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OPTIMAL INVESTMENT PLANNING MODEL FOR
P WER SYSTEMS

Shishir K. Mukherjee

1, INTRODUCT ION

4An optimal investment planning model for nower systems is described
in this paper. Availability of adequate electricity at low cost is one
of the necessary preconditionsfor industrial growth and agricultural
development and it is also a basic requirement of urban life, .In India,
the growth of demand for electricity has been very rapid with power
demand doubling every 5 to 6 years and widespread shortages have been
quite frequent during the last decade. Due to this high rate of demand
growth and long gestation periods required for building additional \
generating/trensmiesion capacity, advance planning is necessary so thet /and
Installed capacity is availablé when it is required. The model deseribed
in this paper tekes a reasonably longer planning horizon of 15 to 25
years, and attempts to find a least cost exransion plan for power
generating capacity in a region.

‘Glven an exlsting power system and its demand growth pattern over
a given plarming horizon, the purpose of optimal planning studies 4z to
attempt to answer the following questions: i

1) Which type of generation capacity should be
added to meet the increasing load,

2) What should be the cﬁpécity of these
generating plants,

| 3) When should these plants be commissioned;‘
4) Where these plants shoﬁid‘be located, and

5) Which additional transmission 1in95'sh0u1d
be built?

The model described in this paper attempts to answér the first
three questions and solve what is commonly known as the long-term
optimisation problem for power systems. '



leaving aside the on-line optimisation of the operation of an
integrated power system,there are three other problems which have re-

" ¢eived attention in literature The short-term optimisation problem
would usually solve the economic dispate d unit commitment decisions
over a planning horizon of several weeks or a month. The medium~term
optimisation problem would usually consider a nlanning horizon of a
‘year and would prepare schedules for operation and maintenance of the
various generating plants during the year. The long~term optimisation
problem considered in this paper 1s not entirely independent of the
short and medium-term ‘optimisation problems and is difficult to solve
without lmowing the solution of the other two problems.. Certein simpli-
fied assumptions are usually made to circumvent this problem. The model
desceribed also considers the requirements for planned mainteiance and
obtains an initial maintenance and operation schedule in relation to the
lest duration curve for the year. :

The investment plenning model dould not be literally viewed as a
master plan for the development of the entire system during the nlamning
horizon due to the approximate nature of data on demand ov:r the rather
long plamnning horizon. The model should be used to provide a framework
within which detailed project proposal and site selection gtudies for
the next few generating units could be carried out. Necessarily, an
investment planning model of this type contains fewer engineering details
and the cost information used in the model would be of approximate
nature. However, such a modelling framework is necessary so that
individual capacity additions to the dystem follow an optimal pattern
over the planning horizon and the characteristics of the complete system
‘is taken into sccount for each decisioh on expansion of the system.

In the following two sections the unique characteristics of
electricity demand is discussed along with the device of load duration
curve which describes the variable demand pattern. The reserve require-
ments of a power system to attain a prescribed system reliebility is
discussed in section 4. The investment planning model is formulated
as a mixed integer linear programmingmwreblem in section €, the solution
of which woild provide a time schedule by year of investment decisions
in nuclear or fossil-fuel generating plants (or hydel plants if the
model is modified to consider them), and their capacities along with an
initial schedule of malntenance and operation of individusl plants to
meet given system demand. Concluding comments are included in
section 6. .



2 CHARACTERISTICS CF SYSTEM DFRMANDS

It is well known that elezetrical powszr demands on utility systems
are not constant. They go through diurnal, weekly, and seasonal cycles
of variation. Variations are caused by such factors as the living
habits and work schedules of people served, the nature of the industries
included, and weather extremes. 4s electric energy cannot be effective-
ly stored, such variations create ~roblems for the system planner and
dispatcher.

A substeontial part of the electrical power demand is on a conti-

mous basis. Loads arz highest during the normal working hours of week-
" days and drop off during .late-night hours ard on weekends. Whether the
peak demands of a system last for a few mimites or a few hours, gen-
erating capacity must be available to sunply the demand at the moment

it is needed. Thus, while about 50 percent of the system capacity must
operate almost continuocusly, the remainder, meant to serve tha preks of
the load and provide reserve canacity, is idle for vortions of time.

The usual utility practice is to use new, efficient steam-electric
units, either fossil-fueled or miclear, to serve the base portion of the
load. The older, less efficient steam-electric capacity is used to
serve the higher porticns of the load and therefore operates at a lower
utilization factor. Conventional hydroeleetric vrojects, vumped storage,
end gas turbine plants are well suited for peak-load operations due to
their flexibility and low turnh-on time.

3. 104D DUR'TION CURVE

In system planning, it is necessary to know not only the peak de-
mands but also the shape of the load, most effectively as a2 load dura-
tlon curve prepared from the chronological load curve. The ordinate
of a load duration curve may be in terms of load demand or in terms
of percent of peak demand, and the abscissa may be in terms of total
hours or percent of total hours. The area under the curve represents
the energy requirements in kilowatt-hours. '

For the purpose of reducing the commutational effort in the
solution of the system planning model, some simlifying enproximations
will be made to the reclining-S-shaped load-duration curve. [ stépwise
curve will be used to approximate the smooth curve as shown in Figure 1.
By incressing the mumber of steps, the smooth curve c~uld be approached
quite c;l.osely at the cost of increased computational effort. However,



since the shape of the losd duration curves, which will be forecast for
the whole of planning horizon (15 to 25 years), are subject to error,
this further simplification should not appreciably affect the optimal
system plan. ' .

~ As shown in Figure 1, a typical yearly load durdmion curve is
approximated by a discrete stepwise function with k esqual stens (k=5 in
Figure 1) that follow the share of the curve. The modified load duratior
curve will be used for system planring purposes. The system demand is
based on k discrete values, with D,  and D, the peak and base demands,

respectively. The subscript t represents the year (£ =1, 2, ..., T,
where T is the planning horizon. The system demand D, also include

allowances for-transmission losses in the transmission network as theze
are not explicitly considered  in this model. An investment planning
model which eonsiders both the generating plants and transmission network
will be reported in a subsequent paper. ‘
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Figure 1. Stepwise Approximation of Typieal Load
' Duration Curve



4 SYSTEM RELIABILITY AMD RESERVE REQUIREMENTS

For any electric utility system, a vrime requirement is its ability
to fulfill customer demands for power with some onrescribed measure of
relisbility. Since future customer demands can only be estimated, and
since generators and auxiliary equipment (boilers, turbines, ete.) are
subject to forced cutages, a utility system is required to maintain a
reserve of installed generating capacity in the form of "extra'" units.
Failure to have a sufficient reserve leads to customer shortages with
resulting customer dissatisfaction and loss of industrial productiom.
After the 1965 blackout in the Northeast of USA, the utility industries
in thet country have been very concerned about meeting system demand
under almost any circumstancss rather then face further -ublic criticism.
On the other hand, a surplus generating capacity means additicnal cost
for the utility industry and in effect for the society. In India except-
ing a few utility industries, the generation and distribution of
electricity is governed by public bodies i.e. State Rlectricity Boards
and power shortagzs and load shedding has become chronic diseases result-
ing in heavy losses of industrial and agricultural production and in-
conveniences to the public. Due to long delays in the commigsioning of
Plamed generating and transmission systems there is hardly any reserve
capacity in any power system in India. Considering the high cost of
power shortage the need for advance planning and speedy execution 'in this
area is obvious.

~ To ensure that system load demands can be met, sufficient capacity
mist be provided not only to mest the peaks of the load but alse for
adequate reserve capacity. Reserves are needed to replace generating
capatity removed from service becsuse of unscheduled or foreed outages
of generating or transmission equipment, to replace canscity removed
fram service for scheduled maintenance, to serve loads greater than anti-
cipated, and for system control service. The total amount of reserve
capacity required depends upon such factors as the magnitude and chara-
otaristics of the system load, the degree of desired raliability (ex-
pressed as loss-of-load probability), the number, sizes and nature of
generating units, maintenance requirements, and the degree of inter-
connections with other systems, '

& part of the reserve capacity must be ready for use within a re-
latively short time - within 10 mimites or less. .Some of this kind of
reserve 1s in the form of "spinning reserve" - synchronized with the
system and ready to accept load. The amount of spinning reserve capacity
required is often determined by the size of the largest unit in service
and the amount of unscheduled power available from interconnections,



In the electrical utility industry, the reserve question is
usually phrased as: "What is the optimum reserve gemerating capacity?"
A rule of thumb in the industry is that the reserve cdavacity should
generally be no less than 20-R5 per cent of the system capacity and
the spinning reserve capacity must be at least equal to the canacity of
the largest unit in the system. However, there is no single optimm
‘percentage, since the optimm varies with the number and size distri-
bution of the generating units. A more meaningful question to ask is:
mihen should new generating capacity be added to the system?  This ‘
question, answered for a given relisbility criteria, automatically
determines the optimm reserve capacity for any given generating
system. An associated problem is that of detemining the optimum size
{capacity) and nature (nmuclear, fossil-fuel) of units to be added to
the system. Varying the size or nature of the unit affects fuel costs,
maintenance costs, labor costs, equipment cost, ete.

Optimal Investment planning model shbuld try to answer both these
questions, net only for the next unit but for all units needed during
the planning horizon of 15 to 25 years. However, there is an inter-
connection between the investment planning model and the "reserve
problem." To proceed toward the solution of the investment planning
model, the reserve requirements must be known, whereas the reserve
problem could not be solved unless the number, size, and nature of
the generating units in the system are known. To break this chain,
cerbain initial assumptions mist be made regarding the reserve require-
ments in the system planning model. Once optimum solutions are obtained
for this model and system configurations are known, available computer
programs can be used to determine "loss~of ~load probability" for each
step of the load duration curve .and a given generation and maintenance
schedule.l A loss-of-load probability of 24 hours in 10 years is a well-
accepted figure in USA. In India perhaps a moderate reliability
standard which would be attainable within a forseeable future should be
used now. The initisl assumptions regarding the reserve requirements
can now be checked from the load-loss probabilities and, if necessary,
may be adjusted.

La generation schedule for the year is obtained from the optimal solution
of the investment planning model. The solution also specifies a
mairtenance schedule to make sure that maintenance requirements are met.
This maintenance schedule could probably be Improved upon from other
system considerations once the generation schedule is known.
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Further examination of system reliability and reserve capacity need
takes place when the site selection study for the next unit to be instal-
led i undertaken, because the system configuration is then known. 4Lfter
this phase of the study, the precise date (where the ysar is lnoun from
the system planning model} that the new unit will be required to add
capacity to the system is also known, and an installation schedule can
be estsblished.

For inclusion in the system pYanning model, reserve—cavacity co-
efficients T;y ave assumed for 1 =1,2, ... , kand t =1,2, ... , T.

Then the required system capacily is given by

i=1,2, ... , k
R = r oD

4
1t S £=1,2, vus 5 T

The usual range for r . is of the order of 1.12 to 1.25.

S MATHEMATICAL FORMULATION OF THE SYSTEM PLANNING MCDLEL

The system plamning model can be formulated as a mixed-integer
linesr programming problem. Given the system load in the form of load
duration curves for each year“of the planning horizon of T years {T =
15 to 25), reserve requirements, and fixed and variable production
costs for the availsble and possible future generating units, the
model would produce optimal expansion plans for the plamning horizon
and a generation schedule for each step or period of the load duration
curve. The plan would be optimal in the sense that it would minimize
the sum of yearly costs discounted to the first year of study (present
worth) and would provide a feasible expansion program.

5.1 Basic Assimptions and Notations

It 48 assumed that two basie types of generating olants will be
congidered for system expansion - meclear and fossil-fuel nlants® - each

21 period of seversl years eould be chosen for planning with'necessary modi-
Ticgtions of the model.  2-3 years could be a good compromise bet-
ween prohibitive problem size and computing effort if smaller intervals
are chosen and the logs of utility as a planning device if a period
conglsts of five or more years. :

5H-'ydel plans could also be considered. But the available canacity of a
hydel plant could vary from year to year and alsc from season to season
within the same year depending on water inflow into the reservoir and
this has to be accounted for. A subsequent paper will describe the

scdifications nesded in optimal system planning model to accomoodate
Yydel plants,



availsble in n different sizes. More than two types could be considered,
and n may vary over the planning horizon as larger dze units become
available. . B '

Let Uij and Vij denote, respectively, the rnumber of muclear and
fossil-fuel generating units of size § (J.= 1,2, ..., n) commissioned

i)
and can take values of O¢r & as neymally not more than one plant of
of any @ize will be commissioned in a year.

during year i (1 = 1,2, ... , T). -Uj_j and V,, are integer variables

Let hu j and '.ﬂu j be the maximm and minimum oparating camacity of
the nuclear plants of size j (J =1, 2, ..., n). hv'j and ’Evj . are
gimilar notations for the fossil-fuel plants.

Iet there be P existing generating units, and let h and ,th be
the maximum and miﬁil.nmm operating capacity of the pm:1 existing plant,
available in the © year (p=1,2,..., P; t=1,2, ..., T). Some of the
existing plents may become obsolete and may be put out of service before
year T, : :

Let wiﬂm and xijﬂm be zero-one variables. If Wij!m takes the
value 1, it indicates that the miclear plant of size j comnissioned in.
year i, is being scheduled to supply power in the .'nth' year during stepf
of the load duration curve. If Wiij = 0, it indicates that either

" the unit. was not commissioned or, if commissioned, is not scheduled for
generation. If it is 1dla, 1t can undergo schednled maintenance. If
Ll = it indicates that during this period the above unit is™~

scheduled for maintenance during stepl of the mth year. Proper con-

gtraints are needed so that W,,p7. =0 and X,
‘ 1ij - i

ij = 0, whenever U
(denoting scheduled production ) = 0. Yi s and 2 110m are the

1j

correspdmiing zero-one variables on maintenance for fossil-fuel generat-
ing units and must be constrained to be zero if Vij = 0. -
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prm and Sgﬂ__are zero-one variables for existing generating units
such that,when thg

respectively schedzled for production or maintenance in the mt'h year
during the Q,th step of the load duration curve.

y are one, the pth-“ prasently existing unit is

Ni ;}Qm is the utilized capacity in Mw, during the Q,th step in
year m, of the nuclear generating unit of size j commissioned in yenr i.
1.‘]?111 is the corresponding varisble for the foss:.l—fuel generating units.
Proper constraints are needed to ensure that N = O whenever Ul'] 0

iifm
and that Fij[m = 0 whenaver vij = 0.

Gpﬂm' is e non-negative variable denoting the cavacity in MY of the

_oxdsting unit being utilized in the m™> year during the £ stop
of the load duration curvae.

5.2 &%1 Qosts

The present worth of all production costs incurred during the
horizon of T years is considered the objective function which
vill be minimized by an optimal system expansion and generation plan.
Let p be the yearly discount factor, where

_ 1
B = £+

where I is the appropriate anmal interest rate.

The anmual costs are of two Kinds:
¢ ' Fixed Cost. Capital costs assoclated with installed
generating units that must be covered without considera-
tion of the duration of the utilization are known as fixed
cost. This cost ineindes the investment charges, depre-
" clation, and all other fixed costs which are independent

of the genmerated energy, such as maintenance costs, per-
somnel cost, and overhead.
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o] Varisble Cost. The variable costs are those costs
directly related to power generation and uvtilization .
of the generating units. These basically include the
fuel cost and variable O&M costs amrd are normally
expressed as paise/kwh. It is well-known that the
heat rate, and thus paise/kwh cost, will vary depend-
ing on the amount of power generated by a particular
unit; for simplification, one uniform heast rate, and
thus a single paise/kwh cost will be assumed for each
unit. It is possible to have graduated rates, depending
on the rangs at which the unit is operating, as is done
in economic dispatching models, but such detailed
formulation will inersase the computational effort
without improving the accuracy of the model appreciably.
let Cuij be the discounted value in gunees . at yéar 1 of 811 fixed
costs for purchasing, installation, maintenance, and overation incurred
during the planning horizon for the mclear generating unit of size j
canmissioned during year 1. Ciyy {s the corresponding cost f igure fa
fossil-fuel plant. These costs are later discounted to year 1 to

obtain the present worth of all fixed costs.

iet fijém be the variable cost in rvoees: per My utilized capacity
during QPh step of the load durstion curve in the 1111":"‘1 year for the
nuclear plant of size j cormissioned in year i.  Thus, fiij'_ mul‘l;i— |
plied by the utilized capacity in Mw, gives the veriable production cost:
. for the unit during the period covered by the,ch stép_Aof”‘thej load o
duration eurve. Giij. is the'corfg:éxjabnﬁiﬁg cost coefficient for the
fossi%;l-mel plants. Lot dpﬁm be the corresponding cost coefficient for
the p  existing generating unit. '

It should be noted here that.th.e cost structure assumed here
flexible enough to permit inclusion of expaected changes in fuel cost

and increased mzintenance costs in the future.



5.3 The Mixed-Integer Iinear Programming Formulation

The system planning model will nav be stated in explicit mathe-
matical terms in the form of constraint equations or inequalities andthe
objective function, which together comprise the mixed-integer linear
programing problem. A glossary of notations already defined follows
for easy reference. '

Glossary of Notstions
T Planning horizon in years

k Number of steps (or periods) in the modified load durrtion
curve _

Dy, System demand in M« during 1™ period in the modificd losd
duration curve inecluding transmission losses; 1 =1,2, ... , k

Dlt System pesk demand during .‘tt'h year
kt System base demand during t‘th year

Ty, Reserve-capacity coefficient during ith period in 'tth year;
=1, 2 s, k3t =1,2, ,.,, T .

Rit Required system capacity including reserve during ith peri ~d
in the tth year

P - Number of existing generating units

13 Number of muclear generating units of size. } commissioned
during year i; 1 =1, 2 .., y I3 J=1,2 ..., n .

v:lj . Namber of fossil-fuel generating units of size § commissioned
during year i _

hhj Maximum operating capacity for nuclear plamts o size b
' 3 Minimum operating capacity for muclear plants d size j

LS

hvj Maximm operating caprcity for fossil-fuel plants of size
‘EVJ Minimum operating espacity for fossil-fuel .plants £ size !
hpt " Maximum operating capacity of pth existing nlant |

. fst Minlmum operating capacity of pth existing plant
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iﬂr‘m’ j‘_jpm! Yij@m’ 1;!Fm’ qum and S Qm are zero—one variables.

When they are one, they mean the followmg chiring thth period in year
ms : .

wijj'_m Macloar plant of size J commissmned in year 11is
scheduled to supply power

Xij-?m The =sbove nuclear nlant is schedule for main‘tenance

Yijﬂm Possil-fuel plant of size j comiSSmned in yeer i is
scheduled to supply power

130 The ebove fossil-fuel plant is schedunled for maintenance
i The p™ existing unit is scheduled to suroly power
Spgm The pth existing unit is scheduled for maintenance

5 im Minimm rumber of daye required in year m for the

d malntenance of muclsar unit of size j commissioned in

year 1
235 im Same as X5 im for fossil-fuel units
th .

s o Same as X1 3m for p existmg unit
Nijgp  Utilieed capacity in Mw, during the €% poriod in year m,

of nuclear unit of gize §: commisaloned :Ln year 1

F -
1ifm Sama a8 N # but. for fossil fuel units

G Utilized capacity of pth existing unit during 2™ perioa
in ysar m c , . )
p Yeerly discount factor,” B = 1/(1 + I), whe‘re I is the

appropriate asmnual interest rate.

Cuij Discounted value in rupees at year 1 of all fixed costs
during the planning horizon for mclear unit of size j
corumiss:.oned in year i

vij' Sa.me as GUi:I Tt for fossil—fuel units
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fijﬂm Variable cost in #upees  per Mw of utillzed capacity during

ﬂth period in year m for the nuclear nlani of size j
comnissioned in year 1

Gijﬂm Same as fijfm’ but for :E'osml—fueI‘L units

th s 4 .
dpﬂm Same asg fij?m’ btut for p = existing unit

Reserve Requirements. The total power requirements Rit including

reserve capacity for each year and during esach sten of the load dvration
. curve must be exceeded by the combined capacity of the equipment scheduled
for generation {commissisned until that time and not idle or under
maintenance). This can be expressed by the equatinn:

P
It bt R R Ouy gt Ye) 2 R ()

€ =12, ...,k

m=1,2, ... , T

" System Load Equation., During each step in the lord duration curve
(which may be denoted as a period) and during each year in the vlanning
horizon, the total utilized ecapacity of all generating units scheduled
for operation mist be equal to or greater than the system load. This
relationship can be expresssd as follows:

P 2 n
p
p=t m L 351 M g, * Fi:}:?m 2 Dy (2)

L=1,2 ..., %
m=1,2, ..., T
Maintenance Rguireménts. During each year, some time rust be:

allocated for each of the existing generating units during whisn
scheduled maintenance can be done. - '



A

The following three constraints expr‘ess' this requirement:

~

K roe oo | .
-?.z 5%5. Soln 2 Som (3)

p=1,2, ..., P
m =-1,2, esey T
in which 5 x denote the minimum mumber of days required for such

maintenance for the pt']1 existing unit in mth yerr,

k ' :
z 365 x ] Xi (4.
150 = ijm
f= x  15fm
i=1,2, ..., n
J=1,2, coym
m=1,2,‘..'-,T
in ﬁhich X3m is the minimum mumber of days required in the mt11 year
for . ¢intenance of a mclear plant of size J commissicned in year i.
£ 365 27,4 > 2 " (s
T ok 2 i '

L=
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Consistency Requirsments. These .constraints are needed so that the
values that the varisbles take are consistent with each other and re-resert
all the relationships between them. Otherwise, the solutisn obtained
may not be feasible. :

Only the generating units actually commissioned are available for

scheduling for production or maintenance starting from that year. This is
expressed by the following two constraints,

Usy = Wisln = X6
Vis = Yigfn = Ziibn

i=1,2, ...,

v
= ]

(6)

i
Q

(7)

B

m=1,2, ..., T

Only the %_elnerating units scheduled for production in a partieular

period ( step of the load duration curve) of year m can be utiiized

for power production to their maximim capacity. The gene ating units .
are also subject to the following minimum operating capacity restrictions:’

By '-'Wijflm “Nigh & O &

.,h"j L om -Fijemgo (o)
By Gy = Cf 20 2
Yagt 2 £y | (11)

1 > dey @)

e 2 b



flsg

-+

i.= 1,2, o.'c,m

[

=1’2,‘ ey n
/8 =1,2, *eay k
m;‘l,g, -0‘-', T

P = 1,2, .‘.‘., P

Finally, the following cbjective function may be expressed, which
equals the present worth of a]l fixed and variable costs incurred during
the planning horizon.

T. n 1—-1

Minimize FWTC = v C +G ..V

ndz I T R AT

T k n : : b
I 3 % gl + F
t 4=t £ 5= g (fljgm i;ﬂm gi;l-?,m ijﬂg)
T k P
L

11 | |
i fi'—'l I}i:i B Yln'pln .(14}_

The expressions (1} thrmgh (14) repressni 2 mixéd-—integer linear
programming problem in which the variables N, 5&1 5 j;am, and G_ng are

non-negative, and the varisbles U ,/W 1 ;ram’ 13fm? i jfm and Z 1 j&n
are O-1 integer variables. #n 'thll'ﬂal solntion of this problem vrovides

an optimal expansion plan and a generaticn and maintensnce schedule for
the entire plarning horlzon, which minimizes the present worth of all
future costs to satisfy the- glven demand.,

There are various algorithms available for solving mixed Integer
linesr programming problems. The most efficient ones essentielly
partition the linear programming matrix into two varts, coosisting of the
contimous and integer variables, and different technicues are nsed to
solve and relate the two parts.

It should be noted that with specific knowledge and informatlon
for any partienlar utility system, the above formulation could be
further simplified, giving fewer integer warisbles. A good starting
gointisn can also be cbtained from knowledge of the system, and the
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mumber of Iterations end computstionsl time can thus be reduced
appreciably. "Branch and bound" methods =rs also being increasingly
used for the soluticn of mixed integer linesr programs, and very
efficient algorithms can often be obtained through such methods.

6 CONCLUS IONS

Virious simplifying assumptions have been made in the above for-
mulation., However, this model cap handle = large number o alterndtive
system expansion plans, which is not possibls by other direct engineer-
ing cost models used for determining system operating costs. Cnece the
few best solutions are isolated by the solution of this modsl, they can
be further examined in detail, with all the comnlexities of the system,
by the gpplication of a diresct engineering cost model to determine
system cost once the sxpension plan is known.

Parametrie studies and sensitivity analyses can be performed by
using the investment planning model to study the effects of fuel
cost changes, price esealation, changes in reserve requirements,
technological innovaticns, ete. It is feasible to enlerge the model
by also considering investments in transmission network nesded to carry
enlarged system load.

The system planning model should be periodically reviewed and up-
dated as better information is aveilable regarding fubure derrnds, costs,
and immediate expansisn plans, '



