystem operator. In this purpose, a global cost estimation
Industry. The aim is to compare the cost of a solution basBtist be carried out, taking dispersed generation into
on network reinforcement and the cost of a strateg@ecount, both in its positive and negative effects on the

considering only dispersed generators to solve thetwork. The present methods were aimed at extending the
constraints. existing decision making process, thus ensuring a fair

comparison with every existing study. Therefore, they can
The network configuraton is a dead-end Hv/Mvbe adapted to different contexts where backwards
substation. When the HV line is unavailable, the wholgompatibility is required.
consumption cannot be supplied until operations are madBese methods were designed to integrate big and average
on the MV network. These operations allow to recover pag€ale conventional generation plants. The foreseeable
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