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CHAPTER L

1 INTRODUCTION

mxpansion' Flanning -&iviaiaﬂ with & tailor-made uaerﬁ S
friendly flexible computer model suitable for the
evaluation and optimisation of alternative ganaration  

capacity and enerqy plans. _
_ !

'Tha“ohjactiva was to davalop %hu Eukam Productinn;*':
_;Sahmdulinq ‘mystem, by—tha snd of 1390, which would form

the fnundation for Lha renuindar of incramants of tha

final provide Ganeruhicn Expansion Planning modal._

Tha currant status of the system utilised is covared in

© ' smpatate chapter.
1.1 Exeoutive Summary

_In?lraporting on the progress of ths new - Linedr
. programning function, developed for the Genarstion |

vExpanaion Planning division {GEP}, an QVﬁrvicw of the
litu:atura survoynd ia covurad. Thi; is follnwad by S
what currently is in placs, (Fha specification of tho-'.'

new system is then documentad. A hLrief chaptur on the

I
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. ABSTRACT -

 .The purpose of this. doéument s to report ' on " the -
development of a Idﬁéar'ﬁrogramming'functigﬁ7£brﬁtﬁg'

‘Generation Expansion Planning environment of Eskonm.

<k

"'I'his was achieved oy reeearch:.ng tha modeling mathods

amployed :Ln this and related ‘fields of work A:Eter

i astablilhmg the geope of the work to be performed all
the options were c:arefully aasessad and it wag dec:-.dad

ta. develop the Production Qoheduling function f'l.rst, Bl

thia would serve as the foundat:.on for :Eut:ure wox'k.

The requirvements were specified 'afti_é'::- -'-ez_r.t:ansi{ra' |
dipoussion with the customer. Thege reguirements ware

utilised to establish ‘the formulae, '_in.cluding thelr

o

bounds and’ constraints. These wers in tumn sonverted
into the Linear Pidgramming function. To facilitate the
" data input process 4. simplé- input fac:.i;l.ity was
developsd. To 'm&ximiae £na valya. of the 1‘ééﬁlts the
yeport writer was déveldped ko énable Eensitivity
..studiea to be perfomea» Thim wor}: was lat:er used asg

o tha foundation of the N_awGe:c programme,

<
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A alactricity_qanaratinq gy,t,m, and'prdpoaa an bptmﬁﬁﬂ

Lk T

 sxpansion plan, o
. : P 1.U_-.: A

These generation ‘expansion computar progiammes are
:dQSignud 50 svaluate the cost of slectricity genaration
~.and 1hatallaticn of naw qaparatiﬁq_plantr kltsrn;tiva_

- generation -axpansion “piané for long puriédé, rahﬁihql""
_fr&dm; 13 to 30 yuars;' are 'uValuatad 'tc 'hstablinh ‘the
w;_optimum plan (i.e, 1saat castJ, A qanarab 0, axpanaion

' _plan has 1¢a major functionaz ' o .y.“:

{1 ulactzauity produetien simulation and | |
=12} capaglty axpanuion cptimisation.

Bauidaa parforminq " largs. quantity of calculations,
the ¢enszation ' uxpuusion programnes provid» 2
ayatqhatic.ﬁeans-fqr-thq evaluation of thg tining, type
and slze o£7hay capacities which could be inc;ud@dﬁin |

an expangion plan.

2.2 LP In The Power Utility Industry

(8

It wad! in  the ‘sarly 1850's  that muthqmatical
progranuing techniques were davaloped and appiied o
generation planning. _It was Euaae‘ _and Givrat™ of
 Wlactricite' de Frince ‘who dgvalbped’land solved ¢
‘lihuar programming (L) model of the  generaiion

OVERVIEW



' aven 1anqer};

i) th@ planners. have to examins more altarnativg :i

' tachnologias and sizes of generating units,

1i) the .opqrating ‘costs with di fferant :fhain. is

subject  to differant avallabllitiss  and"inrlaEibh
ratau, ' o ' ' e
-iii} davicaa to pravent lealth and safaty hazards ‘has

' bacom& & significant portion of the qporating coata {aa o

" much es 30 parcent),

"\

'iv} lonq canatruction pnriodtwtbr (8 to 10'?!&:3 nﬁ T f

1‘-

vk uncertain load growth, _
vl flurruating and high interest rataa;

Cvil) e nr*laar industry which hau hed numerous problums

~ both while undnr construction as well a8 in’ operation,
| ¢rcaultanq in lownr productivity and hiqher ganmrntion

_coatb. '

. Por these rseasons, the plannsrs are no longer able. to
Tély on sinplistic and intuitive decision making, Thay

have Lo ;investhatg_ the effacts of various ducisioﬁ[
pafamqgérs_ and the poasible Miture changas of thase

parameters, They have to answer many what~if type

questions befora & gensratiocn capacity plan is decided

upon. This caf only be achieved by utilising cbmputar
prodrammaa " that simulats the operation  of ths

OVERVIEW




. CHAPTER 2

% OVERVIEW

'_mhis;6hapter_§rovidea%an.bvafviaw and summary of the
‘litersturs surveyed for this project. Tha.purpbsn'wag

to astabliuh an undaritandinq of Lihoar Programminq”and. . _
ite utilisatian within tha powur uLility induatry, o

-focuuing particularly on Genaration Planninq.

ot ‘{.

‘2.2 Histary aff Ghnaration Planning o s '

 Unti1 f‘th@ ,mid-19603; Wplanning of qanaration

(oluctricity capaclity). uxpanaian wus relatively aimplu

HBgcauss of thn:stea&y_inc;aaun of load growth and the
rapld and ﬁochholoqical ‘advances in hew and 1grq§g}
qmium-z;in'q units with 1little  public concern” about”
healti and safety hazards. The cost of electricity

' declinad until tho lata 1SGOs whan the trand revnraud.

N

il

vmjtlous reasons, - 0

I
i

-] S e L S
'Siqbe ‘the late 19603, ‘decision makinq on capacity_
axﬁpnsion has bhacoma increasinqu nore complicatad for_ 

Gl



LP was a ‘well known and widely documantad tac:lmiq,tm

which reduces the tﬂ.me for new-comars to undmrstand a.nd S
uaa the model. ' ' '

INTRODUCTION



LoD

- matrix genarater and report-writer lanquage was. _
available on hoth the IBM wainframe and Apollo/HP  e
workstation pomputing_platformai Any other cptimiaation

o time~consuming task.

¢

- aonduct all studies uaing FGEAS’ o PGWRSYM only,‘

This pruvidad juadequata modeliina optd ons.ﬁ‘i-

1.7 Remson for Saladtiﬁg.LP Focholque -

. {\:‘-

technique would have reqiired ITICS to develop thair
.nwh_algqrithm which would have. besn a vany complex and=_

R T
) =

3P formulation would have allowed the additibn or
_ _mndification of zonstrainta te qu done ralatively
easily. v ; :

4

Energy constrainta on production schadulinq could ba'

' rapreaanfed easily.

gonsiderable inuhouse experience with LP formulation
sxlated and outside expertlse was availabla at. & p:ice"

(BCICON = developers of seiconie, universitiss stc.).

4 EGEAS - Elestrle Ganerntion ; Ezpansion Planninq mlysis

Bystem programme,
"POWEREYM - Powsr _. ay:t:nm- Probabiliatic  Simulstion
T pregramme . . : :

A

TR D TR T ON

' XA'hithquality Lp padkaqe (8ciconic) which includad a'  .

.




 (eolered in more detelil in the pext s’"éc’tidni '

1.2,5 - Rigks

il

]

- better editing facilities on IBM and Apollc/HP,ff

gm Sciconic is more cdmputatimnally nffieient thm'
"BPEX (by & factor of about 3). |

LI

o

Davalopment: of Nawhax is é task which miqht have bamf
'toa damanding ﬂcr the rasaurcea availabla in GEP . and

Ini'ormation Tachnoloqy Intare-t:onnactad Systans - (mzcs}

amd the projact might hava hed to be scalad down,
' £

.’cont*.actad out “(resulting in skill not rsmaining within
_ Eakom} or droppad altogather. .

1.2.6.  Alternatives

[ - W

A number .5_1‘: _poﬁe,nt_ial’ altérnat_ives. did axist wiz. -

- to ansui:’;i' that tha CLC mainfra;ne would remaln
.a_vailablt; to Eskom. Thisz was a costly and extremely

diffliculr opiion,

L

- mcguive & new gensration expansion ‘plenndng model

from - snother utility, :Lnstitutip'n or . software v'endmj.:

This was also costly and the saftwazjé was inflexible, |

INTRODUCTION



SO

b} arbitrarily weighting the normal’ and Worst, csse.
improve the production schedule requires roughly twick.

thé smotmt of gquatibns and is 2 techniqua which hias nﬁf_:

_   "§9edrética1' foundetion; the pew model should vse & B
%&%. technique whiqh: d6u1d enable the . calibxation  '-.ff
" individual load Pactors using EGEAS;or other nodsls, - "

: .. B - _ .;,:_....” ' ' “- .:-   p H
cf'tna Load Carrying Capability (Lccy'proqfaﬁﬁé,'whibbﬂ' |

" vas baing used by Gensration Expansion Planninq,'wgshe 

computationally very i§afficiant, : unraliabla 'rgnd "

outdated; the new mbdal should make use 0f new theorias
o rewresant the Loss Of Load Probability (LOLR)

'rcanstrainta as linaar equations.

B | 1.2.4. . Opportunities
| - B T .
A humbar_6f opp6rtunitie§ ‘which could be realised viz; '
_F Cup td date 1inga£ prdgrammingpggpkaqs; Scicbhié,_f
which runs on IBM mainframe and Apelloe/HP workstation i

P

’ S [ T . -
®  Whep averags evaillability of the powse ststloba, avaxags = 7%, S
- produstion levels at tha collieries and averags hydro |
. enargy is usad in unmpi@ng vonstraints, the selutlien
will provide ‘the hest way to expend and opsrats  tha
aystem undar averags conditions only - the Nogmal Caee. . %
This will not allow Eor periods when oubage 'yates are v
above ., average, when below average production. lsvals "
ﬁuraist 2t tha aqollierjas oxr whan drought limits tha
_hydre wnergy avallsble, tharafors tha Woxmt Caas is .
raguized, - h Y

-

T RTTE TS T Y



‘The situation was aggravated by the inflexibié reports

' started.

'1,2,3 . Modelling shortcomings:

‘editing of input files every time a new astudy was .

W

rs

between related data reqc?&s_w o

-]
S
M

ey

NewGex;

|

Poor data :vaiidaticn,_ espgcially_ consiatanéy-'chaaks-

 rfecilitles that existed. | - SR

.. Model shorteomings ﬁhiqh'couid ﬁossibly.bé avdided_by |

a) simultansous optiﬁisatidniof tha'wﬁola“study:périod  o

'c_c-p.ld be- vary. éo'atly in ta’rmé off computer.'resdurc:_a’a":
' year—byeyear¢-optimisatiqn midht  produce adceptable';

results,



obsolescence. Thia switch~gﬁer waa to rsndar the al&_5
_,mpdel usaless. Canverting CDC~FDRTRAN ta_'standmrd

© FORTRAN and BPEX input/output Format to SCiconac input

-/ output format ‘was - ‘almost, impossible and wbuld hava"
consumed a gruat anount of tine. i ]

2.2 - GEX shortaominga o o \ N

A numbor of prnqramminq shurtcominql idantifimdiih
;f'GEx model that could ba avoidad in pewGex sxe liatad;
a Proqramming ccda " o
. The GEX code fxad Been modifiad often in a qus.c:k-and~

"dirty raactive manner ra5ulting in reduced reliability,
It did not’ have a proper mndular structura, ‘making it
difficult end risky o modiry. | | ) |

The mabrix qanarator was writtan in EQRTRRN inataed of -
- 8 sp@ciailsed languaga raducing flexibility in tsrma of
|  implamanting new or mogified aquationa.
: . ' |

b} znput/output facilitles
No data ‘base waz availabia rasultinq iq, laborioua

- P Belconice Linedr programiing coda qanaxatm: and ap’cimiao:
based on the UNIX envizonment.



.

 function pf the-Eskom Production Scheduling system,

1,2 Need to Replace’CEX Model .

Chapter on formulation | doquments tha vario  formilae
included in the new. system. A brief descripti&n of each
48 provided and enda with the objectivg.funa%ion_which-

1inks the varioua Variablas, bbuhds and " constraints 1

tcgethar. .

R T
N

'f Tha' fiﬁal;féhﬁpEer concludes the prnjéct-_onL the 1P

T

r- j
Lo

Fz

Thls gaction lista the main reasona why a new mndalling f

facility wag raquired by tha customar.
1.2.1 N U:génby_'

‘The CDC Cyber mainframe (including APEX* and enc-.
FORTRAN} was to ‘be phased out’ and replaced by an IBM
mainframa couputer by the end of 1990 due to techanical R

L

L APEX -~ A linear progranming apbimﬁ.si,ng pxogram

dtvnlopad for the GDC environment,
&

M
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L

L

R with an understanding of the applications of. LP in tha

housé, 15+ diacussad and documantad. A numbar 6f"éﬁ£

faatures arg coverad, such as

= . The ' linear_ reprasantatlon and, constrainimq'_affi

transport requiremanta,

_ operating conditlons and demand, - )
- = Reserve requiramentsz for - .plaﬁﬁéd :gﬁdf Forcad

o Scanarios that allow . for average snd  extreme.

TSN

 outages,

powar utikity established and an in depth knowledge cf
~the current system ‘achieved the user 'S hpquiremepts

--'L,\

were documented in the - followmng chapter. Aqditianal )

pointa covered include et-al.
- thjective of tha- project

: Lo | Availab¢a ERSQUECHY . and thair respanaibilities

~ ’Stratagy to complete the praject

B 3Scope and mathodology'of studies to be parformad._

U

The chapter on ”qomputér' software covers the softwars

utilised'in dévelopihd’the new system, NewGex . On;y an .

overview is provided and includes 8 brief deaﬁription.

of a number of the problems experienced. L

The rest of xeport focuses only on the p:oductidn

scheduling / planning part of thé-fL? nodel . It:_wia'

INTRODUCTION

a



; Usurveyed.-The hisﬁory of qeneration planning iz GGVerad; i

-!constraints are discuszed. Tha varlous constraints ara

- computer software utilised is lncluded. This laads
the farmilae included in this aspect of the overall new
: The overviaw f¢cu3es cn documantlng the litarature?:

'this envivomment. The representation of
E d&mand and ite linear representation . is illustra§ad

C

the chapter which contains a listing and descriptian of

prcgramme. to be developed. The ~Einal chapte; has a ;E:f
numbggzof'doncluding remarks, . :_. o : o

i

and the application, of Linear Proqramming Py .AJ%& jﬁ?

!} . ““-—-“‘.-n’

elac:tric PQWL" C"
o
The objective function and a number of the basic Lo

then coverad vizg. : S P

- . Demand and suppiy of elattricity a P | .

- Plant capacity and the impact of availability

»'_J'Hydro-anergy

- .'Pumped Stor&ge _ .
= Impact of the z—aubstituta alternative

- Replacement and expansion AR

- . The inclusion o transmission'._ s

. Ta . o : )
l:’-» -t : . o
b i .

' T e
~The fallowing chapter covers’ the hlatory and current.;
- status of the. appxicatlon of LP. in Bskom's Generation

Expansion ?lanning division {GER) , -Thg. existing LP )
systam Ganeration_EXpansian system (GEX), devaldpqd in_ _f

#

-y ‘onméoouoTIon



g1k

©all ¥, D, B and & = hydre station
_ — - 21 _ —
BTyt + 33?1. (8Wpppn * Gyl 5 8Ty o+ Wl

~ ST3y§ is tha eﬁargy stored at tha béqipninq of  the
pariod g 1in hydro-station %, and '

N _“'Goavpa is the power output in yaar ¥r pariod P and
slica 8 by pover station $ o o .

. e . ] .

- swyp, is tha alica width in ear y, pa$iad p oang

T alice s, R

ﬁqup 18 the watst inflcw in pariod p, adjustmanta

must be made for seapaqa and avaporation.

g @*w$yp is the uroraqa capacity of rasarvoir and
s?gyp the energy stored at the baqinninq ot the pmriod
{p) at 2 hpdro power station (4), then '

0 S STg“. . S STC’;m . I

o



O pe1q

2.6 The Capacity Cenatraint ©

i

This is the operating capacity of a plant that scoounts : _"?}5
for_availability, i.e. ths maximum capacity available_
for gensration,This .u thq constraint thqt .mnsuraa'

' rthat the utility can cops ﬁith'v;:yiﬁg availability

"; all $, v, p oand s _ S _
b .  GOpre S AVy, *1GC z —

- GOgyps 1s the power outpur for the power plmnta in

- yBar y; e:iod p and slics 5 by power atation 5,

1.
I

=~ AVgyp i3 the availability factor _for plant & at -

[§
LAl
K

pariod B,

&

- 1GCsyps i& the instulled qanaratinq capaaity of plant -

8 that can be sent out in a specific alice.'*
2.7 ﬁ&drn-nnarqy%conatraggt'_
I . L

2 mathsmatical reprssentation of how the. potential -

enargy atcrad in the d&m is convartad to power,

QVERVIEW



,,,,

‘|‘ ok
 ally p and 3-1 o
' 8 - ' . i
z z wzm* GD;.,,}.} 2 PDy,.. ¥ _11+RMW3 .
3'1 '- :.- . ) Lo s
bt Avgyp is tha nvailability factcr Iar plant $ £
paxiod g, : - . . : r L -
~ GOgyps i the powar output for th@ power plants ;in
year ¥r ysxiod =3 and glice’s by—powar atation 3, o
L EDYP s Lha paak damand for. p¢annin# purid& p in yaar :
- RMyp is thauxaserva marqin ror yaar vy and pariod p,
. ’: . oo
I _. M . -_l{)"‘;
I
]
]
.
o b .
. T ¥
D :
: . ';.*_"
: i

The -pesk - diomand tdaﬁaaitw aonstraint, wheze - 't'hé’-"

covarad in detaila in a later chapuer.. .

2-13.

_available in&tallad cupacity excaeds ox aquals tha i

demand. plus raserva margin. This. constraint will b&'ﬁ

 OVERYIEW



2-12

- FCIsyp ia the fixed cost par unit capacity of pawmﬁ

. statlon $ in year 7 psziod p, and’ : _'A;Vﬁ
- GG$y§ is the capacity cf powar atation s in yaar y, CE
pmriod p. '  f=f
L S _ _ D N ;
" 2.5 The Demshd / Bupply of Electricity - S
Jhere ara two coﬁ&traints aagociatéd with damand  ﬁf
F ‘ﬂ: - instantsnenus dsmand aidr 7 o & L
' .- penk demand. A b7 f o
i | | : y
The instantaneous constraint ensuras that the damand'in :
. & particux?r siice will be satisfied by tha Lotal power -
qanurated by tha Various powar stat;ona.
. o . .- oy . B . ¢ W . B
S ALl y) pands e Coe
’z'm%‘ypl' & DMy, ' o o
- Go$yps lg tha pawer output for the powar planra in 'u.

year Ve pariad p and alice 3 by power statiun $, and B
- nMypa tha demand satisfied by - ‘power - plants, o

"

$ w L8, in yaar y, pericd p and alica 8,

r. tr

=
L
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regardlaas of the amount (+3 elschricity producad, viz.“g_ﬂf

intureat payments, cgpﬁain primary enargy costs,_

f’“‘{?h@‘ (1ndicea aasociated with the variables and

., gﬂﬁtzainta that are uued in tha objsctwva function
f_;ﬁbu;rigblaa and or & constraints are Listed below, _

‘s powsr 9ou£we ' )
- {powsr afatian ...}

y ycnr;  - o R o %
) paricd (including year index)

5 alice'{includinq'Yaar and'pa;iod-indidasl
‘Miniwmise L N i
¢ r $ - Y P s " i Ay . . f

COST = & 5 £ % (CG0 * SWps * @uga)
. fml  ym} p'll sul

§ Y
*

- Go$yp, ls the pawar output in year y, period p and-
alica s by power station $, and ls tha only varﬁablaf L

_ fer a spacific slice,
e CGOgyp 1s the comt of producinq ong unit of ener#y in

year v, perlod p and slice 5" .,
= BWyp iz thae slica width in yaah y, period ;5 and'

alice !25;
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._;J

for sach period. Hach 1aad duratian " curvw

-not ot the sama lenqth, with thosa at the beginninq o
the pariod, where greaker accuracy 1is raquirsd. beinq:'
ghorter. than thoae at the end. Fox sasa. ot pressntatinn :

;- load duration curve [riqura 2*5}. o

2~10

approxinated by 8 series of histograms (5w 1....8) of"j-
width SWg - (Figure 2-4) . Thesé widtha are usually_’_'

each histoqram will be rermrred to as & slice of tha_

2.4 The Objective Funstion

L ' o

Thé gaal a pawar utility ia to supply elsctricity at s

low &  cost qa possible, by minimising the productiun

costat™, It ia on this praemise that the abjactiva | .
'éunctiqn {vodt functlon) in daﬂ?lopad te minimise the
'rcest of operatinq the -~ axistinq syatem and installinq__

and oparatinq additianal plant.“”

The costs aﬁsociated with axistinq plant EYQ fixad_
vosts  and opdratinq acsts (variabla costa) Fixed costs
are Lhoae caﬁtsu net directly asaociated with tha'?

_ production oﬁ elactricity that hava to be incurrad-

QVERVIEW -
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DURATIION OF LOAD {Hx)

o

10AD DURATION CURVE
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DURATION OF LOAD (Hx)

\‘..0

1 puvawp - |
4 (NORMALLEED
10mD)

LOAD DURATION CURVE — HXSTOGRAM

' __Figu::é. 2-?_5

. OVERVIEW.
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% OF WEEKLY PEAK DEMAND

g

.mlmmmml e~ . - - ) - M
20 A e0 00 B0 140 60
| chr-{s OF THE WEEK -

load duration curve %o represent -the demand for
_elactricityi The planning interval st be broken down;z
into yeaxs (y-l,...Y}, gnd_each year into a numher_qf'f
‘pariods . (pwl....B). The gensration requirements per -
pariod '

.-'.g\ - T




THE DEMAND OF A TYPICAL WEEK
) (=) ﬁ@ =] r“'-’eﬂ

 DEMAND (GWH)
o

© e
S

o
B

o HOUHSOFTHEWEEK
.ff..._ o ' F_iqqre.. 2-2 .

the ‘demand curve of a typical week {Tigure 2-2) are thes .
‘two daily peaks, at about 9100 and 19i00 respectively, .
and that the veekly pesk usually occur_a_:'on Friday = .

noxnings.

Most  LP models used for ganeraticn planning‘”__’ anc'l'-

generation expanaion planning‘“, make usa of a waakly

i

Ve

P

 OVERVIEW

a
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2.3 Répi'ese_nting t_Q;}e Load on. the 8ystem

“In ;théf South African context, the analysis - f:f¥j
hfsﬁbriéal racords'show that, in’ terms of the annua1 "i .
peak demand, the weekly peak damand throughout tha ymarﬂ:”i::
| followa a reasonably predictabla pattarn {F:Lgure 2- 1)

The anuual weekly haxinug Curve will vary slightly with7-

© the growth in electricity demand. In Figurs 2”1!_th5'

weekly maximum curvas of Yaar~1 and Year~2 hava besn.,"'

nuxmaliaed and it Gan ba seen that the enerqy demand in
Year—l was the larger of the two, due £y . th& s:naller:-

drop in tha waekiy maximum after the winter peak

If the hourly damanda durinq a week . {Figura 2-2} are
plottad as’a fraction of the weekly maximum demand, in?
dascending omdar of maqnituda, the weakly 1cad duration
curve can be sstablishad lEigura 2=3) o o

The weekly. load duration curve will vary slightly with, -
the qrowth in. electricity demand. This will be evident-
by the aexistance of a nore pesked waakly load duration_
curve. This i primarily as a rasult\of domestic paak

1cada'increasing._SOmefintarasting fé&tu:es to nota on
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L WEEKLY MAXIMA CURV_ES

FOR YEAH-‘! AND YEAH-2

. 75 F Jl_l.'l ;11.
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| WEEKS
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Method of z-Substitutes

Replacement and Expansion

' 1nclusian of Transmiasidq s

=
Y

. e

a3



Planning problem. This initial wbrk hasiserééd'aé'é

hasis fcr many 1P models that have been davaloped far N

. generation planning and ganera%ion expansion plan&img o

-”dapartmants in utilitias throughout the world. '

_The' models- aﬁe ‘usually developaa, with the - ptimer
' d&jactiﬁé 'béing, to enable the planning engineer t0“3 -
 determine the optimal thvestnent _in  generation .

' expanaian”‘ ot 0paration of the mxisting power - aystam,;-' .

 subject to & nunber of impoaeﬁ bonatraints.uys

'To gnable tha use of 1inear programming/ " ntmber of

 aspects of powar generation have to’ beﬂ considsred.ﬂf _-h

,Thasa ara:

= - The Obdéétiva unctién a

- Trie Load on Eﬁé System " | |
:.q =. Thk Demand / Supply of Electricity

| ~j  %The Capac}ty Constraint

= Hydro-Energy Cbnstxaint_

.-_'};zﬁmpéé:StpraQe'—'Conatréint

OVERVIEW




'CHAPTER 3
3 CURRENF STATUS

__The-hiatofy and;cg:rént'atahus"of the appllcation of LB
'in_ﬁskom'q-aanafatiOn_Expunaibn-Planningﬁgiviayon_(ﬁmp}_

i» covared in Eliiy chapter,
3,1 Generation Dxpension Planning

The main acuivity of the Genevation Expﬁnaigp Planning
division starts with the pradiction of future
elautrici;y-ccﬁaumptian which is provided and rsvised

annually by the Power Merketing Daparﬁmnhn‘_

,pncq théne puédictiqna_have bean_appravgﬁ, iﬁ.ia oEP
rols to determine how much, when and what typs of naw
gensrating plant shcﬁld ba constructed by the
_Enﬁinaaring- Group. This includqn:” exsroises i#
_decarmining when aud what old powsr astations should be
 taken out of service. . | o
| . L |

The expanmion programme should ensive that the needs of

Eekom's customere are satisfied at the lowsst possible

k

|

i
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&) If'the'transmiﬁsion system is designad to. transﬁiff
: unarqy in larga quant:itiea, the markats of reglons rich
in artrqy rasources 1fossil or hydro) “zan be expmndad,-\

.and raqions less ricb can import the cheapar anergy..’

dk With interconnecticn, -largér ‘units cﬁn bn-_;
'_ installed ambadyinq cansidﬁrabln economies of scala._,'} ;*'
These four mspacts. of the trah;miéhion_ ayztﬁm ~ the :
.“@nolinq' f - raaervé capacity; -the. pooling of paak’.
Fpapadi;y, the opening of markets to raeglons rich in
3 lbw-cqsfﬁrasourcus, and aconnpias of 5cala_e cat_mmkm t
" large savings -in ¢ parison Yo the coats of the i

o tranamiaaion 1inaa and tranamiasion insses, ) J-

. ) ’ . - ) . . e
"1t is bayond tha  scopa of- this work te consider
transmiasion any -furthef. Thts nattar is eovared in

more depth “in Andaraon 8 documunt.
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- Gr$¥§_is thé“caﬁacity'of power-statioﬁ 3 in'year f{”
period p._”\ .
i

sy

_Hnw.thaae-iipaﬁaion plaﬂq_ﬁre {iplemented is the ﬁashi
of the expansion planning enginesr who will perform & - :
number of what-if tests on a. specific _implamentation =

and’then ﬁaka-hia_propoaa;,;

2.11 Inslusion of Wrunsmiésion;'l?

Transuisslon systens reducs co&ta af  supply in four '

ways.

a) It raqiona are intt§¢cnnactudf' in the avent of

gensrator failure in cne region, it ia possible to call

*upen th&'*feqirvua' of other regions; the required
-resarve capacity is lase with intéraonnaction than
withowt. | ' | '

[

by IF peak damands occur at  diffsrent times’ in
diffsrant raqiona, then interconnaction permita paak
powar capaci»y to be sxporied. and- tmportad, and the
aggragate peak demand cen be mst-with less capacity.

| AVERVTEW




'.-agadciatsd directiy with fixed maintqg&nea'fféa&

- of plant §, in year‘y,.périod p ls dahotad By_cx$yp,z-

';'nnd tha constraints Iollow much the aame pattsrn an

Mininiss R A
: S 5 ¥ . p |

2-24

opersting costs’

The discounted, Fixed maintenance, and opsrating costs

The .problem is to decide how much of thif plan should

remain in service in year y. Let Gngp bs the atmount of

_plant § in sexvice in year y, period p. Tha’ °bjﬁctiva5; '”.

baforo. Usinq the asme notation the objeutiva function

‘now buaomes, o o e T

cosTw szl y51 21 n E cao$yp * swypa * ao$yp, .+

_ : $§1 z 'E{Fcllilyp + CRgyp) * Gcgﬁ’p: e ()

/
CGOgyp is the cust of producing one unit af enarqy in
yaar y, - psriod ¢ end slica 8, '

B

- BWype is tzhe Blics width in year y: paried P amd

slice 8
- GOgyps is the power output far the power plants in o
Y@&k ¥ par;od P and alica a by puwar ‘abation $,_anu s
- ECstp ia_thq,rixmd vost per unit capaclty of Pgw,;; o
- station in year y, period p.. ° s
. e i _ 1 .,
\,'\. ¥ 1; Ll A
OVERVIEW ..
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syaten without & specific powef'staticﬁ. This.ﬁﬁy

bacause of riainq oparating and maintenance eosk

ralativa to thosa of naw plant, or bacausa aitaaiﬂar

naw’ powar statlona are not available and old: ones n&ad_%f

. “to be aurapped tc make room for nawpklarqar atatioua 5:
t!and ingxeasad / nmre_atringant pollutibn_leqialatiqny

Héimilafiy'if the demand incrahs&a-it may-ba'ﬁQQQSaary”"
te axpana tha syatam by buildinq A naw powar atatian.

f'.ﬁn :hcdﬁraté Tfentmant of replacemant or axpansivn

raquiraa axplicit separation of fized annual nperation

R . | Cand .ﬁéiﬁuénanca coata frnm othmr costa. Thaaa fixed

[

W costa ne “sunlly added to the annuitisad charqes on
cgpdtalﬁ-yh¢le ‘the variable maintanancauaastg qrq_addad o
td_£ha othar variabls operating écQEb.mFdlIbwinq Masss' -
lhnd Anderson”’ tha v&riablé-%ﬂsypsflpowar outputTinr s

' plant, ls 3%xtsnd§d to includa the ambunt of 'plant'
acrappad or new plant 5 be comndauionwd of typs $,

| yaar y, paricd er and, writa capiﬁil cost teims in ths

) ‘bjective function such as CGOgyp, where Cuu$yp aquals

L  tne ﬁixed period coste’ cplua annuitiéed chargaa nnﬁlﬁ

o b capital This dgﬁ ﬁga;ver lead to aolutionu %hich scrap -

plant parpre capital coats hava haen accountad for by
tha annuitiaa. Since the declslon to install new plnnt |

_raquiros_a ngw_dacis;on varisble, this variable can ba

S S | OVERVIEW
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16C, 2§ Zipm
aml )

The. GO vﬁr’iables,' which had to satisfy plant capacity

constraints on svary portion of the load duration curve E
can thus be rsplacad ¢ with naw mn—ncqativrvariablns, ;'.
by the Z-aubatitutea, whic:h aatisfy ona canaﬁraint fnr.

O

the whole curva..

Introdnnixj: 'I'he zwvariable reducea _'tha | numhek of
constraings in an LP model subatantinly ‘and allows
linear programminy to b pppliad to 1arqar prmblams. _'
Lm&hough the introdup;ticn ’ uf ﬁtha_ ;l»-aubstitutea
incressss; the matrix dansity thera is 8 cmnaidambla o e
reduction 4in model size.. Typica& imsjrt:vamenta in
pmrfermance reportad ' and coniir*nad ,’ Y raductiona

in thé’ numbar of conatraintsa by as muc:h as 808 and
increases in the spead: with which the camput.er pmrrama

the optimisation by & f_laf:hor of -betwaa_n twé and five.

o : L . ' - ’ ]

2,10 Replacemant and Exnaqﬁ'ibﬁ‘ P
. ) iy § . : : . .
- Optimum replacsmant: cf # bower atation uuually oceurs

wien it is cheapar-tq _,gxpand and oparate the powar |
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- GOgyps lg the power output for ﬁze powar plant&”i
- year y, period p and slice s by po%er station $. o

. ! { : B T ’ . "I. '.
The capacity conatraint is
* . R : ’1\.. .‘\
..for_al;'s_' - L o B
I . S N B IGC:;-; 0 Go!w_ N . K i _J

- iGngpa iigtha installad qeneratinq capacity of plant
$, i.e. the- ' S8TME plant 8 GOgyp,, that can be aent
cut in year y, pariod p and wlive s.

Tharmfora by dafinition

B

for all ﬁ'_l; . u;S"‘l ) - .
| s o Zope ™. G0s1ny ™ G%w-+j 2 0 . L A

~ Zgyps is the decrease in powar output of & cartuin

Q.

plant for the pariod & to S

7Y i SRS
. » . [/ .

it follows . s SRR

a4

Zgﬁ,; + e P ztm -'. iugl zt.yps - Gcﬁppl

"~ end
- for all ¥ L " _
R T i |
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 DURATION GF LOAD (Hr)

S Pigure. 2 - 7 :Z_:--_sﬁ'a'srrruwms'

wr
20

fal

 ona Mipck to the ngxt. If such vAriations occur, the
P Y - R
Firesan of the lokd duration curve is too long and
S AL c : . ! : =
& shoulf ba reduced. | : o

[ #
)

I

T Lat Z$s be the decréase in powsr output of a captaln.

g '-ﬁlant for the _ﬁariod & to sm'_ (Figure 2-7) . Thér; it

| follows from the load duzation curve that
T T

- flor all s : R
[ e T GOtys & @Ospen _ PR

g,
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-2.9 Msthod of #-Substitutes .

"large as tha nu.mber: o‘f planninfr intervals, plant 13’,» tea, .

o - The main disad\fantage vof earlv LP modsls was that tha -

rumber of constraint.s would ‘soon “bacone prohibitivaly |

-'ganeratinn qroupa and blocks :Ln each load durdtionff

L developed.

B _curva _incrsaaef Rttantion wasf’ turnad to diffurent

approachas- to t! a-problem of LP- modsl rutrj,eval and th&

muthod of Z~sub{ptitutas, a qamral tachniqua attributsd

ko Baal (f:afa enced in__ Andescns paper‘“”);_ '_'w'ia,a_

|
.

- Thizg “method i "i:ased on .i.iha ob"aez‘vatidi%'tﬁa%:' the toad
-'Duxatinn curva ©an brg&an into & nupbexr of blucks for
_ _‘_.aach intarval of the planning period (Figure ?—‘?} . Tkmn

-qoinq fro;n one block & to the next am along tha time

axis of the lLoad TDuration curve, a8 the domand lavel

oo

:da_cé’:‘-aas';es_, the output of ‘any plant. will not ba

_--indraaaed; In: fact it will either ramain thu same s.s
befors, or it will be reducad. This deduction - ia valid .
providmd that the plant availabilitiea, prot;luc_ticn-

costs, and hence tha ‘merit order (i 8. "the ozdex ‘in

Coe

p

whizch tha power stations ara callad upon o gamrata o

alactricity} does not vary from -
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. 2 - :
I% addition, it is ne¢asaary to implement the pum@aﬁ”

L stcraqa conatraint to ensure trat the energy qanaratad’f

St R e

in & pariod g is equai to the energy uged in pumarng.: 
_ multiplied by cycle efficiency of the plant, ‘

fﬁlle! p_and'wher@ § = pumped storage

: ag aw% A
PR
- sw&.ps ig the alica mdth in yoar wy; periad p and '
slice &, R :
~.G05ypsﬂia the powsr outﬁut for the pump gﬁaragﬁ powar
i - plants iﬁ':yaar“ v periddﬁ p and slice s by powér_
f ‘station -1 . 4 | . |
- DFF$§p is tha ovarall afficiunwv otn the pumped “3'
o stcraqe station, and o . : . Sk ;
=~ Plgypg i8 the anergy requirad te pump the watar to: |
. storags. : o
s _
L N "
AN
T B
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1 _
| B8 1. Primary enerdy from Bydro
1.0 2 2 Energy available fxom bade -
: ~ load stations {0
m 3. Energy produced by pumped
storags
@ 3. Enargy producad for pnmped
_ st'.o'.'agé .
DEMAND | . T m— ;
*{ (NORMAZISED - ' S
. xmn)* )
< I.(?.
uls - ot -
e
0 DURATION OF LOAD {Hri'7 168

Figure, 2~  PLAND MIX  ((4)-(3)4(2)+(1)>= ENERGY DENAND)

Ll

Bl

- PLsyps is the enargy nsed to pump  the water 6

storays and 1a contributed: by other stations on . #hal_

ir

nutional grid, and

- .DMyps _the demand . satisfied by powar
‘& = 1.,..8, in year y, period p and slice 8.

:Q\

piahta,:"'
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‘2.8 Pumped atorage-;'ccnstraint

- The introduction of a pumped Storage"" station into tha--”_.}:

' ‘national grid was to do peak 5h3Vin9;.i.e,-to GEnerata;;.h.”
'f“ . - ag the peak dsmand, and to pump water to Bterag“ﬁin thaf::;*'
troughs of the demand. cycle” fFigura 2-6), by Utilisingh,f'f 
excess sfisrgy. The Iésult is aureducticn i% iuel aosts -

£6 the whole ganarating system by 5toring Qnargy at lgw R
,_.1cad periods and generaring at hiqh load Periods,"“- ”

The powerZQaﬁarétad by il tha”pbwar'statidns‘must-ba o

equal "to the total power demandad including the powmr.
used by the pumped storage atationﬁ The instantanaous

‘(.?

damand conatraint must bs medifiedaas Follows,

Ay, pands

= 5

e

e

~ G°$YPE 1s the power output for the power plantgrin'“
_ year y; period p and slice g by power &tatioh $; '

i '

 OVERVIEW
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Overall availability and faraed _ outage rates

_daterminu:‘ Erom paat rec:ords £nr exiating plant

asnumed parformmae c:f future plant, S e

The difﬁsranca batwaen ‘the :Lnstalled capaainy and
waw‘am Lhey .1.11 ‘ment out na & result 4 of plant
ava:l.labilit:y, repmmnt:u kha aven:'nga allcwa,nqa reciirad . &3
for forced and planued nutagaa. The amoum: of plnr;’\nnd . ;a
T outags (that xuqu:].red for ganer&l _ averhauls and |
..insiﬁéctionu) can ba datarmimld from the c&lculnt#d S
forcad outage which is. baaad ‘upon thu aasumud toraad '

outaga rates and the allowance ﬁeéded for plannad o @
.'.:ouhaga. _ ' P ‘- L S .
.::3.3_.5‘ mad"narryi_?y sapability " L
Heaving utablibhad -tha_ aﬁar@gn rnqui_.ramanti._. for ‘_plannéd
maintenance in . thie way, the ruéw 'naud;ud o cater
. for forced outagu with a given dagraa of tuc:urity of
: ."supply can ba aatubl:l.nhed uaing probabilit;y mathoc‘.a.

Fg;r a given atation having sate .w:li:h_ r.’.':'.now;a_-' for‘cid
cutage ' ratas, the probability of any numbez  of pats L
being cut of service at che same time is sstablished

' __uling the binomial proﬁabi;‘.i.ty formila

' CURRENT. STATUS



' NS

312

of the Q?r.m it 18 poesible to wait untll the nig‘ht S
the next weakand t:c: carry out: the rapairs, whmn m :
datand on tha system im low. This typs of outng*a t&ms

noet radfuira any additional ?:asarva as it can ba. .
' achadulid when the load permits, On the other hand, i,
the repalr work ia not  completed bsfore the mxt o
- weekday paak:, the portion af paak tima whan the aut :La :
-ast:l.ll out . af survica must be traat:ed g tomud Dutage

Ead

of tha firut aatagory.

3¢728 . Routine maintenancs regerve

‘Planned outags / gane:éé.l overhﬁui ratgig axe basad on
~ the long term malntenance policy and on the va:’:ious.
types of plant involved. At the old powar staﬁfqnu.'
whera the  sat size doss" not  excesd. 30 NW, the
L mainténanca of .tha bollara doss not necessgarily cause & -
reﬂuot.ion of out:pa,‘t ‘az thare aru morey . boilarn than
t:urba-ganaratora. fﬁm stat:ianm whexe i:,t;ara i® one boilar
pa_r__ turbin_a, but; _wha:re there iw alwo a stesn range (60
- 200 MW wets), the - boiler overhauls - do “m'f___fuct:”l:hq |
.ovarall avallabi l:l.t.y aff tlw staticn, but 103;5” thm ak
the lurgu 114 equipped with rahaat {300 MW and Sharger )
watw) whera thare I;I.s not pouibilil:y of croas-Zfaeding.

| CURRENT STATUS

Erl



~ipsmely . %
-y - ;

o __.'é~11

0

at tha namg%time.

3.9.4 Eo%aqé outags resszve - s
4

W

Forced outagas ?can_ba dividhd'inﬁo}th:ae“caﬁﬁgoriaﬂ.';

4

K

v ) I
“ S

a) Puru fcrcad dutugu '

ERRY

' Thia catagory of outags ocours whan . suddan hrdakdown
| ﬁo?aaa the camplata ,ganarating vndt ouL of aservice

ﬁhﬁhanical faultsv}afracting bearingu, belong te this

b

'|: - 0

catagary. ' _ ﬁ ' : p
| 4 | E. }
b Partisl forosd ?utage

;

Thin category outugx forcum an immadintu redudtion of

tha unit cutput, Eh ﬂaas not reguire ita aomplata '

nhutdown‘ ‘Coal mill 4 fan breakdowns aras- typleal of

thi&- cp ﬁgory of outags haunumm thare are alwuys_

L.

sevaral auch auxiliary plants,

¢} Daferred forzed cutage

Thie category of forced mutugn'occurn hgcuulo thaf dn:'

‘not teguire the sst to be shut down imiedistely. Moat

CURRENT STOTUS

.

- wiLhaut . any delqK Mogt alactrical faultn snd the
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Figur'e 3-2 Load Repmentation And Rmrva Haquiromants
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3.9

iy

) _ L S '
% 3%2 there was no load. grawth, tha inmtalled agpnat

- would vemain constant and Lhum the raaerﬁa &n.,_f
) _maintenance would be scheduled in such & way that thnif.
aum of the maximum damand of . every wesk plua tha smount:
of plunt on mq;ntananca at the Lime of thia.damand is

Kept st & conefant minimum velue throughcut the ysar. °

" 1 thers is load growch, addiuianal'ganeratingicagacity
. is prmvided From. tima to tima. The optimum maintananaa':
programnie dapenda on hnw much. extra capacity Y
,inmtallad” in & year‘ A reasonable umudglling-
_simplifidation ig to add'caﬁadity at the3begihniﬂg:of
. ééﬁh'four-monthly pariod mo that tha_inqtalleﬂ capnaity_
"_:incxeawaa»in sgual steps ae i;lusbrqted oh Plyure 3-2.
I'Mgintnnancaf!achgduiad en thiz assumption 'may. raquire-
'-;néjumtmsnb to meet'thgjagtual pituation, aa'ths slze of
 the sete® added and tha fact that 'na%q _gr§'1aat
necessarily added in smch four-monthly pericd.
Thia_sifuation\ds allowad for "in qompﬁtar studies by
pérmitting it to mcheduls the malnoténance of ona or two

u_largb stationa. Thim'unablas_thafapmputer Lo detsymine

a

CITTRDTAT AATrTE
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Picd

'3-_8:

In tha madal a 'probability of sccurrence may bia
.aas:!.gned to the average znd extrame conditlons {ueaualiy_ |

called the normal and worst case). If, for exampls, 25?

:Lai 'all-mcatad to the axt:rema &onditions' and 75% to the

_a.va:mgﬁl ccmditions, the productian costs ma]ging up the

abjmtiw funct on taka t:h:l.s allocatien into account. 'u

i‘ﬁ . . o,_)

Such - &n allmcation le nacessnry &s the panalty of
praduction coste, &% a lowar than avarnge availability, .
im higher' then the savings when the availability is

hﬁghar then , zmraga. The cost of production varsum tha

./Amilnbility of tha gystem  ip. no_i: & linssr

relutionahip, =as E‘x ‘*r.:rat. of production rimasn £nstar-

 then theﬂmta of dut:erioratian Au avai“;ab:l.lity.

3.3.3 ‘Reserve for planned maintenancs
After “tha load :%%upreﬂant_uticn has Been dstermined the

mntint:anan__c_u"" work i"i%_ can  ba hchadu:ll.éd.' The objactive of

thiz axe:fci:"me ii to Hnap 'thu" raquiud inntallad.'c--

'_ ganarat:ing capmil:y of tha mystam aa low as posaible

"by the maintana,nca poliey. -~ .

while fulfilling tha maint:anance raquiramants dictated



phesed in to ﬁrbvide coal, from the time that éhe Bivat
" of tha six ‘pover generating unite requiraa fual unhil'f'
-8}l mix ﬁnits require coal. -

o

" 3.3.2 :3mqrnga ;hglextrama aonditiong

. w

If, 1n tha conétrainta* use is nmﬂa of average

_availability of the powar ptations, average produutiﬁn -
'lQVala at the volliarias and average hydro snsrgy, th@

‘ seluticn will prnvi&e tha optimal best way to - mxpand

and apnrnta ths mystam under aﬂ%rqga conditions anly.
) 0

Thig will not allow ﬁor parioda when outag rates sre

-'abave BYAYESS, whan balow  average productien lavsls

..“psraist at tho colliariea or when drqught 1Amite thm“

i demand:

__hydra ane“gy availebla,

To: oater for the adverss conditlons, it waé tesersany

to conmider thé genersting dystem twice is mae&ing{;ha

i

e om," with average conditions of .plnnt aﬁd“'"-

3

" availability and

<. once with axtreme ccnditians of plant and energy

shortage,
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L

_- _convsvon nzu o o .

.\ supplied by a colliery or'watﬁi_sourcu; Ndrﬁsl; #ghtiéa : 0

”'%  is that & colliery becomss tia& to a power statl

This medhé that bnce .ha contra t i= aqmaed uRen coal
iavbnly prcduced fqr “he ona power atation. ir i
T congizared that it takes closa Lo ten yaaru Lo huil

mode.ﬁ 181X P&CK' powey atatiun, a colliary has to q P

14
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'.Lhe t:est:ing of additional scsnarios..

mtation. o S A

' '3~5  

3.3 GEX Peatures

To obtain the maximum use of the LP Whethodology a

- number o_f_ _apacia_:l._ features, in addition : t_b _t:_hqse'

govered in chépter one, were deaignad into GEX. 'Th'ia-
improvad the value of the :Binal rasulta and anabling

T The '_m'ora '-intqresﬁin'é." of i:heae faatur_a_s ui‘a -"riow .

dimcumsed.

‘The 'tr&ﬂsﬁ:art problem

3.a§1

Thim préblema aroée when it beuane nacéssaﬁy to Bliilate _

u.'x,}éat:wbrk of powsr stations linksd- to prima;y snexgy

sources  via . hrb.hsport channels, ~ This dliowad the

t:ransport:ation oi' cosl Erom one coal sourca“ te more

than one. thermal _paw;ar st;at:iona (F:Lgurét 31

94milsxly/ one dam could supply more than onq_.\ hydro
. . ) : Y -

\ﬂ-

\

"I'his saction of the programma anly allowad a maximuﬁ; of

t:hrea deatina.t:iwna par colliery or water source, "‘rha

numbar of dest‘.inations is Jimit:sd ag Eakom«dms n@t:

| hava nex im;ends to hawﬁ wore than three powex wbationa;
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- AR

N_Dgeambar_-isﬁs ndid'-noﬁ mark: tna end cf-,gﬁ&

Q

| duvéloﬁamant:‘ as the programme, fow c'aii'ed 'G.ﬂ'fx"': o
Ganaration Expansion, wag ‘enhanced until the earlgi;g
1980'&. Thase anhancemanta include the devalcpmant of ”?
& Matrix Genarator, Report ‘Weiter, & Matidx splitter,lf:

Integey Prcgramming, and the inclusion of the Z ~ -

mubstitutes mathodalagy Furthar changas ware made tﬁ

tha programma to incresse the va:ue of the uutput,'”

2PMOVE. programming ‘erxors,  and ko intarfaca to ohharfn

computar technologias a8 lata as 19&9.

L

nF



'Infprmation Systems group,

. THe progress. bfi_tha prpject was as follows

Therefors, thé problem of ﬁindihg an economic axﬁan@imﬁ'»ﬁ

programme, howpver simpla it a@peara at Blrst glance,;

ia dn ﬁact cumplex and raquires the uae of uomputers.

3.2 History of LP in Generasion Expanaian'Pianniné

. o

_.Thé ‘spplication of Linaar -Programming:.to Generation
'Planning, in Eskom, came into 1tm Wl 1‘?#. The'taam
' congieted primarily of twa paople, one ~from thaﬁ

| Generation Planning grcup and the othar from th@ .

i

‘Project definition = . dune 1074 U
‘Gystems Design _Oat:obar 1974 S
Systems Programming ' __Febrﬁary 1975,
User Tests : . May 1975~ | N
Implementation L :June to December 1975,

' While daveloping the programma axtenaive wﬁrk was baing

 done by Rubbara“” to determiné and collsct data to be

used hY the LP modal I -1',b_;;




| and with limited impact on the environmant

. GEP's work ends with a présentation' to the ﬁbkom?

‘Management Rosrd where the various alterpatives are

hydro,  pumped storage, combined ayele . gaaeﬂiré‘

- gtatieme - and  gas  turbines) . have &ifﬂa&en&%
* . .I_r,r '

= levels of relisbility

- efficienuies_

cost, while ccmplying with good reliability of aupplyf

_putlined, for a. new expansion pragramﬁe.wThia includes -
. . . . (3] : Lo

_'the_racdmméndatioﬁ df'certain-propoaala.' . o e

£

#

Varicué;typaa o genaxating_plant_jcdélufirad,-nﬁclaarg

.

charagtaristica, su¢h

i

- 'maintananae requiramenta -

- operation raquirementa
~ . ghergy 1imitationm

- conatruction, operating cnats and 1i£a cycle costa.-
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4.5 Genaevation Expansion Planning Methodology

. Thé3customef proﬁéﬁed that the programie be davnlope& 

- inurementally The geguence in which the davalupment -

a

&) Optimiaat:ion of prasunt value of pmducticn and.'_'._'."ﬁ_"

© . cmpital cost.

'wam c&rried out was determined by w}mt aperational:__-

a:ivantagas could be achiev&d - fxom auch of tl'm;-

-incrementa. The 1ndividual ssctions are lleted briufly .

with n numher of the iasuua corgidurad.

b) Reliability criterim;
- Reserve margin (25%),

- Loss of load probability {LOLP} at Iaur -monthly pask

‘hour (10%},
~ LOLR At aversge fcurvmanthly waakly peak hour (4. 1%);
- LOLP of da:l.ly paak hcaur (6 d/y] -

+ - Loss of load hour (LOGLH) tzah/y},

e

e'Unuge& Energy (UR) (.007%) coat te custwmcr!
{X to 5 R/RWH). |

L B

USER REQUIREMENTS




a) " Bvaluation of altarnativa plana. |
- focus. on productian' schaduling ! planning Taig;%f
capaciry factara), o - L ifo_ ”
- partorming prewent valua, egoalated or conauant Rand
. cost. projections, and - o L
~ uddertaking reliability avalustion saqnarioa (e, g.
| Load Carrying Capability, Lnss Of Load Prababilityl

Unuged Bnsrgy) Sk

 b) Expansion p}an dptimiaaticn-
- continuoua or ingegar phasing of commismioning nr
. decommissioning of plant, and

';}- plant mix sbudies (u.g['thsrmnl Gy pumped stormge)
it : . . ' R

S

o). Long-term budgat..

A liwt of the typse df-mtudiaﬁ-dcna.ﬁy:éﬁp rre listed in
Appendix B. : ' o

USER REQUIREMENTE

a e
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- Technology Inter Connected Systems (ITICS) staff weiw:

«-develop; test and document the model,
~ dealgn and develcp the da,tiabau'e , and
- project co-orxdination and dontrol'._

.Due' to urgency of the project and the xrather Timitad

| resourcen availnbla,' the developrent of the new model

was to ba basad on the experience gaimd with the Gmx-"' o

thedel. Fu:ctharmora, the Opap:atious Rasaarch expnrt:iaa

of ITICE waa o be utilised in salacting the. :righ’g;

mathodology and ITICS wag resgponsibls for adopting the
gjght ‘approach for gensrution axpansioh studies,

4.4 acape: of Gepnaration lxpansion - Planhing Studles

GHP st.ﬁdia_p ‘purformed ostensibly fall into the

fol 1cwizig categorias;

USKR REQUIREMENTS

i
t,

w
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C o aa Responeibility and Invelvement

41

CHADTER 4

A =

4 USHR REQUIREMENTS

4.1 Purpose and obj“ma.t‘.iv-e

ER
= [

- The purpose of this pro'jaint wag to provide Gane';ra'_:t:i}an

friendly flexible computer model auitable for the °

- evalun:i.'can_ and .cptimization of . altexnaté generation

c:apa..city _an&l snsryy plans, The objestive was to dev&lbp

Expansion Planning ci_‘;.é'imit'{h with s tailor-mads user- )

the Eékqm Productidﬁ Scheduling syetem, by the end of

[

199&. 

[

o . _ ) o

“the sstablishing of & methodology and &p;cificatipn ‘of

-'Thg_,:fr. GEP staff Wezrs - pximaéiiy vesponsible to assigt. in

the medel, and then, to' aaaiat__ in ""i:u-l_:.i_ng' mnd

" _doeumeﬂtatioh.- The rahponuibi_litiq;i of tha Information |

. Y]
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--mmual production expenses exceed those fox - capital" o
-there _ aéa ‘often aignificant differancas bu»ﬂeen |

axpanaierl. programmas carreaponding to aach of !:hase twcs' '

obj actives.

Once the LOCe  are calaulatad for all maaib&e.f*
. ::ombinations of new plant that dould ba ad.dad ta make
up the capacity shortfall, t(ha comput:er optimiaatinn_.

" "i-_prog:mm_ma salaats the altesrnatlve which “'_ill mem___:_-t:ha' _

mindmum total costs. | : I

o
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f!

: j{ii{:} With a. loss of load. prabablllty' of slx daya_
. .. every ten years, the optimum set size is 600 MA

E for all fbrced_outagg_rates considarad.

From: Figure 3-4 it can he seen that tha economic' -

penalty is higher, in'_the case_ of poor

e

I!: . - _ rgliabiliﬁy, if the system. is expinded with

' | large setds ms opppsad to more setm oﬁ -] gmall@ri -

 dﬁpac1ty. Assumiﬁg thé?iesﬁlta-nf.éhe cohput§r
atu&iaa'predict'thaf it iw ecdnomicalzéo.inatall o
very large seta, a balence .will have to baﬁ

gtrusk batween & non optimim aolution of . amall

)

" pets 1nrolving little xisk und an nptimum

isoluhion of larga pats which might turn inte a

_ near disaster LE expectad relzabllity dosg’ not .

R materialise, In othar words, the economic
| o advantage of very = large ssts should be

substantial before a décisidﬁ is  taken' to '

- e _inglhde_them in_an_axpanaion programme .

it

' To spEura an eccnam;c expansion programma, it is net 5o
neceasary to engure that conatxuction costs are kept to
a ﬁlnimum a@ to ensure that the total of praductian s

e

p&ua capital coste are kapt ‘to a nmnimum. and  since

-
SN
E)

 CuRRENT STATUS
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 the get .s:i_.zé will be much xe’dﬁced_ J.J: the ﬁagégﬁ.

vutage vate la 1cwr"'. : At the' limit, where i.:b

fbrced cutage rate s zera tha 1Ce is oﬂ pouzse ;.

unity ragardléas of t.ha aet aize. _

Based t'an this :Lnformat:ion, it bec.omes pcsaible to

“ﬁ meas ‘the mvings aahievaﬁ thwt%gh aconcmy o:E sca&.a
\«gith cd\astruufion costs expresaad in Rand par kW af
load carrying capability. The following- cbservations

'ragarding coal f:.rad atatinna are darivad fr&m the S
_ 'graphﬁ shown in F:Lgure 34, - T

REVE With a lLosz of load probahili*'y of aix da.ys per |

”yaar, and ccmsidering conatmction costs alone, _

m"_f:"'mq &Hanomic Bet s:.za dapsnr’ia cn tha level af

ﬁbS:ced outage rate assuméd. For the slternative

cf forced out:aga rataa of 15 parcant applying Lo

+the 600 MW patd, . 16 percent to t.he 850 MW aeta 1--

and 2:? parcent: t:o tha 1 200 MW sets, it is
| economié to select: st gizan J.argu than $po MK,

‘On the other hand if_ the forced outage ratss are

20 percent for 640 MW unditm, 23 percent: for 850

"MW units and 25 percant for 1 200 MW unlte, it
- ie equally edbnomic.: te have 850 or'-sno__mw watm.

- '_ln.-.r> '

L

CURRENT STATUS .



“which “ha as = e, after . allowing

’ ol

maint:enance, at laast aqual to tha ahortfall

It im thua 'i'rit‘:ex"eéi‘:ing' ‘to  see hdw ' r.hé' LOC - of *a

gengarator expraased in parcant of ita rated output,

U vapy as follows :

'fluctua.t:es' under vamou& circumatances, and haw_:_

found that the Lcc of .a proposad new ° generato:: w:Lll'

H

o ._tiJ 4, The LOG é;'f,_:.‘.;ﬁa p_‘art:i.'_cuiar. set will He .I_Lb_w 1% t;ha

' raquired relisbility of supply ig high, if the

gt ,;'ifdrn.ed outage vate is high snd if its size,

ﬂonclusions can be raached for a policy ragarding the -

| 'adc'{ition of very 1arge aets in a syatam. It has bean-..'f,-:"'-

f o .
: :_n ralaticm ..o the whole ayatem,_ {its weey fee

al 86 high

oy -
! e

'y
L.

- ‘size and mc ]dapanding on the number of similar:_'

" (:i_-ij «--_‘I'hare 19 & "non-lineax ralat:ionship batween aat .

.“--s:e;_t.a alra_a.dy iz;stalled. Foxr e:_:ampla, _thera __w:LJ.l_ '

o be & large LOC improvement over the -first, when

a sacénd la:_tg,e' u'nit' ia 'insté,_ll_;ad i the systém,_
such as the secoﬁd sat at 'Kéeberg, and’ ? mich

> _smallew impravament when; for axarnpla i:h/ t:anth._,'

-aimi:l.ar" unit ie :Lnstailed. Alsg, t:he enffect: of

CURRENY STATUS
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| LOSS OF LOAD PROBABILITY

03

- o0t

: 88 90 92 94 96 98 100 102 104 106 |
LOAD IN % -oF THE FOUR MONTHLY*MAX_IMA o

/ T IVECI DS S S R S S I |

0,03}

0,003 frfssen

It

| teurve 1

Lurve 2

»nwo-a--— ;

0urve 1: Orlglnal System R
Curve 2 brig;nat Syatam = Set X

L

Flgwe 33

| .Sys.t_em Load c'arrying Capahili{y |




B

E e . | CURRENT STATUS

.t:he syst-am rq;guires to cater fox‘ forced outagﬂa .with

g:wen degrea of Security of supply B

- of Four month.*téf

If a new sat is then added to the system of Figura 3 3,'__.
-and t:he. proha.l—'ility c.urva :c*en:at:I.mxlattsed.r it is posaibla
_to eptablish what ‘the cantrabut:mn of that met :.s tg

the aystem wit:h t:he \riew of meet:r.ng the 1oad a.t the-

i known a-s the "load ::a.rrying capabilit:y" (Lcc)
that” part:iculq’g set if added to t:hal: paarticular system. :

3,3.7 Installed capacity

Having established the - gj‘}stem "'?demanﬁ, the T"':lces_lér\ra
needed' fér 'plannec.i. .mainténanca aﬁd ;he LEC of ".:.ha.
a:c:.sting systen, the shortfall of capaalty in any ’
period can be determined }:y cotmparing | the Lcc of a:L:L_-

_plant: not on planned maintenanca with the ayatem

maximam demand _ - o RS
. . . (J e N -

- As a year can dphveniéntljy e divided in thr_aa 'pe'}x;iods

A

- axamined thrae timee per annum. To retain security of

- ‘supply th:i.s ahorl:fall must be made up by adding plam:_ '

‘each, the shortfall .sihduld normally ba

-_.'praaent 1evel of security of. supply. This cmntribution - o



£
#

L7 N!
P =

. FE{1- F)N -z
R '(N*rll _

tE

B _wheres N o= numbar of Bets in the station e

r o= number of sets out of service -

F = forved autaga-ratef pe;,unln.

-m

“ .

and is. the aame ag tha pmobability pﬁ N - r or. mmrg_] -;

Sats beaing availabla._ _‘\

[

'*f aaeh station is treated in this way and tha raault&

probability of - any givun'_ambunt of ,powar_;beihg B
‘avallsdble For the entlrze system,_'aa illvstrated  on

 3Figura §~3y

. 'l

" now dacidad upon, tha,pmount of power: which wouid ‘be
svailable from the systew ‘and whict would satisty the 3_:" .
desired criterla can be detarminad from the curves ‘“3 '

ﬂ.differanca between. thig available ‘output and the

i >
S

R o

: The probability of ¥ or ﬁewer seta being out 15 the aum f-

_of tha probabilitlas of ¢ {zero) to r sats bemug outs

i

‘are combinad ‘a curva ia qbtainéd which ahows th3~

IF a mfnimum'acaaptable level of security of supply 48

' installed capacity ef tha syatem, ia the reserve that-

" - . CURRENT STATUS
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CHAPTER 5

T B, THE SOFTWARE VSRD

£

The softnwa.ra salacted for thie projact had to run on
bot:h thn mninframu and wcr}mtatinn unvironmanta with:t.n -
“the company Gnce the Efoxmulae nad baan fimlismd t:ha"

davalopment: of t.ha simulntion packago began. |

The software pa{ckagas' " amployed . wers MOG (M&tri_:#

| _Gdnargtor . Ganarstor) and = Sciconic (ap.t:_i!m"isinﬂ

moftware) . Piguxe 5-1 i'llué_tratuaf the stape in the

functional £low of _t:‘ha'systiam.

o .
%]

Onc:e. the fornulas ) had baen 'dacidad and agresd ﬁpcn the

_ programming commsnaad, Tha first file that hu.s:i to be

craatad waa MGG{filannm] DATA ana gsrves as the input
file to MGG, The structure of the £ils will not b
dimcuesed here but more information is supplisd in

appéﬁdix . The formulse ware bthen entered into tha

© #ile in the required :‘.’brmat;._




- productian optimis ticn run of & full aize @

k) Documentation = o B ;-

| ) Th& “nllowing ig & list of tha documuntatian that Waa

' 4-13

a

;

) Computar performaggr raquiramanta 2

ghould not take longer than one hour on an Apolla,i

= expanaion cptimiaatian run of a full size auuﬂy

A Js
should not taka longer than. four hours on tMu-

mainfrume. o - B ”ﬁ

xaquirnd “oo ‘ _ o j 
. ) i

- uger manusl;

- programners manﬁal; S . .

- wut ef bast cases, . _

« a csae study for truining purponua. ) R

B | |
. o
R

USFR REQUIREMENTS
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i

.

ii Goneral raquirements

4~12

' genaratimn, losd ghedding stages],

o

d&bag

data,- o ; T
LOTUB 123 intarfaca, '

‘=

graphicanpackaga intsrfdaé,;__”l T S

optional debug raport,

' nnuta/:anggnl, . e PR

w

.
&

|

.I}

'.having to rerun the entire sbudy,

e

'i~-a fac«lity to use & starting bage of "a pfﬁvi@ﬁs:runf

or usur-dafiuad,_f

- ths e pasaibility of to mnnitaring tha progreas of'
tha optimigation.” by 2coegsing a - constqntly“

updating status ruport shuuld axist,
-'running procadurea should be menu-driven (a8 in

 ammsy, e o e | :
~ &  sghout dav +fila should list tha major staps and*

furthar report only axueptiona oFr . abnormulitian,

xpport on unserved energy {frequancy drop, P
facility to aggraqata pericd data inte sub-yaar fg

faciii*y té_aggrﬁgﬁta atapian data:into'Statiqn group :

mptional senaitivity rnpnrt tshadow pr%cés/margihai L

& facilihy tc svaluste difﬁarant aoanarioa“ withaut'

2

 USER REQUIRKMENTS

Ly




S

g1

: mpresantation | could 'éubstantiallir"' radp,ca t 'k

'axecution time or turn-over time in tha;naw ﬁﬁﬁal fmwj

i}
A

& typical study) , ' 'Hﬂ S0
a facility wheraby ‘the conatraints Whlch bad to ba_

spplisd could ke spacmfiad Wad to be available,
8 facility had te be providad which would enszble the
asaigning of input givan valuas to specific input

malaction of variablad,

| fdeﬂiaicn variablas ware to be dafinad a8 in Lha

Refersnce Table (appandix A},

can‘straint:m were to- ba defined as in the _Refaxax;qa :
Taiole {appandix a), B '
the upper limits of thHe, Andices that ware raquired'

- are &5 tabled balow. -

. \\

| Requived limit .

pid GEX 1imit |

[y

Indax
| Power soutce 200- 124 .
- Coal source - 00 -1
Othar rescvroe 850 NA
Yaury 50 30
Peried B2 [
8lice . 168 89

Qutput £acilitiea'

The fmllowing wanre tha stipulated autput facilitias.

- ilexibla reports 1n_tarma of format, lavel of detail

and himutsﬁapw,-

USER REQUIREMENTS

W



.rggarva could be lavalized
" - expansion cptimisation nad to ba performad by
'applying the rclling horizon method, if at all
possible, . R o
- anfopticn”ﬂadftq b providad whaiﬁ_by'd'ﬁbnuédénﬁmicgf-
merit order _in the ‘production -scheduliny cowld be
Chpmén by aﬁplyiﬁg a 'keﬁ’Mgf _mbdi£i¢d _v§riable.
'-bparétihg ddsts}- ) S B . T .
- an option had'to be pQ‘Lvidad which w‘éuld enzble tha .-
"calibrm“¢on of the load faatora of the individual
' units by prograssively darating thea- capacitlaa
{POWRSYM or BEEAS to be used for bench- marking),

‘

an optian whera by the dacommissiahing of atatiana

~ gould be optimised had ta be prcvided

gl LP formulation _ _
With*ragdrds to the LP'formﬁlationltha fdllbwihg wars  :'
the requirements | | B _ | '
e » the adding and mcdification af aquationa had Eo ha ;-1
rslativmly gimpls task which could ba perfnrmad by an

_ exparienmad uger, ' o
- yha Mat:ix-sanaratoffhad to allow for'pbmaibla latey
_ introdugtion of the Z-gubstitute vepregentation for
 sqlaata§ variables {It remained to bé hestid if thim

USER REQUIREMENTS
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v
few iat;ationa ox by allocat:ing maint:enamca the ayatem
raaarve could pe lavslizad, )
- @xpansion apkimiaation had to be parformad by o
applying the rolling horizom method, 4f atﬁall- ;:
- possible, - ._ | ._'  _ ._: v.: B
~ an option had'%n be pﬁqgided wha?a by = nanecdnbmi05 

E merdt ordex in Eha production _ach§du1ing 'cgpld *bé

chosen My applying a sat_'cf"modifia&"vériabla

oparating costy,

= 8n option had to ba pravidad whzchﬂ%auld enabla tha o

_ calibration of the load factaxs of the individual
unitm by progresaively derating the capaaitias .
[POWRSYM or EGEAS to be used for bench- markinql,

- an optlon whare by ths decommisa*oning of atationa
could be optimiaad had to be provided. |

Lh

g) LP formulatien

"With regards to the LB formlation hha.fallowing ﬁ@ra_

' the reguirements

. the adding and mpdificatidn of aquatidné had to be &

. ralativaly gimple. task whith oould be perforqu by an

axpaxienaad vasr,

o

- the Matrix Ganarator had to allow for- posaible later
introduction of the g-gubstitute ruprasantaticn for

gelacted variables {It ramained to “be taatad i1f thia

USER REQUIREMENTS



o

- 3alected reports / grapha / lotus filas, _ 
- modular Flexible structure deaigned fox- eaay )

~wmodification,

éi ' Input facilities _ _
w datn antty via data . basb ayatam wag - still under |

: ;development when Production Planning algorithm e B
'*uomplatad, SR .f R ;: ;-vg;'_

P

- dat& validation and. aonsistancy ahacks had to provid& '

a validation ‘veport -with qitferent rapqrt_ lavals- "
{defaulta. usaed, out  of normal' range, _inaonsis;gn¢:f_.f
fy"?wiﬁh other data, non-fatéi.error, fatal erro£ aé% l.fﬂf
| “validation requmrad bqth A intaractivu and butch
'__moda of operaticn, _ ‘
q[iufacility had to be pmgvidad which cauld group units _.
-'into groupa ‘with aqui%alent properties : o
| . . '.15?
£} Optimisation mebhodology _ N :
“ weakly load profile had to Be reprasanted by & gtep- i: R
wise LDG oY a chronological ourye, : . f E
- LOLP aonstraint had ta be raprasanted by & 1inaar A
equation, _ - .
.- maintanance optimiaation had: to ba providad ao that

by aalecting the variable maintenance optiat fon a

USER REQUIREMENTS



.bI' Software _{ - Y ' ;”PH e
- $ciconic LP packaga including mahrix genaxator aﬂﬂ*i
| report writer for both the IBM and Apollo vgxsiona, -
-~ VM operating syatem on IBM, o - |
- ORACLE relational databasa- padkaga for IBM _and
Apolle/HP which had already been acquire&, '
- Graphic package on Apollo/HP, A _ff | o
" all other coding to be writﬁan in standard ANSI'f'”

FGRTRAN 7 and to be aalf documanting.q\i

e Intarfacaa ' : S .
_ZThe interfaces whi&h had to' be aatablmahed had to P
'_familihata propgr_intagration_of tha differeqp hardwara:

| platforms. T - ,  ._ S S
- IBM/Epollo bi-directional 1ink for f£ile transfeﬁ '

- Apallo/PC hardwara link for filae tranﬂfar,

- Sciconia / rapurt«writer to Lowus_mz; format,

- geigonic / report-writer to graphioal djhpray mutﬁut.
d} Mod&l.atrudturé

Lo Da*a antry and data aditing,

s

Input Data Base

- Bre-processor/matyix genarator

LPipackaga :

‘Report Data Bape

USER REQUIREMENTS -
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4 7 Requiremenhs For New ﬁodal

"'Tha requirements for the of the new model . had to cavar

the following aspects. and are discusaed brlef y;

- Hardwsre

L software e

- Interfadaa' _. ‘__gf'm_m -
~ Modal struatura'_5

. Z'Ih?u“ﬂfaciiitias SR _ .'._ -

- Optimisation mathodology
- LP fbrmulatzon _
L Ggqn&‘,}_‘&l- facilitias / Préﬂedﬁrag - o o -

//3

- CQmpui r\ erﬁormanca xaquixementﬂ"

= Docum ntarion

a) . Hardware )

. IBM fox large studies, - ,1( |
'_*fﬁpollo/HP'workstationa_for"maiia: studies and data .

entry. | |

| USER REQUIRBMENTS ’



£} T:.me horizon and end effects;

.'" Study horizon covers paribd df inl:.arfea't,. '
- Horizon-a.a arr:.ficially a:cpandad by ' years or . te
:Lnf:l.uit:y (exyanawn plan assumed to be frozen a.t: end
| of study horizon but in the extra years plant at 'c.ha""' 5

eand of th?la:.r economic lifa is rapladad by :.dantical.

_ pla.nt)

4.6 Getioration Bxpansion Plenning Syshama

a) Use of models; 'the_u "fclléwihg t:c:frt'puter' é;:ogr'ah;};‘:zéé g

were used, by GRP ag part of their normal work and in

the evaluat{on phase of this project.

‘- GEX, EGEAS, POWRSYM, CAPEX, and GENREL®,
- Output manipulation by LOTUS 223, '

i

g b') C!omputar hardware, t:he type of computers utilised
by GEP ware Mainframea (IBM,. v m:.nic.-omputare wp -

Apollo] and PC‘S. '

& GEX - 0Old densrabion mcpmnim P:I.anni.ngrg JGgeamIA
m Elactrie denszatbion . Hﬂmmim lnmﬁ.ng '
Analysin Systun programnme (by ZPRLI}
POMERAYM ~ Pouax System Probebilistila stmulatian
LGRS
CAPEX -~ Cmpital Xxpspditira programie
GRERBY: - Gamru?.ion haliabi Iy programme
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@)  Treatment of uncertainty}
'~ Sosnaxio developmant- '

- Coat-beneflt analysis of flexibility.

4} Data callaction & validaticn,

. On an. annual basia~yy,means af ‘meftios oz reports,

'- Using ccnsistent data aets,'
. Using spacified Formdts, o
- Manipulation tc auit specific prnblem ?r model.

i .
& .
A

__é) Load representation; o _ )
- Three four-monthly periods of equal weekly peak
'.loads,_ o S o o A

~ fixed malntenance in-each period,

.

Weekly Load Duration Curve (IDC) (due to Pump Storege
. ,weekly cycle), _ 1% o
Different winter and summar LDC'E,

i

Progacted Damand gide Nauagement: effects incorporatadh

b

_in losd forscast,

Load forecast scenarios.



TRy, - ‘Pransport c:haringl Retirement  (pu) .
THE,p - T
IRBW

6.3.3 Raaqw:ua va.riahles and hounds

ROy, o Regourcs Out:put: (pu)
10 : 'Rous'p S {ROLW] - 5.
by SRR
_'RI@ T Rasource Installat:im (pﬁ}"_'_ s
RIyy
: - RIByy o .
RR,‘, ' ' Resource Retivement (pu)
\iy 3 . . -
lm_aw L .

6.4 Duiinitipﬁ"of Coaffiaionha and Related Culquldtibna o

o

Tha valuaa af the comfiicimnhe Bre givsn :Ln tho Matri.x'
Ganarato:c :anut: data unlaﬂa otharwi=s m&iaamd :Ln |
saction 6.4.2{a}. Intermadinry transformatiom fxom -
the Nbﬁt}_eux model input date to tha Mutxix _qana:*atgr.. |
input data would be dons in the NswGex Datahaa#.";

B.4,1 Dafinition of coefflaientna

All cosfficients ave defined am zoal (Eractionel)

nimbers unlese ot:harv}in -:L_ndicati:ad. g

PORMULATTON



BT

guB

. 0w ) .
'Gii;p _ Bensratlon Retirement. (pu)
GRSy, | |
6.3, Conl variebles snd bowpds
OOy, . ¢olliery Output: Me) .
. C'OU”' ] [CIOIu;] ] ) - L
COpy o ' . '
Ty | Trans ]port: on chanmal sutput (Mt)
o [0V} i'roaz.., |
Glegy v S Star"k.pile Level st end of pariud or .
: [8LUgp] ,  [BLlgy) - yeax (r-ﬁ:)
'_'f]i“ ' o ' s"z:ockpi_ln'rnput {Me}y . o
'c_";;_:p (8101 ¢ [8ZLipl | Ty
Y 81Uyl (STl | _'
8Os, _‘ 'st:ockpila Output (Mt} "
. 'I;so . ESQIU.;.] r [SC‘IA.;.]
. w “ P
SV [80Ue) . [SOLy) Y |
Iy - Cplliery Instmllation (pu)
CIuy
CRyp . - “Colliery Retirsment (pu)
Ry CRSyp S
- CRey _ _ _ _
Pl Transport channel Imstsliation (pu)
TIByp - =
TI.)!I L
TIBuy

FORMULATION
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't6 smction 6.4.2,(B). In the case of ”thazbom_;\ betng
dafined . pak sliéa the values thersof ave caiaulﬁt&ﬁ5”
@cbm pégf d values glven ia-the matrix genarabor input
data. .ﬁ,v L B . N
The coal and resource Variabléﬁ and'bouhds"aréfdafiﬁsd
.aither on & your bania or on a’ perind bablm.. Tha coal

and remource conatrainta are defined aaccrdingly f'f_;3

.// \ _ _
_//Fixud hounds  ara &efinad by giving aqual lower und\

E upper bounds in tha input.

6.3.%- Ganeration varishlay and bounds _
fcl) 7 gensvetien Ouﬁput”.{eﬁi:
" oov,, [éon 1 _ o
BL. . Pumping Load {GW)
" P, o [BRL) | o
o PI,, Power - Import @) .y
“PH,, S Power Export: {aW)
o #EU, ., PEL) o
po”-' . Planned Outage  (pu)-
_ : TRy
R8 . Relaxation nﬁ Spinning'rasarva:(GWJ
. 1
- Ray,
'Gc;p Gﬁnaration Commer equipmant inmuallation
_ o pu)
) GCB, , _‘ } .
Gu, . Generation Unite installation (pu)

FORMULATION



B

; 3ome variablas are used only for g?ﬁ)ration ax@ansionib

T

'_-planning~ applicationa whila othar 'variablna are mnlyf'

6-8

e export .
: {inberconnaction ...)

Yy - year

P - period (including vear {ndex)

Ll

'- .a___-' s‘_.'l.ica. f'incjiiiaing yeur and period f"'.:l.ndices)
6.3 Defiinition Of Variables And ﬁaun@p e
ﬁ

uaad fcr prdduction planning applicationa {zafar Loﬁi'

Rppendix A) .

v _ ﬁ _
=3 . 1] "
_ : !

name and, the latter 'B'.“Optional bounds sre indicated

In appéﬂdig iaﬂ tha'upparfbouhd namas are conposad of

the variable name and the letter JU',  Lever bound .

namaé'gré-aoﬁpnaad of'th§ +é§iab1a naha”aﬂd the lettar

‘L', Bivalent bound names are composed of the variable

=l

'Inj nost cases the valueé- of the bounde ars Igi,v'éh

directly in the input data. -Othedwise the values of

the bounds are calculated From *aa cosiflcients frafgr

Yir

FORMULATION

\



- sona varisbles, bounda and coeffiuéanth,”whidh;qﬁi?§ ;
‘apply to the expagfion planning phase, of his
prcjuct, are tentativaly includad in thin chapter but

Hnakdﬁry tevised lmtar on.

% 2f/£ndicua.'f.

' Thtni indices nanaciuuad with  the | variablns ‘aBd

L

' .¢onutruints that ware unad in the definition of the e
'aolution are dafinqd,ia this section., A varinbla_mnd_
vr & ‘constraint can have any of the indices listed

balow an an index or cqmbinutich of indices.

§  powar asource P
T {powar ﬁtation ...l

" # - coal source or in geansral '
any ragourca linked to a transport ¢hannel
_{intercon?ect-d cmlliary, opan markut,
water ...

& othar resoures not 1inked to a tranaport

: chennel : ol
(isolatad cullinry, nuclear fusl, manpowsy, - =
financa, anvironment ...} o e T

- &  transport channel. 1inking coal gource End powser |

- pource; multiple links batwesn sswe sources may bu
defined {convaynr belt, trucks ...}

3 : import
(ccgan&ration ...)_



.'."{37 )

3 . . : R
. . Y vEo

_ L - | MaxivoM | SYsTEM |
ITEME REQUIRED ] NUMBER IMPOSED|
’ ' _ - & | REQUIRED| LIMITS
Yesrs i1 study perisd - . 36 T3
_Periods in yaar - 52 <11
Periods in study period v 360 | . 360
Bllecag in period _ . 168 360
Powar stations ~ includinq " - 200 | - 3801
import and expart . . . :
Colliexies . “ 1180 - 360
Regourvss _ o100 go| .
- Congstrainke : 160Q0 | 16000 e
C Constralints snd variablas - 32000 | 32000¢ .
Unique valuas o : C 33900 32000

. To  facilitate axtra~long-rangs generation expanaion
- planning an slternative version in which the wmaxlmum

. riunber of years in a study peried could be increased ko,

RO and'tha;maximﬁm-numbar of puriods in a year could ba

"-_dacraaseé £0. 36 waa to be providad.

6.%.3 SPEuial'Aﬂpaauﬁ _ _: - _ o

Special modelling aspects that wexre considaxed,

- the mateix partitioning of the p.dduction planning
system - was to be implamented in the expansion
_planning phasa of this projeut. ' ”

- ¥ixed operating costs sre not a primary conaidaration _
in production pianning and would only ba dafined in
the expansion planning phasa of this project,




6. 1 1 ' Differences to ﬁb:mnla&ian af old an 1 5
,The following ia & listing of tha differen¢ea batwwan

the old GEX programme and those . of NewGax;

- ibration of unit availability fnstaad of worsb
caga aquations _ ' ' '
-_z~aubstitute farmulation nat uswd

- transpart roates ave defined- betwaan collimrias and

I

stations instsad of between stations

- cho;ca betwaen period Ny year aquat$ona and dacision
variables for aoal ané other rasourcas

- additional remource aquationa '

- "woal atockpila-modalling

6.2 Dimenaions

The 1imits'requirad_tb enabla'a&aquatﬁ modelling and
te hard limits impogned by tha LR . formulation are
listed. . |

.\\\

FORMULATION



CHAPTER 6

6 . FORMULAYION OF THE ?RODUCTION'SGHEDnn:ua averE
§.1 General

- Thig ¢hhptar dontaina in a coneise :fmrm"all.'hhé:' .

' necassary information about the LP- formulatlun of thu_‘”'

production scheduling sy’ tem of tha Nawmax model

wDuring the - devalgpmant of the Matrix Generatox

Programme thig chapter was continuously updated, The
: jpiand : _

daferent points covered in this-chaptef are;

F_Diffexencea in farmulation to tha old X modal,
¥.- Indices used in the formulaas,
. Variables and bounds for: ‘the differemt aspecta of
generation, coal and resources, o
- = Definitilon of coefficiants and ralated calculabions,
;:Definiticn of generation, ‘coal and resourca
.aonstraints, L . _
- Finally, the sgtablishing of the objactive funutian
and the cost contributions from genaration, conl and

- repources.

FORMULATION



& -

. The settings for the size of matrix can. be changed

56

5.4.2 . Matrdz Side Limlp

without much difficulty provided that the limits of .

bdth3MGG'and'Sciqonic are rot violated. Tha-limita'ﬁf.-}

_these two packages are not more than _32_765' :owaiﬁlua"

columns plus ratges.

o

SOFIWARE



5.4 Problems Encountered

rhe incramental approac:h was usad in developing the._ B

programme, Firet the parameters ware defl:ad and then' _ﬁ"

_ aaah aquation was implamented in buzrn. After that, 3 _
'seriea of gimple tests’ were done, i.e. a siumla report

| fwriter was used that just showed  that tha equatians_7
: were .being' patigfled. Tha PRINTRANGE qption ‘wag not

' Qpnsiﬁhrad at this atage. Onae gll ths-aquatianm had..

baaﬁ “ihplamented; the Efocus éhifted. to . :hg'.régﬁrﬁ

| writar,

CIL TR HObstaclaB ig;davéldpiﬁg tha”rebort'w:iuaf' E

It was with .mome relief that it was found out that'
gcicenic had the facility to waloulate the rAngen over"
“which a shadow prica is effectiva. Thig howavar did not
golve the .whole problem, The only _way ~that thia:
informatidn sould  be -obtainad - wag  bto dump the
infarmation onto a flat file and read it in a8 data. _
. This was all well and good until a redundant constraint .
was presant and inatead of & xange being givan.

_“_-I_NE‘INI'I‘Y" (negative inf.unity) L or  M4INFINITYH
-(paaitiva' infinity) wae given as the . range. Bxtye
FORTR§N ¢ode had to be generaéad to molve this problem.

. SOPTWARE




) PRIN’I’RANGE" enablas otle to “do - t:ha ranging fz
. matrix ko aacertam ovar which ranges tha shadow
ig affective._ The output of Saiconic is stored in &
file Nh:].dh can only ‘be read by the comp:.lad repor:t
r'writer. A separate raport: writer had to be daveloped Lo

\proéeas this output.
5.3 The Report Weiter -

".rlig'_ report writei; could only be written in PORTRAN,
illust:;at‘e;d. in appendix'_' E. The common - bloaka producéﬁ-;_ \:‘
in the form of Files, by both RUNMGG and Seiconic had
ko i:e included -~ By usd ng - - the = common blc:cic'é hé
necaaenw info:mat:ion ragarding thm optfl.mised matrix.

| could be written m.lt :Ln any spam.fied Eoiﬁmat

ﬂ“

@

 Aovesm . to the ranges, over which. optimality 'ivas |

achieved, was s little ‘more t:omplicatad,. 'l‘his waz r

Py

_achiavad by printing the rangea to a data file aﬁi‘s\ t;};"”

Y
file was later opened in the reparh r?r:l.ter \ﬁ"

_ prdcﬁsﬁad.

. . = J
==

)

'SOFTWARE
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';The.RUNMqG\Fommand wag exscuted néxt-wﬁidh_ﬂheékeﬂ'bgéﬁ
~ input foxmat of the Maa file and produoesutﬂo Maﬁ&ixv

. Generator, Tt also sets out. the format in. whioh the:

input data was Lo be processed, illuatﬁeted in appandix

_b. An aﬁditional set of filas wag created fox 1ater' '
used in the report writer. The MGG file baing correot,
'the MGCL command ig axeouted to oomplle -and link the

'”matrix_generatox. Uging tho prascribgd-format RUﬂMG was-

" exmcuted. The output:from :hia'opafatioh produoed'the;'

matrix £ile which standard 'MPS' format. This is the

~ file to be used by ths optimiser. - ;

5.2 The ootimiéar « Bolaopic

Sciconic g a separate. mathemahical prograﬁming'paokage’

"and noed not be uged. in conneotion with MGG prov;dedw

: that the 1nput format conforms £o- the 'MPS' fo;mat

standard, By 1gendng a semﬁ&b'cf-commands'hha.magrix is .

losded and optimised.
_ rised.

. Two of the commands that nay :be- ugad while-lfunning

Sciconic awg' 'PRINTSOLN' and  (PRINTRANGE', The .
lﬁRINTSOhN' “'instruction enables one to view at the

aolution and by specifying cerLain optiona ona van look

1.8 spac+fic aections of the matrix_ solution.

| SOPTWARE
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651 (1)  Energy export lower bound

HEL {e,Y, [B})  [ewa]

for selected powar exporiks ih eich weledted period _

and/on yesr

and/or P : '
T 2 (PLW, * £ (PE, * SWH,)} 2 EBDL
re¥ . '!_P S

pr,'“*‘Ep(m..- TEWH,) E Bbiley
: Y & ‘ : E -

Energy 2 Enafgyl

: g&gorted - Lowar Bound

" The ansrgy of a nalacted powar export cannot be lega .

‘than the angryy 1owar bound. . |

8
i

FORMULATION



DN

6.5.1 (M) Enarg?;expmrt upper bquﬁd'

BRY (e,y, {pl)}  [GWh]
' 32} '

A

: for sslacted powsar asporta_fn aach'adlgctad'périod

nnd/ér year,

W e e
T PLW, -*"E ém;., * SWH,} S EEU,;
jand/or o B

L O(PLW, * ¥ (PE, * SWH,)) S ERU
Pay 0 wep v " !

- -
Energy S Energy

. The enurgyv@fta pelacted power export can not excesd
na pL 8 mela _ _

tia snergy uphasr bound,

. FORMULATION
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6.5.1 {gi - Energy impart lower hoﬁnd'{
BIL (1,y, [p1)  [GWh]

for selected power _mpnrt sourcau in aach ﬂelscted

paricd and/or year '

oo

R, ¥ 3‘? (L BT 2 T

~ Imported Iaowar B und

and/or '
b7 tPLW, * 2 (pz“ * swu.n z mznw
Pa¥ b )
- i
Enargy SR Enargy f
N

. The pqargy'importud by a selsated power source cannot., -

be less than the snexgy lowsr bound.

]



m:'u*' (Loy. o] [ah]

_6.5;1 () Energy impcrt upper bound

_'ana/cr

]

paxiod and/ox year

 for selected powar dmpore souruas iq each, aelectad

Pz.w, ¥ § (PIy, * SWH.} g BIUy,

* ¥ e

' axcaad the anargy upper hound

o
®

 Tha anergy imparted by a ﬁalactad power sourca cannqt

SORMUT AT O




| For \gach puhpad stofagé_stgtianf'f'

6-16

ar

6.5.1 {e) - Pumped storage balance.

PSE (8,y,p)  [GWH]

LI

| = {ébg, SWHu) . E tsuu, ¥ swn; [; EFB},) . Rsrsp —

o ‘-.n—u—n
-~ ) h «
e A

Tgtﬂl Fn&ggy - Total Enargy ﬁnerg?-nf Nat.

: nf anar Eumgad Hater Inflow.

"y

- Tha tqtal annrgy g@nerated hy Lha pumpéd atorage

K staticn must ba aquﬂi to Lha total pumping ensrgy
U multiplind b .the cycla sﬂficiency plua tHa gﬁnarauidﬁ S

energy availabla from the net water lnfléw into “the

uppar zasarvoir. The time apan of this aquatimn is cnn

week,
1y
M - 4
2l
o .
" I(J
- . = e
. o e " . ¥
o | RN E it Vs .
. 9
PR
7 i
M
ial

7S PORMULATION




~ The energy produced by Y salectad powa atation cannot

_ba lass than the anergy 1ower bound.

§.5.1 (d) - Planned outage balancs

i L

PaB (3,y) [puh] . e

- for aalected pawag ptatlons in aéch atlacﬁad-ﬁaar

z (Emhp ¥ PLW,) - ponﬁy _zE'p%Wb o -
PeY Pay L |

Sum of =:'f . Bverage ¥ Sum of ﬁariodt ' e,
B able * Pariod - POR . Lengnha C _

Length . : -

" Tha waigﬁtad averaga of the variabla ﬁlannad outzge o
UiE-E ba aqual ta the gvsrage plannud outaga. '

i

N A
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6.5, 1 {(b) Generation energy uppar bound;_
emr ($,y, (p)) [GWh]

for aach hydzo station and £¢r othar salected powen

| stationa in esach- aalecr%d pariﬂd

i
and/cr yanr

PR, 7 L {abg.'* ”swz;t.) z GE'U,:,: .,

~land/ox

s p * Cgy % o
Ene -3 Energy —

1T er Boun-

‘The anargy praduaad by L] aalectad powwr station uan nct

ton
Lo

: excesd the ensrgy upper bound.

W

sfs.l_ tc‘:)’ Gensration Hnergy Lower Bound

.u'

o

GEL (&,y, {pl ) [aWh) N

s
i . A
. R

for galscted powar atations in each malacted period
\\"
and/or ysuy

o

LW, ¥ % TG0y, ¥ BWH,) & Galy,

|and/or ; s _
" L (PLW, * I (G0, ¥ SWH,)) 2 GELy,
PRy asp DT

.Ennrgy 2 - Energy

Ganarata- Lowar Bcund

':1

RYRMITY. AT AR




b

g-13

)

the au&put ganarated at all the powsy stations plus thg

total power imported minus the energy required for -
'_ pumpiﬁg at =nll :ha pump storage stations minus 21l the
power axported plus the rel_axat:i’or; on spimning reserve

- muast bauaquai to the ccnaﬁmar'damand.;'

19
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' Appendix A) . ' o

N o : - o ..,_ .w. :_: {S

S 6-12

A

'5'4 2 (b} Calcuiaticn of-bound-valuas"'

b _r
~ Uppar bound on ganeration output

GOUIFI.- ADF3I * (1 = PQRgp) * {-L - FORQP) * IGC;}
- Uppar bound on pumping 1oad '
' pm:,, - ADF,.’ * {1~ pm) * - Fon.p) * :pc,,

6.5 anjiniﬁ:!.t_m -oe cahatmmt_s :

 gons constraints are vaad 6ﬁly-£or'ganeration mxpﬁnsion' ”
- planning applicatianm whila othar aonstraints aru anlyf

- usad for production plmnning applicationm trefer to

i

[ 7
Tha conl and raaource constraints ara ﬁafinedﬂsmthnm o,

a yaarly basis QF en a pariod basle, Coal nnd rasduree

variableu and bounds ars dafined accordingly. 

B

6.8 Genexntion constraints

'-s.s.i-fa)-danaration 1aad.bﬁ1gacc

ws (ype fG0 .

for each slica in the atudy

?ao,. ¥ ;zp._ri. -ém,. EBE, RS, = TG, T

'GunaraLion + Powsr -« Bumplng - Powar + RElpx, = Damand

Quizput Twport Load Export Spin.

ng.

| PORMULATLON




i

-1l
" RER@ R | Resource eff;ciancy {axcluding -
= - : .auxiliaries) (reaourca unite / GWh)
RBRy, “iﬁ_ | auxiliary wescurce consumpbiun at o
_ o doad (pu) _ .
gWd, ... Slice:wmdth"(hxa)
| 8Lty o Initial stockpile level (Me)
G872 :R@}ated_dﬁlaulatibns

§.4.2 (a) celoulation of wosfficients .
i '

- = Availability derating factor
. ADFgg = ta be defined by ghe ‘user of tha syatém.'-
Hauriatid methods  to determing an appropriate.
'.availability derating faator would be ﬁully av&;uatad _
in the tagﬁing phaaa of this project.  For tha tima
'baing thig availability darating fac;cr has baar
: assumad to be squal to 1,

" - pemsnd of consumers = | _-' B | L v
DMC, = load 1Gve1'in'slice ¥ weekly péaak *'annﬁal paak

e

S



 PORyy

PORgp

"anﬁ-

QR
| QPE

QU

o QCO#F

- QCOyy '

: QShw

QSLey

QSIgp

st.,,

- Qso,
GEOgy

g

.chgp'

gTI
| -QTIz

'water outflow exceeds water inf

. The plaﬂned outage rate {pu) .

variable 0perating & Maintenanga aastj

6-10

"

coafficiant could be negatzve ii
ow

The averaga planned outage rate used
in ?ha platmed outaqe balance aquat nn
{put

u'

{Rm/@Wh)

Power -Import coat‘ - (Rmfswm. o L
powar Expozt 1nboma (Rm/GWh)“ .

Genarstion Common equipment coat 0:-
(Rm/GW} .

6

Generation Unit aost (RmﬁGW} _
colliexy variabla o@%puh tost {Rm/Mql,,ﬁ;w -

Stoakpile lev?l cost (Rm/Mt)
Stockpile inpnt cbst (ﬁmet}

Stodkpila-gutput comt (Rm/Mt)

Traﬁsport”cast on. channal {Rm/Mt) .

;;colliery-Installation.comt‘{Rm/Mt)

&

" Transport Channel Installation cost

(Rm/pu}

' Raaourca Cutput cost {(Rm/pu) e

.Raaource_lﬁatallanimn cpst {(Rm/pu}

spinning Raaarve Ralai}tion cost . ¢
(Rm/pu) i Voo



Ang;l I
AUX " .

{pu
CVLgy

DNC,

E¥Fg,

’ EII.QP .

- BEap

EEL

BEL.y o

'GEU'
- GE.U??

GEL
' Gmr.g

10C,

INCey

PLW,
PO,

Demand of consumers {GwW)

rnatalled generation sent-out capacity’
{ew), {excluding mothballed capacity

6-9

' Ayallabmllty derating faotor {pn}

Auxlliary coal consuthion at no load '

=N

The calorific value of coal from o
colliery # (TJ/Mt) T R

'-The caloxilfic valua reduction factor

from stoﬁkpile @ {pu)

. “‘_.1{'\1 . (=2

‘Btation efficiency (exeluding -
o auxiliariesd) or cycle afficiancy for

pump&ﬁ Btorage atatians {pu) -

Energy import uppar bound {GWh)

Enargy.import lower_bcund tGWh}

Energy export upper bgund {GWh)

Friexrgy export 1ower_bbuﬁd (GWh)

- Forced outage rate (pu)

‘Ganeration energy upper bouud (GWh)

Generation'ﬁnergy 1cwer.b§uﬁd (Gth”.

o

or ragarve storaga? _
Inatalled pumping capacity (GW)
period length (weeks)

v

. The anergy which can he ganarated from |
the nat water inflow lhko the upper

reservoir in one weak {(GWh). -This.

B



- _— | | J .

The iﬁhn’: -stmaturaa'and report, Layouts, illustrat _
appandicaa n and F raspactivaly. wero davelapad :1,n
' .purallel with the programming of tha formulaa but: wa‘i-a
customized to -aimplify input.ting of dats and raading of |
raport:z. This included the prasent:atian of nanaitivityz._
analvais ﬁata. In mtablishing the input: and, - out:put
_ fdrmntl it waAR nacessary ge kesp in mind that?'a GEP
databau would be used in futura t:c crauto the ruluvantt»
inpute, and’ t:hal: B similnr databrgu wc:uld ponibly_
aaptura tha out:put Lo anabln eauier compaximons tc: be
'purf:ormad I R x :
< S e Y :

.-. . ..-. . . . c -"j’,::
- Pinal acceptance ocaurred anly mnc&g 4 thoraugﬁ

o eva.luatian ©f the product:ian planni:rg mo?iulu ‘had bun )

-_pnrfprmad. Thiz required that t:ha ruatcamax teart A
numbér of mcenarma w enauxre that: all“\ potantial
_problemn and computar “bugs" ' had baan remévad. Thiu”
'atup c:ould ha.va dalayed tha projuct an tha »t:uut.omor
could not giva the requi.red ntt'antion to t:.hq wi%uut:ian
of the pragramme. Fortun&cely, the Production Pl‘(g.nn.‘rng"
_and Internal Tarlff division of Trapsmidaion Qoup,
raguirad -l:ha_ usea of NewGex., This raaul\;ad in -;-}ﬂm
agaédiné‘ up of ghe wectien of the projsct. 'In-:ii_ha

svaluation of NewQex a \n_ﬁmbe:':"of requests wara receivad



for aa\ch ';gpacific stage of the praducxtion plmnirig’.

e

ﬁprojs%ﬁ, woxk which had baan cnmplated was tharoughly

tamtax bafor proceading furthar. As & rasult of thim

raducud. Thinﬁwaa achieved by adopbing tha following
four atups in davaiaping the computar algﬁrithm;

#

- astabliahing tha relevant formulaa,‘

- aatting up the input structures and layouts, S

J/

- metting up the raporting structurnm, and

- dutarmining the gorrectness of aalculationm and

n;captance of thu-quva thres interfsces:

5!

In the formulstion of uhé'production'pianning-sﬁdtion'

: af waﬁax the formulua u&ilﬁaad wera agread te. by the

 This ﬁag carriad out systematically to ensure that no

ﬁ_ cumtomgr, GE?, bafore _aﬁy computey programming was

undsweskan. In developing *;ha progyamme & numbszr of

teat: capes were compiled to' \ enaure that aaah formula

implemented ophrétad within_ﬂha raguired limitations.

- formulias.

snomalies occurred due ko - interactions = Letwesn

L]

'-methadology mplemsntation time - was submtantiully Z ,aV

“



. . . .
e, ] w - 2

w

Establishing the user's requivenents and reeds 'ri’_' i

that tha LP stydies performed hy the cuﬂtomara, mu? g
: P?&IT, £all broadly into tha follcwing uraas:” "

L : ] “

P

a) The avuluaticn of altarn@tiva prodaction plana. 3

'B)  apansion plen optimisation. . I |

¢} Langni:arm budget. exercises. e - ‘
7 . - _ o

In unalysing the raquirnm&nts it baaamn claar thmt Lhe 1-; f

. model should be davnlnpsd inmrumenually, nllowing thg :.5:

- work . achimvsd at fleach milantom l:q bs used as a B
production tool. Thus it wag agrasd that the production

¥ plunning funaticn, as ths most pregsing naed, would be

~ the Elrmt incramgnt.to baldavalopad and would murvp_am."
thaw foundnbion_ upon which ths _rézt':of thg_'ﬂawaux .

“gunction would be buile. .

N

A oA feauit} thia report has primerily focusad upen &ha.
produeﬁ}on planning gection of the NewGex | projact.;'
 Hewar_ ¥, other raguiremsnts, formulas and ‘relay=nt .
aspact@ desmad necessary have been documented. - £o,

schieve a holistic view of the prohlsm. : : > Cw
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CHAPTER 7

7 COMCLUSION

This vepozrt hae documented the process of davuiopinﬁ. '
" the production planning elament of tche Euwaax_binaaf

| 'Praigrgmminﬁ (NLP) function. The uger’ By ‘réeqixirdfﬁan‘_ta,

for 'this ssction of the NLP funet:mn{ have been

succesafully achieved and the gyshen :IA aurrently baing '
utilisad by Generation Expsnsion Planning Division

{GEP) “and Production Planning & Internal Tariff {PP&:L'I’)

D:Lv:Ls:Lon within Bekom's Transmissian Group. = -

To  sstablish gm understanding of the various

appiicut'icns of Iaii.mnr Programming {LP) & litexature

_-uuw-y was carried aut. This axercisa ravaaled the
history of w and that LP had buen put Lo use in Ehu
- poway _utility indust:ry, fo:r: modalling purpomam, ax

darly as the lake 19508, An overview of this work was

 conducted and documented, by the author, forming the

basia Zrom which NewGax was dew'lap;id. This included &
thorough analysiz of ‘the exlating iinaar prcgramming
Fuhotion within Bakom, i.e. the Lp function "GEX",

£ i

[
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~
"95 6.2 - C.'o.a.-:l. Copty. W
+ 5 (QUOy ¥ CO) + % (QCOy * COy)
_ calliery Variable Output wost
o 3: (QCTyp ¥ Clypd+ T (QCTy * CIiy) |
' Colliery Inatallahian cost
ok 2 cQsL.p * Blg) Z (QBLey ¥ Slgy)
f ' stockpile Level cost
£ E (QSI., * SI.,,J + E (QBTgy * STay) - _
o ﬂ' o Stockpils Input cost . - - _§__-
o 3; (0, ¥ H0u) + I (@0n * 80gy) -
_ Stockpils output cost = o ) _” :
K (er«,* T0p) + B (QTey ¥ TO) L
coai Transport cost on channel o ST
+F :cm.,, * BZg) + 5 QT ¥ TTay)

« Transport Channel Installation cost

o

'O b

.

8. G 3 Resnuxue Cogts _
N tqno,,, * RO,) % (RO, * RD;,YJ L
o @ Raaourca Variabla Output cost
+ E (QRIN, * RJ:,,,) " E {QRI,,,, * BRIz}, e LT
Resnurca Inatsllation cost R



.c‘,.

¢
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fi

6.6 - Objeative Funatdon

P s

’I'ha chiective function needs to ba m:t.nimised._ All {;ﬁei

" vost coefficients are named accogding to the variebles

anﬂ ave -pfacaded by the letter "Q'.\ Al the foll’owirig o
termm in tha objective funceilon apply to all relevant . .

- perioda ar;a years and are: axprassec‘ﬁ, in millions of

5

Ramd. _

66,1 ' Gensratiocn Costs

'\’:

+ z }: {nf"o,,,_, * DLW, * E (aa,. * SWH.)}

Variabla O&M coat

£ t

PIY
. ' . Powey Import cost o

= zy:: {me.p * PLM, * S: wn:.. ¥ BWH.)}

Powar Export income

- z {Qns, * PLW, * 2”. ma. * EWH,) } -

o Relaxation of t:he spinning resarva
+ & 3 {QGCy, * ac:,,) - f_ v
PeyY &
S Genaratiem Comman aquipment: uc:-ai:
" 2 > (QGU,, ¥ GUg) |

Gsnera.t i.on Un:l.t cont
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T E.5.3 o Rasaurcé-ﬂoﬁstrainté

6.5.3 (a) Resource transfer balance

RTB (8&8,y, [p] ! | __jfﬁ!?*]'

.for.each peleauted raéoufca
. For each period in each yeax

'for-aach'yaar

zzo,,p " Pr..wp *az 60, * BWH, / 37 7% I P

- PLW, * Eptsvm, * Ry ¥ IGC,P)

Ro&y 2 tpmy * 2‘: tao,. * gWH, / RmF,pn

- zytm;.wp _vc z (swp;, * RAXy, ¥ 8,01

Raaourca Supplied - Rasource and Anxiliary 0 ) .
- to & Power Statien Requirsment at a ST P
. Powaz: ‘gtation o ——— _ B

Resource and auxilinxy réquiremants'at & power ntatiaﬁ.oh
mua“ be aqual to tha resourca auppliad to tha power '

”station.



o

6.5.2 () Eli:oek'pile'l;;ﬁl-anca

6-25 .

PR (@8, (p])  [ME)

for each salected stockpile

Cor

for each périod in sach yasr

for dach year

- Si.,’r;'-? Sf’ap + Slagpeyy = Glyy = 0

L

k1

Blgy = 80y 3 Sleens: BLT‘, w0 s

. il
h 1=

-Stockpile .

Net o Inaveage
in Stockpila

22121 A _ I“W@lr -

o . £y

I el
i3

.

ty

u,

The .;Bt_pdisjpile input r_n:Lnﬂ.'fs the atockpila - t_)_ut'.ﬁput mﬁst Tom
aqual to the incresse in atockpile level,
Note --'_‘;._r#‘cr ‘the First pariod 6r'3raar the ';\Ir:a.x"iabk&”\

IIQL.@.',,, ox Slgy.yy 18 not a va:_c_‘:l.alélfu but a_

. ogefficient (SLI,). o )

D



o
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'6.5{2 ) CQal'transfer_balanﬁef

for each colliery o _
for each period in sach year - |

.or :

- for each year

__cqw-f g = 0

€0y - Z TO4 = 0 . o

Al

T Corliery - Tobal Comd W 0

i Qutput Transgc:ted _

The output of a dolliary-muét'ﬁe-equal to the total

#soal transported from the colliary on three poasibla

channela to varioua atationa.

R
i



Iliustration 6-1

o

GOLLERY «TRAKSPDRT - ITOCKPIE - GENERATION - RESODRCHE ~HETWORK (LOSTRATION -

COLLERIES

ITRAMNIFOXT
CHARFELS

ETOACAPILES

jezuskaTion

.Innauxczs_' )

Note: Ina particular study the decision varz.a.bles 0, 'T‘O, SI 8L, 50 and RO will
ether zil be defined per period or per year. . '

In the first cage opfional constraints are allawed to put upper and iows bmmds o
t‘ﬁe aggregated annual output {E €O, <=> k,\“mp <=> k)

o . . . . . v



. or

;?Lﬁ, *;Ep (Goy, + BwR, / BFFy,)
- (10, * OV, / 3.6)
+ Z(8ly * CVLy, / 3.6}
- 5(80g, ¥ CVRyy * Q¥ /3.8 o
: = - BLp * }: {SWH, * Aux,p * xac,,,)

= {PLWP *: E {ao$3 * SWHg / EFF$p)J
PQY .
- E(TOW ¥ _CVIJW / 3.5)
+. E{SI.Y * C!VLW / 3.6) _ _
- L{80g * CVRy * CVlyy / 3. 6y o
- - ZO(PLW, * 8 (8 * BUX, ¥ 16Cy))
Pa¥ - P B gb WH’ ' ’P\ * .
insrey S Energy ° - Energy »éf w0
Requirewent, Transporbed of Coal - S
incl. Aux. to Erour R

-leower vt a Power Station - Stockpile
Power Station __ _

The -haat .val\;é of the énargy raquired at a pawa'f _

él_ta\:.i’on :anluding auxiiél.aary power must be __squa;l.t'q_tha. [[

K}

total li'aé.t Valha of the anergy of the eoa-l trainsportad

ovar the diﬁfarent routes tv t:he power stai:ion and

taken frem - the atockpiles. The :Lnt:arralat_:ianship'
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SOUNT [O SIL NOT IF (STPP(C,0.¥.B,5).BQ. 0} :
. e s
L €SI wrx STOCKPILE: wEvT *s:n A7 2ND Oﬂ' ma (mm -raus)
e _

T 2T . (C,6,Y) wsCcanyl. NOT w,\\ts'rmr(c a,¥, 4} sa‘ 0.
C - BOUND UP YIV NOT IF (STEY(C,0,Y¥,4).EQ. 0.}
aown 10 m. WO 1P ISTPYlu.G ¥.5).EQ.0.)

e - ]
6 g ek smcxgw: our:fu'r: ngon AT END OF ——— mm ms; :
¢ -

O 0 (C,0,%,F) fROCOEYPR! NOT IN (STOP(C,G,Y,PB,%): mq._o )

E . BOUND UP golt NOT IF (SYPPIC.G,Y,P,7) . EG. 0.}

T ' BOUND L0 SOL No® IF (STPF(C,G,¥,P,8) 0. 0.) _
. o . .
AT - B A STOCKPILE uwm ngO* KT END OF vargs mﬂm\ '.r.-onsl

. . ¢ :
o= i 8O  {C,G,¥Y  terooaa  wOT Ip ISTPYILG ‘;’,7) EQ 0. 1
o SR - BOURD UP ¥0U NOT IF .(3TPRIC,0,¥,7).EQ. #.)
. BOUND 1O YOL NO"" IF (8THY(C,a,¥,0).EQ. O,)

. k" e - N MUREEEE
et CRQ aew REBQURC& OUTPUT “RO' FOR PERIOR {TW) o T
a . . " . S

RO (R,Y,B) ¥ RRYPR' NOT LN (RESE":R,'!,P,:L] QL L)
BOUND UP ROU NOT IF (REBRIR,Y,R,1).EQ.
S R BOU'ND 10 ROL NOT I¥ -(REBP(R,Y,P,3). EQ. 0 )
S c .
: ' ¢ ROY  #e¥ RESODRCE QUIFUT SRO FOR THE YRARS (FU:'
g : '
ROY (R,¥} 's&k RRY! MNOY IP (REAV(R,Y.1).B4. O, l
- ' BOUND-UP RYU NOT IF (RESYIR,Y,1).3Q. 0.)
e ' BHOUND LO RYL NOT IFf (RESY{R.Y,3}.BG. 0.)
o e .
B -1
Qo R -
AWK R R AR LRk R kR R R hh Ak J kbR kR R ek kb ke bk
o . . . R . )
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L NV Sk T 'm

| COY ¥¥% COLLIRRY OUTPUT I A YEAR (MEGH mzs)
COY  (C.¥) 144k COX' NOT IF (COLXIC,Y,4) EQ. 0.)

HOUND UP oYU _

BOUND L0 CYL NO IF COLY(C, ¥,2):30. 0.)

[+ o wEEwa e o

a

'@ gD *%% COLLIERY OUTPUT IN A PERIOD (MEGA TONE) -~
B0 (Q,Y,B) 0 Ter ceYPpt NOT IF (COLPIC,Y,F,4).8Q. 0.) - . T

iV

BOUND TP COU : .
BOUND 1O coL NO'X‘ ha {CDIJP(C ¥, 2,20 BQ, 0.}

e 'ﬂ‘-‘-'

ﬂ

.('

_C D .
c X wkk COAL TRI\N&FOR'I‘ED ON CH&N'NEL 'I'JC IN PRRIQDS {MEGA TDIWI

n

X (8,78} UHCOQYER HOT IR twcxptc,a ¥,5,1) .G, 0.)
BOUND P TXU NOT IF (TCXD(C,&,¥,P,1}.BQ. 0.)

-BDUNDI.GTXLNOT 1F ('I‘C!CP(CG‘I,P 2} Q. 0.)

Q . ' '
e ax A oAL Tmsroarm on CHANNEL TX IN 'mzms mmer, 'rons)
p _
TmX O {C,6, Y] 1ReSOESY)  NOT IF. (TCKY(C,d,Y,1).BG. 0, J

BOUND UF ¥XU NOT LF (TCXY4E,0,¥,%) .BQ. 0.)

ROUND LO YL NOT 1B (*rc'xrtc 8,%,2) 80, 0,)

2 _ _ T )

] : i
o .Y ¥Ex COAL ’I’RANSPOR'PED QN' CH.&NNEI( TY N PERIODS IME@B TONS’ :
c ;

¥ (0,6,%.8 I*CCQEYPR!  NOT IF {TC'!’P{C G,!’ P.l) BQ. 0.}
BOOND UP TYU NOT IF {TCYP{C,Q,Y¥,%,1).EQ. 0.)
BOUND LC T{L NOT IF (TCYP{C @, ¥, F2).80..0, }

G

Q.Y wRw COAL TRANEPORTED oN. QWNEI: 'J.‘Y IN YEARS (m ‘I‘DNSI

i

& : :
TY {C,0,¥) 'v+COoEY’ NOT IF (TCYYIC,8,Y,3).EQ, O r

" BOUND. UB YYU NOT IF {TCYY¥(C,§,¥,1).EQ, 4.)
CBOUND LQ ¥YYJ: NOT 17 {'I'C‘Y!'{C,G,Y,ﬁ} BR. 0.}

Lt 1 | .ﬂﬂ- L] "i

&  *w% COAL TRANSDORTED ON CL—!.WEI: v 'IN PERIODE (MidA TONS}

(2 ReRs ¥o)

z (e, .G Y. I%CCOAYPD!  NOT IF (TCBPIC a,¥, 9,1} Eﬂ. g. ] ”

BOURD WP TEU NOT IP [TCZPIC,G.Y, P00 .EQ. O, ]

BOUND 0 TZI: wOT IR (TORPIC,G,Y,P,2) EQ .}
C S - A%k CORL TRANSPORTED ON C.‘HANNEI: TR IN‘ *mmas (W\ TONE)

T8 {G,6,¥) 'vsCCoaY' NOT IF (TCZY(C,0,Y,1).5Q. 0.)
BOUND UP.YZU NOT IF {TCEY(C,G,¥,1) .00, 0.)
BOUND 10 YEL NOT IF (TCHY(C,6,Y,2) K. 0.)

o ’

B +++ STOCKPILE LEVEL "S5 AT RND OF PERIODS (HGA "TONS)
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@ BUMET4 %%+ CONFPICINT "4" OF REGOURCE **%
¢ ' © W% CRANHPER BALANCE CONSTRAINT w#+
sUMPEL® (Y} o .
SUMGTS (8, ¥)

| SUMRTA  (&,Y)

e :
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c .
VARIAHLES

S 8a T GENERNI‘ION OUTRUT FOR A SPECIFIC BLICH (GW) wEw.
do t6,Y, 9,8} IHGUYPPRAY NOT IF (SHE(Y, J? E} JEQ. 0,00

nane

&,

-'BOUDID UP GOU NOT I (ISTAGIG 2).EQ. 1.} OR, (BTAG(G;,B] EQ. 2. })
BOUNG 1O GOL NOT IF (STAP{G Y By L}.BR. B4

nannaﬁnno

nuunwlnﬂiuu.'
- mm **T*Ef?m BOUND GENERATTON. OF PLANNED PRAK LOAD STATION
P : o _
| .~ _pBN w¥¥ UPPER BIJ‘UND ammw:mv OP PLANNED RBASE LOAD SINTTON: | £
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2 } . _
g . LB, ++% PUMP LOAD FOR A SPECIFIC SLICE (W] %+ -

LPL (@,Y,5,8) 'veavpesil NoT I¥

{ (S8TAP ("W, P, 13) \BQ. 0, ). OR.. (SWH (¥, D,8).BG.0. )J

BOUND UP PLU NOT IF {(STAR(4,Y,P, :Lal JEGL 0.).0R, (smm,p ) .80 u )
BOUND 10 PLL NOT I¥ ((STAR(G,Y,P,1R).HQ. 0.).OR.{BWHIY,P,8).HQ. 0.)). -

‘-. ‘ﬂ- ‘-l.- n
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I?I *k% POWER IME'OR'I‘ FOR A Bﬁ"‘IE‘IC gLice (GWI gy :
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Qﬂﬂﬂ

4.3 _ _
BOUND UP PIU .
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. T
P mpz k%% DPOWER ELDORT m A smzcmzc SLICE {aN) *wr o
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. DOUND UP PEU
" BOUND 1O PEL NOT IF tpnxpm ¥R, R IRQ, o )
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¥ L2 GRNERATION BNERGY LOWER ROUNP (omr) (ewR) O
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[ 4 . . . .
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© O A0TO 110
END IF. é,/ .
CONTINUE
- PRRYOD LENGTH WRENS
. PIM{IY, IR w WMC (NWWC, TR,1)
"y WRITELG,18811¥,1Ib,BIN(IY,IB) .
ool WRYTE(, 2381 1Y, IR PLWITY, IP) :
¥ - FORMAT [1K,'k+e BLN{', I3, %¢),2L,09,0) L
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¥
¢ FUNCTION DMCS 1)
4 T
i THIS MION cm.cumms THE oonsumm phAND PER smcm
! skwmmmman.
¢ . "
¢ NRDG = SYav (Y, 2}
. @ . NLBC = BYSRIY,P,1)
W iF(Lna(Nne, 8,1) (B, 0.9) Bitce = 0.0
oo - DMCB = LDC(NLDG, B,2) * WMC(NWMC, B, 2) » srsm :.)
¢ * RETURY _
™ ,
= o
_c*-luﬂwt;_n***ww*z*wuﬂNw3inﬂtMn**NMwu*ﬁunu*ﬂﬂ** s
BUDATH E _ . o e
in'“ .
.‘: SUBROUTING HLICRD
co SUBROUTINR SLICRY . T - bazeon
] : _ S = : ' pUZa00
P 1 THIG (DEROUTING DETERMINES THE DIMANDE FOR. S 00300
- 1 BACH JLICR, SLICK WIDTHY AND SERIOD LBNGTHS 004000 |
T L o _ . OoOBOOD.
_ INCLUDE (MOCOMY) . so7000
. S . E L S o S0R0G0
oo : - _ L LT
4] YTt 11) . H10000
§Q CALCULATS DEMAND IN sr..:cn AND SLICE wrn'm e el 621000
i D 140 IY = I, NY . p . s, OR2000
17 ‘HUMBIR OF WEHKLY MAX CURVE “ 13000
; NWHC » @YSY{IY,1) o : 414000
: DO 230 IF = L,NE Do . Q1BDOG
i Y IR (WMC(NWHMG, IR, L) .GT. . Ol THEN : _ 418000
_ QoTo 90 _ - . - pATO0D
: LEK - o - . p28000
i _ | H0TO 140 : - R _ 0LI000
y . WD Ly I 020000
e dee NUMBER OF WERRLY MAX CURVE . - 021000
T oap _ NLDC w BYSP{IY, 2R, 1) : o . _p2aoan
_ DG 104 I2 = 1,N8 o S 021000
L . L : 024000
o WIDTH OF SLICH : S D2BA0D
. IPlLDCNLRe, 19,2) JGT. 4.0} THR _ 025000
awmw, IP,I%) w» LDG(NLUC,%H,1) 027004
e Ecouaum 022000
mtr:st:w B, 18) = LOG(NLDE, 18,2) ¥ wuc{mc,rx.z) 025009
* S0 W ogyav(rv, iy £30000
WRITE(S,198) 1Y, 1P, 18, BWR (Y, 3B, T8) , 1%, I8, 18, DHC (1Y, TP, 18) 031000
WRITH(3, I98) iV, IP. T4, BWH(1Y, IF, 18}, T¥, 1P, I8, DMCS (1Y TP, 18) 433000
194 PORMAT ux,'sm«:{' TRY ,11,'-' :1,=)',1va PR 033000
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B
= o
o &

mND -

| C-24

| BUMGTE = 0 :
‘DO 108 IR = 1,NP

IF {PEW(Y,P,1)" (EQ, 0.) GOTO we o
suua'rs « GUMGTS s PLWIY,D,1) * BTARIG,Y,P, 10} ¥
o HTAPG, t,p 3) % PLWIY,R2)

RETURN

FINCTION SUMRTY ()
© THIS FUNCTION EUMS THS TERME FOR COEFFICIENT "RTé‘

ki A

- SUMRTA = a' :
DO 100 IF = 1,XP

IF (PLH(Y,IP,1) .BQ. 0.) 8070 110

_{L..

100 SUMRTA = SUNRTA ¢ DLW(Y,IF,) * GTAR/G,Y, ::m.m *
: e BIAP(G, Y, IR, 3) * PLH(Y.P.2)
110 RITURN
. mp
: . .
FUNCYTON SUMSLICE(] | i
THES FUNCTION SUMB THE "SWH'S® FOR A PERIOD
Lt EE LT L ’ - ) L
SUMELICE = 0
IV w ¥ .
I = B . o
DO 200 I8 w 1,N8 .
I7 (oW (IY,IP,18) .BQ. 0,) GOTO 110 . .
SUMILICK = HUNSLICE + PLK (1Y, IP,8)
100" CONTINUE '
310 RETURN
D

[T T T

S e

NLDC
B
oD

THIS PUNCTION CALCULATRE THE WIDTH OF A si.:Lm

SEOTION 5.1.3 - B
= BYSDIY, P, 1) C

Ir(LDCINLDC, 8,1 .BQ. 0.0) SWH = + 0, D

WH w LDC{NLDC, 8, 1}

BETURN

-

NNDC
B

EHD

PUNCTION BIMO) . %

THIS PUNCTION CALCULATES THR PHRIOD mm

- BYBY[?,Z)

IR {RMC (NHME, P, 1) LEQ. 0.0) BIW = 0.0

LW = WMC (NWMC, ¥, 1)

FETURN
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WRITE (RESO(414), ' (A4] 1) RESA(R,1)
WRITE{STNM(1:4), ' {Ad)'} KONAME(G)
17 (RESO(1:4) .BQ. STMM(1:4)) RESST = 1.0

‘a neae on

[z X Xe

S

RETURN
 END
o ; : e
e
mcnou GTBFL(}
- .
¢ PLAG roR "*}m GTB cons-rmm'
g .
. GIEFML « 0.0
o
DO B LT w 4,NG
GTBFL » GTREL + co:.ntn ¥, 9‘41 . Co
20 com'::m o . : e
BUNCTION  GTRYFL)
| PLAG TOR THE GIAY CONSTRALL /
GYBYFL w 0.0
DO 20 II = 1, e
GTREYFL = GTBYFL + r.m.r(::,s,n -
20 CONTINUE S T -
r‘ .
FUNCTION = - STBEFL() _
PLAG POR THE HTH CONSTRAINT '
BTHEL w. 0.8 .
nma'rpplc A, ¥,B,4) .60, O, ) . AND. {8TPRIC, G, T, 9,7) L, o }) THES
HTBRL = 1.0 -
RETURN _ : B
' my
fo! P
a \ W
. FUNCTION  BTEYFL{) :
¢
@, FLAG YOR THE S8TBY CONSTRAINT :
o . . . i
BUBYIL. w 0.0 S :
IF{ (BTEY(C,0,¥,4) .57, 0, ) AT, ISTPYIC;G 'm) ST, 0.)F THEN S
~B‘1‘HYF1|&10 S g S
. BNDIF
RETURN
END
C " P .
o ' inw
=] FUNCHION RUMGTS () ¢
c
£ YHIE mcnou SUNA THE TERMS TOR comsr:c::su'r "ars
Qo wmusmaanes

s pmmare e
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'c: UPDER

o

¢-22

notmns sn'r FOR VARLABLE "OU (so',pl"

S ppiER =

) s00 !ISTPP{C,G,Y;P,71
[ WWER »BOUND

Q0L = STPP(C,G Y;Pa 5)

¢
c--_-nn-—nudu ----- w-h-»----h&hu--*h--‘-n-u-ﬂuhtuwnnuun-au-n-nhu
c BOUNDR  SET FOR. VARTABLE "BD“
C UPPER my .

YOU = STPY(C,8,Y.7)

"¢ LOWER wBOUND

©YOL W STEY{C,H,Y,8)

Cuuunaunw—wu—u»uﬁ~nnﬂq-ﬁunnhnuwﬁauh-qaﬂlu-ﬁ--h—nn;--n-ah-----ﬁﬁ

HOUNDE  9ET FOR VARIABLE "RO"

ROU = RE‘SE (R, Y,p, 3}
¢ LOWBR «ROUND

-3 .
Cu~uwunu'u-uuwnw--n—--w-uuu»n-u-—---»n—n«nu-uu--un.--~u----.—--
£ BOUNDE 9E7 FOR VARIABLR “HOYY

" € UPRER =»

RYU w RESY R,Y,1) -

° "LOWER =BOURD

RYL = RESY(R,Y,2}

c-u«uu}nu-nu-wu-o»u«-«an--u-n-nux»-ui-n-q-dn—n-u-uq-up-n-q—u-nn

c .
c**t***iw‘*I****i**it**tﬁtilii**tkﬁ*i*iﬁiiit*#w*i**li**w*v*****

: -I'TIN‘CTIONS

PUMCTION VARL {) '
- CHECKS WHETHER HYDRO OR PUH'&'E?-’I STATION AND MULTIPLIRY

c .
¢ . THE COST QU0 WITH A FACTOR TO AVOID 'THOSE STATIONS
c TO BE SWAITCHED DURING OPTIMISATLON
IF ((STAS (@, %} .B0.3 7 .OR, (SThE{E,1). EG.4.0) THEN
. VARL = 1,0 + {1DC(1,8, 3)/10000 )
i BLEE - H
" WARLI = 1.0
HENDI®
. RETURN
AND
o o
o] _ PUNCTION vxmzu
¢ VARZ = 8.0 0 .
. B 4 tsm:ate i) JRQ. 4. 1 THEN
¢ VARZ » 1.0 » {LOC (X, 8, 3)/10000 L))
e BNIP
R RETURN
4] D '
b . . .!
C - BUNCTION nxss'm() S
o} _ THIB FUNCTION DETERMINES IF A RESOURCHE -
Q AND BTATION CORRESPOND -
C mummwamtm ’ . . )

CHARACTER RESQ * 4
CHARNCZER  BTNN ¢ 3

[pX ]

RESSTH = 0.0
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) - BOUSDE  GRT: FOR VARXABRE "XV

C UPBER w» -
: YU oW TOXY (2, 6,%, L)
C LOWER wBOUND -

o YRL W TCRY(C,G,Y,2)

Cumﬁ-uunn-umu-wnn-b----t----Q--hﬂin‘ﬂ‘ﬁﬁﬂﬂtu--*---t.--hluﬂuiﬂﬁu_"

3
@ UPPER w»

._.c

@ BOUNDS ®ET FOR VARIABLE "YU
7 ¢ URBER e : o _
: TYD = Tcrp(c a,¥,8,1) o L s
¢ LWER ws S L ' L
: wr..a'rcvptcawva) - :
¢ & o
.'c~--n—¢v~----n-u‘----q&-—-vwnu-«----n--gn---u-nda-anunwuunu---.
e ROUNDS. BT FOR. mmpm "w"
. UPPER ETE :

Y = PORY(C, &, ¥, 1)

‘¢ LOWFE =BOUND

VL = TCRYIC,H,Y,2)

Dot o om0 B e

[+ HouNns 85T FOR Vﬁamhm "ﬂ"

€ UBPER = S

. TZU « TCEP fc,ﬂ';‘ffP;l)

: C LORER =

) ©OMEL = 'I‘CEPIC Gf’.{:P 2)

. C
_CMun—---ﬁn-n-u-u--ﬂ‘nhuﬂnnun-wnuu---ha-—np-nwu-u-—nunubnunnua-~
@ . BOUNDS S8BT POR VARIABLE TEN -

¢ UPPER wp e

Y& - = TCRY(C,G, Y, IJ
C LOWER? ﬂBDU‘N’D
© o ¥gL "= TOZY{C.G, Y. 2)

. g‘;-;-njt;uﬂum—u“quhn-:--w---h-uh-ﬂhn-‘n—--ﬁu-
¢ BOUMDS - BEY POR VARTABLE *87
e UPDER =>

SLU - STPPIC;G;Y.F;l)
& I»ON‘BR =BOUND "
.. BLL = STRRIC,@Y.F,2)

N P . I . . Y

c...,...._............._........-.....-...................--......-....,.................._......,... .

BOUNDS  gET D‘OR VARIRBLE "821"
YLLY L STPY(C;Q!Yflj

| LOWER =BOUND

. YLL = STPY(C,G Y, 2}

o
e-pn-nw«;unuwunu-w»-—»--n--n-uu-u--~u-n-;—-;h--u-~~~-;u-Quan-n
¢ BOUNLS EIB’I.‘ FOR VARTABLE "I (8L, P)

G UPPER w» ) ) S

Elﬂ » STQP{Cl@p¥'§f4]
C LOWER «BOUND - o
. BIL = BTPPIC,,Y,F,B)

c-u--nunn-u-n.ua-unun----u-uouaqa«n-uan-q-ng-un---~u—nuuwnu---u

o - BOUNDS HET POR VARTRBLE, }'SI"

CUPPBR LI

pRs) - any{CJQ;Y;Q)

& LOWER wBOUND
@

YIL = STRY(C,¢,Y,5)
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T e B‘I‘ANG;YrP 3)¥ (1 STAP{G.Y P,4))* (1-8TAR (G, Y, P, 5)1*

nr

* (1~ Locil B, 3)*5TM(G,BH
e
C LOWER w>

aon n';'wte 8,10

e -’-u-;--u--q---n---n-.------n-------u-----’ ...... -
e AOUNDE ST FOR VARTABLE "PLM ’
[ J-\DF’ IS HOY? DEFINBD POR THIB MODEL IE. ADF w L
-

C DOPER as{iOU ~ IPC * (1~ POR) * (I«FOR} * MJB‘ ¥

PLU = STAR{G,Y,P,A3)%(1- STAP (@3, ¥, P, 41}*(1*-81‘}1?(6 ¥, 9 B) )+

o {1-LD8(1, 8, 3) ¥8TAG (G, 3))
c . _
c I.(DHER E1 : '

S FuLoe BTARIG, ¥,5,12)
c‘-“.-"'.ﬂﬂl“'l..llD”‘*‘.-HH.U‘-'*.-—H“‘-“"E.N--‘-”ﬁ.-h‘--ﬁ-ﬁ-dqb-.ﬂn-hun-ﬁ
& awm:a_ SET POR VARIABI.-E npLe
c } g
€ UPEER wa :

: PII‘J » PIMP(I,Y Py 1!

c :
@ mwxn .

L PIL m BIMPLL,Y,P.R)
c--q--~--a;np--—;--?-----q-----tﬁ-n-----7-*»-—-q—--h----f—un—--
c BOUNRY | SWT FOR VARIABLE BE" '

c : ' T
_C UPRER w» _ : M

_ p‘m = PEXE (E, v L et
a <
O LOWER = fi ¥ : . - -
. P!-L s pnxpm Y P,a]

3y

c-...-.............-..-........-....................---.........................-. R —

Cuvwnunwuns SECTION a.2)

- BD‘UI'TDS any ?OR VARIABLE "COY"

o L
C UPPIR mx ' : £
’ OYU L COLYlC Y;l) i

c
C LOWER m> : E ' LT
C.‘YL " COLYtC; Yl 2} . ] ’_;‘_,'-"
c - . -
_cnaQn-}---—--;--q-.------n--a-—-;-----n-u-a-;¢.uq.-»-onnu-y~-un
Le poumMpe  SRT FOR VJ’LRIRB!IE‘ QD"
"0 UNBERms o
KU = COI:P(Q ¥i#, 1)
o
¢ LOWERw>
[a:0) OOL?(Q;Y.P;Zi
T i o T B e R N T e A e
G BOUNDE 8B roi 'mnI.nBLE "x"
c UPI’ER -

THU = TOXP(C,G,Y¥,P,1)

e t.owmn s

. TXL = TCXE (U, 6,Y, 9, 3)
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Communmmesan  AECTION 5,1.9
84 coﬁﬁkchENTB FOR ENERGY IMPORT LOWER HQUND

c : : W

o w** pgazop _ . ' _ ) @

. BB4 = PEXP(®,Y,F,5) i

C S : .

e . w¥F YERR
- GBS = PEXY{E y,a;

[

. _.cﬁ'hl'*wIr**1!ii**1\'**a;***\I'*\!***3***1":****mﬂf***ti***w**i**’**ﬁ***** T,
Cumwumanwne  HSEOTION 8,21 = h

COHFYICIENTS FOR GENERATION TRANSFER BALANCE

€

w4 PERICH -

OTL w - SWH(Y,P,8) * BLA(Y,P,3) / STARIG,Y,P, 8)

QT2 4 COLPIC,Y,P,5) ¥ COLR(C, ¥,240 /3.6 '

G2 = -1 BIW{Y,P,1) *STAPI(Q,Y,P, 20) #eran (@, ¥,2,3) *pr.ww,p,a;

cvn- COLP(C,Y,B,4) / 3.6
k¥ YEAR

QT4 »  COLY(C;Y,5) ¥ COL¥(C, ¥ 4) / 3.8

Grs &0 -1k SUMENS(G,) . o

ovy = 'co:.rtcu};ss I

c*i****tﬁlﬁﬁi**ti*iz*lt*’****ai?*******iﬁ***i*****i**i*********wt

Cmmpemnnane  ARCTION B.2.3 ’
g CORFFIQIENTH FOR BTOUKPILE BALNCE

c .
BLY = &TPO{C,d,1) o
v o

c*ﬁi*t**il*iJf***ﬁ*g***l*****J***i**i***i**t*i*#*i***it**iﬁ*i***i

Cnmmmmmmawse  SECTION 5.3.1
& CGRPFICT - FOR RESDURCE TRBNBFER BALANCE

Ak éERIOD :
RT2 =  SWHIY,P,8) ¥ PhW{Y,P 1) f ST&P!G Y;P:Sl

RT3« PIWIY,P,1) ¥ smpw.! R} * STADIG, Y, B,3) * ?Lw(w,p,a:'

'“ WM S
RT@‘¢ SUMRT4‘G.!}

T R L r L L e T T UL Lt L arl L]

QhhkdhdhddrbrdtrdaIhvbddaktw bk bbg . i

 Cummmmmwnns  GECTION 3,4
¢

€ . BOUNDS BN FOR VARIABLR "GOV
C URPER w>00U w XGC # [1-DOR) ¥ (i-FOR) + ADEF 7

¢ AOF 18 NOT DEFINED FOR THIS MODEL IE. ADF w 3
c . . S
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Ir (TDPRGD(IJ) Qr. 0. 000001)
INFORMA!

c WRITE OUT TION §Ac3 _
- WRITE {KPRINT, 2140; KGH&HE{IJ RGD{KJ KFHHHPﬂD L NDRD)
"“RIT§E KPRINT, 2145
DO 2130 K = NUHPRD NPRD
: PRGO(K) = 0.0
2130 _ INUR
2340 FDRHAT'EIX T JT13, 7§, 10(;2 ¥8.2}) .
%145 FORMAT {v+7,Ti0 6
© IF ((NDRD . .AND. {TOPRGOiIJ} .GT.0.000001}) THRN
- THRITE( 2150 “TOPRGCITT)
2150 FORMAT (*+ Til ,_K,F*O 2 T100)
2100 cxxrrlﬁug
NUMPRD = NUMPRD + 7
2090 CONTINUE
%cao CONTINGE
C _ h
g COLLIERIES
¢ . . o
€ =se%&*==c START PRINTING THE TABLE ===#itoce
C : _ INITIALISING VARTABLES
NERD. = @
"NOMPRD = 9
_ ROYR =0
TYDE = O
S . L
DO 3080 III = 1,280
: . TOPREO{IIT) = 0.0
3080 ' CONTINUE : . N !
c h HUMPRD a i o - - *

o

- DC_3100 II = i,NY,1

IF_{{NPRD110 Gé
{{ isY} EY}TELm

REBD -HERD +1D
ERDIF

c L . .
C memctite=s FRITING TABIE HRADIPGS ——=kéfo== |

00135000
0803140000

* 00141000

0014280G

a0143000

00145000

60149060

Q01550040
001560400
02157000

00158000
09159800

- 90169000

- GO TO000
T OPL7IG00
. BOYT2000

00175000

00174000 -
§01715900
80176000

BO177000

00178000

§




L e e " @p051000 .
e <PONETNG LCADmmmmmemmemaemacmimmnmmeenre - SASEEE0
- e _ S o 00054009

m==kdk=m= QTART PRINTING THR TEBLE m=sti&e—_ L 0DO85000 -
INITIALISING VARIABLES Cee ~ 00G26000

NUMPRD
NOYE
TYPE

naanes

nwna
cLo0

[3]

(e

=1

e

\D

Sy ]

]

[=]

an
=]
oW
it
[
b
=]
5]
-]

DO 2080 II = 1,8¥ . o | o B C0103000

|
=]
=]
=
[~
il
=]
%2
=]

oo onng

DD 2080 III = 1,200 . ' . 60105000
TOPRGO{ITI} = 0.0 : : 00106000
2080 CORTINDE _ : _ - pOiOTN0G
c I : _ - o 00108000
. : HOMPRD = 1 : : _ . 50105000
¢ DO 2050 IX = 1,EP,10 SR : S03ii008
" TIF ((NPRDs+10Y .GE. ND) THEN @00 - . .. p0112000
HE('RD = NP : : _ : 90113000
_ S : : . : - 0OLLE000
MPRD =RPRE +10 ; : _ . : o 00135000
ENDRIF : o 0016008
c. _ : _ _ . : 00117000
DO 2100 IJ = 1,m : : . : : 00118000
c : o 001198400
C s=c=kkt=cu mr'rmu TASLE HEBDINGS ===**¥=a= : 00120000
c - . _ 00121000
_ ir (IJ Eg THEN - : 06122000
c ssrﬂgxﬂas WHICH TABLE IS BEIKG PRINTED : - ggﬁzggg
CALL ‘I’BHEAD {TYPE, ROMPRD, KORD, II) : : : 00125000
FNDLE o 00127098
_ ONLY T BE DONE FOR DIMPED STORAGE STATIONS _ : . 0O1ZBO0G .
777977297 iF {POWR1(LJ,2) .KE. 1.0)GOTO 2108 : . ggggggg R
‘DO 2110 I = NKUMPRD,NPRD : : T 801310080
o : o . g 89132000
Do 2120 J = 1,NS S .. 0h133000
003134000
PREO{I} = PR{-}O(I} + BLPL{IT, II,...,J)*S!H{II I J}*mtn I 1) - 00135000
2120 CONT _ _ T QR135600
TOPRGO{IF} = mﬁo(z) + '!'OPRGO{IJ} o L 09137608

2110 CORTINUE o . _ S 06138600 -
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A ann o

c
o NUMPRD = 1 .
PO iNeRba 10y 6k "we) —
KPREPRDEP TR T :
£1.SE : :
NPRD =NDRD +10 . .
ENDIF R
DO 1100 I3 = 1,NG .
====t*k%=== WRITING TABLE HEBDINGS a—-***===
IF {I& .EQ. 1) THER '
TYDRS SPEngIES HHICH.TBBLE IS BEINGS nR:HTED
CALL TRUEAD (TYPE,NUMPRD,NPRD, '
e ENDIF ¢ PE'_~ _ffﬁ :TII}
"élzs DO 1118 I.= HHHPRD NDRD
& B0 1120 - 1,NS : . i
c ;
1130 PROOLI) = PREO(I) + BGO(IJ 11,1, J}*ShH{II T JI*FLH{II I 1)
TOPRGO(IJ) = PRGO(I) * TOPRGO(IJ} |

111310 CONPINUE. - LT

WRITE (KCRINT, 1140 %&E(I{I} {ERGQ{K; E=
. WRITE iKI'RIH"' 1345 - —EE-!PRD EPRD}
DO 1130°K = NOMSRD, RPRD o
,fLMPRGO{K

§
]

IR (EPRD ' :
1155f/nnqua T3 Tiio, %' 1%, Flé z Tzda)
11007 CEMEIHUE '

1050  CONTINGE -  HOMERD 4 30

%BQB CBQTIRUE

0.0 . f L R
1138 {xggr : ' T
%iég FDRHhTwi'&s # ‘6 ,T13,‘#’ 10(1x, FB 2)}

06043000

00055660

- . 49056000

QONs70006

00058000

08059080

00080000,

GOG&1IoT

00062000

- 06063000

00659000
. 00070000
00071600

00072000

Q0073000

000674000

- Dol75000

$0076000
DOO7700D

3_00073&00

. Q0083000 .
00082006 -
80085000
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Crissr THIS REPORTHRTTEX WAN CREATED FOR THE =~ faiit.
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\é- - used par&netezs tf:: dzmenszon docdl arrays

%IHCLUDE mncnma %

$INCLUDE *RWCOMM.I°

CHARACTER *10 RANGEV ¥190,ﬂ -

CHARACTER *B RENGEX (168.6 f =

. CEARACHER *1  AII _

* CHARACTER *2  AIJ

_ CTER, %2
REXL. RAS 100,2
REAL RAHGEYilOO 2

REAL PREO{200) , TOPRCO (200}
REAT, SUM o :

3]

TWTEGER nuurgn,uyan,ffyg

. z——***==— START PRINTING THE TABLE ===3**éée
. INITIALISING. uayfaszss -
. NPRD
T NOMERD -
L. KREERD
. TYPE

c '
g_ CALY: RANGEI=.
C

IR
rob

PO-1600 I1 = 1 ﬂY

Do 1080 I11 = 1, Zoo
iy = &0

.

. ) £ R
AE _ S _ St

T Q0001000

- 00013000

pod14000
¢o015000
go015600
80017000

0018000
00019400
06020004
000210080

. 0002%006

00023600
00022000

80625000
50026000
00027000
40028000

- - Q0022300
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% REBY er REBOUCHE YIRAR DATA waw
. Ll REGOUCH QUCPUDT UPPER ROUND  (ROU)
. La2 - REGOUCE OUTHUT LOWER BOUND. . (ROL).
* el  REAOUCE QUTSUT COST  (KRO) '
* . .
*” RRER YyYyy SHOU-=  ~HOL~»  ~QRO-=
. YREBY = Haol 1930 sboqoo  000%AD * .02000 :
. % REED  wiw REEOUCE DERIOD DATA Y% - T
* Ll RESOUCE OUTBUT UPPER BOUND (ROU} _ :
¥ . .. Le2 RESOUCHE OUTPUT LOWER BOUND (ROL) '
* Lad REBOUGH OUTBUT &O8T {KRO) _
* _ RRRR YYYY PR PROU=» ~ mROLew - wOROww
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*STPP TEOA PEAK 1990 03 3 .opaan e S
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YSTPR  OPTr  BASR - a$91 02 3 .p0100
YETPR. OPYI - BAGE 1991 0d° 3 .00100 o
L] E .
* WESG wer REBQUCE GENERS



*
*
*
Co#
*
*

TCOR FRAK 1991 it

D~9 -

LB

“ 04100

* Lmd THANSPORT CORT ON CHANNEL (QT3) R
* Lo aues  YYe Py ~IX0=  TEDwn w(TRan
TQEP 0PI BASE 1990 a% ocpash  pognde o.00B0
STLG ik STOUKPILE GRNERAL DATA s#% ¢
Jei INTTIAL BTOCKPILE LEVEL (BLY)
elelele] oauEs oy ~BLIes
CETPY. OPTI BARE 00018,
- : = .
* GUPY  4ux STOCKDILE YEAR DATA ¥+ o
* Ul STOUREILE LEVEL UPPER HOUND (S11) .
'* D2 STOCKPILY LEVEL LOWER BOUND. (8LL) -_
* © Vw3 STOCKPILE LEVEL QRET  (dst)™
* Vet BTOCKBILE INPUT UPPER DOUND  (41)
* Us¥ STOCKPILE INPUT LOWIR BOUND (3IL}
* Ung STOCKPILE INPUT COBT {031} _
* Un? . BTOCKRILE QUTEUT UPPER BOUND  (86) _ [
* {8 BTOUKPILE GUIPDY LOWKR BOUNB  (8OL) .
s | Us§  STOCKPILEOUTZUT COST (G0} “
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§ owive # OUIPOT ¥ o. a0 o onG f.600 ' 0.O00% B.865 1845 ® 1.%11 &
§ MRS X CUTPOT £  232.949 - 30.222 27.72§ 25.434 25.332  21.408 £ 161084 @
& XENI® £ ODIPGT & SD.E26  £7.505 . 78.618 68.452 6Z.A05  ST.615 £ set.g2 %
£¥EN25 - L OMEOT & - 0.000 0.908. 35.783 33,753 39726 36446 § 145,718 2@
# ERLYIS # OOIPOT & 47,515 43.583 39.59% 36.6592 33.853 30.882 3 . 233.336 - #
4 REI$ B OUTPNT 3 G.000 15083 13.884 12,7031 I11.65% 10.650 Ty & é3.97% .
‘% gTeGE - R ODTDOT & 103,138  04.606 BE.TBD  T9.522  73.045  &7.027 ' £ 501207 . &
F MR & UTPUT §- 20,146 25.432 23.313  23.388  3B.882  18.002 & 127.600 £
TOMATEE -t DUTMON £ 216.315 398,456  182.078 152,218 167.170 353.376 _ ® 108360 £
EETINE B OOIMOT 2 £9.405 63,672 BB.£22  SRS8¥2 BR.SEE  ATORSE oo ¢ zeamee &
& SEVRE $ODTOOT £ 0000 0.008  0.000 . C.BO0 9008  0.000 & o.000 ¥
$TOTIF £ OMPOT #  §6.550  GlO0GE 56024 Sl.goe 7,152 43.256 87 325,456 &
FUUTZE . S OOWOT A 0.860 0000 0.800  0.008 25(297 25873 - %o AD.3ET.
2RI 2 EFOWENT S 2,178 3.733 3480  3.132 2.829 . 2.£37 OB T 18259 ¥
$ MoNTEMNWT ® TRE CE §  8.050  8.000 5.900 ©0.000  ©6.008 0,000 2 e.000 @
2 CANDICHNMD B THP CH £ 0,000 0.000 0,000  0.089 0.000  0.000 i 0.080 &
4 DOVASDUVA £ TRP CR £ 0.600  D.O00  0.000  G.000 - 0.000 . 0.040 # .00 @
2 CHOVEGRIV 2 TRP CH# 6,080 G000 U.0G  ©.006 @000 p.000 . » a.000 %
5 EDDINEWD # TRP CHE  0.0080 0,050 - L.0006 2000 0.800 0.9 ¢ . p.ona #
#XEWISERD £ TEP CH E G.000  O.800 D.G0G  €.000  0.908  #.800 3 o000 B
. L TECIEND X TRPCE S 0.000 2 0.508 D880 . 0.000¢  H.000  0.003 # o.08c 3
EEoiERiL $ TRP CH E 4.0U6 8,606 0.068  B.ne 0.G00  0.ea % 8008 &
R SRIZORIL FTRP CH £ 0000 6,008 U000 . U.086 T 00 0.060 - . : $ - a0 &
£ LIROYLTHO £ TRP CH 2  0.870 . G.800 $.00¢ 6.000 0.000  &.0a% - Lo £ e.pee. ¥
FMAJCHOST § TR CHE 4.080 8,000 0000  S.0D8  G.POS.  G4.%C = T o006 £
S IMTISNATE 5 TP CH £  0.0080 0.080 2.905 0.800  G.980 S0 ’ 2 . Bese 3
#ENTAMIA 3 TEP CR & U.008  €.60 G088 D000 D608 ©.00% . - 5.008 &
ESRVRiSENG S THRP CHE E 0.080 2 B.000 G000 O skt .06 0,990 . oeee &
FIOMTOND § TRO CR X 9080 5.808  0.508 6.900  9.000 6.880 - ' .ﬁ 3 s.aee £ -
oo & £
(A T

X

@

7

F.;. 33




£ ==r XOUT-SDL (FEST-FI OUTIKISATEOM STUDY - SCRERRIO D CRSE 3) . — NOPT-SDY
mew TASLE &4 : - = v ) ) .
g=‘m-mmmm {fm) ==x ml”?r-

£ STA Fcom: - _ : ‘PRRIOBS — - o
& WmHRE 1 12 33 o ' :

- -—— 3 - e ———

# 4 o.00 =900 £.000

L e - . =
.

s
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$ ==- EOBT-SD1 (FRST-RX GRTIMISATION STUDY ~ SCEMARTC D CHFE 1} . = . ¥OPT-SDL &
= TREIR 6.2 | wmm o a N
= COST - IMDOOTS (B} wa= ) — s #
# ST # &
¥ NAMES 13 12 - ¥
£ GHRNE . 0.008 ©.000 o000 : - . S s ‘u.oon #
£ === KOPT-201 {TEST-BX OPYTMISATION STUDY - GCEMARIO D CASE 3} . om=  KOPY-8O03 #
== TABLE 6.3 = . . . . - - -]
wmx INMCIME - EXPORTS {Bm) mo= - : YEAR 1393 ) : #
& STA & : : ; PERICDS : _ _ r ' %
i BMER - 2 - | 4 5 [ 7 -2 A | *
# EXe1s  C.000 .00 0.000°  0.008  G.000 0,063 . D.0O . 0.000  G.000 0000 e
$ sm= XOPT-SDL {TEST-RX OPTIMISAELON STODY - SCENARIO D C2SE 1) =x# FOPL~SDL -. g
=== TRELE 6.3 - m—= ) . ) T *
=== JWOUME - EXDORTS [fw) =m= S TRAR 1593 : : S #
£ ST Frmwon ' - PRRTODS ' #
# ¥oBE = 12 13 - ' &
& Symry 0.00% ¢.o03 0008 " # a.06d. #
& moe m-sm (TEST-RX OPTINISATION STODY - SCENBRIC D CASE 1) C e ROPT-SDYL
mmn TABLE 6.4 ' - S _

Cacw COST - SPIMWING RESERVE REDAYATION {Rm) == yEAR 1993 Coe
25T ; e et PERIODE - -
5 g I T z 3 £ 5 A F. .. &8 ts

£ . § c.oop 0000 Q.00 - G.000  0.900  9.008  $.000  ©0.080  4.906
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e dh vh oW o ok db 4w Wh Uk % oR B MR HK % W

$ =e= EOPP-SDL (THSE-SX OUYPIMESATION STADY - SCEMARIO D CASE I} . KOPP-SDE &

max TABLE 5.3 o s ) . . . . . . ’ 1 ¥

= POST - STATICH ORM (PN} = YEER 1953 %

£ STh Hamamccar S  PRRTCDS - B

& WRMES %8 12 13 -
——— - : - . 2

§ AREYH 1.318 - X.328 1.6%% -# " 21,929

& camd g.008 a.002 . ©_oob # g.000

& DOYAE.  2.33  1.895  2.36D — # 27.668

¥ carvi ¢.000  D.00D o.000 & 0.000

3 EEWDg  1.62% 2.058 ‘2.180 3 . 24,789

* FEHDE 0.611 .62 0.539 & 7.B5E,

5 KRIuE 1.691 3.714 © 1.216 -3 20.351

¢ LYBOR z.438 2,538 - 2.284 8 28.435

$¥asEE | D.don G¢.a00  0.000 .3 ‘n.000

# MRTIZ . 16531 1.597 L.E28 . ™ & . 2B.040

& MTIAR 2,331 . 1.48% 1.850 ? 2 . BE.I26

% SEWGHE o077 D.042 o.000 # | 0.ATS

# TOTOR 1,330 1.952 1.263 # 21.36%

@ XDRBE  H.000 . 0.000 £.000 ¥ 5.Goo

2 FVEE 0083 6.a82 w083 3 i.078

£ DaAEg | 6.01% 9.011 B.01T g 0.143

B PAIME  D.013 ¢.013 0.3 3 ¢.16¢

# GrESF  0.000 D.0OG  D.0GD 3 o.0n

T

% === ZOPT-SD3 {TEST-NX OCUTIMISATEGH STODY - SCEMBRIG D CasE 1% -~ © - —

sws TABLE 6.2 T _ o : : :

mcm CDST - IMPORTS [Rm) max _ YEAR 1893

# ST % i ‘sERTODG

£ _ i 2 3 P 5 . € 7

§ SONE  0.000  0.000  £.00T D006 U.OB0 | 5.000  0.008
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‘wem  EOPT-SDL

% a»zc EODT-SD) (TEST-RX OPFIMISATICN STUDY - SCENARIO D CBSE 1} _ &
=wx TABLE 5 — . i o o : &
=== RESUGRCE USAGE {pu} = : = AVER STODY DERICD &
# RESOUHCR & : - YEARS == E::
¥ MaME % 3 2 3 5 .5 & ¥
I KDER .gq.t;**z;-q\ Wekddckdak QT2 BES FEARELEd AAwARAEe ARAEEshE : £ 564322 742 -3
§ TS £ ¢.099- gO.00¢- 0.000- D.00D- 0.000- ©500G- & R

L
[}

1
1

# cx= XOUT-SD1 (TEST-RX ORTIMISATION STUDY - SCEMARIO O CBSE 1) - Jmwe XOPELSDL 3
~wx TARLE 5.1 ) “J - . . . ] ) z
e sm s L L SERYODE = i ¥
Wm0 1 R - I -y . & 7 g g 10 £
£ AamNTE | 2.881 t.a1g’  i.3m7 | - 1i.7E8 1.319 1,838 - 1.ei8°  1.807 1918 X707
B Cmmp o.008 . p.000 Dipoo 2.400 0.00D 0.000 ~ b.ooD 8,900 ¢.080 &_pao
g Dtvag | Z.528 1.73% - 1.738 1.739 1.739 2.28¢4 1.738 2.528 2.525  2.481
2 GRIVE 0.000 0.00G.. 9.50G o. G600 0.000 D.00D . D.OGE  O.000 g.860 D.0GG
& HEMDE 1.622  2.%¥a 2.190  z.1ge | 2.13% 1.622  1.622 1.622 2.135 5,622
% K - D530 0,562 ©.561 0.567 o712, o585 | 02,799 . 0.605 8.866 - D.598 -
# ERTEE 0.967 I.464  1.384  3.832° 1248 | 1.835 . 1.7is 1.959 1,725 1.622
£ T8O 2.215 2.539  2.475 1.968 Y 2,492 1.617 2.287 1.627 1.653 2990
MU 0.000  f.000 o.ded 0.000 5000 0,000 - B.008 .000 8080 9,000
# BT 1.819 2 2.098 1,597 . 1.537 1.597 1.557 1.628 1.758 %.343 1.597
#wrag 2877 1.603 2.135° 2,351 1,736 2.331 2.187 2.101 2.191 . 1.870
& SRWGE 0.080 0002 0.044 #.U85 - p.803 o024 0.109. 0.108 ﬁ.m 0.000
# TOTOE 1293  3.73  1.670 152 1811 L7739 2.188 1.817  1.588. 1,471
- # BDERE - £.00D 0000 D.000° O.690. D080 4000 .000 p.on¢  t.008 o.o00
SEVWE: 0883 . 9.082 - 0063  D.082 0083 0082  0.083.  0.o6% 0882  0.08X
EDRAXZ G0N 6.93% 5,013 0.01%  6.033 0031 09I . 4811 0,032 0031
£ bRIME 2.013 o013 0.013 Te.6¥3. poeiz g.013 0.pa3F 0.033 G813 . a3
% GEESE  O.iOp°  ©D.000 G000  6.008 9000 £5.000  0.080 0,500 G.000 - g.e00

Ne M TE UE MR MR MR W e ME IR W K % dp d




) S e, }
_ o _ .- F-28 S S
L & STK TE # 0.000- GuO00-  3.800- 6.000- .80~  o.080~ - _ 2 o008 &
B # # STX OUTE  0.800- | 0.000- 0147  0.000- 0.088- ©.361 T C 2 . o.4as 8
‘2 TOYGFHUTZ & INFTIALS o o e ' IR £
- £ # IZVEL & 0.000 _ L g
& TUTUSTOT2 # OTR IVES - 0060+ 9.008-  0.008- 0.0BO~  D.000- , 0.800- _ R
g 8 ¢ STE.IM & Q.080- 0.000-  C.000- 0.000~ §.030- . 0.000- R - A | G008 §
3 § - P ETEOOTE W.0DD- 0.800-  0.000~ 90.000- ©0.000- G.008- ' B 8.800 ¥
£ CEWNCUNELG & TNITIALE _ : : = “ . o o
£ F. SLEWEL £ o.058 . . ' ; ' _ B Y
£ SRAGEWIL: § STR LVES  §.080- 0.000~ 0.006- ©.000- D.000-  9.00D- S . .3
£ £ S SIXTHE 0.000~ 0.000- 0.900~ 0.000- 0.080- ., 0.000-. & c.000 4
z 8 & SR OUTS . 0.058  0.000~ 9.060- . 0.000- 0.800- &.000- £ 0058 &
-~ t,
2 St
& .




- ENDYREWZ § STE TVLE

3 E  ESTEINME
¥ A # STE OOTR
2 ERTESFWLS § THGTIALS
g 2 2 LEVEL %
& ERTLERRLY £ SPK LVIG
5 £ £oTE N2

] ¢ U F 97K OUTE
£ KRILEKRIZ # INITIRLS

# # B LEvIEL &
# YRILEFELZ ¥ STE IVE
& 4 X orE IHE
§ E] & STK DOT%
# LTBOELTRO #§ IRITIALE
£ & Sieve &
# LTSOSLTEC) § ST LNLE
£ 2 # SR IN 2
3 & & SR OO
£ MAJUNMATD & INTTIALE
& % £ 1EVEL, £
£ MRTUBMASY £ STE LVLE
E 3 % BTE IR §

= 3 g §5TE 0UTS
£ MATTYMATY £ TNETTALE .
- § % LEVEL £
& MATTIMNTI £ STX LVEE
F & £ 57X IR #
£ 2 + 5TK CUTE
£ WTEDBNTIA ¥ INYTIALE
B g % IEVEL =
£ HILAIMILE: § STX LVLS
3 # # STE TH &

i £ £ BTX OURY

& SINGRORVR § INITIALS
K. ¢ 1EveEL @
# ERWGESRVE § STE INLS
#STR IN B
£ ¥ § STE DUTE
# TOTESTOTL ¥ INTRTALE
£ IZVEL #

% TUTURTOLL 8 ST LVESE -

" g.000-
"9.900-

§._od0-

0. 505~

$.0D0-

&.1900-

©.00a

| G 000-
a.00a-.
. F.000-

1.33%1

1.331-

0.D00~
o.age-

1.550

- 2.3BR

‘o.B00
o050~

1.504
1 904

| 0.009-

v, 0ua-

‘2.270

1278
GO0~
8,000~

B.045
8.084~
B.GD&#
o001

1.218
1.218

"g.spe

0.000-,
.000~
3.008- -

0,984

‘p.0o0-
o.000-

©.000-
a.008-
0.000-

1.33%

. ©.000-

"

0.000~

3.450
1.3X00

8.Dog- .

0. 04—
.500~
O .800-

1.218

" ¢.080-

4.000-
0.0048-

0,904
0.900-
€.000-

o.go0-
0.g0u-
o_gnn-

1. 140~
g.8a0-
0.181

©.008-
o.oog-
o060 .

B.904
4,000
8. 000~

n}unu-
€.000~
¢, 000"

1.140-
2.000-

G000~

4.550

 B.pao-
- B-p00%

s 0.970-

o.0G0-.

g.poD-

0. 044—
. D000~
o000~

1.071

el

G060 - T
©.608-" 0.8an-

- §.008-  0.000-
0904 0713 -
0.000- H.000-
$.000-  6.192
5.000-  0.000-
o.000-  0.000--
c.0uo-  o.000-
Z.3140- . 1.180-
a.000- . 0.000-
6.008~  0.006-°
4.480
&.o66- . p.0go-

. 6. Q7D 3.730.

. B.970-  D.97e-
$.000-  ©.00D-
G.000-  0.00D-

| 0.870-  0.870--

i G.000- 0,000~
G.000-  0.000-
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§ === KOPF-SDY rssr-szmmmsm -SCENERID D CASE 1) * .. === FOPT-50i #
| men THBLE 4.2 - . o g
-mmmmmmmfmml mms=— mmmm_ - T o L
# STA § COL 3 : YERRS ; = o8
:-_mm#. E . 2 ] 3% P 5 .G_ . M
- ' s : LU S S
§ AGWTEARNT § INFTIAEE _ N
&8 2 # LEVEL £ 0.2473 *“j}-*\?-’ _
= ARNTHAEST & S7K LVLE 0.473-  0.473- : D.578 0.678  0.678 - D.4T3-
& £  ESTRINZ 0.000« 0,008~ 5.Z05  D.000-  0.000-  1.000- . o B :
¥ $ & SYx CUTE . ©.000- . 0.060- D.G00- 4.000- 0.GAO- | ©.205 . o g 0.205
£ CAMDECAMD § INITTIALD : : ’ ' ) ) :
¥ % # LEVEL £ 1.070 . . :
# CAMDECMMD & STK LVIE 1.070  1.070 1.870  1.020  ©0.963  D_432- . _ s
# £ - ESICINE 0.000- O0.000- 0.000- G5.000- 0.000- 9.000- S -3 - p.oum.
E & & STR OOTE®  0.000-  G.000-  0.000- 0,000~ 0107  0.53% S Co § . 0,638
£ DOVAIDUVA & INTTIALE S ' A
g & ¥ IEVEL § D0.966 _ S :
£ DOVASDUVA & STK INES 0.566  0.966 - 0.966 - 0-9656  0.966  0.776~ . S . : .
» $#  $STRIE$ 0.000- D.000- D.000- © D.000- D.080-  G.GO0- o g 0.000
# £ £ ETROUT§ - 0.000- O0.600- 0.000- - 0.600- 0.000-  0.190 S S & - o.aasp
# SIVEGRTV ¥ INTTIALE R : o : ' :
LB # % puvEnL 2 0,336 - : _ .
" § GRTVEGRTY  STK IVEZ 0.356~ 0.336- D 336~ ©.356- 0.336~  (.336~ . B
2 g #SIXIN$ U900~ _ 0.000- ©.000- D.0DO- ©B.00D-  0.000- - : . . § p.opg
& E % SFE OUPE  0.000-  ©0.G69%  0.000-  ©0.000-  0.068-  f.000~ _ R 0.000 ° {
§ EDSSERD § DOTIALE . N : ' '
& # # LEVREL §. 0.4T73 . : S o
§ OENDEEERD $ STX TVLE 0,502 © 0.486 . 0.488  0.4B8 0.488 = 0.483- . _ . .
‘s 2 ssmEm#f o.wae- o000~ ooofT . popeo- ce.oev- Soop0~ o o e 0.038
5 & £ 5EROOTE  0.000- 0.03S- B.adﬁ;‘,«f{;s.uhn- . B.oof- | 0.005, R I g o.0z0
£ FENDERERL £ THITIAL$ ' s = s T ' S
£ B PnevBL § L.z 2 _ . o
| ¥ COMYKEND §# STK INLE  1.270.  Q.960-  U.960- O0.£50-  0.560- 0.560- - ' e L
- % . % $STKINE G145 S000- 0.000-. . 0.000-  0.980- - Q.QG0- S . 8 B.l%s
2 . §  $STRGOTE 0.006- 0.310 - 0.000- 6.080- €.0O0- © @000~ . #  eam
¥ XENDEKEAZ ¥ DITINLE S o -
£ &  @SIEVEL 4§ 0.000 o L ST o o -
L . . . : o .
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~ The LP aoftw&rg MGG ﬁnd_SCiCONI¢'aré inmtalled dp “ﬁﬂ_..; B
- mingle node. In 6rdar”t0'run the software, soﬁtlinksz
:have to be met which Point "to the aaftwara. Thin-im-'.
?done with a «..prcfilea file under a ussrm ‘%%ma _m'f"

. diractury. Anmiatanca will be given in this ragard
The ERROR that occurs most often is the following, yi s :
RAN: mot found

It should again be stressad that UNIX is cese uﬁnuitiva_

and {RaN} should have been antered as {ran},

mhe ‘weript File {ran} aborts when an ercor is detected
- with resulting eﬁxar muﬁsuges.
If che script ia aborted angd th@ nparnting syatem "L
still UNIX, there are two mmthads to gat baak to the|
;.REGIS operating system, ie

B, Prmss the [CTRL} ﬁﬁy and while holding iﬁ-ﬁréas {z}.

i

b, Type /com/sh and prese the ENTER key.



G121

. The input requirad here is exactly the snma as far“thaf
uport tablez to be produced and ia tharufarn net
discussed in detail. :

Funally ‘the matrix will be aruatsd, the LP-Solvnr will'

bs run, the report wricer will be run and the printoutx 

- will be made, If an error ocours at this stagh srror

j massages will b diqplaymd and ths ,program wil’ be
stopped, It laoku aa follows, '

#1 STATUS ## Matrix generator MG is xunning,_
{#4 STATUS f# MO euccessful - matrlx generated.
#4 STATUS #4 LP-zolver SCICONIC is running.

## S¥A;US ## SCICONIC succeasful - molutlon atatun is’

OFTIMAT. . STy |
. ITERATIONS OBJECTIVE  INFEASABILITIES  TIME .
SR 12.100000  496.819660(  14) 0.52

23 20.600000 . 0.000000{ 01 0,78

SOLUTION I8 OPTIMAL
#4# STATUB ## Report Writer RW i running.

## STATUS ## RW auccasaﬁul - repcrt.ganaratad.

******************w*******k*************************

" GENERATION EXPANSION MODEL .
N | PRODUCTION PLANNING .
" 24 Apr 1891, 10:47:12 .
] END OF RUN "
:**;***********************************************:.

§
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@-~10 CL e

* NEW . . o
* swuﬂv NAME 1 TEST NG-2P

3evara‘ files can Dbe gelacted ta be printsd.

i
0

e .
— — B A v

*k
%K
TR

* . !‘. . ) I. )
e s e v de Tkt SR R R R R e R R RO ke e R e e e e e

follawing uptiana wiil alJow the ussr to db thig. |,

-*********#**ww**kiw****w*******w************ﬁ****g** _
ko S ' . x

PRINTOUTS

The files followsd by [yl will be printed .
The filea followed by (n] will not be printad

i - Shortened initial imput File S 1yl
2 -~ Bhortenad expanded input £ile . ~  in]
3, « MpS file- iyl
& - Sciconie seolution tila o R &'
8 - Report Output ﬁg\ - vl

If you want to toggsl batwaeu [y} }hd:[nji

Enter the nunbsy, or

Pregs ENTER to contlnue. ‘

*

*

%

H iL

“J
-1
i
I
|

P e om0

ok
Chk
k¥

quian 2 the .Shortensd sxpandad itnput fila wiil dafault

not to ba printed,
1{Return}

[ Ve —
—— — —

L3 ]
*k
#a

1 -~ Shortened initial- input file S Y ¥ |
2 - Shoxtensd expanded input file - [nl
3 - MRS file ' [yl
4 - Soiconie aolution £ila _ _ ﬂi]_
5 - Raport Qutput -_,[yﬁ

If you want ko toggle Hgtwaan Ey] and {nl,

Entar the nunber; or

Presg ENTER to continue,




Ail globals are resolved.

o perfoz.med‘

G-9

-"mhe ﬂext option concernﬁ tha actual study to. bs

T

***************i***********#***w*ﬁ***ﬁ******iik**ﬁ**5

® - . R ' N
* ' BTUDY NaMR o -k
* : . . T . *

R R T TP T T o T

_* _awnnw NAME ¢ TEST NE-2P

¥+ Enter the FILE NAME that contains the naw aTvn?._ .
R e k-
L% press ENTER to c:ontinua w:Lth tha ourrertt: S‘I‘UDY* R AS

L [P
4

The atudy'h&me"of bha‘prav&oﬁs studytia'diﬁpiayad' The

new study can be parfoma& with the same st:udy fi.le, ax

a2 Daw study file could be usad. To uae t:hen clurrant :

study _fila again, the uger only neads to press. ‘thy
:'ENTER kay. If howaver & nsw file should be usad t:ha

aomplete £ile name should be typad ~and t:lm ENTER kay

-: rresged, I5 the input filw te be used ia of a diffarant _

directoxy than the wwrking diractaxy the £full pathnamu _

o Shauld algo be entared. If tha file name untared is not .*:;f
SR fou:zd ax_:t srror _;na;ﬁsaga indicating Lhis fa{:;xt -will be
E displayed and the user will be ¢ ven the cpportunity to

retz}n If the file was found the fcllaw$ng will k{\

- displaved, XE only ths ENTER Kkey wag prasaed nuth:tn,,r
will be diaplayad '

OPERATING GUIDE



R

3{Return)
't - Energy output -~ Table - 1.1 - 1.4 j{y?; i
1/ 2 ~ Plannad Outags -~ Table 2 byl &
11 3 - Generatlon Oubput Table 3 - bal
1 4 « Coal Output Tabla 4.1 - 4,2 -
-}l B- = Rasource Qutptit —~ Table 5 o
.31 & = Generation ‘Costs Table 6.1 - 6.4 . [yl
D3 - Coal Caste + ‘Tabla 7.1 - 7.2 {¥].
. 1178 ~ Rasource Cths ' Tabla= 8 .

T I you want to toggal batween [y] ax [n],
. %% Enter the numbar, ov
. k% Praua ENTER to continua._

o . . . . . B

'l If hy migtake a2 table Hag bsen turned off, whiah should
xﬁmain on,'chs numbar of tha tabie and tha ENTER kay

should bs prezéad and the Flag ahauld again indicute

o

: [y]. The systen will not progress past this point untii
Couly the BNTER key ig pressad ag canfirmation that the

corraat tablas wdll be araatad.

_ If the maximum dimensiona ware changed by the user, the

b
4

pl. source will ba raaampilad displayﬁng tha fnllow;ng

msasagas.

w

# STATUS ##f"’ﬁpnning the yearly v&:sion of M3G.
b A T 3 P S B ' i . i .
-.:ilr'_.’,-;g;i—;.._--‘_: _ A o “a L

U.

4 @TATUS #4  Compiling the MG cods. L
ALl glabali are ragolved.

## Status #i# Compiiing the RW code,

.}"_?I_:.. : ) ) ! ) ’ C I

AORE AT AT



- The next optilon concerns the Eables_pfoduagd bﬁ_;ﬁa

report writer.

*#*IHI‘***********************************‘k*********ﬁ"ﬂ .

o o o T : : o B R
¥ ' TABBLES PRODUCED BY THE REPORTWRITER - # .
* : . » ]

*w*******'H****.MMM***'H’*’uw***ﬁ*m****ﬁ****n* S
L8 . .

‘The tables followed by {y] will be produced s 10
The tables followed by (nl will not be, producad: 1

——
—_——

il 1 - Eneryy output Tabkla 1.1 r 1 4 _[yﬂ :
11 2 « planned Outage ~ Table 2 Iyl 1N
11 3 ~ Generstion Output Table 3. Tyl 1
11 4 - Coal Output Table 4.1 « 4,2 . Iy} 1
1] B - Resource Output =~ Table - 5 o[yl 4
bl 6 = Generstion Costs  Tablea 6.1 - 6.4 [yl 11
1.1 -« Coal Cogts Table 7.1 -~ 7.2 [v] 1l
11 g - Resource Conts -~ - Table. & . oIyl E
LA If you qant £e toggle betwsen [y] or [ng; ek
*% Enter the number, or, - P
Wk

Preas ENTER to con*@oua.- L , ok

.ﬁay def&ult ail tables @Lll be crasted, If”hdwuvur aqma' |

of the tables are noﬁfééquifedftth_can bu eiim;nutad

at thig po&ﬁt. Fbr axéﬁplé to pravumt takble 3 fram'

baing areatad prams 3 and the ENTER kay. The fiag .“  . .; 

Bfaglawdng 3 ‘on the diqpiay will pow be turned. to. [nJ



** Enter the new value for YEARS.

9, RESOURCES
10. LDC CURVES
11. WMC' CURVES

Agein the mjrstem will ¢ or progress past. this point

54 Raturn}
'CTHEMAXIMUMNUMHEROF:l. YHRARS _ -
t 2. PERIODS -
y 3. BLICES : -
t 4.. POWER STA‘I‘IONS : -
: 5. COLLIERIES -
: 6. TRANSPORT LINKS “
: 7. IMPORT ROUTES .
: 8, BXPORT ROUTES -

anaananndn

P

u.u-i:il.l cmly Ithn ENTER key is prassed, v}hen' the- 'us'ar is
satt:a.sfisd that the mmcizmzm dimensions .baing displayed

- are carrac:t.
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G5

R ko R R R R R ARk R A e

#* MAXIMUM DIMENSIONS'FOR THE CURRENT &TUDY® - =* -
* *

****************************************************

## STAEUE ## Reading tha MGG fila.

C THE MAXIMUM NUMBER QF : 1. YBARS - 3
c 1 2. PERIODS - B3
¢ : 3. SLICEY - -y
e 174, POWER BTATIONS S = 20
¢ 1’5, COLLIERIEE - 14
€ k i 6, TRANSPORT LINKS = 14
R 1 7, IMPORT ROUTEHS - 2
c : 8. EXPORT ROUTES - 2
& ¢ 8, . RESOURCES -3
Q + 10, LDC Q4RVES -8
a + AL, WMC CURVES -5
#*  If you want to change some - il
**  Enter the number, or - : ok
*% press ENTER to continus, ' RN

only the usara”of Generation Hemd Office will have ﬁhe

pticn to changa some of theaa dimensions. To &hangs &

apaaific damsnsicn the uper should entér & number from '

1 to AL and press the ENTER key

If for example the maximum number of years which ls 2,

by default should be chang&d ﬁa 5, presg 1 and the _
ENFSR kaf} You will be prompted for the new value. T03

antsx the new maximumn as 5, presa § ana the ENTER kay

The changes will be made and diaplayad again if any.
furtha ahangea are requirad or if the eritered valuas

wersa C.'OI‘l!‘ECt '

1{Retuzxn}

4
]



. was made.

Ged

'  The first optioin avuilable lg to ahose to. zun ;y
or a PERIQD veraion ‘of NEWGEX. e

gw*******************ww***#*******iﬁ***%ww***ﬁ*ﬁtﬁigﬂ_ j

* - - PHERIONS QR VYEARE '-.. e * - |
. ' IR

CLhR k****'k**ﬁ'**********fr*****!\'************************ :
- N
3 -

LAt e vqa* slone of NEWGEX exi:2.. < .'1'!"_ o

R AR pnnxon varsion | o
11 2 « YEAR = version T o

[
* r.'.'

RiE Dacide wich version yau would liks e usa,_ oy
1l by ENTERING either 1 or % T : -

- The usar shc:ald alther ,preme lor 2 and ENTER kay f:o'_
| salact whiah version of NEWGEX should ba uwd. onge t:ha- g
_numbar haee been eni:az'ed. it will be _diaplaye_zd to the

usar for aanfimatiom -

Lf{kﬁiﬁkﬁ} M

phe
gl

I1.You have chomen the BERIOD version - L
1 If you want to CONTINUE pres ENTER, else I

.
l
11 ENTER 2 to select the YEAR versiom: o0
I£f the _inforihatipn ig worrect pi:éss the ENTER key,
c’az‘:h‘e?wig_& perss 1 and the ___ENT_ER kay (_fo&: this
'inétaui&e) to c-hange what yqi,i have chos;n Anitdially. The
sysf:am widl Bot progress past this point until only tha '

ENTER kay 1w p.ress«ed sy canfimat.icm 8o “the ahoisa that

\\_.
4 :

Fo.l.zowing this the maximum dimansions far the ntudy-
‘will ba diep.layed. ' o
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3 Detailed Disoussion Of The Input Kequlr

A typlcal NEWGEX run will look as fallcws. Tha 3

'pmcedura im discueaed wit:h commanta givan in :Li:alias.

The operating systeém is AEGIS.

$ anv{Raturn]
Weldome to 8R9.5 SYSS DOMAIN MOTD!
Put your maaaaga haxe, ‘

* - Thsoperating system is UNIX. -

# ran{Return)

###### # S #'# ##### i:###### # #.

# # #

##H %% # W #
## #% _-# # BEEE ¥ 2
#0# # B g # - # & -####'#####‘ ®
# ### - ¥ o84 # . 0# 4 ¥ # % -
# #o# HHd S  ## # 8
# . # iR o ##### ####### #- ¥
| : S . v
&****ﬂ*************ﬁ*ﬁ*****************************w
* : *
- GENERATION HEXPANSION MODEL *
* *

* . PRODUCTION PLANNING . *

B T Ry % -
* - 24 Apr 1991, 10:44:1 *
* ' : : *
* START OF RUN *
* *

e &

*ﬂ**********#***************************#**@******

£

OPERABTNE SUTOR




© UNIX operating System..

'.;upgraded to [Apolo Doma'{.n/OS Version smo 31 wlas,

= D
It sﬂéuld'be-noted'that bkée the.ﬁﬂfi ozzﬁating stﬁem _
Er runntng,_ALL Further user inputs sould be givan in

.'lower case as UNIX is.case aemaitive." = |

' Aftar“‘uran:. ia:_antarad the 3H?ataﬁ' ig® intsractiva'

requiring the user to read what is displayar and- to

raspond corractlvelywhen ;equiredta to @o. .

_The follow1ng optiona can be aalected by the uaar when~;_

'}running the aystem. _ '

a. - Alterng the dimansiona cf the current modal. -

'b. - Selecting which paxt (tablas) of the raport to.

,prcduce.
a, Salacting the input fiie to be usad.

d. Salecting which printouts should be produosd.




G_@..L

'APPENDIX @

PRODUCTION: PLANNING - OPERATING GULDE
o el . : . ll 5 .

It must be noted that this chapter is taken diractly
J/ Exom l:ha PRODUCTION P}.'ANNING - OPERA'I‘ING GUIDE. S AR

e

The aim of thia saction of thia documant ia to tell ona  :‘_%:
how to use the Newgex Prcduction 8ystam ie . PRI
* Runiting the system. N _ .

‘Detailed discussion of the input-radﬁiﬁea*Q_
. genersl. o o g

Problem solving. S I - . E

T,

2  Ruoning The System o VR fﬁ

Tha aystam is. fired by running two scripts. L . : ~;”-@:

A. gexipt is an..AECII (raadabla) file which aontains
yatem commanda._ _ '

cenvs .~ Start UNIX aperating systen., o

<rans '.I « Start the Newgex Syatem. {1QWascaaa}

Tha <énv$ script would probaoly fall away once the

operating system running on the Apollos have heen
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'Large studies will run for a nunbsz of hmurahaﬁ&

fact that Ehe ayatem ig busy” (::unning}«j willf_he.

displayed, ag 

S

% BTATUS # LP-Bolver SCICONIC is suniing. |

If users want to'géﬁ an. estimate of the sigq_{iatﬁhé"
© gombined nnmbar of variables and constraints) of. theff
Tatudy to ‘he run,_as there ig & wmoft llmit on tha siza,,'  ;

L

they can contaet Bertug Vvan thalkwyk Thare axlsty a

Lotus 1-2-3 gpreadshest which can do Lhiq_calculation.-

=
o
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