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1 ABSTRACT 

1 . 1  Key phrases : 
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Dec i s ion suppo rt system; 

Integrated use of s o ftware products . 

1 .  2 Abs tract 
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The theory o f  minimi z ing total energy us age i s  
we l l  known ( i f  not wel l  documented ) ,  and the techni ques 
are wide l y  p r acti ced . Because o f  the way in whi ch 
ene rgy i s  s o l d ,  the total co s t  incurred may be a ffected 
even more s trongly by the time -di s tribution o f  the 
ene rgy u s age , than by the total quantity used . A ma j or 
sub ject o f  ECM i s  the MANAGEMENT o f  thi s  time ­
di stributi on o f  energy us age , with the ob j ective o f  
min imi z ing o f  total energy costs to the user . 

A s o f tware package (named ECME S , Energy Cost 
Management E xpert System) has  been deve l oped us ing the 
Lotus Symphony integrated spreadsheet s o ftware package . 
The ECMES app l i cation cons i s ts ( cu r rentl y )  o f  thr e e  
modules o f fe ring analyses  o f  s eve ral a spects o f  
e l e ctrical energy c o s t  management ( p lus three 
corresponding modu l e s  for gas costs , which are not 
considered further )  . The Symphony ECM app l i cati on 
modules have been deve l oped over the l a s t  few year s , 
l argely on a spare time bas i s ,  by P ro f e s s o r  W Monte i th 
o f  Massey Unive r s i ty's P roduction Techno l ogy 
D ep artment . 

The anal y s i s  o f  Energy Cost Management on a P C  i s  
one which r e qu i re s  functions s upp l i ed b y  several 
s tandard s o ftware package s , particularly spreadsheet,  
graphics , database and e xpert s y s tem . The rel ative l y  
recent avai l ab i l ity o f  mode rate l y  p r i ced and u s e r­
friendly e xpert system devel opment packages has b rought 
an additio n a l  set of powerful too l s  within the reach o f  
the app l i c ati on deve l ope r . A D e c i s i on Support S y s tem 
( u s i ng an Expert System she l l ) has been deve loped, 

whi ch is  we l l  integrated with the spreadsheet data , and 
with a datab as e ,  to e xp and the functi ons of the 
o riginal s p r e adsheet ECM analy s i s  too l . 

Theore tical work on the data requi rements and the 
production ru l e s  has opened up p o s s ib i l i ti e s  for future 
work . 
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2 INTRODUCT I ON 
The theory o f  minimi z ing t ot a l  energy us age i s  

we l l  known ( i f  not we l l  documente d ) , and the t e chni que s 
are wi dely pract iced . Because o f  the way in whi ch 
ene rgy is  s o l d ,  the t ot a l  cost incurred may be a f fe cted 
even more strongly by the t ime -di s t r ibut i on of  the 
energy usage , than by the tot a l  quant ity used . A ma j o r  
sub j e ct o f  ECM i s  the MANAGEMENT o f  this  t ime ­
d i s t ribut ion o f  energy us age , with the ob j e ct ive o f  
min imi z ing o f  total energy cost s t o  the u s e r . 

A s o ftware p ackage ( n amed ECME S ,  Ene rgy Cost 
Management Expert System) has been deve loped us ing the 
Lotus S ymphony integrat ed s preadsheet p roduct . The 
ECME S appli cat i on cons i s t s  ( current l y )  o f  three module s  
o f fe r ing ana l y s e s  o f  s eve r a l  aspe ct s o f  e l e ct r i cal 
energy cost management (plus three corre sponding 
modu l e s  fo r gas cost s ,  which are not cons idered 
further )  . The Symphony ECM app l i cat ion module s  have 
been deve loped over the l as t  few yea r s , l argel y  on a 
spare t ime ba s i s ,  by P ro fe s s o r  W Mont e ith o f  Mas sey 
Unive r s ity ' s P roduct ion T e chno logy Department . It is a 
so ftware package who s e  "t ime has come " ,  appe aring in a 
time when ene rgy cost management i s  becoming recogni sed 
as of great commercial s i gn i ficance , and its study i s  
deve l op ing into a recogni s e d  field . The Lotus S ymphony 
so ftware package used to develop the ECME S package 
o f fe r s  a very power ful t o o l  for dat a analys i s  o f  thi s 
type , combin ing " t radit i ona l " spre adshe et , f i l e  
management , and word proce s s ing functions a s  we l l  as  a 
power ful macro " l anguage " ,  and good s creen handl ing 
fac i l it ie s . 

· 

The Symphony based ECM app l i cat i on was conce ived 
from the beginning as one whi ch would carry out many o f  
the funct ions undert aken b y  an e xpert , and hence could 
be c l a s s e d  ( in the mo st general s en s e  of the phrase ) as 
an " expe rt system " . During 1 9 8 8 ,  howeve r ,  it  was 
recogn i sed that there were opportun it ies  for extending 
the use fulne s s  o f  the package by inte grat ing the . 
spreadshe et package with a " convent i onal " e xpe rt system 
app l i c at i on . 

Although the faci l i t i e s  o ffered by S ymphony are 
suffic i ent ly powe r ful t o  a l l ow an expert system to be 
const ructed,  thi s was recogn i sed to b e  an ine f fi c ient 
approach t o  provi ding the s e  funct i ons . 
The inve st igat ion o f  the s o ftware requirement s ,  the 
speci f i c at i on and deve l opment of t h i s  expert s ys t em 
app l i c at i o n ,  and t he method o f  int eg r at i on o f  the 
package s form the sub j ect s o f  this thes i s . 

As i s  evident from the t it l e ,  the the s i s  has two 
aspect s ;  the gener a l  aspect o f  integrat ing the 
funct i on s  o f  s eve r a l  ( st andard) PC s o ftware t oo l s ,  and 
the mo re spec i fi c  aspect o f  p r oviding a dec i s i on 
support appl icat ion for the ( L otus S ymphony based)  
Energy C o s t  Management package . 
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The t he s i s  i s  st ructured s o  as  t o  p r e s ent t he more 
general  a spects of s o ftware integrat ion f i r st , p r o c eed 
to an e xaminat ion o f  Energy Cost Management (both as a 
sub j e ct ,  and then a s  a fac i l it y  provi ded by the 
spreadshee t  package ) , and fina l l y  to the deve l opment 
and integrat ion of de c i s ion support s y s t em . 

The dec i s i on support s y stem deve l oped i s  we l l  
integrated with both the Symphony-based Energy C o s t  
Management appl icat i o n ,  and a l s o  with a dat ab a s e  
faci l i t y . Funct ions a r e  provided which e xtend u s e r  
unde r s t anding o f  the energy us age withi n  the i r  
o rgan i s at i on ,  and al l ow det a i l ed and h i gh l y  int e r act ive 
exp l o rat i o n  o f  the e ffect s o f  changing ene rgy u s e  
patt e rn s  o n  t otal energy cost s . In the cour s e  o f  the 
p r o j ect , e xperience has been gained in the f i e l d  o f  
ene rgy c o s t  management genera l l y ,  the theory and u s e  o f  
e xpert s ys tem she l l s ,  and the theory and pract i ce o f  
integrat e d  u s e  o f  s o ftware packages . 

The D e ci s ion Suppo rt System deve l op e d  i s  by no 
means a fini s hed product , and speci ficat i on s  are 
sugge sted fo r future wo rk . 



3 STANDARD P C  S OFTWARE PACKAGE S  AS TOOLS FOR " REAL " 
PROBLEMS . 

CHAPTER SUMMARY 
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T h i s  s ect ion sets out t o  exp l o re b r i e f l y  the 
qua l i t i e s  and spec i ficat ions whi ch wi l l  a l l ow a 
comput e r  app l i cat i on to be o f  use  to a user , t he 
(primit ive ) s o ftwar e  funct i on s  requ i red for such 
app l i c at i on s ,  and the d i s t r ibut ion o f  the s e  funct ions 
among t he standard s o ftware t ool package s . The final  
part o f  t h i s  s e ct i on exp l o re s  the i s sue s invo lved in 
deve l op ing app l i cat ions requ i ring the funct i on s  o f  more 
than one s o ftware t ool . 

CHAP TER CONTENTS 

3 STANDARD P C  SOFTWARE PACKAGE S  AS TOOLS FOR " REAL " 
PROBLEMS . 

3 . 1 USER SPEC I F I CAT IONS FOR USEFUL APP L I CAT I ON S  
3 . 1 . 1  Accept the dat a avai l ab l e . 
3 . 1 . 2  Per form the t ask ( s )  requi red . 
3 . 1 . 3  Perfo rm t asks i n  the way requ i red . 
3 . 1 . 4  Pres ent the results in the way requ i r e d . 

3 . 2  COMPUTER FUNCT I ONS ; BUI LD ING BLOCKS FOR USEFUL 
APP L I CAT I ONS 

3 . 2 . 1  Funct ions requ i re d . 
3 . 2 . 1 . 1 Data input and ver i f i cat ion . 
3 . 2 . 1 . 2 Data storage and ret rieva l . 
3 . 2 . 1 . 3 Mathemat ical  manipu l at ion/proc e s s ing . 
3 . 2 . 1 . 4 P rogram flow contro l .  
3 . 2 . 1 . 5 P re se ntat ion o f  result s . 

3 . 3  SOFTWARE TOOL PACKAGE S ;  SETS OF COMPUTER FUNC T I ONS 
3 . 3 . 1  Gene ral purpo s e  programming l anguage s . 
3 . 3 . 2  D atabase management systems ( DBMS ) . 
3 . 3 . 3  E xpert System . 
3 . 3 . 4  Spreadsheet . 
3 . 3 . 5  Word P roce s s ing . 

3 . 4  APP L I CAT I ONS REQUIRING I NTEGRATED USE OF MORE THAN 
ONE S OFTWARE TOOL PACKAGE ; SELECTI ON OF PACKAGES . 
AND S T RATEGY . 

3 . 4 . 1  P rospect s for integrat i on . 
3 . 4 . 1 . 1  Spreadsheet /Dat abase .  
3 . 4 . 1 . 2 Spreadsheet with Exp e rt S ystem . 
3 . 4 . 1 . 3  E xpert System ( appl i cation ) with 

3 . 4 . 1 . 4  
Database . 
Word p roce s s ing with Spreadsheet , and 
dat abase . 

3 . 4 . 2  Methods o f  approaching integrat i on . 
3 . 4 . 2 . 1  S e l e ct and u s e  an integrate d  s o ftware 

3 . 4 . 2 . 2  
3 . 4 . 2 . 3  

product . 
P rogramming l an guage s ( 3GL ' s ) . 
Use individu a l  s t andard s o ftware 
package s . 

3 . 4 . 3  I ntegrat ion o f  operat ion . 
3 . 4 . 3 . 1  "Aut omenu " ( o r  equivalent ) . 



3 . 4 . 3 . 2  Use o f  Mi cro s o ft " Windows " ,  " De s qv i ew " , 
o r  " S o ft �are Carous e l " . 

3 . 4 . 3 . 3  Use o f  one o f  t he appli cat ion package s 
to cont r o l  use  o f  othe r s . 

3 . 4 . 3 . 4  Use o f  a mult i t a s k ing Ope rat ing s y s t em . 
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3 . 4 . 4  Int egrat i on o f  data . 
3 . 4 . 5  Evaluat ion and select i on o f  package s and 

3 . 1  

approach met ho d . 
3 . 4 . 5 . 1  I ntegrat i on approach . 
3 . 4 . 5 . 2  Evaluat i o n  o f  packages . 
3 . 4 . 5 . 3  As s ignment o f  funct i ons . 

USER SPEC I F I CAT I ONS FOR USEFUL APP L ICAT IONS 

3 . 1 . 1  Accept the data avai l ab l e . 
The app l i cat ion should not demand dat a unt i l  it i s  

actu a l ly requ i red . I t  should cont a i n  on ly an 
app ro priat e  l evel o f  dat a val idat i o n ,  and should 
provide amp l e  opportuni t y  for reent ry . Good faci l it i e s  
for r eview o f  data should be ava i l ab l e . 

3 . 1 . 2  Per form the t a s k ( s )  requ i red . 
The app l i cat i on deve loper needs to give much 

att ent ion to the de fini t i on o f  the real TASK ( in human 
t e rms , as opp o s ed to computer t e rms ) to be undert aken , 
maki n g  the ve ry care ful d i st inct ion between tho s e  
requ i red b y  the operat o r ,  and tho s e  requ i red b y  t he 
app l i c ation . Not e ;  from a market ing perspect ive , it  
i s  e s s ent i a l  the a u s e r  b e  abl e  t o  readi ly appreciate 
the t a sk which the package o ffers . So ftware 
funct i ons/ capab i l it i e s  mu st then be sele2t ed and 
int e g r ated to o f fe r  the great e st fac i l i t y  to the PERSON 
unde rt aking the task . Ve ry few r e a l  t a s ks can be 
comp l e t e ly accomp l i shed by a comput e r  - PEOPLE need t o  
start and fin i sh them,  the compute r  i s  a lmo st alway s a 
just  a tool . As with any t oo l ,  it  i s  qui t e  po s s ib l e  f o r  
poor s o ftware t o  make t h e  accomp l i shment o f  a task mo re 
onerou s ,  o r  s l ower ,  r ather than e a s i e r and qui cke r . 

3 . 1 . 3  P erform t a s k s  in the way requ i red . 
Operat ions not direct ly and necess a r i l y  p art o f  

the u s e r' real TASK form a di s t r act i on , _and need t o  be 
e l im i n ated i f  p o s s ib l e . Mo re commo n  forms o f  
distraction include the need t o  r�fe r t o  a l a rge 
s o ftware manual ( appl i cat i ons sho u l d  be s e l f­
document ing ) ,  unclear commands and menu cho ice s ,  and 
l ack o f  flexib i l ity ava i l able in s e quencing o f  
act ivit ies . 

3 . 1 . 4  P resent the results i n  the way requi red . 
I t  is  undoubtedly e a s i e r  t o  a s s imilate such 

inform ation as t rends and p atte rn s  f r om graphi cal l y  
pre s e n t ed dat a than from t e xt ;  un fortunat e l y ,  t he 
faci l i t ies for inputt ing graphical i n format i on are 
neithe r as cheap , nor readi ly ava i l ab l e  a s  the means 
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for pres ent i ng graphi cal dat a . Text p r e s entat i o n  i s  
s t i l l  nece s s ary f o r  c a s e s  where individual dat a items 
need t o  be input / output . Apart from t he i s sue o f  
graphi c s  ve rsus t ext , t he ease  with whi c h  a u s e r  can 
a s s imi l at e  the dat a pre sented depends heav i l y  o n  t he 
quant i t y  o f  dat a whi ch i s  pre s ent ed at any one t ime , 
and how it is  pre sented ( as we l l  as how attent i on ­
focus s ing device s s u c h  as c o l o u r ,  b l inking t e xt e t c  a re 
us ed) . Good screen l ayout i s  e s sent i a l . 



3 . 2  COMPUTER FUNCT IONS ; BUILD ING BLOCKS FOR USEFUL 
APP L I CAT IONS 

3 . 2 . 1  Funct ions required 

3 . 2 . 1 . 1 Dat a input and ver i ficat i on 
Note ; The mo st general interpretat i on o f  " data 

input (method) " is intended (i e ,  the inclu s i on of input 
obt a ined from keyboard, mouse , communicat i on s  p ackage , 
remo t e  data acquisit i on device s ,  e t c ) , as  i s  t he mo st 
gene r al inte rpretat ion o f  "dat a "  (i e keyboard 
characters a s  we ll ikon and menu item s e l e ct i on s ) .  

D ata input funct ions requ i red by t ru e  s o ftware 
app l i cations vary great l y ,  but s eve ral c l a s s i f i c at ions 
are i mportant ; 
The i mportance o f  correctn e s s :  

B anking or medi cal data a t  o n e  ext reme , and 
" specu l at ive " dat a such as i s  common l y  u s e d  in 
s p re adsheet appl icat i ons , at t he othe r  e xt reme . 

The v o lume o f  data: 
D atabase applicat i on s , in contrast to expe rt 
s ystem app l i cat i on s . 

The domain and presentat i on o f  dat a : 
E xpert system input frequent l y  requ i re o n l y  
s e lect i on from among a l imited numb e r  o f  (menu ) 
c ho i c e s  whe reas the i nput o f  l arge quant i t i e s  o f  
r e a l  numbers o r  text may b e  necessary fo r a 
database app licat ion . 

The m o de o f  data ent ry 
Batch or interact ive . 

The degree t o  which the s o ftware constrains and 
struct ures t he sequence and format o f  dat a ent ry ; 

S p readshe et s  and wo rd proce s s ing packages imp o s e  
v e ry l oo s e  requi rement s o n  t h e  sequence e t c  o f  
data entry;  dat abase systems genera l ly requ i r e  t he 
m o st s evere constraint s  on the format o f  dat a 
e nt r y ,  whi l e  Expert systems t end t o  imp o s e  
r e st ri ct i on s  part icu l arly o n  the sequenc i ng o f  
data ent ry event s . 

3 . 2 . 1 . 2 D ata s t orage and ret r i eval 
Al l but the mo st s impl e  appl i cations requ i re t o  

store and ret rieve dat a ;  the que st i o n s  t o  be a nswered 
relat e  to t he quant it y ,  t he requi red speed o f  
ret r i e va l ,  and t he formatt ing o f  the dat a . 

3 . 2 . 1 . 3 Mathemat ical manipu l at ion /proces sing 
Mathemat ical  manipu l at i on , i n  this cont e xt r e fe r s  

to any (bat ch)  operat i on whi ch t ak e s  numer i c al dat a as  
its i nput , and produces numerical output without any 
furt he r int e rvent i on by t he ope rat o r . Thi s de f i n i t i on 
there f o re include s such operat i on s  a s  fou r i e r  analys i s ,  
mat r i x  operat i on s , solut i on o f  di f ferent i a l  e qu at ions , 
findin g  o f  root s ,  curve fitt ing et c ,  as we l l  a s  t he 
more s imp l e  " ca lculat o r "  funct i ons . 

9 



3 . 2 . 1 . 4 P rogram flow cont rol (dec i s ion mak ing,  menu 
s e le ct i on et c )  

1 0  

The modern t endency i s  t o  a l l ow program f l ow t o  be 
cont r o l l e d  by the use of pul l -down menus , mou s e  and 
icons s ystems et c .  Good gui de l ines for the s el e ct i on 
and de s i gn o f  menu items etc e x i st : Each menu should 
have (in the s ame pos it ion )  the me ans for returning to 
the previ ous menu and to the ma in menu , the menu 
cho ice s should be unambiguous , and the de fault item (o r 
the i n it i a l  cursor pos ition)  should be cho sen with 
care . 

3 . 2 . 1 . 5 P re s entation o f  r e sults 
Key a spects are the use of s ome techni que to focus 

att ent i on on the c r i t i cal items (e ither by the use o f  
co l our , " windows " o r  care ful s c reen de s ign ) , and 
s imult ane ou s ly present suffi c i ent related "periphe ral " 
o r  "background" dat a . Graph i c a l  pre sentat i on o f  dat a 
i s  undoubt edly e f fect ive , however two fact o r s  need t o  
b e  taken into account ; 

f i r s t ly, if the applicat i on i s  int eract ive , at 
s ome st age data wi l l  have t o  be read f r om the 
graph , which is o ften not e a s y ,  and 
s econd l y ,  modi fied dat a wi l l  have to be reent ered,  
and graphical i nput equipment such a s  digit i s ing 
t ab l e t s  are n e ithe r  readi l y ,  wide l y ,  n o r  che apl y  
ava i l ab l e . 

The presentat i on o f  non -graph i c a l  data i s  there fore 
import ant , and a combinat i on of  graphical and nume r i c  
dat a i s  probably the ide a l . 
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3 . 3  S OF TWARE TOOL PACKAGE S ;  SETS OF COMP UTER 
FUNCT IONS: ( An examinat ion o f  theory o f  operat ion 
o f  s o ftware package s )  . 

One o f  the key point s  t o  note from the f o l l owing 
is the e xtent of ove r l ap between the funct i on s  o ffered 
by the various c ommon PC s o ftware t o o l s . The ext ent o f  
ove r l ap i s  i l lus t rated i n  F igure 1 .  

Almost a l l  o f  the t o o l s  with rudiment ary 
progr amming faci l it i e s  can emulate the funct i on s  of the 
other t o o l s . For examp l e , it  i s  quite p o s s ib l e  t o  
con struct an exp e rt system applicat ion us ing a database 
language such as Ashton T at e ' s " dBa s e " , though it is  
almo s t  c e rtainly more di f f i cult than by us ing an expert 
system she l l . It is l ikewi s e  po s s ib l e  to create an 
expert s y stem app l i cat ion us ing the macro p rogramming 
languages o f  the more advanced spreadsheet s .  

3 . 3 . 1  P rogramming l anguage s ( 3GL ) . 

T he general purpose programming l anguage i s  
undoub tedly the most ver s at i le o f  the P C  s o ftwar e  
too l s ,  but i t .  i s  a l s o  o n e  o f  the t o o l s  o ffe r i ng the 
lowe st p rogramme r  p roduct ivity . The ma j or i t y  o f  
s o ftwa r e  t o o l  package s are original l y  comp i l e d  from 
such l anguage s . 

3 . 3 . 2  D at abase man agement systems (DBMS ) , 

The e s s ent i a l  fac i l it y  o f  a f i l e  management 
app l i c at i on is the storage and ret ri eval o f  dat a . T o  
qua l i fy for the t it le o f  database management s y st em ,  an 
app l i cat i on needs t o  add t o  the capab i l i t i e s  o f  a f i l e  
manage r ,  fac i l it i e s  for man ipulat ing , a s s o c i at ing and 
linking data from several f i l e s  at once . D at ab a s e  
management systems have b e e n  sub j ect ed t o  much 
the o re t ical  analy s i s ;  Mo st PC based dat aba s e  p a ck age s 
are b a s ed on E Codd' s r e l at i onal dat a mode l [ 9 ] . 
Although DBMS' s a r e  s omewhat more speci a l i z ed than a 
genera l purpose p r ogramming l anguage , many DBMS 
package s  inc lude exce l l ent high leve l p rogramming 
languag e s  de s igne d  to a l l ow advantage t o  be t aken o f  
the e f f i c i ent fi l e  acce s s  fac i l itie s . Ashto n  T ate ' s 
"dBa se" DBMS' s provide a good exampl e s  o f  the s e  
qua l it i e s . 
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3 . 3 . 3 Exp e rt System 

" E xpert system s " commonly comp r i s e  an " in fe rence 
engine'' which ope rates on specia l i z ed data s t o re d  i n  a 
" knowle dge b a se " . The expert sy stem " in fe rence 
engine " t reats the knowledge base " rule s "  a s  a special  
type of  subrout ine ( procedure ) which i s  " re s u l t ­
addre s s ab l e "  that i s ,  a subrout ine whi ch i s  i nvoked 
( called,  addres s ed)  when the result it produ c e s  i s  
speci f i ed . B y  cont r a st ,  i n  a convent ional programming 
language ( such as P ascal ) , procedures are " name ­
addres s ab l e " ,  that i s ,  they are c a l l ed when the n ame o f  
the procedure i s  speci fied . 

Not e this di st inct io n ;  in PAS CAL ( fo r  e xampl e ) , a 
procedu r e  i s  addre s s ed by re ferring to i t s  NAME 
( i rrespect ive o f  the content s / re s u l t s  o f  the 

procedu r e ) . For example , should the ma in progr am 
cont ain the code 

begin 
Calcu l at eOutput 

end; 
the p a s c a l  program w i l l  recogn i s e  " C a l cu l at eOutput " as 
the name o f  a proce dure o r  funct i on ,  and wi l l  then find 
and execute " P rocedure Calculat eOutput " ,  o r  " Funct i on 
CalculateOutput " .  I n  the in ference engine o f  a 
backward cha ining e xpert system,  the " p rocedur e s "  
( RULES )  are addre s s ed not by the i r  name s , but rather by 
spec i fying a var i ab l e  which i s  found in the i r  r e s u l t s 
s ect ion ; For examp l e ,  when VP Expert encount e r s  the 
" Find XXX " in the fo l lowing code , it l ooks for a rul e  
which h a s  "XXX = "  in i t s  conclus i on (the sect i on 
fol lowin g  it s " then " stat ement ) ;  that i s ,  a rule whi ch 
i f  pas s e d ,  wi l l  produce a value fo r XXX . I n  t h i s  c a s e  
such a s e a rch locat e s  " Rule 1 " . " Ru l e  1 "  however 
requires  the ful fi lment o f  two condi t i o n s  (b= 2 ,  and c= 
3 )  in o rder t o  "pas s " ,  and only the value o f  " c "  i s  
known . VP Expert the re fore seeks a further rul e  
containing "b="  i n  i t s  conc l u s i o n ,  l eading t o  the 
evaluat i o n  of " Ru l e  2 " . I f  " y "  is found t o  b e  equ a l  t o  
5 ,  then " Rule 2 "  " p a s se s " ,  " b "  i s  a s s i gned the value 2 ,  
" Rule 1 "  "pas se s " ,  and the value " s omething" i s  
a s s i gned t o  " XXX " . 

c= 3 
F ind XXX ; 

Rul e  1 
i f  b= 2 AND c =  3 
then XXX = " s omething " ;  

Ru l e  2 
i f  yyy = 5 
then b = 2 ;  

Ther e  i s  a l s o  a very strong theoret i cal s im i larity 
between the concept of  " rule s " ,  a s  used by e xp ert 
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systems knowl edge bases , and the concept o f  funct i on a l  
dependency (o f non-key att r ibut e s  o n  key att r ibut e s ) 
within a tup l e  o f  a (re l at i onal ) dat abase . Thi s  
connect ion has been we l l  recogni s e d  by the de s igners o f  
such e xpe rt system she l l s  as VP Expert , whi ch p rovide s 
a spe c i fi c command (INDUCE ) to creat e  a s et o f  rul e s  
dire ct l y  from a dat aba s e . Un fortunately,  mo st P C  
datab a s e  imp lement at ions provide very poor (i f any )  
suppo rt f o r  " keys " ,  nece s s itat ing c are ful u s e  o f  t h i s  
command . 

Det a i l e d  i n format ion on the theory and ope rat i on o f  
expert systems can be found in Levine and D rang [ 1 ] , 
and F r en z e l  [ 6 ] . 

3 . 3 . 4  Spre adsheet 

Gener a l  programming l anguage s ,  the i r  s l ight l y  mor e  
spe c i a l i z ed var i ant s ,  dat abas e s , and the even more 
speci a l i z e d  expert system she l l s  h ave all been 
sub j e cted t o  a great dea l  of the o r et i cal inve st igat ion . 
The spreadsheet , by contrast , provides a very comp l e x  
programming envi ronment , but h a s  apparent ly been 
sub j e cted t o  min imal fo rmal inve s t i gati on . Unl i ke a l l  
o f  the other s o ftware package s whi ch originated on 
ma inframe comput ers and were ported to P C ' s ,  the 
spreadsheet or iginated as a PC t oo l ,  and i s  p r ima r i l y  
st i l l  a P C  t o o l  (main frame vers i on s  do , o f  cour s e ,  
exi s t )  . The s carcity o f  formal i nve stigat i on a l s o  
me ans a scarcity o f  fo rmal de finit i o n  o f  spreadsheet 
funct i ons ; observat i on s hows a commo n  core o f  funct i o n s  
cons i s t ing o f ; 

A fixed- s i z e  array o f  data ele �l:ent s ,  des igned 
to be held ent i rely in memory ; 

Means o f  ident i fying and manipu l at i ng 
speci fic sections of this array (ce l l s , range s ,  
windows , " database s " ) , 

A set o f  ut i l i t y  funct i o n s  (usual ly ava i l ab l e  
v i a  pul l -down menu s )  allowing t he u s e r  t o  
manipu lat e  (move , cop y ,  de lete etc )  e ither the 
a r ray as a who l e , o f  sect ions o f  it . 

A "programming l anguage " allowing two t yp e s  
o f  funct i ons ; 

a /  The de finit i on o f  a nume r i c a l  
relat ionship between one e lement o f  t h e  array 
and any number o f  othe r s , by  s imply de fining 
the relat i on s hip formu l a ,  and att aching thi s 
t o  the "t arge t " e l ement array ,  and 

b/ The abi l ity to s t o r e , and execute 
automat ica l l y ,  s equenc e s  o f  the ut i l ity 
funct ions , (as " macros " ) . 
A power ful me ans o f  pre s enting resul t s ,  both 

graph i ca l l y ,  and by a bui lt - i n  windowing fac i l it y ,  
a l lowing the user t o  "browse "  t he l ength and widt h  
o f  the array a t  any t ime . 
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The l imitat i on s  o f  the spreadsheet a re ; F i r s t ly , 
the fact t hat it i s  memory b a s e d means that t he t otal 
quant i t y  o f  data whi ch can be held i s  l imited;  the 
spreadsheet i s  de finitely a fi xed s i ze a rray - maybe 
large , but de fini t e l y  fixed . Secondl y ,  whi l e  the 
"macro " l anguage s undoubtedly cont ain the ma j o r 
funct i o n s  o f fered by general purpose programming 
l anguage s ,  they are int e rpre t e d  l anguages, l imit ing 
the i r  s p e e d ,  and ( more import ant ly)  , be ing const ructed 
as a s e quence o f  keyst roke s ( re lated to the pul l - down 
menu s e l e ct i ons ,  they are not o rious ly d i f ficult t o  
debug a n d  maintain . 

Whi l e  the funct i ons ava i l able are gene r a l l y  
suffici ent l y  powe r fu l  to o ffer the ma j or funct i on s  o f  a 
programming language , the real st rength o f  the 
spreadsheet lies  in the area o f  dat a p re s ent at i o n ,  
rather than dat a proce s s ing;  T he "brows ing " fac i l it ie s ,  
the ava i l ab i l ity o f  windows and graphi c s  functi o n s , and 
the abi l it y  to obs e rve the e ffe ct o f  changing dat a in 
one ce l l  on the value s o f  a l l  l inked ce l l s ,  o ffe r s  a 
degree o f  user  int e ract ion unp a ral l e led by other 
so ftwar e  t o o l s . 

I n  t he absence ( or at l e a s t  ignorance ) o f  any 
formal theory of spreadsheet operat i on and programming, 
the s e  we r e  investigated very b r i e fl y  as  part o f  t h i s  
pro j ect . I t  was found that the es sent i a l  asp e ct o f  
spreadsheet operat i on was that , whe reas a gener a l  
purp o s e  p r ogramming language h a s  "name - addr e s s e d "  
subrout i n e s /procedu re s , and expert systems have 
" result - addressed" subrout ine s , the spreadsheet has 
"unive r s a l l y  addre s s ed" , o r  "uncondit i o n a l l y  addr e s sed" 
subrout i n e s . That i s ,  every t ime a dat a item is entered 
to a spreadsheet , ALL sub rout ines ( ce l l  formu l ae ) a re 
( re ) eva lu at ed . Thi s  princip l e  can be a l t e rnat ive l y  
stated a s ;  subrout ines  i n  a p r ogramming l anguage are 
act ivat e d  whenever the i r  NAME i s  invoke d ,  expe rt s y st em 
ru les  a r e  act ivate d  whenever their RE SUL T S  are i nvoked ,  
but spre adsheet ce l l  formu l a e  are invoked 
UNCOND I T I ONALLY whenever any data is ente red . 

3 . 3 . 5  Word P roce s s ing , 

The word proce s s ing app l i c ation i s  the most 
spec i a l i z e d  o f  the app l i c at io n s  pre s ent e d ,  and the onl y  
one whi ch i s  not a deve l opment t o o l  ( s ome WP ' s do a l l ow 
macros f o r  various operat ions t o  be set up , but these 
are ver y  l imited in s cope ) . 
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3 . 4  APPLI CAT I ON S  REQUIRING INTEGRATED USE OF MORE THAN 
ONE SOFTWARE TOOL PACKAGE ; SELECT I ON OF PACKAGE S 
AND STRATEGY . 

3 . 4 . 1  Prospect s  for integrat ion . 

Note 1 ;  thi s s ect i o n  i s  intended t o  e x amine the 
pro spect s  from the user' s view, rather than t he 
ava i l ab i l ity o f  tool s/t e chnique s .  

Note 2 ;  The po s s ib i l it i e s  for integrat i on with 
other p ackages ,  and especi a l ly graphics and 
commu n i cat i ons p ackages has not been addre s s e d  here ; I n  
the ca s e  o f  the communicat i ons package s ,  thi s i s  
becau s e  from a users p o i nt o f  view, they are primari ly 
an a lt ernat ive means o f  dat a entry, and a s  s uch should 
theore t ica l ly need be n o  more than another s ingl e 
command opt i on within an app l i cat ion . I n  the cas e  o f  
graphi cs package s ,  the funct ions o f fered are far from 
st andardi z ed, varying between p ackages whi ch are 
s imp l i fied CAD appl icat i on s ,  and such things a s  
graphics t o o lbox e s  supp l i e d  with 3GL programming 
language s . The l atter cou l d  de finitely be u s e d  to 
advant age in the cas e  of an app l i cat i on deve l oped u s ing 
(eg) TurboPa scal . 

Note 3 ;  mo s t  s o ftware package s have faci l it ie s  for 
"cal l in g "  other p ackage s/batch programs , s o  i f  the only 
capab i l ity l acking in a proposed p ackage is  ( fo r  
examp l e )  a part i cular mathemat ica l  funct i o n ,  the 
eas i e st rout e may be t o  develop thi s in a 3 GL 
programming la·nguage , and cal l  the re sult ing . EXE f i le 
when required . 

3 . 4 . 1 .1 Spreadsheet/Dat abas e  
A s  has been noted i n  s ect i on 3 . 3 . 4  above , the 

strengt h of the spreadsheet l i e s  in its abi l it y  t o  
pre se nt dat a ;  o n e  o f  i t s  weakne s s e s  i s  that , b e i ng 
memory based,  and o f  a fixed s i z e ,  the quant i t y  o f  dat a 
which can be st ored i s  l imited . Thi s weakn e s s  sugge s t s  
the p o s s ib i l ity o f  comb i n ing the dat a  st orage and 
retri eval capab i l it i e s  o f  a dat aba s e  with the dat a 
pre s e nt at i on strengths o f  the spreadsheet . 
Spreadsheet s genera l ly have few bui lt - in s e curity 
feature s (the ab i l ity to carry out "what - i f "  e xerci s e s  
to expl ore the e ffect o f  modi fying dat a i s  counte d  a s  
one o f  the spre adsheet ' s strengths);  however unl e s s 
very care fu l ly contro l l e d ,  thi s faci l ity can re sult i n  
a u s e r  l o s ing a l l  record o f  what data i s  h i st orica l ly 
correct , and what dat a i s  the result o f  hyp o t he s e s .  I n  
an appl icat i on where thi s s ituat i on i s  a p o s s ib i l it y ,  a 
datab a s e  could be used t o  maint a i n  an " authori z e d  
vers i o n "  o f  the dat a ,  avai l able f o r  reloading t o  the 
spreadsheet as require d . 
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3 .4 .1 .2 Spreadsheet with E xpert System ( app l icat ion ) 
There i s  a degree o f  ove r l ap between the 

app licat i o n s  for whi ch a sprea dsheet wou l d  be the 
obvious choice , and tho se for which an e xp e rt system 
she ll woul d  come to mind; both are used for e xp l oring 
hypothe s e s , the spreadsheet be ing more s u i t ab l e  for 
cas e s  wher e  the rul e s  a re s imp l e r ,  and the quant ity o f  
dat a i s  l arge r ,  whereas  expert syst ems are pre ferred 
whe re t he quant ity of dat a i s  sma l l e r , and the ru l e s  
are mor e  compl ex. Cas e s  where part o f  an appl i cat i on 
l eans t oward the expert system t erritory,  and othe r 
parts o f  the appl icat i on lean t owards tha spreadsheet , 
are common. One such applicat i on forms the mai n  
sub j ect o f  this the s i s .  

3 .4 .1 .3 Expert System ( app l icat i o n )  with D at ab a s e  
The theoret i ca l  bases  f o r  database de s ign ( an d  

part icu l a r l y  relat ional dat ab a s e  de s ign )  have been we l l  
e st�bl i shed ,  however a l l  to frequently t h e  r e s u l t  o f  a 
r igorous mode l l ing and normal i z ing exerci s e  i s  a 
s omewhat " fr agmented" dat a structure cons i s t ing o f  a 
l arge numb e r  of fi l e s ,  requ i r i ng a large quant ity o f  
dat a t o  co rrect ly and ful ly de s cr ibe the app l i cat i on. 
The pract i ca l  problem which then ar i s e s  is  that o f  
deciding whethe r the combinat i on o f  the dat a capture 
e ffort , plus the e ffort and t ime requ i red to deve l op 
and apply equ a l l y  an equal ly r i gorous dat a ana lys i s ,  i s  
pract i cal a t  all ( and whether it i s  just i f i ed b y  the 
value o f  the appl i cat i o n )  . 

Two oppo rtun i t i e s  for int egrat ion of the s e  typ e s  
o f  package have been i dent i fied. F i r st ly ,  the 
pos s ib i l it y  o f  us ing an expert s ystem appl icat i on a s  an 
" intel l igent int e r face "  to a database e x i s t s .  S e condly, 
the sim i l a r ity between dat abase des ign the o ry ,  and the 
theory o f  e xpert system rules  ( see sect i o n  3 .3 .3 ) could 
be exp l o it e d  to a l l ow infe rence o f  e xpert system rul e s  
di rect ly from dat aba s e  fi l e s  ( and,  b y  returning 
i n forma t i o n  t o  the databas e ,  a l l ow the con s t ruct io n  o f  
an appl icat i on which " learns " ) . 

3 .4 .1 .4 Word proce s s ing with Spreadsheet , and datab a s e  
The a l l owabl e  l ength o f  s t ring var i ab l e s , s i z e o f  

dat abase f i e lds , and s i ze o f  spreadsheet ce l l s  (with 
the except i ons , such a s  Symphony) set by other p ackage s 
o ft en p l ace s evere l imitat i on s  on the quant ity o f  t e xt 
which can be stored,  s o  the ab i l ity to integrate a word 
proce s s o r  with other p ackage s is very de s i r abl e .  

3 .4 .2 Methods o f  appr oaching int egrat ion 

3 .4 .2. 1 Se le ct and use an integrat ed s o ftwar e  product 
Integrated s o ftware product s ,  such a s  Lotus 

Symphony, IBM' s Go ldengat e (wh i ch has the added feature 
of communi cation faci l it i e s  t o  s ome mai n frame 
app l icat i on s ) , and the budget priced PF S " F i r st 
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Choice " ,  att empt to provide sever a l  funct i ons i n  one 
ful ly integrated package ; typica l l y  the s e  funct i on s  
include the normal spreadsheet funct i on s ,  plus a fa i r l y  
go o d  file management system, and a limited word 
proce s s ing fac i l ity . Communicat i o n  faci l i t i e s  are a l s o  
frequently included . The main advantage o f  such 
packages i s  that the int egrat i on (both o f  dat a and 
operat ion ) is alre ady done . The d i s advant ages l ie i n  
the spreadsheet o rigins o f  the package s ;  the " da t abas e "  
fac i lit ies are memory r e s i dent , l imit ing the i r  
cap acity, and the "programming l anguage " i s  spreadsheet 
mac r o s  which, whi l e  powe r ful , are di fficult t o  
maint a in . A further p r ob l em i s  that a lthough these 
packages are " integrat e d " , the fe atures conce rned are 
bu i lt - in ;  if  the features required for the prop o sed 
integrated app l i cat ion are a l l  ava i l able , there is n o  
prob lem;  i f  they a r e  not , then t h e  deve loper i s  l i t t l e  
bet t e r  o f f  than with s ingle - funct i o n  package s .  

A de script ion o f  t he faci l it ie s  o ffered by Lotus 
Symphony can be found in " The Symphony Re ference Book " 
[3 ] ;  information on macro deve l opment and u s e  can be 
found in " the Lotus Maga z in e "  [7 ] ,  and mo re t e chn ical 
det a i l  regarding fi le format s etc can be found in 
" Lotus F i le F o rmat s "  [ 8 ] . 

3 .  4 .  2 .  2 Programming l anguage ( 3GL'  s )  " t o o lboxe s " .  
S ome o f  the more popu l ar programming l angu age s 

( 3GL ' s )  have an extens ive l ibrary o f  applicat i on 
modu l e s  avai l ab l e ;  a good examp l e  i s  Bor land' s Turbo 
Pa s ca l , which is s o ld with the s ource code of a s impl e  
spreadsheet included in the purch a s e  price , and for 
which " numerica l  methods " ,  " datab a s e " ,  and "graphic s "  
toolboxes (with s ource code ) are readi ly avai l ab l e . F o r  
a programmer fami l i ar with TurboPas cal , a s s embl ing and 
l in k i n g  such modu l e s  to p r ovide an app l i cat ion which 
o ffe r s  some o f  the faci l ities o f  a dat aba s e  and a 
soph i s t icated spreadsheet would be quite p o s s ib l e ,  and 
woul d  p rovide a " t idy" p ackage for market ing purp o s e s  
( ie ,  w i t h  few DOS f i le s , n o  l i cencing problems , and 
inst a l l at i on procedures al ready supp l ied)  . 

3 . 4 . 2 . 3  Use individu a l  s t andard s o ftware package s . 
The final opt i on i s  t o  make u s e  o f  seve ra l  

st andard s o ftware package s ,  and t o  u se e ach according 
to i t s  part i cular st rengths ( as opp o sed t o  
capab i l it i e s ) . 

Note;  an important variant o f  this opt i on i s  t o  
u s e  a s et o f  individual package s ( typi c a l ly from the 
one supplier ) , which are speci fica l l y  de s igned t o  work 
toget he r . An example of this appro ach can be found in 
the VP Info , VP Plann e r ,  and VP Expert package s ,  a l l  
supp l i e d  by " Paperback s o ftware " .  These p ackages a l l ow 
( fo r  e x amp le ) the operation o f  the VP Plann e r  
spreadsheet from within a VP Expert app l icat i o n . 
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3 . 4 . 3  I nt egrat ion o f  ope rat ion 

3 . 4 . 3 . 1  ' 'Aut omenu " ( or equivalent ) :  See F igure 2A . 
The "Aut omenu " p ackage a l l ows the con s t ruct i o n  o f  

a cust omi s ed menu system, from which app l icat i o n  
p ackage s can b e  s e le cted and run with a minimum o f  
keyst roke s . The "Aut omenu " package i s  ava i l ab l e  e ither 
commerci a l ly or a s  pub l ic domain so ftware . 
" F l ashup " i s  simi lar in operat ion t o  "Aut omenu " ,  but 
p o s s ib l y  even fast e r  and s imp l e r . 

3 .  4 .  3 .  2 U s e  o f  Micro s o ft "Windows " ,  "De sqvi ew" , o r  
" S o ft ware Carous e l "  ( a l l  about $2 0 0 - $3 0 0 ) ; S e e  
F i gure 2 B . 
Thes e  products all ow a number o f  app l icat i o n s  t o  

b e  displ ayed s imultaneously within d i f fe r ent "windows " ;  
only one p roduct i s  actually " act ive " at any one t ime , 
but the switching between product s  i s  s imp l e ,  and the 
abi l ity t o  retain the result s o f  act ivity on one 
appl icat ion , whi l e  oper at ing on another is  very 
valuab l e . Several o f  the s e  products suppo rt ( va rying 
degre e s  o f )  data exchange between the app l icat i o n s  
be ing d i sp l ayed . 

3 . 4 . 3 . 3 Us e  o f  one o f  t he app l i cat i on package s t o  cont r o l  
u s e  o f  other s  ( v i a  internal menu system,  a n d  D O S  
ca l l s ; See F i gure 2C . 
The l imitat i on o f  thi s method i s  that the cho sen 

applicat ion remains i n  l o aded in memory ; if  the cho sen 
p ackage i s  l a rge , l it t l e  memory space remains into 
which furthe r package s can be l o aded ) . 

3 . 4 . 3 . 4 Us e  o f  a true mu lt itas king Operat ing Sys t em . 
Po s s ib l e  cho ices ( fo r  a PC ) include XENI X  ( o r  othe r 
propriet ary UNIX imp l ementat i o n ) , OS/2 o r  Concu r rent 
CP/M 3 8 6 .  
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3 . 4.4 I nt egrat ion o f  dat a 

P ro duct s such as VP E xpert have extens ive 
faci l i t i e s  for direct imp o rt of dat a used by other 
product s .  Product s such a s  Symphony , dBase etc have 
somewhat mo re limited such faci l it i e s . See  F igur e  3A . 
It is  s u spected that i n  the case o f  VP Expert , the 
ab i l i t y  t o  import ( eg)  spre adsheet data i s  r e s t r icted 
by ava i l able memory space , though this has not been 
confirme d .  Othe r opt i ons include the use  o f  
intermediat e  dat a fi les , in.  a format which can b e  
wr itt e n  t o/read from by a l l  software package s i nvo lved; 
AS C I I  and DIF fi l e s  being the mo st common ( though dBase 
files are al s o  used by many appl i cat ions)  . Thi s  i s  
i l lust r ated in F i gure 3B . 
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3 . 4 .5 Eva luat ion and s e lect ion o f  package s and approach 
method .  

3 . 4 . 5 . 1Int egration appro ach 
The s e l ect i on o f  the method o f  appro ach ( from the 

opt ions pre s ented in s ect ion 3 . 4 . 2  above ) is primari ly 
on the ba s i s  o f  overa l l  co st , however it is e s s ent i a l  
t o  appreci ate that overall co s t  include s deve l opment 
co st . Deve l opment co st s common l y  outwe igh the cap i t a l  
co st o f  p ackages i nvo lved . Other factors include tho s e  
a s s oci ated w ith market ing ( for example , i s  it e s s ent i a l  
t o  market the app l icat i on as a s ingle fi l e ) , ava i l ab l e  
deve lopment t ime , and capabi l ity ( does dat a vo lume 
preclude the use o f  a spreadsheet?) . An addi t i on a l  
pract i cal cons iderat i on i s  the prior commitment t o  a 
particu l ar s o ftware package . .  I f , for examp l e ,  a sect i on 
of the appl i cat i on has already been deve l oped u s ing a 
spreadsheet , then the use o f  individual package s wi l l  
tend t o  be favoured a s  the approach t o  integrat i on . 

3 . 4 . 5 . 2 Evaluat ion o f  package s . 
Overa l l  co st ; 
Overa l l  co st s include s ingle licence package 

co sts , and the amort i s at ion of devel opers ' vers i on 
co sts , and deve lopment cost s . 

" int egrabi l ity" ; 
S ome package s have extens ive faci l i t i e s  which make 

int egrat i on easy ( for example , VP Expert has 
part icu l arly simp l e  funct ions for u s ing dat abas e ,  
spreadsheet and t ext f i les , a s  we ll as for ca l l ing 
other p ackage s ) , other package s have few such 
faci l i t i e s . 

Ava i l ab i l ity of deve loper' s  vers i on s ; 
I f  a l l /any o f  the standard s o ftware p roduct s u s e d  

in the appl icat i on d o  n ot have a devel opers ' vers i on ,  
(with a l icence a l l ow i ng distribut ion o f  runt ime 

modu l e s ) ,  then s everal problems ari s e ;  first ly,  a 
s ingl e - l ice nce copy o f  the o ffending so ftware p ackage 
wi l l  need to be s o l d  with each " integrated 
app licat i on " ,  and s e condly, copy securit y  become s 
d i f ficult t o  contro l . I n  pract i ce the mo s t  serious 
problem of this type occurs with spreadsheets , whi ch do 
not common l y  have deve l opers ' vers i ons ava i l ab l e . The 
author is aware o f  o n l y  one spre adsheet compi ler,  
" @l iberty" , and t he capab i l i t i e s  o f  thi s product are 
unknown . 

Hardware requ i rement s ;  
One fact or which needs t o  b e  con s i dered very 

care fu l ly i s  that commerci al s o ftware wi l l  be 
attract ive t o  users operat ing a wide variety o f  
hardware ( with di f feri ng memory capacit y ,  di s k  
con figurat i on and cap acity, and proce s s or t ype and 
capabi l ity) and peripherals . Although the co st o f  
hardware cont inue s t o  decrease i n  re lat i o n  to 
capab i l ity and more s ophist icate d  periphera l s  become 
readi l y  ava i l able , an applicat i on which requ ire s very 
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speci f i c  o r  sophi s t i cated capab i l ity wi l l  neverthe l e s s  
b e  at s ome dis advant age in the marketpl ace . 

3 . 4 . 5 . 3 As s ignment o f  funct i ons . 
As suming that the deci s i on has been t aken t o  

deve l op a n  applicat i on by integrat i ng the capab i l it ie s  
o f  severa l so ftware package s ,  it  i s  nece s s ary to decide 
how to divide the funct i ons between the vari ous 
pack age s .  The que st i on is by no mean s s imp l e ,  s ince 
there may be a very high degree o f  overl ap o f  
CAPAB I L I T Y  between the package s .  Po s s ib l e  crit eri a for 
ass ignment o f  funct i ons include ; 
Keystro ke s ;  

Whi ch package can accomp l i sh the t a s k  with the 
minimum number o f  keystrokes ( an imp ortant 
con s i derat i on for the us er) . 

Speed; 
Whi ch package can execute the funct i on fa s t e s t . 

Ease o f  deve lopment ; 
I n  whi ch package can the funct i on most eas i ly be 
deve l oped ( t ak ing account of ava i l ab l e  programmer 
s k i l l s  etc) . Note that a statement t o  the e ffect 
that " it i s  e a s i er t o  imp l ement app l i cat ion "A" 
u s i n g  language/s o ftware package " B " ,  rather that 
l an guage/so ftware package " C " " is  o n ly o f  value i f  
the proposed programmer has equal l e ve l s  o f  s k i l l  
i n  t he u s e  o f  " B "  and " C " , and i n  pract i ce this  i s  
s e l dom so . It  would there fore b e  more u s e fu l  to 
s t at e  that "a  l ower l eve l of programmer expert i s e  
i s  required t o  imp lement app l i cat i or. "A" i n  
l anguage " B "  than in language " C " " . I n  pract ice , 
i t  i s  sugge sted that this is the crit eri a mo s t  
l ik e l y  t o  be u s e ful . 

Logica l groupings o f  funct i on s ;  
No matter how good the integrat ion o f  operat i on 
i s ,  it  is  un l i ke ly t o  be accept ab l e  t o  cal l  one 
p ackage from within a l o op execut ing within 
another package , s imp ly to use the first package ' s  
sup e ri or mathemat ica l  functions . 

The fina l  criterion has been found t o  b e  the mo s t  
common l y  app licable . 
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4 ENERGY COST MANAGEMENT ; AN APPL I CAT I ON FOR INTEGRAT I ON 
OF STANDARD SOFTWARE TOOL FUNC T I ONS 

CHAPTER SUMMARY 

The fo l l owing sect i on begins with a b r i e f  
de script i on o f  the sub j ect o f  Energy C o s t  Management , 
the use o f  a spreadsheet appl i cat ion deve l oped by Pro f  
Monteith o f  Mas sey Univers ity t o  ass i st with the 
ana lys i s  and management of ene rgy co sts. The final 
sect i on compares the comput e r  funct i ons requi red for 
ECM with the funct i ons avai l ab l e  from st andard s o ftware 
p ackage s ,  and select s  addit i on a l  so ftware p ackage s . 
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4 . 1  I NTRODUCT I ON TO ECM 

4 . 1 . 1  The concept o f  energy co st management 

Minimi z ing the co s t  of energy can b e  appro ached 
from t wo direct i on s ; reducing the t otal energy u s age , 
and MANAG ING this energy u s age in such a way as t o  
minimi z e  total cost s . 
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The the ory o f  minimi z ing total  energy us age i s  
we l l  k nown and document e d  (much o f  th i s  the ory i s  very 
clo s e l y  l i nked with cl as s ical thermodynamics and heat 
tran s fer the ory) , and the technique s are wide ly 
pract i ced . 

T he reader i s  re ferred to the " Fue l E f f i ci ency 
Book l et s "  [1 1 ], for in format ion on this sub j e ct . 

Because o f  the way i n  which e l ectrical e nergy i s  
s o l d ,  the tot a l  co st incurred by the con s umer i s  
influe nced even more strongly by the t ime -d i s t ribut ion 
o f  t he energy us age , than by the total  quant i t y  o f  
energy used.  The sub j e ct o f  ECM i s  the MANAGEMENT o f  
this t ime -di stribut ion of energy u s age , and t he end 
re sult i s  the minimi z ing of total ( l ong t erm, as  we l l  
a s  s ho rt t erm ) energy co s t s  t o  the user . 

Ri sing energy co st s have acqu ired a l ong hist ory ,  
and it is  there fore surpri s ing that the management o f  
energy co s t s  h a s  o n l y  recently come to att ract a 
s imi l ar degree o f  e ffort t o  that whi ch h a s  been 
expended on the reduct i o n  of energy us age . 

The import ance o f  energy co st managsrnent sterns 
from two principl e s ; F irst ly, energy charge s ,  and in 
part i cu lar e lectrical energy charg e s , vary greatly and 
hence t otal energy co st s to an organ i s at i on can be very 
s ign i fi cant ly a f fected by the planning ( management ) o f  
energy us age ( s e e  "An E xpert System Appro ach t o  
Indu strial Energy Use Man agement [1 2 ] ) ;  S e condly, 
energy co sts are a ma j or co st e l ement in many 
operat i ons , o ften exceeding the ove ra l l  pro fit margin . 
The management o f  energy co sts has there fore t he 
potent i al o f  immediat e l y  increasing tot a l  pro fit 
marg i n s  by a l arge fact or ,  at the e xpense of minimal 
out l ay .  

4 . 1 . 2  Energy co s t i ng b a s i cs 

E n ergy suppl y  authorit ies  commonly cal cu l at e  t ot a l  
e lect ri cal energy co s t s  b y  summing the re sult s o f  two 
type s o f  charge rat es ;  a unit charge rate ( t ari f f )  
calcu l ated in $/kWh ,  summe d  cont inuously over t he 
charg i n g  period ( intended t o  cover t he co s t  o f  energy 
used) , and a Max i mum Demand charge rat e ,  ca l cu l ated on 
the b a s i s  of $/ kVA based on the peak kVA drawn over 
any 3 0  minute period during the charging peri o d . 
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Ele ctricity supply authori t i e s  commonly have a number 
of t ari f f  structure s , one of which is s e l e cted at the 
t ime t he conne ct ion cont ract i s  agreed . 

4 . 1 .  3 Princip l e s  o f  ECM 

T here are three e s s ent ial aspect s  o f  energy cost 
management ; 

a/ The analys i s  of (past ) energy us age pattern s , 
b/ The ident i fi cation of the pre s ent s i tuat i on ,  

le ading t o  the predict i on o f  future u s age 
pat t erns , and 

, cl The analys i s  o f  pos s ib l e  means o f  reducing 
overal l  energy cost s .  

The s e  are i l lustrat e d  in Figure 4, and wi l l  now be 
examined in turn . 
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4 . 1 . 3 . 1 The ana l y s i s  o f  h i st o r ica l u s age p at t e r n s  
The pattern o f  ene rgy us age o f  a l a rge 

o rgani s at ion is an e xtr eme ly comp l e x  one ; t he ope rat i on 
o f  every s ingl e  component o f  the ove r a l l  p attern has 
i t s  own set of cons t raint s ,  many of whi ch interact with 
tho s e  of othe r component s .  By car e fu l  anal ys i s  o f  the 
ove r a l l  pattern , u s e ful l arge sca l e  e ffect s  can be 
ident i fied, and then used to advantage . The anal y s i s  
wi l l  be conce rned with : t he strength o f  the cycl i c  
comp onent s o f  us age , hou r l y ,  diurn a l , week l y ,  monthl y ,  
and s e asonal ( yearly ) ; t h e  occurrence and he i ght o f  
peak demands , the "background" l o ad ( corre sponding t o  
equipment on 24 hour ope ration) , and the patt e rn s  o f  
demand a s  they are correl ated with work and bus i ne s s  
pat t e rns . 

4 . 1 . 3 . 2 Predict i on o f  future energy u s age 
The mo st immediat e  u s e  for the under s t anding o f  

the p attern o f  ene rgy u s age s o  gained, i s  f o r  the 
accurate predict i on o f  future energy co st s . Thi s 
predict i on i s  nece s s ary both in o rde r t o  prepare 
accu r ate cash f l ow p l an s ,  and a l s o  t o  a l l ow i n formed 
economic deci s i on making regarding energy co s t  s aving 
mea s u res . 

4 . 1 . 3 . 3 Analy s i s  o f  co st reduct i on me a sure s 
Methods o f  reducing energy co s t  include ; 

a/ Energy s aving 
The s imp l e st method of reducing ene rgy co s t s  i s  

s impl y  to reduce the nett energy u s age , e g  b y  the 
inst a l l at i on o f  insulat i on to reduce heat ing and 
coo l ing co st s ,  turning 6 f f  idl ing equipment etc . The 
bene f i t s  o f  such measures are we l l  known and 
appreciated . 
b/ MD Cont r o l  

I t  i s  quite common t o  find that the l argest s ingle 
co st i ncurred by an e le ct ricity u s e r  is that due t o  the 
Max imum Demand charge l evied by the di s t r ibut i on 
author ity . As such ,  max imum demand i s  a pr ime candidate 
for co st cont r o l l ing measure s . One approach t o  MD 
cont r o l  i s  t o  inst a l l  a s imple Max imum D emand l o ad 
shedding cont ro l l e r ,  de s i gned to t u rn o f f  s e l ect e d  
l oads should the total  demand exce e d  some p r e ­
programmed l eve l ;  the drawback a s s o c iate d  with such 
devices i s  that they are ( at least unt i l  rece nt l y )  
cap ab l e  o f  only l imited i nt e l l igence i n  the s e l e ct i on 
of whi ch devi ce s  to swit ch o f f ,  and have n o  means o f  
account ing f o r  the r e l at i ve importance o f  the proce s s  
con s uming the powe r . A more con s t ruct ive approach ,  and 
one which i s  l ikely t o  a l l ow much greate r  leve l s  o f  MD 
reduct ion to find management favour , is that o f  
care fu l ly re s chedul ing the various l oads throughout the 
day/month, i n  such a way as to minimi z e  the MD .  S uch 
reschedul ing needs t o  begin with an examinat i on o f  the 
cur rent dai l y  l o ad patt e rn s ,  and a detai led knowledge 
o f  the interdependenci e s  o f  equipment , l abou r , and raw 
mat e r i al s  etc within the o rgani sat i on . 
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Two alt ernat ive means o f  reschedu l ing consumpt ion t o  
reduce Maximum Demand are i l lust r at e d  i n  F i gures 5 and 
6 .  
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S i nce the prima ry purpose o f  the maxi mum demand 
cha rge i s  to a l low the supply authorities t o  recover 
the i r  equ ipment co s t s  ( as opposed to cover i ng the 
purchase of the bulk powe r  from the generat i on 
organ i s at i on s ) ,  and s ince equipment co s t s  are re l ated 
to peak vo lt age and cur rent rat ings , maximum demand is  
mea sured i n  kVA, rathe r than kWh . A po o r  power fact o r  
incurs a heavy penalty i n  thi s way, and mak e s  the 
inst a l l at i on of power factor correct ion e qu ipment 
imp o rtant . The degree o f  powe r factor cor rect i on needs 
to be the sub j ect o f  an economic decis i on , b a l ancing 
equ ipment l i fet ime and cap ital co st against annua l  
s avings . 

cl Res chedu l ing o f  consumpt i on 
The s econd pr imary component o f  a t yp ical 

e lect ricity t ar i ff is the unit co st , ( ca l cu l ated i n  
$/ kWh ) , and i t  is  common to find that t h e  unit charge 
rat e var i e s  by a fact o r  o f  2 . from one t ime o f  day to 
the next . Re s chedul ing a l l  operat i ons t o  the sma l l  
hour s  o f  the morning may we l l  not b e  e ithe r p ract ica l ,  
nor economical ly de s i r ab l e  ( due t o  such fact o r s  a s  
penal l abour rates ) , but the reschedul ing o f  s ome load 
to l ow t a r i f f  t imes is a potent i a l  source o f  l arge 
s avings . 

d/ S e l e ct i on of a l t ernat ive t a r i f f  struct u r e s  
As h a s  been ment i oned previous ly, suppl y  

authorit i e s  common ly have a numb e r  of t ar i f f  
structure s ,  s ome o f  which may o ffer di s t i n ct advant age s 
to a u s e r  with a part i cu l a r  load p attern . Even i f  the 
crite r i a  u s e d  by the s upply autho r ity for s e lect i on o f  
a t ar i f f  i s  cl ear ,  changes i n  the nature o r  p ract i ce s 
o f  an organ i s at ion may o ffer oppo rtunit i 2. s for  
reque st ing t hat an a l t ernat ive t ar i ff be u s e d . 

In t he case o f  l arge consume r s ,  it may be p o s s ib l e  
t o  negot i at e  a one - o f f  t ar i ff ;  i n  the cas e  o f  very 
large con s umers it may even be po s s ible to negot i at e  
direct l y  wit h generat i on autho r i t i e s . 

e /  S e l e ct i on o f  a l t e rnat ive energy s ource s . 
Whe re supp l i e s  o f  l ow co st a lternat ive fue l  ex i s t ,  

the s e  may obvi ous ly be exp l o ited t o  reduce ove r a l l  
energy co st s ; opt i o n s  r ange from the u s e  o f  l oca l ly 
ava i l ab l e  b i omass for heat ing, t o  the con s t ruct i on o f  a 
combined cycle power s t at ion t o  ut i l ise gas avai l ab l e  
o n  a " u s e  i t  o r  lose  it " cont ractual ba s i s . 



4 . 2  EVALUAT ION OF ECM US ING AN INTEGRATED S OFTWARE 
PACKAGE ( L otus Symphony, Vers ion 2 . 0 )  

4 . 2 . 1  App l i cat ion modules 

The Lotus Symphony app l ication deve l oped by Pro fe s s or 
Mont e it h  current ly cons i s t s  o f  s ix module s , ent it led 

E l e ctricity analys i s  
G a s  Analys i s  
E l e ctricity I nvent ory 
Gas Invent ory 
E l e ctricity Consumption and Product ion. 

4 . 2 . 2  App l i cat ion funct ion s  
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I t  i s  not the funct i on o f  this the s i s  t o  provi de a 
det ail e d  de script i on o f  a l l  o f  the funct ions o f  the 
Symphony ECM app l ication ; this woul d  be overly l engthy 
and l arge ly superfluous t o  the main t opic . 

The feature s o f  mo st re levance to thi s the s i s  can 
be summari sed as fo l l ows ; 

Monthly con sumption and Maximum Demand dat a 
recorded over a three year period is analysed, and 
i s  present ed graphical ly in s everal di f ferent ways 
( with the ob j ect o f  ensuring the best p o s sible 

comprehens i on of the patt ern s b y  the human 
( e xpert )  user)  . A l imited range o f  t arif f  data i s  

a l s o  entere d ,  and used t o  analyse co s t s  in s imi l ar 
manner to consumpt ion . 

An int eract ive method is p rovided t o  a l low 
the user to vary the depth o f  ( hypothetica l )  load 
s hedding, and be pre s ented with a graphical 
rep res entation o f  the corre sponding shed peri ods , 
the re sultant MD leve l ,  and the cash s aving over 
the current figure . 

Al l e l ectricity con suming equ ipment is 
recorded in an " inventory'' , t ogether with the 
re sponsible Department , and the e s t imate d  
utilisation fact or . This dat a is then analysed 
( including p areto ana lysis and ranking ) , and 

pre s ented graphical ly ,  with the ob j ect o f  ensuring 
the comprehe n s i on by the user o f  the pattern o f  
u s age on a department a l  basis . 

Finally,  dat a regarding the rate o f  
production o f  product s may b e  entere d ,  a l l owing 
the energy u s age to be corre lated wit h the 
production dat a ( regre s sion analysis ) . 

A current prob lem with the s ymphony ECM pack age i s  
that t h e  raw data is he ld in a s omewhat fragmented and 
redundant form within the modules themse lve s , risking 
dat a i n t e grity probl ems. 
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4 .  2 .  3 I nput s and Output s 

The principle i nput s require d  are ment i oned above ; 
the total quantity o f  dat a is  not exce s s ive l y  l arge , 
and could be expected t o  be re adi ly ava i l ab l e  t o  an 
organ i sat i on . The reader is  re ferred to Appendix A for 
examples  o f  the output s produced by the Symphony 
appl icat i on . The examp l e s  documented are cho sen for 
t he i r  re levance to the fo l l owing s e ctions of this  
the s i s . 



4 . 3  ENERGY COST MANAGEMENT US ING MULT I P LE SOFTWARE 
PACKAGE S 
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The purpose o f  this sect i on i s  firs t l y  t o  con s i der 
the s o ftware funct i ons whi ch can be brought t o  bear on 
this appl i cat ion , s econdly to con s i der the s o ftware 
package s ( t o o l s )  in which the s e  functions can b e  found, 
and fin a l l y  to recommend a s e lect i on o f  s o ftware 
package s t o  e xtend and improve the ECM funct i on . 

4 . 3 . 1  A compari son o f  ECM t a s k s  and s o ftware p ackage 
funct ions . 

I n  o rder to i dent i fy the s o ftware package 
funct i on s  required,  it i s  nece s s ary to ( re ) e x amine both 
ECM as a sub j ect ,  and a l s o  the aims of this  pro j ect . 
The former are l i st ed in s ect ion 4 . 1 . 3 , whi l e  t he 
latter a re found i n  sect i on 5 . 1  o f  thi s the s i s . The 
part icu l ar s o ftware funct i on s  thus ident i fied are ; 

a /  Means o f  st oring and retri eving the raw data 
b /  Means o f  pres ent i ng the dat a ,  fol l ow i ng 
s ort ing and arithme t i c  man ipu l at ion , s o  a s  t o  
a l l ow a human expert recogn i s e  import ant 
feature s /trends . 
c l  Means o f  aut omat ica l ly ident i fying and 
drawing att ent ion t o  these feature s , patte rn s  or 
trends . 
d/  Means t o  allow a user t o  adjust the p at tern 
o f  energy u s age , and observe the e f fect upo n  
overal l  co st . 
e /  Me ans t o  veri fy whether a propo s ed ad j ustment 
i s  val i d  or de s irable . 

4 . 3 . 2  S e l e ct i on o f  i ntegrat i on approach ( integrat ion o f  
operat ion,  dat a)  

4 . 3 . 2 . 1 I n t e grat ion of operat i on 
One o f  the mai n  fact ors affect ing the a s s i gnment 

o f  funct i on s  is that the s i z e  o f  the Symphony and VP 
Expert p a ckages preclude the s e  being he ld in ( P C )  
memory s imu ltane ou s ly .  Thi s  dict at e s  that the 
" integra t i on of operat ion "  ( see sect ion 3 . 4 . 3  above ) 
needs t o  be o f  the type in which the user s e l e ct s  one 
or other s o ftware p ackage to be loaded int o memory , and 
when f i n i shed with thi s package , a l l ows it to b e  
re leased from memory prior t o  l o ading alternat i ve 
package s .  

4 . 3 . 2 . 2 I nt e grat ion o f  data 
I t  was  init i a l ly hoped that " integrat i on o f  dat a "  

could b e  achieved by having VP Expert acce s s  t h e  
Symphon y  spreadshee t s  direct ly; un fortunat e ly t h i s  
proved impos s ib l e ,  due t o  the s i z e  o f  s ome o f  t he ECM 
spreads heet s ( and the les s import ant fact t hat VP 
Expert requi res spreadsheet s to use the " .WK S " f i l e  
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exten s i on )  . I ntegrat i on o f  dat a was there f ore 
achieved by the use o f  a sma l l  intermedi ate spreadsheet 
f i l e  which can be read and written to by both VP E xpert 
and Symphony . The final prot otype a l s o reads and writes 
dat a t o  two dB a s e  I I I  format dat a f i le s ,  ( h o l ding 
invent ory dat a ,  and records of a l l  e l ect rica l l o ad 
movement s propo s ed) . 
At a l ater dat e it i s  proposed t o  arrange for the 
inventory fi l e  to be written to by the Symphony 
app l i cat i o n . Thi s  operat i on wi l l  require s ome care , 
s ince a l though the structure o f  the dat a i s  the s ame in 
the dBa s e  and Symphony f i l e s , the dat a de fin i t i on i s  
s l ight l y  d i f ferent ; the Symphony f i l e  records det a i l s  
o f  " every item o f  equipment whi ch consume s e l ectrical 
power" , whi le the dBa s e  f i l e  records det a i l s  o f  " every 
bl ock o f  e lectrical equipment which can be turne d  on or 
o ff as a unit " . 

4 . 3.3 S e le ct i on and evaluat i on o f  s o ftware package s . 

Con s i dering the above l i st o f  funct i ons , and the 
so ftware package s availabl e ,  the fo l l owing obs e rvat ions 
can be made ; 

A/ The data storage requ irement s dictate e ither a 
dedicated databas e ,  or the dat aba s e  funct i o n s  o f  a 
spreadshe et. A considerat i on o f  the dat a vol ume s 
est ima t e d  in sect ion 5 . 3 . 1 . 1  wi l l  show that t he 
MACHINE - S LOT dat a vo lume i s  far beyond the capacity o f  
a spre adsheet , and the COMPANY-DAY ent it y  i s  probab ly 
appro aching the pract ica l  l imit o f  record numbers for a 
spreadsheet such as Lotus Symphony . Provided t hat the 
deci s i on i s  made to not implement the s e  two entit i e s ,  
however, the vo lumes and record numbers o f  the 
remai n i ng ent i t i e s  do not preclude t he use  o f  a 
spreadsheet for storage . 

B/ The analys i s  o f  the numerica l  dat a i s  not comp l e x ,  
e ither i n  terms o f  mathemat ica l  funct i on s , o r  in terms 
of dat a v o lume s ; thi s funct ion coul d  be undert aken with 
appro ximate ly equal ease by e ither spreadshee t , 
dat ab a s e , or programming l anguage package s ,  and by 
expert s ystem package s with only s l i ght ly more 
di ffi cu l t y . 

C l Whi l e  the dat a analys i s  requi rement s do not narrow 
the cho i ce o f  s o ftware package , the combinat i o n  o f  
analys i s  and re sult pre sentat ion requirement s sugge st 
the u s e  o f  a spre adsheet . Provided that the dec i s ion i s  
made not t o  imp lement the MACHINE - S LOT , and C OMPANY -DAY 
ent i t i e s  t he data st orage vo lume i s  within the 
capab i l i t i e s  of the spreadsheet . 

D/ The data manipulat i on aspect s pres ent a more 
complex requirement ; proposed l oad movement s may or may 
not be va l id ( it would obviou s ly be inva l id t o  prop o s e  
moving the l o ad o f  a n  item o f  equipment whi ch was not 
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actually i n  use) , and even i f  val id, may o r  may not be 
o f  any va lue in reducing total e l ectr icity co s t s .  The 
de s i rab i l it y  of sub j ect i ng a proposed l o ad movement t o  
s eve ral che cks sugges t s  the u s e  o f  the t yp e  o f  
product i on ru les avai l ab l e  in an expert system she l l . 
S ome o f  the data aga i n s t  which the val idity o f  a 
proposed move would need to be checked i s  current l y  
he l d  in the spreadsheet . Othe r dat a required for 
che cking is n ot current l y  stored at a l l ,  and the volume 
o f  thi s dat a may preclude the u s e  o f  a spreadsheet 
databa s e . 

A deci s i on wa s there fore made t o  deve l op a prototype 
deci s ion support system us ing and expert system she l l , 
and to i nve s t i gate i n  more det a i l  the dt aba s e  funct i ons 
required . 

4 . 3 . 3 . 1 S e le ct i on o f  package s to e xt end the Lotus S ymphony 
ECM app licat i on . 

Expert Sys t em She l l  
Having decided t o  p roceed with the deve l opment o f  

a prot otype D ecis ion Support System for t h e  maximum 
demand cont r o l  aspect o f  the ECM app l icat i o n ,  i t  was 
then nece s s a ry to decide on the e xpert system s he l l  to 
be used . 

Two she l l s  we re ava i l able ; VP Expert , (VPX) and 
Texas I n st rument s '  Personal Con su ltant Plus ( PC+) . 

The criteri a for evaluat i on were ; 

Expert System She l l  cap ab i l ity;  
S i z e ;  it  was cons i dered that tne DSS  would 

probab l y  require of the order o f  30  - 60  ru l e s  ( o r 
wou l d  be able t o  b e  broken i nto modu l e s  o f  thi s 
s i z e )  

Specific E S  funct i on s ; The relat ive value o f  
such faci l it ies  a s  backward chaining,  forward 
chaining,  semant i c  net s ,  and frame s was uncle ar at 
the out set;  

I nterface funct i on s ;  I t  was cons i de re d  o f  
great import ance t hat the she l l  be ab l e  t o  e as i ly 
int e rface with external dat a file s ,  and very 
pre ferably with spre adshee t  and dat aba s e  f i l e s . 

Numeric, text etc funct i ons ; Though the 
funct io n s  requ i re d  were not accurat e l y  known at 
the out set,  it  was recogn i s e d  that the ab i l ity t o  
handle a t  least a moderate quant ity o f  numeric 
dat a was impo rtant . 

Speed and ava i l ab i l it y  o f  speci a l  fun ct ions ; 
No speci fic cri t e r i a  were s e t , although the 
cr it eri a that re sponse de l ay s  shoul d  n ot exce e d  a 
few s e conds for acceptabi l it y  was imp l i ci t . 

E xp e rt S y stem She l l  co s t ; 



S ince both she l l s  were avai l able , the c o s t s  were 
( t o  s ome extent) academic, although it was 

recogni sed that should the resultant s o ftware be 
made avai lab l e  commerci al ly,  its pricing wou l d  
have t o  re flect the package co st t o  s ome ext e nt 
( as we l l  as the co st o f  the runtime vers i o n s )  . 

E xpert Syst em She l l  runt ime vers i ons ; 
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It was seen a s  important that the she l l  
s hou l d  have a runt ime vers ion avai l ab l e , both for 
commerci al rea s on s  ( t o  l imit the co st , and 
incre a s e  the pro fit margi n  o f  any s o ftware t o  be 
dist ributed), and for security rea s on s  (protect 
the s ource code o f  the appl i cat ion) . 

E xpert Syst em She l l  s k i l l  acqu i s it i on 
S i nce the pro j ect i s  partial ly an exerc i s e  in 

the a cqu i sit i on of ski l l s ,  there wa s an obvious 
advant age in s e l e ct ing the she l l  whi ch was mo st 
l ike l y  t o  be e ncountered in other organ i s at i on s . 

E xpert System She l l  evaluat ion and sel ect i on . 
The s he l l s  were evaluated as fo l l ows ; 

Both had deve l opers ' vers ions �vai l ab l e ;  (PC+ 
a lre ady owned by Mas s ey ,  VP Expert ava i l ab l e  for 
s ome $ 9 0 0 ) ; 

Initial co s t s  o f  packages ,  PC+ $ 7 0 0 0  
( est imat ed, a l l owing for academic d i s count s),  VP 

E xpert $ 25 0 ;  
PC+ suppo rt s forward and backward cha i n i ng ,  

and frame s ,  VP E xpert support s backward cha i n ing , 
with s ome faci l it ie s  for forward chaining;  

VP Expert support s  the use o f  dimens i on e d  
vari ab l e s ,  which can be u s e d  in con j unct i on w i t h  
the WHI LEKNOWN . .  END l o op construct f o r  numerical 
ana l y s i s ,  as  we l l  as for spreadsheet and dat abase 
hand l i ng . PC+ doe s  not support dimen s i oned 
vari able s ,  and a l though it doe s support frame s ,  
the s e  do not appear t o  be we ll suited t o  the type 
of numerical fun ct i ons requi red of t h i s  
appl icat ion . 

Both have faci l i t i e s  for acce s s  t o  dat aba s e  
and spre adsheet etc fi le s ,  though V P  Expert has 
part i cularly s impl e  and direct faci l it i e s  for 
the s e ;  

Because o f  it s l ow co st , VP Expert i s  
becoming qu ite widely u s e d ,  and i s  support e d  b y  a 
NZ agent . 

Primari l y  becaus e  o f  i t s  s impl e  faci l it ie s  for 
dat abase and spreadsheet acce s s ,  for i t s  superi o r  
numeric handl ing, a n d  i t s  increa s ing acceptance a s  a 
product , t he deci s i on was t aken t o  deve l op the 
prototype u s ing VP Expert . 
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With the low price , friendly devel opment 
environmen t , and t o lerant syntax o f fered by VP E xpert , 
the Expert S ystem she l l  i s  n o  longer the s o l e  pre s erve 
o f  Academi cs , but has become ano ther u s e ful des k t op 
t o o l . It  w i l l  be int ere st ing t o  observe the progre s s  o f  
this  product , and i t s  emerging u s e s . 

Database 
The dat abase funct i ons used by the pro t ot yp e  

de s cribed i n  sect i on 6 . 5 . 1  are actua lly a l l  carried out 
by VP Expe rt , which can retri eve records from a dBa s e  
I I I  f i l e  g i ven a set o f  criteria to b e  met . 

No s ep arate dat abase package was there fore 
required for the prototype ECMES . 

4 . 3 . 3 . 2 Se l e ct i on and evaluat ion o f  package s ,  as suming no 
pri o r  commitment t o  Lotus Symphony . 
At the out set o f  thi s pro j ect ,  a very firm 

commitment had alre ady been made to the ECM app l icat ion 
deve l oped u s ing Lotus Symphony . Thi s commitment has 
been a ma j or factor in the s e l e ct ion o f  further 
s o ftware p a ckage s and strategi e s . 

Lot u s  S ymphony i s  an " integrated" spre adshee t  
package ; t hat i s ,  it  comb ine s p owerfu l vers i on s  o f  the 
t radit i o n a l  spreadsheet funct i ons with a range o f  other 
funct i ons n o rmally found in dat abas e ,  word proce s s ing,  
and commu n i cations p ackage s . Al l o f  the s e  funct i on s  use 
the worksheet as the primary dat a st orage devi ce . Lotus 
Symphony ret ai l s  at approximat e l y  $1 60 0 ( $NZ , Jan 
1 9 9 0 ) , and cont ains a powerfu l macro l anguage , as we l l  
as  a powerful set o f  funct i on s for use i n  ce l l  
formulae . I n  order t o  provide a l l  o f  t he above 
funct i on s , S ymphony i s  a l arge package , in terms o f  
memory requi rement s ( and incidentally, i n  terms o f  
l o ading t ime ) . Furthermore , i n  order t o  ach i eve 
accept abl e  p erformance , Symphony require s  the comp l ete 
spreadshee t  current l y  in use  t o  be he ld i n  memory . The 
nett e f fe ct o f  the s e  two requi rement s i s  that , once a 
Symphony app l icat ion i s  loaded ,  mo st PC ' s have very 
l ittle memory space remaining i n  which t o  l oad further 
s o ftware p a ckages . 

Both databas e  and expert s ystem she l l  package s 
·commonly h ave deve l opers ' vers i ons avai l abl e ,  and hence 
the unit cos t  of the integrat ed applicat ion n e e d  not 
include t h e  s ingl e - l i cence pack age cos t s  of the 
database and expert system she l l  package s .  By contrast ,  
very few s p re adsheet packages have comp i l ers ava i lable , 
hence every unit o f  the integrated app l i cat i o n  mu st 
include t h e  co st o f  a s ingl e - l i cence vers i o n  of the 
spreadshe e t  package . There is there fore a good 
commerci a l  reason for minimi z ing the co st of the 
spreadshe e t  package s e l ected . 



A l arge number o f  spreadsheet packages are 
ava i l ab l e ;  they include ; 

Lotus Symphony ( integrate d  package ) 
Lotus 1 23 Vers ion 3 
Exce l 
Supercalc 
VP Pl anner + 
PFS F irst Cho ice ( int egrated package ) 
At a yet lower price bracket i s  " Joe ' s 

spreadshe e t " ( $4 0 ) , and s evera l pub l ic domain 
s pre adshee t s  such a s  "ASEASYAS " .  

Spreadshee t  eva luat i o n  and s e l ect i on ;  

$1 3 0 0  
$ 9 4 5  
$ 9 9 5 
$ 7 9 5 
$ 3 95 
$ 295 
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The p ub l ic domain spreadsheet s ,  Joe ' s spreadsheet , 
and PF S f i rst choice were con s i dered to be s omewhat 
l imited i n  the funct i ons o f fered, however VP Pl anner 
p lus has a powerful s et o f  spreadsheet funct i on s , 
adequate t o  handle the tasks  requ ired for ECM . 

VP P l anner o f fers the addit i onal advant age o f  
be ing direct ly acce s s ib l e  from within a VP Expert 
appl icat i o n ; that i s ,  from within a VP Expert 
appl icat i o n  it is  pos s ib l e  t o  cal l  up a VP Pl anner 
spreadshee t  and carry out norma l spreadsheet 
operat i o n s , such as graphi ca l  presentat i on o f  
intermedi a t e  re sult s ,  be fore returning t o  the VP E xpert 
applicat i o n .  Thi s  capab i l ity i s  seen as a ma j or 
advant age ( and i s  seen as a ma j or di s advantage in the 
ca se o f  t h e  Symphony/VP Expert combinat i o n ) . 
For the s e  rea sons , had no commi tment to Lotus Symphony 
e x i sted, t h e  recommendat ion would have been to u s e  the 
VP Planner plus spre adsheet , in comb inat ion with the VP 
E xpert Expe rt System S he l l . 

4 . 3 . 4  As s i gnment o f  funct i ons t o  package s . 

It  cannot be over-emphas i s ed that the spre adsheet , 
database , programming language , and expert sys t em she l l  
are a l l  CAPABLE o f  carrying out al l o f  the funct i ons 
required;  t he only que st i on i s ,  which package carri e s  
them out w i th the gre atest convenience ,  ease  a n d  speed,. 
and which p ackage require s  the least expert i s e  and 
e f fort on t he part o f  the deve l oper . Thi s sect i on wi l l  
only addre s s  the a s s i gnment o f  funct i ons amongst the 
Lotus s ymphony, and VP Expert p ackage s .  The que st i on o f  
a s s ignment o f  funct i o n s  had n o  pri or commitment t o  
S ymphony e x i sted, wi l l  not be addre s sed . 

Con s idering the t hree aims o f  energy co st 
management described i n  sect i on 4 . 1 . 3 , the first two 
are prima ri l y  associated with the manipu l at i on and 
present at i on of numeric dat a ,  and hence are l o cate d  ( as 
they shou l d  b e )  in the Symphony spreadsheet . The third 
a im, vi z " The analys i s  o f  pos s ib l e  me ans o f  reducing 
overa l l  e n e rgy co st s "  can be s p l it into two part s ,  the 
i dent i fi ca t i on o f  aspect s  o f  current energy u s e  
p attern s  which are l ikely t o  o ffer opportunity for 
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energy co s t  savings , and s e condly the ana lys i s  o f  
p o s s ib l e  me ans o f  e ffect ing s av ings . I dent i fi cat ion 
o f  aspect s o f  current use patterns from which energy 
co st s avings are l ikely t o  be p o s s i b l e  can be 
approached in two ways ; by an i nspect i on o f  the dat a by 
a human '' e xpert " ,  and by in spect ion of the (proce s sed) 
data by an Expert System . The Symphony app l i cat i on 
t akes the former approach , and the strength o f  the 
s preadsheet package i s  used to present the energy use 
i n format i o n  graphica l ly in a number o f  ways which can 
b e  expect e d  to draw the attent i on o f  a human e xpert . 

The e xpl orat ion o f  the u s e  o f  e xpert systems to 
i dent i fy a spects o f  energy u s e  patte rns which are 
l ike ly t o  o ffer co st savings forms one o f  the aims o f  
this  pro j e ct ;  however n o  cl ear idea o f  the funct i ons 
requ ired e x i sted at the out set o f  the pro j ect . There 
was a gen e ral expect at i on that "reas oning " ,  and '' ru les 
o f  thumb " would be requi red t o  ident i fy fact ors of key 
s igni ficance : the s e  funct i on s  clearly needed to be 
a s s igned to the expert system she l l . What was 
con s iderabl y  less  cl ear was the degree o f  numerica l  
proce s s ing which wou l d  b e  requ i red t o  i dent i fy the " key 
p o int s " . I f  the numerica l  proces sing requirement was 
t o  be e xt e n s ive , then there would be advant age in 
a s s igning i t  to the spreadshe e t ; if however the 
numerica l  process ing requ ired was l e s s  than extens ive , 
o r  i f  a degree o f  interact i on was requ i red between the 
numerica l process ing sect i ons and the " re a s oning" 
sect i on s , then the numerical proce s s ing sect ions would 
be bette r  l e ft within the expert system she l l . VP 
E xpert h a s  qu ite powerful faci l it i e s  for handl ing 
mathemat i cs , and the extent o f  the ca lcu l at i on was , on 
b a l ance , cons idered to be not e xtens ive . It  was 
there fore decided, at least in the prot otype vers i ons , 
t o  ret a i n  any mathemat ica l  proce s s i ng needed t o  
i dent i fy E CM aspect s  o f fering high p otent ial s avings 
within the expert system package . 

O f  the funct ions a s s ociate d  with ana lys ing 
p o s s ib l e  co st saving methods , those whi ch are most 
straight f o rward to a s s ign are the funct i ons whi ch check 
t he val id i t y  of propo sed re s chedul ing o f  electrical 
l o ads , and which cle arly b e l ong with the Expert System 
p ackage . 

As h a s  been previou s l y  ment i oned, an imp ort ant 
fact or a ffect ing the a s s ignment of funct ions i s  that 
the s i z e  o f  the Symphony and VP Expert package s 
preclude these being he ld in ( PC)  memory 
s imultan e o u s ly .  Thi s a l s o  preclude s rapi d  and smooth 
movement between the packages impos s ible , whi ch in turn 
encourage s the des igner t o  group al l funct i ons required 
at one t ime in the s ame package i f  at a l l  pos s ib l e . 
F or thi s reason it i s  a l s o  nece s s ary t o  include in the 
E xpert S y st em package the funct ions as s ociated with 
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di sp laying the current s t atus including the nett e ffe ct 
o f  a l l  the l oad re schedu l ing movement s carried out . 
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5 DATABASE MANAGEMENT SUPPORT FOR ( SYMPHONY BASED ) ENERGY 
COST MANAGEMENT . 

CHAP TER SUMMARY 

Ene rgy Cost Management is  a field whi ch invo lve s 
con s iderab l e  quant it i e s  of " raw " dat a ;  it i s  there fore 
imp o rtant t o  examine the requi rement s for data 
" management " .  

CHAP TER CONTENT S 

5 . 1  
5 . 1 . 1  
5 . 1 . 2  
5 . 1 .  3 

5 . 2  
5 . 2 . 1  
5 . 2 . 2  

5 . 3  

5 . 1  

5 . 1. 1  

DBMS SUPP ORT REQUIREMENTS 
Data management funct i on s  requ i red for ECM 
Data mode l l ing 
Evaluat ion o f  methods for providing dat a 
management functi ons 

DATA ENTRY MODULE 
Requ i rement 
Devel opment . 

" INTELLI GENT DATABASE "  FUNCT I ONS . 

DBMS SUPPORT REQUIREMENT S 

Dat a management functions requ i red for ECM 

The funct i on s  required include ; 
1/ The entry and val i dat ion o f  dat a by the user 
( scope for the aut omat ic entry of  energy consumpt i on 
f i gures and e qu ipment us age dat a e x i st s ,  but has not 
been exp l o re d  within thi s pro j ect )  . 
2 /  Checks f o r  int e rnal cons i st ency o f  dat a . 
3 /  Output o f  sub s e t s  o f  data ( data rep or t ing)  both 
d i rect ly to t he u s e r , and to the spreadsheet 
appl i cat i on . 
4 /  Man ipul at i on o f  dat a element s dur ing " what i f "  
exerci s e s  t o  det e rmine l o ad patterns whi ch woul d  reduce 
energy co st s . 
5 /  P o s s ib l e  e xt rap o l a t i on/int e rp o l at i on t o  suppl y  
e s t imat e s  o f  mi s s ing dat a . 

5 . 1. 2  Dat a mode l l ing 

At the out set o f  the pro j ect ,  a cons i derab l e  
amount o f  e f fo rt w a s  s pent on the deve l opment o f  a 
fu l ly no rmal i se d  dat a mode l to rep r e s ent a l l  the dat a 
r e levant t o  t he ECM app l i cation ,  and the cor rect 
re l at ionships between thi s data . The mode l l ing exe rci s e  
was based l argely o n  the methods de s cribed in Howe [ 2 ] . 
The conceptua l  data mode l deve l oped is  shown i n  F i gure 
7 ,  from which the imp l ementati on dat a mode l of F i gu r e  8 
has been deve l oped . The dat a dict i on ary devel oped f o r  
the ( F igu r e  8 )  dat a mode l appears in Appendix F .  
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As i s  u s ua l , the deve l opment o f  the dat a  mode l 
highl i ght e d  valuable informat ion regarding the scope 
o f ,  and r e l at i onships betwe en ,  the various dat a 
ent i t i e s  invo lved in the ECM app l i cation . 
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A p a rt i cul a r  gain result ing from the dat a mode l  
deve l opment has been the ident i fi cation o f  s eve r a l  
cases i n  which functions o f fe red by the Symphony-based 
ECM s y s t em were actually spe c i a l  cas es of mo re general 
funct i o n s ; the s e  mo re gen e r a l  funct i ons may be the 
sub j ect s o f  future deve l opment . As an examp l e  of the 
l atter , t he current spreadsheet ECM modu l e s  a l l ow the 
spl it o f  unit c o s t s  between day and ni ght rat e s  to be 
examine d ;  an examinat ion o f  the dat a mode l wi l l  s how 
that thi s  is only one o f  s eve ral spl it s  whi ch could be 
of int e r e st , fo r examp l e ,  the unit costs spl it between 
three 8 hour shi ft s ,  the weekend - weekday s p l i t ,  etc . 

5 . 1. 3  Eval u at i on o f  methods for providing dat a 
management functi ons . 

Methods for p roviding dat a management funct i ons 
include t he use o f  a dedicated DBMS , such as Ashton 
Tate ' s dBa s e  s o ftware , the use of the Symphony fi le 
management funct i on s ,  and the use  of an Expert S y stem 
she l l  as an " inte l l igent front end " for a dat ab a s e  
res iding e ither in separat e f i le s , o r  within t h e  
Symphony worksheet s .  

As h a s  been ment i oned in s e ct i on 4 . 3 . 3 . 1 , VP 
Expe rt h a s  suffic ient faci l it ie s  f o r  ext ract ing 
informat i on from database f i l e s  t o  meet the needs o f  
the pro t o t ype ECME S app l i cat i o n ,  there fore n o  s eparate 
dat ab a s e  p ackage was requ i red . 

The " inte l l igent databa s e "  funct i ons des cribed in 
sect i on 5 . 3  woul d  require a l arger vo lume and h i gher 
degree o f  s ophi st icat ion in the dat abase t rans act ions 
invo lved .  For the s e  funct i on s , the dat abase fac i l it i e s  
o f  Symphony , and VP Expert woul d  be inadequat e ,  and the 
use o f  a dedi cated dat ab a s e  management system i s  
recommende d . A l a rge s e l e ct i on o f  s u itab l e  p a ckage s , 
including dBase IV, vari ous dBase II I c l one s ,  p ar ado x ,  
foxbas e ,  and DBXL are ava i l ab l e , the final cho i ce wou l d  
b e  heavi l y  in fluenced by t h e  ava i l ab i l ity o f  a n y  one o f  
thes e  p a ck ages within t h e  deve l opment o rgan i s at i on . 



5 . 2  DATA ENTRY MODULE 

5 . 2 . 1  Requi rement 
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One o f  the problems encount e red when o f fe ring a 
product deve l oped us ing S ymphony ( o r  indeed,  mos t  
s p readsheet s )  commerci a l l y  i s  that o f  protect ing the 
" code " ( i e setup informat ion , and macro i n s t ruct i ons ) 
f r om copy ing and piracy . Several remedies are 
ava i l able , including the use of (a  very l imited range 
o f )  spreadsheet comp i l e r s , hardware protect i on devi ce s , 
and various " t ro j ans " .  A further opt ion i s  s impl y  not 
to o f fer the p roduct i t s e l f  comme rc i a l l y ,  but rathe r to 
o ffer its u s e  as  a s ervi ce , with the cu stomer providing 
the raw dat a . 

In the case  o f  the ECM spre adsheet , a heavy 
program o f  s eminars demon st rat ing the u s e  o f  the 
product , as w el l  as the p rincip l e s  o f  energy cost 
management were unde rt aken,  and fo r the s e ,  it  was seen 
as a dist inct advant age for attendee s t o  be abl e  t o  
carry out the ana l y s e s  on dat a from the i r  own 
o rgan i s at i ons . 

For both o f  the above reas ons it was de cided t o  
deve l op a s impl e  dat a ent ry modu l e ,  a l l owing the raw 
dat a for the spreadsheet based ECM s y s t em to be 
entered, edi t e d ,  displ ayed and pr inted etc s eparat e l y  
f r om the spre adsheet , and then imp o rted t o  the 
spreadsheet . 

5 . 2 . 2  Deve l opment . 

The dat a ent ry modu l e  was devel oped u s ing dBMAN V ,  
a dBase I I I  work-alike . DBman V w a s  cho s en becaus e  i t  
wa s one o f  the l owe st p r i ce s  dBa s e -t ype JBMS ' s 
avai l able with a deve l opers ' ve r s i on included in the 
r e t a i l  price , and a r e a s onab l e  windowing fac i lity . 

The dat a ent ry modu l e  i s  a very s impl e  
app l icat i on , o f fe ring the user fac i l it i e s  f o r  inputt ing 
and edit ing consumpt i on and tar i f f  dat a ,  and printing 
out a final ve r s i on ;  when the u s e r  s ignal s  that the 
dat a is correct , the dat a ent ry modu l e  conve rts a l l  the 
dat a  input f i l e s  int o a de l imit e d  format . The de l imited 
dat a f i l e s  can then be imported into a S ymphony · 
worksheet us ing the " F i l e  Import St ructured" ( F I S )  
i n st ruct i ons . 

Appendix G cont a i n s  the source code o f  the dat a 
ent ry module , the screen displ ays , and ope r at ing 
i ns t ruct i on s . 



5 . 3  " INTELL IGENT DATABASE "  FUNCTIONS 

The dat a a s s ociated with ECM has two 
pecul i a r it i e s ; fi rst l y ,  a lthough the app l i cat i on can 
theoret i c a l l y  be de scribed comp l et e ly rigorou s l y ,  the 
vo lume o f  dat a required make s this impract i c a l , and 
se condl y ,  there are comp l e x  interre l at i onships among 
the dat a items , few o f  whi ch can be adequat e l y  
repre s ented in a simple dat abase . A degree o f  
" inte l l i gence " i s  there f o re requi red within t he 
dat ab a s e  funct ions . 

5 . 3 . 1  Requi rement for int e l l igent dat aba s e  funct i ons . 

5 . 3 . 1 . 1 Avai l ab i l ity o f  comp l ete dat a . 
As i s  common , the dat a mode l l ing exe r c i s e  showed 

that many o f  t he Ent i t i e s  we re r e l at ed by a " l owe st 
common denominator" ent i ty . I n  thi s cas e ,  the " l owe st 
common denominator" ent i t y  corresponded t o  t h e  energy 
used by a p a rt icular item o f  e quipment , during a 
spec i f i c  t ime interval ( MACHINE - SLOT ) .  Whi l e  it i s  
qu ite fea s ib l e  technica l l y  to imp lement such a 
st ructure , the quant ity o f  informat i on invo lved woul d  
be ve ry l arge . 
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B a s e d  on estimate s  o f  1 0 0  items o f  equ ipment for a 
moderate s i z ed o rgani s at i on ove r a t hree yea r  study 
peri o d ,  with maximum demand readings recorded over 3 0  
minute p e r i o ds , the fo l l owing t ab l e  shows that the dat a 
structure o f  F igure 8 wou l d  requ i re some 1 2 0  Mbyte s  o f  
sto rage ( t ak ing empirical account o f  index f i l e  e t c  
storage requ i rement s )  . 

DATA VOLUME E S T IMATE ( F I GURE 8 ) . 

ENT I T Y  

eo S l ot 
P roduct i o n  
Co Day 
Dept s l ot 
Machine 
Tari f f  
Machine S l ot 

RECORD 
S I ZE 
3 2  
1 5  
4 3  
3 0  
2 3  
2 2  
1 8  

RECORD 
NUMBERS 
3 6  
1 8 0  
1 0 95 
3 6 0  
1 0 0  
3 6 0 
5 2 5 6 0 0 0  

TOTAL 
S I ZE 
1 1 5 2  
2 7 0 0  
4 7 0 8 5  
1 0 8 0 0  
2 3 0 0  
7 92 0  
9 4 . 6Mbyt e s  

TOTAL 
9 4 . 6MByt e s . 

Although carefu l  de s i gn could reduce thi s f i gure 
s igni fi cant l y ,  e xperience has s hown that the " l owest 
commo n  denominator" ent i t i e s  are frequent l y  t he l e ast 
amenab l e  to vo lume reduct i on ;  the t otal quant i t y  o f  
dat a i s  there fore st i l l  go ing t o  be ve ry l arge . 

T o  manipulate thi s vo lume o f  data mathemat i c a l l y  
t o  produce a n  " opt imum" l oad p att ern wou l d  b e  a very 
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l arge ope r at ion mathemat i ca l ly ; i f  the exerci s e  was t o  
have any h ope o f  p roviding a p ract i cal r e s u lt , a great 
number o f  constra int s regarding such things as  t he 
acceptab l e  sequence s ,  permut at ion s  and comb inat i ons o f  
equ ipment u s age s woul d  have t o  be ident i fi e d  and 
accounte d  for by the s o ftware , as would det ai l s  o f  t ime 
dependent operat i on s  ( e g  sea sonal avai l ab i l ity o f  raw 
mat e ri a l s ,  or marke t s )  etc etc . No mo re r igorous 
ana l y s i s  o f  the p r ob l em is requ i red to show that such a 
mathemat i c a l  treatment i s  l i ke l y  to invo lve a very 
l arge e f fo rt ,  and the expenditure of a va st amount o f  
devel opment time . E xpe ri ence has demonst rated that such 
a cou r s e  i s  a l l  t o o  l ikely to never result in a u s e able 
and market able . 

It  i s  also con s idered that the quantity o f  dat a ,  
and the d i f fi culty o f  manipu l at ing i t  i n  a rigorous 
fashion ( i e ,  to att empt t o  per form a mathemat i c a l l y  
c orrect opt imi sat i on )  wou l d  b e  un j u s t i f i e d ;  there are 
h owever r e a l  gain s po s s ib l e  with a non-ri go rous 
appro ach . Such a " non-rigorou s " app roach nece s s a r i l y  
imp l i e s  a degree o f  inte l l igence i n  the appl i cat i o n . 

5 . 3 . 1 . 2 Comp l ex inte r r e l a t i onships 
ECM functions require a database whi ch can s t o re 

conside rab l e  quant i t i e s  o f  informat i on regarding energy 
u s e . In a p ract ical  ( a s  oppo sed to a theoret i c a l l y  
co rrect ) database de s ign , t h i s  inevitab l y  resu l t s  in 
the e x i s t ence of re cord values which are mathemat i ca l l y  
re lated t o  va lues i n  othe r records and ent it i e s . An 
e xamp l e  o f  such a r e l a t i onship might be the case  where 
one ent i t y  st ores monthly consumpt ion figures  f o r  a 
who l e  organ i s at io n ,  whi l e  another st ore s monthly 
demands ( kVA) and p ower fact o r s  for depa rtment s within 
the organ i s at ion . The comp any figure must equ a l  the sum 
o f  ( the p r o duct o f  a department al demand, * p owe r 
fact o r )  . A further examp l e  can be s een in the COMPANY­
DAY and t he COMPANY- S LOT ent it i e s ;  The sum ( ove r a l l  
days o f  t h e  month ) o f  the sum ( over a l l  ha l f  hour 
interva l s  of each day ) of the consumpt i ons in the 
COMPANY-DAY entity must l o g i ca l ly equal the figu re in 
the COMPANY-SLOT ent i t y . 

C l a s s i c databa s e  theory s t ates  that the s t orage o f  
any accumu l at i on t o t a l s  i s  dangerous ,  f o r  t he s impl e  
reason t hat any change in the underlying dat a r ender s  
t h e  t ot a l  incorrect ; t h e  the o retica l ly correct approach 
i s  rather carry out such accumu l at ions at run t ime , t o  
ensure up- t o -dat a t o t al s . Whi l e  obviou s l y  correct , such 
advice i s  o ft en impract i cal f o r  both pe r fo rmance and 
pract i c a l  reasons ; in the above examp l e ,  the monthly 
consumpt i o n  figure s a re recorded on int egrat ing met er s , 
and are among the mos t  re l i ab l e  and ea s i ly ava i l ab l e  
figure s i n  the who l e  app l i cat i on . 

A problem whi ch i s  much more gene r a l  than the ECM 
app l i cat i on is that o f  low l eve l dat a whi ch i s  
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incomp l et e , e ither b ecause i t  i s  not ava i l ab i e , o r  
b e caus e  t h e  vo lume and e f fo rt o f  col l ect i on a r e  such as 
not t o  j u s t i fy it ; i n  such a cas e ,  higher l evel dat a 
c annot be s impl y  accumu l ated from l ower l evel dat a . 
Such c a s e s  are common ,  yet the obvi ous dependence o f  
t he qua l i t y  o f  output on qual it y  o f  input , requ i re s  
s ome ( i f  o n l y  info rma l )  check o f  nume r i c a l  dat a 
i ntegrit y . 

Furth e r  prob l ems can occur in cases where l o w  
l eve l dat a and high l eve l dat a a r e  known accurat e l y ,  
but int e rmediate dat a i s  e ither absent o r  incons i stent ; 
an examp l e  in the ECM case might occur where good data 
i s  ava i l ab l e  for the MACHINE- SLOT and COMPANY - S LOT 
entit ie s ,  but the f i gures for DEPARTMENT - S LOT do not 
agree with the other two figure s . Another examp l e  
could ari s e  in a cas e  where monthly consumpt i o n ,  t ar i f f  
and c o s t  f i gures are e ach ava i l able,  but d o  n o t  agree . 

The p roblem, then , i s  t o  de sign a p ract i c a l  
dat abas e ,  which can c ope with the problems o f  ensuring 
i ntegrity ( and numer i ca l  integrity i n  part i cu l a r )  o f  
dat a acro s s  ent i t i e s  containing rel ated and po s s ib l y  
incomp l e t e  data . 

The p r incipl e  o f  such a dat abas e de s i gn i s  f i r s t ly 
t o  comp a r e  s t at i st i c a l  and l imit parame t e r s  o f  the two 
entity val u e s ,  and s e c ondly to o ffer the u s e r  s ome 
s impl e  me a n s  of adj u s t ing the values to b ring them into 
l ine ( seve r a l  opt ions wi l l  be needed for thi s )  . F o r  
the c a s e  o f  the second examp l e  given above , thi s  would 
i nvolve c omparing the ave rage daily dema�d ( t ime s 
3 65 / 1 2 )  w i t h  the aver age monthly demand , and ( le s s  
valuabl y , )  t he standard devi at i on o f  the 3 0  minute 
demand f i gures with the standard deviat i on o f  the 
month l y  f i gures ( stat i s t i c a l  paramet ers ) ;  The peak 3 0  
minute demand woul d  then need t o  be comp a red t o  the 
monthly MD figure ( l imit parameters ) . The u s e r  would 
need to be advised o f  the degree o f  di s cr ep ancy 
(provided this was above s ome p reset thre s h o l d ) , and 

o ffered means of corre ct ing the dat a . 

The opt ions ava i l ab l e  fo r �orrect ing the dat a 
would need ,  as a min imum, t o  include ; Re- ent e r  dat a ,  
adjust dat a t o  mat ch s t at i st ic a l  parame t e r s , a d j u s t  
dat a t o  m a t c h  l imit p aramete r s , do nothing ( b u t  t ag the 
result s )  . 
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5 . 3 . 2  Deve l opment 

Within the l imited t ime ava i lable ,  i t  was not 
p o s s ib l e  to i mplement both the deci s ion s upport 
funct i ons , and the " int e l l i gent dat aba s e "  funct i ons . 
I t  was cons i dered that t he dec i s i on suppo rt funct i on s  
o ffe red a gre ater pot ent i al u s e fulnes s ,  s o  deve l opment 
e f fort was co ncent rated in that a rea . The rep o rt ing 
module o f  the final ver s i on o f  the Max imum demand 
cont rol  dec i s ion support s y st em doe s however impl ement 
a very l imited ver s i on o f  the integrity checking 
funct ions de s cribed in s e ct ion 5 . 3 . 1 above , by 
comparing the stat i st i cal p arameters o f  the dai ly and 
monthly consumpt ion f i gures . 
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6 DEC I S I ON S UPPORT SYS TEM DEVELOPMENT .  

CHAP TER SUMMARY 

Having exami ned the i s sues re lating t o  the u s e  o f  
mu l t ip l e  s o ftware t o o l s  fo r one app l icat i o n ,  and a l s o  
the sub j ect o f  energy c o s t  management , it  i s  now 
appropriat e to cons i de r  the app l i cat ion o f  addit i onal 
s o ftware t o o l s ,  and in part i cular the expert s y st em 
she l l ,  to thi s task . 

Thi s  section de scrib e s  t he stages in de fining the 
aims o f  the de cis ion suppo rt system, the de s i gn and 
deve l opment of the p rot otyp e s  ( and t he part icular 
prob lems encounte red and s o lved) , and the e xp e r ience 
gained from the operat i on of the prototype s .  

CHAPTER CONTENTS 

6 . 1  
6 . 1 . 1  
6 . 1 . 2  
6 . 1 . 3  

6 . 1 . 4 

6 . 2  

DEFINIT I ON OF OVERALL AIMS 
Ident i f i cat i on o f  s avings opportun i t ie s . 
Analy s i s  o f  methods o f  reducing ener gy cost s . 
Rel at i onship between dec i s ion supp o rt s ystem 
and Symphony ECME S . 
Rel at i onship between dec i s ion suppo rt sy stem, 
Symphony ECME S ,  and dat a s t ructures imp l icit 
in the ECM f i e l d . 

DEVE LOPMENT METHOD S . 

6 . 3  DEVELOPMENT OF THE MODEL 1 SUPPORT TOOL , FOR H I GH 
LEVEL ( ENERGY COS T  MANAGEMENT ) DEC I S I ONS . 

6 . 3 . 1  Deve lopment o f  mode l 1 ( the f i r s t  p r o t otype ) . 
6 . 3 . 1 . 1 Knowl edge acqu i s it i on 
6 . 3 . 1 . 2 Se lect i on o f  ECM aspects t o  be o f fered 

Deci s i on Support . 
6 . 3 . 1 . 3 Requ i r ement s for dec i s ion suppo rt 

app l i cat ion ( i dent i fi ed at pro j e ct 
de fini t i on s t age ) ; 

6 . 3 . 2  P rototype deve l opment 
6 . 3 . 2 . 1  Gene r a l  
6 . 3 . 2 . 2 Requi r ement s analyses and deve l opment o f  

ru l e s  
6 . 3 . 3  Test ing and r e s u lt s ,  Les s ons l e a rne d . 

6 . 4  DEVELOPMENT OF MODEL 2 ,  AS TOOL FOR MD CONTROL BY 
LOAD PATTERN ADJU S TMENT . 

6 . 4 . 1  Requi rement s ana l y s e s  and development o f  
rules . 

6 . 4 . 2  User int e rface deve lopment ( p r incip l e s , 
problems , s o lut i on s ) 

6 . 4 . 3  Test ing and r e s u lt s ,  Les s ons l earne d . 

6 . 5  DEVELOPMENT OF MODEL 3 ,  AS TOOL FOR MD C ONTROL BY 
OPERAT ION RE SCHEDUL ING . FINAL VERS I ON : 
MD_REPOR . KB S , & MD REF IN . KBS 



6 . 5 . 1  Requ i rement s ana l y s e s  and deve l opment o f  
rul e s  

6 . 5 . 2  U s e r  inter face deve l opment (principle s ,  
p rob lems , s o lut ions ) . 

6 . 6  PROTOTYPE DEVELOPMENT PROBLEMS AND SOLUT IONS . 

6 . 7  TE S T ING AND EVALUAT I ON ( OF F INAL VERS I ON ) . 
6 . 7 . 1  Review o f  aims . 
6 . 7 . 2  Ope ration o f  final ve rs i on o f  dec i s i on 

support s y s t em (mode l 3 )  
6 . 7 . 3  Evaluation o f  final ver s ion aga i n st aims . 

6 . 1 DEFINITION OF OVERALL AIMS 

The three a im s  of ene rgy cost management d e s cribed in 
s e ct ion 4 . 1 . 3  are ; 

The ana l y s i s  o f  past energy usage p at t e rn s , 
The i dent i ficat i on o f  the present s it u at i on , 
l eading t o  the p redict i on o f  future u s age 
pat t e rn s , and 
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The ana l y s i s  o f  p o s s ib l e  means o f  r e ducing overall  
energy costs . 

The first t wo are prima r i l y  a s s oc iated with the 
manipu l at i o n  and pre s entation of nume r i c  dat a ,  and 
hence are l oc ated ( a s  they shou l d  be ) i n  the Symphony 
spreadshee t  . . The third aim, v i z  " The ana l y s i s  o f  
p o s s ib l e  means o f  redu cing ove ral l energy c o st s "  can be 
sp l it int o two part s whi ch are f i rstly the 
i de nt i f i cat ion of aspect s of current energy u s e  
patt e rn s  whi ch are l ik e l y  to o ffer oppo rtunity f o r  
e n e rgy c o s t  s avings , and secondly the ana l y s i s  o f  
p o s s ib l e  mean s o f  e f fe ct ing s avings . 

At t he out set o f  the prot otype deve l o pment phase ,  
the relat i on ship between the ove r a l l  aims o f  the 
p ro j ect , t he s o ftwar e  p ackage s , and the b a s i c  
i n f ormat i o n  availab l e , was as  i l l ustrate d  i n  F igure 9 .  

Not e 1 ;  At an e a r l y  st age i n  this p r o j e ct , the 
de c i s ion was  taken to repl ace the term " expe rt s ystem '' 
with " de c i s i on suppo rt s ystem " , both a s  a t it l e  and as 
a phi l o s ophy for the s y stem under deve l opment . 

Note 2 ;  the fo l l owing s e ct ions are p r e s ented in 
l o gical , as opposed to strict chronolog i c a l  orde r . 
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6 . 1 . 1  Ident i ficat ion o f  savings oppo rtun i t i e s . 
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The i dent i fi cat ion o f  aspect s o f  current u s e  
patterns f rom which energy c o s t  s avings are l i k e l y  t o  
b e  p o s s ib l e  can be approached i n  two way s ;  b y  an 
inspect i o n  o f  the dat a by a human " expe rt '' , and b y  
inspect i o n  o f  the (proces sed)  dat a by a n  Expert S y s t em .  
The Sympho ny app l i cat i on take s the former app ro ac h ,  and 
pre sent s t he energy use informat i on graph i c a l l y  ( u s ing 
one of the st rong p o ints o f  ( S ymphony ) spreadshee t s )  in 
a number o f  ways whi ch can be expect ed to draw t h e  
attent i on o f  a human expert . One o f  the aims o f  t h i s  
p r o j ect h a s  been to expl ore t he u s e  o f  expert s y s t ems 
to ident i fy a spect s o f  energy use patte rns whi ch a r e  
l i kely t o  o ffer c o s t  s avings . Throughout t h e  p r o t ot ype 
deve lopment stage s ,  it  wa s hoped t o  achi eve thi s aim by 
us ing a r e l at ively s imple s t at i st i c a l  anal y s i s  ( rat i o s  
o f  peaks t o  means ) o f  key set s o f  figures  ( Maxi mum 
demands , unit consumpt ions , and l oad fact o r s ) t o  
ident i fy aspect s  o ffe ring h i gh s avings . A furth e r  goal 
o f  ident i fy i ng sign i f i cant ove r a l l , and cycl i c  t re nds 
wa s ident i fied,  but wa s not e xp l o red in depth ( s e e  
Appendix H for further deta i l s )  . 

6 . 1 . 2  Ana l y s i s  o f  methods o f  reducing energy c o st s . 

Having ident i fied aspect s o f  the current patt e rn 
o f  energy consumption which a r e  o ffe r cost  s aving 
potent i a l , the analy s i s  of actua l l y  savings was 
envisaged to invo lve the user in ut i l i z ing h i s /he r 
knowledge o f  the det a i l s  o f  the part icu l a r  p l ant t o  
propose c hange s t o  the load u s age patt e rn ,  and t h e  
Expert S y s tem app l i cat i on t o  advise fi r s t l y  whet h e r  the 
proposed change is feasibl e / de s i rab l e ,  and secondly 
what ( c o s t ) e ffect the change wi l l  have . 

6 . 1 . 3  Re l at i onship between dec i s ion suppo rt s y s t em and 
Symp hony ECMES . 

The r e l at i onship betwe en the deci s i on suppo r t  
sy stem a n d  the remainder o f  t he app l i cat i on w a s  
init i a l l y  envi saged t o  b e  a s  s hown in F i gure 1 0 ;  i e  the 
dec i s i on s upport system was i nt ended to obt a i n  dat a 
from the s p r e adsheet appl icat i on ( e ithe r di rect l y  o r  
v i a  int e rmediate ( summary) dat a f i l e s  output b y  t h e  
spreadshe et ) , would proce s s  t h i s  dat a ,  a n d  r e t u r n  t h e  
r e sult s ( primarily con s i st ing o f  summar y  conclu s i on s ) 
t o  the s p r e adsheet f o r  pre s entat i on to the u s e r . 
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6 . 1 . 4  Re l at i onship between dec i s ion support sy stem, 
Symphony ECMES , and dat a st ructure s  imp l i c i t  i n  
the ECM field . 
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At a s l ight ly ear l i er stage i n  the p r o ce s s  o f  
re fining the pro j ect aims , the importance o f  accur at e l y  
mode l l ing t h e  dat a w a s  appreciated . The data mode l o f  
F i gure 7 was  developed t o  show t h e  ide a l  re l at i onships 
between dat a entit ies , and was then modi fied in the 
interests o f  p roce s s ing e ffici ency to that shown i n  
F i gure 8 .  Not e ;  the deve l opment o f  the s e  mode l s  i s  
de scribed mo re ful l y  i n  sect ion 5 o f  thi s t he s i s . Thi s 
arrangement envi saged that the " author i z ed ver s i o n "  o f  
the dat a b e  always held in a ( re l at i on a l , d i s k  b a s ed)  
database app l i cat ion . 

A requ i rement for a s s i stance from a dec i s i on 
support s y s t em app l i cat i on t o  val idate and adjust raw 
dat a was a l s o  ident i fied;  thi s  requi rement , p l u s  the 
requi rement s for dat a storage , are det a i l e d  i n  s ect i on 
5 o f  thi s thes i s . 

The concept for integrat ion o f  the s o ftware 
package s ( an d  particu l a r l y  the dat a used by the s e  
package s )  a t  this st age was a s  i l lustrated i n  F i gure 
1 1 . 

As with t he e a r l i e r  ver s i o n ,  it was envi s aged that 
the spre adsheet woul d  export dat a t o  summary dat a 
f i l e s , whi ch would be read by the deci s i on support 
s y s t em, which in turn would export it s r e s u l t s  back t o  
the spre adsheet ( e ither direct l y ,  o r  via i nt e rmediate 
dat a fi le s ) . 
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6 . 2  DEVELOPMENT METHOD S . 

6 0  

The p r ototype deve l opment , a s  de scr ibed i n  
s ect ions 6 . 3  t o  6 . 5 , has fo l l owed a highly i t e rat ive 
and evo lut i onary pat h ;  attent ion is  drawn to the 
s t atement at the st art o f  sect i on 6, t o  t he e f fe ct that 
the order o f  present at ion o f  these sect i ons i s  l og i cal , 
a s  opposed t o  strict l y  chron o l ogica l .  

The '' devel opment " o f  the pro j ect as  a who l e  
included s everal typ e s  o f  act ivity : 

De finit ion o f  h i gh l eve l a ims ; 
Eva luat ion o f  s o ftware package s ;  
D e fi n it ion o f  spec i fi c  requi rement s (wh i ch at 
the i r  fina l s t age s o f  re finement commonly became 
set o f  actual p roduct i on rules in the knowledge 
base ) ; 
Coding and debugging the applicat i o n ,  and 
Eval u at ion o f  r e s u lt s . 

Many o f  the steps o f  the deve l o pment proce s s  were 
h i ghly iterat ive , p a rt i cu l a r l y  those as s o ciated with 
t he re finement o f  aims and spec i fic requ i rement s .  Other 
s t ep s  were taken once only ;  the select i on o f  the VP 
E xpert s o ftware package was not revi ewed at e ach 
p rot otype st age . It i s  interest ing to note that Harmon 
and King [ 1 0 ]  recommend the commitment t o  a s o ftware 
p a ckage a s  the first s t ep in the deve l opment o f  a sma l l  
" knowledge s ystem" , even p r i o r  t o  the de finit i on o f  
o ve ra l l  a ims ! The chapte r s  i n  Harmon and King [ 1 0 ]  are 
the only ( semi ) structured appr oach the auth o r  has 
f ound t o  t he deve l opment of sma l l  knowle dge s ystems , 
and thi s approach i s  far from be ing eithe r rigorous o r  
det ai led . The ma j or i t y  o f  other l ite rature ( for 
e xample We i s s  and Kul i kowski [ 5 ] ) surveyed sugges t e d  
t hat deve l opment sho u l d  proceed b y  t h e  p r ogres s ive 
r e finement o f  an init i a l  prototype ( with no hint o f  the 
method u s e d  to de s i gn the ini t i a l  prototype ) ,  b a s e d  on 
t h e  react i on s  of the human exp e rt to the prototyp e . 

It  i s  a l s o int e re st ing t o  note that Harmon and 
K ing [ 1 0 ]  d i stingu i s h  between " e xpert s y st ems " 
( de s igned t o  complet e l y  replace a human EXPERT ) , and 
s ma l ler '' knowledge s y stems " de s i gned to systemat i z e  a 
s impler sub j e ct and t o  provide guidance t o  l e s s -than­
e xpert s t a f f . Thi s  d i s t inct ion s e ems a very u s e fu l  one 
f o r  a pro j e ct such as thi s ,  and it is not hard t o  
e nvi s age a number o f  other r e l at ive l y  sma l l  sub j ect 
a r e as ( in t e rms of numb e r s  o f  rul e s ) to which a l ow 
c o s t  expert s ystem s he l l  such as VP Expert coul d  b e  
appl ied e f fe ctive l y . 

In s o  far as  any method for the deve l opment o f  the 
s p e c i f i c  p rot otypes can be recorded, deve l opment t ended 
t o  fo l l ow t he cyc le o f ;  

Con sultat i o n  with the Expert , 



I nterpret at ion o f  re sult s o f  above , 
T rans lat i on o f  requi rement s i nt o  ru l e s , and 
t hen int o code , 
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T e s t ing b y  deve l ope r ,  both for correctne s s  in 
t erms o f  p rogram operat i on , and ( as f a r  as 
p o s s ibl e )  for conceptual correctne s s ,  
Further consultat i on with the expert . 

The advice ( d i scovered far too late i n  the 
p r o j ect ! )  which has proved t o  be the mo st u s e fu l  i s  
cont ained i n  We i s s  and Kul i kowski [ 5 ] , under the 
heading o f  " The art of de s i gning an Exp e rt Mode l " ,  and 
reads as f o l l ows ; " The s ingle mo st imp o rt ant p i e ce o f  
advice that one can give t o  a mode l de s igne r  i s  t o  
bu ild a prototype model as s oon a s  pos s ib l e . Becau s e  
expert r e a s oning problems a r e  frequentl y  p o o r l y  
spec i fi e d ,  o n e  needs to have s omething concrete t o  view 
and ' l ay hands on ' . It is part i cular l y  imp o rt ant for 
the expert t o  see s omething running early . . . . . .  One o f  
the sacr i f i ces one has t o  make in bui l ding e xpert 
systems , i s  to be constant l y  t o l d  about the weaknes se s  
and flaws i n  the s y st em that i s  be ing des i gned . "  

Many r e finement s have a l s o  emerged a s  a r e s u lt o f  
a n  incre a s ing knowl e dge o f  the st rengths and weakn e s s e s  
o f  the VP E xpe rt , Symphony and other package s ;  Further 
re finement s have emerged as a result of imp l ement ing 
s ome of the or iginal aims , and obs e rving the r e s u lt s . 
Examp l e s  o f  the l att e r  include the deve l opment o f  the 
more ext e n s ive inte ract ions between the dec i s i on 
support s y st em, and t he dat ab a s e  f i l e s  reco rding l o ad 
movement . 
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6 . 3  DEVELOPMENT OF THE MODEL 1 SUPPORT TOOL , FOR H I GH 
LEVEL (ENERGY CO ST MANAGEMENT ) DECI S IONS . 

6 . 3 . 1  Deve l opment o f  Mode l 1 ( the fi rst prot otype ) . 

6 . 3 . 1 . 1 Knowledge acqu i s it i on 
Knowledge acqu i s iti on on the sub j ect o f  energy cost 
management was approached from three direct i ons : 

F i rs t l y ,  personal expe r ience in the energy f i e l d  
( though n o t  preci sely i n  t h e  f i e l d  o f  ene rgy c o s t  

management ) ,  provided background materi al ; 
S econdly,  a l imited amount o f  l iterature on the 

sub j e ct was ava i l able ; and, 
F ina l l y ,  s everal meet ings were he ld with P ro fe s s o r  

Mont e it h ,  with the ob j ect o f  det e rmi ning the methods 
and t e chni ques actua l l y  u s e d  by an Expert in t h i s  
f i e l d . 

On a s l ight ly di f ferent ve i n ,  a que s t ionna i re was 
prepared and i s sued t o  attende e s  o f  s eve ral o f  the 
Energy Cost Management Seminars run by P r o fe s s o r  
Monte ith ( see Appendi x I )  with the a im o f  det e rmining 
use r s ' requi rement s for a Deci s i on Support s ys tem . 
Un fo rtunat e ly ,  very few re spons e s  t o  thi s que s t i onnaire 
were r e ce i ved, and the in format i on ga ined wa s of no 
p ract i ca l  a s s i st ance . 

T h i s  perhaps i l lustrat e s  one o f  the c l a s s i c  
problems o f  s o ftware deve l opment ; t hat i s ,  the 
di f f i cu l t y  Users have in accurat e l y. ident i fy i ng the 
funct i ons and faci l i t i e s  whi ch wi l l  be of mo s t  use  to 
them . 

6 . 3 . 1 . 2 S e l e ct ion o f  ECM aspect s t o  be o ffered D e c i s ion 
S upport . 
As det a i l ed in sect ion 4 . 2  o f  this the s i s ,  the ECM 

app l i cat i o n  deve l oped by P ro f  W Mont eith ( u s ing 
S ymphony ) cons i s t s  of s everal modu l e s ,  each covering 
di f fe rent aspect s o f  ECM . I t  became evident at an early 
stage that the deve l opment of dec i s i on suppo rt · 

app l i cat i on ( s )  t o  cove r a l l  aspect s addre s se d  by the 
S ymphony app l i cat ion woul d  requ i re more t ime t han was 
ava i l ab l e ,  and a l s o  that s ome aspect s of the S ymphony 
ECM app l i cat ion o f fered h i gher potent ial  bene fit s ( from 
dec i s i on s upport expert i s e )  than others . 

F o l l owing discus s i on , it was dec ide d  t o  r e s t r i ct 
the s cope o f  t h i s  the s i s  work t o  the e l ect r i c a l  a spect s 
( as opp o s e d  t o  gas ) o f  the spreadsheet mode l 

6 . 3 . 1 . 3 Requ i rement s for dec i s ion support app l i ca t i on 
( ident i fi ed at pro j e ct de finit i on s t age ) ; 

a /  Re lati onship between dec i s ion support s y stem 
and S ymphony ECME S . 
S ince one o f  the aims o f  thi s first proto t yp e  was 
t o  c l a r i fy the fina l di rect i on o f  the p r o j ect ,  the 
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di rect extract ion o f  dat a from the spreadsheet was 
not imp l emented, rather the as sumpt i on was made 
that the user had the printed output s o f  the 
Symphony ECM appl i c at i on ava i l able . 
b /  Overal l aims . 
The highe r l eve l aim fo r thi s first prototyp e  was 
t o  cl ari fy ob j ect ive s for latter st age s o f  
pro j e ct ,  by providing a working prot otyp e  f o r  the 
Expert t o  view and comment upon . 
c l  Spe c i fi c  fun ct i ons and a ims o f  the de c i s ion 
suppo rt system; 
To attempt t o  systemat i z e  the high l eve l dec i s i ons 
which wou ld need t o  be made within � bu s ine s s  in 
the course o f  sett ing strategies for energy cost 
reduct ion s ,  to provide a " smart check l i st " f o r  
e s sent i a l  factors i n  each dec i s ion ,  and t o  p rovi de 
a f i r st approximat i o n  o f  the financ i a l  
attract iveness o f  e a ch propo sed dec i s i on b y  the 
u s e  o f  few care fu l l y  se lected paramete r s . 

6 . 3 . 2  P rototype deve lopment 

6 . 3 . 2 . 1 General 
In keeping w ith the aims noted in s ect i on 6 . 3 . 1 . 3 , 

the f i rst pre -prot otype dec i s ion support s y s t em 
( LJREA6 . KB S , found in appendix J . 1 )  took a very b road­

brush appr oach to the p r ovi s i on of e xpert advice 
regarding ECM; The user of  LJREA6 . KBS i s  a l l owed t o  
s e l e ct from four aspect s o f  ECM; MD cont r o l , l oad 
res chedul ing,  alternat ive energy , and alt e rnat ive 
t a r i f fs . As ment i oned previ ou s l y ,  these vpt i on s  were 
rest r i cted t o  the el ect r i cal aspect s o f  ECM . Within 
each of the se opt ions , the user i s  asked a s e r i e s  o f  
que s t i ons regarding the nature o f  the energy demand , 
and the bu s ine s s  environment in que s t i on ; the s e  result 
in a recommendat i on regarding the mo st fruit fu l  
area/method f o r  energy cost reduct i on : A further 
(minima l ) s e r i e s  o f  que st i ons estab l i shes the det a i l s  

o f  the probab l e  energy s aving, and a t  the end o f  a few 
ques t i ons regarding economic fact o r s , the u s e r  i s  
pre s ented with an ant i cipated value for the annua l  c o s t  
s aving s , and t h e  pre sent worth o f  the opt i on . S impl e  
means a r e  provide d  for t h e  user t o  vary the value o f  
the var i ab l e s  input , t o  e xp l ore the e ffect o f  change s . 

Textboo k s  on expert system deve l opment ( fo r  examp l e  
Harmon and King [ 1 0 ] ) frequent ly note that attempt s t o  
appl y  ( t he cur rent state o f )  expert s ystem t e chno l ogy 
shoul d  not be made to an applicat i on in whi ch a /  the 
prob l em wou l d  t ake more that about 30 minute s  f o r  a 
human expert t o  s o lve , and b /  there are mo re that a few 
tens o f  p o s s ib l e  conclu s i on s . 

An init i a l  a s s e s sment o f  the proposed s cope o f  
thi s prototype indicated that the s e  two crite r i a  we re 
met . 



6 . 3 . 2 . 2  Requi rement s ana l y s e s  and deve l opment o f  
ru l e s  

Having e s t ab l i shed t h e  four " intere st a re a s " i n  which 
dec i s i o n  s upport wa s to be provided,  it was t hen 
nece s s ary t o  deve l op the minimum set of p roduct i o n  
rul e s  whi ch would a l low a conclus ion t o  be reached . 
a/ MD contro l . 

In the area o f  Max imum Demand cont ro l ,  the 
questions a s ked b y  the expert systems are aime d  at 
di scove ring the l arge st amount of l o ad whi ch can 
pract i cal l y  be removed from the current peak l oad 
o ccurrence . 
b /  Load re s chedu l ing . 
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Although thi s  opt ion make s comparat ive l y  minor use 
of the fun ct i ons whi ch are unique to e xpert s ystem 
techno l ogy , it provides an i l lust rat ion o f  the use o f  
sma l l  quan t ities o f  informat i on t o  p rovi de a u s e fu l  
r e sult . T h e  only va lues requ i red are the unit t a r i ffs 
in both the z ones between whi ch l o ad is be ing 
reschedu l e d ,  the actual annua l  l oad in the s ource 
t ar i f f  z on e ,  and the proport ion of l oad whi ch is to be 
reschedu l e d . The annua l  s avings can then be c a l cu l ated 
s imp l y ;  s e e· Ru le 3 8 ,  file LJREA6 . KBS , Appendi x J .  The 
u s e  o f  e xp e rt syst em funct i ons here i s  s impl y  t o  check 
that the p roport i on s  o f  l o a d  proposed for res chedu l ing 
are con s i s t ent with the s i z e s  of z one between which 
l oad i s  be ing shi fted;  for example , it is imp ract i cal 
t o  shi ft m o re that 4 0 %  of the load used during a 5 -day 
working we e k  to a 2 -day weekend . 
c l Alt ernat ive ene rgy . 

S igni f icant factors in this are a inc lude the 
ava i l ab i l i t y  of a l t e rnat ive fue l s ,  t he rat i o s  o f  energy 
u s e  for me chanical work , as opposed t o  p roduct i on o f  
heat , the opportuni t i e s  for s e l l ing quant it i e s  o f  
surplus he at loca l l y ,  the t emperatures at whi ch he at i s  
required ( qual ity o f  heat ) etc . The conclu s i on s  include 
s uch recommendat i ons as  " Inve st igate the u s e  o f  
cogenerat i on systems " ,  and " cons ider a l t e rnat ive fue l 
f ired heat i ng " . 
d/ Alt ernat ive t ar i ffs . 

Ru l e s  covering thi s opt ion were not c omp l eted 
within the l imited t ime avai lable . 

Wit h i n  each " area o f  interest " ,  as s oon a s  the 
e xpert s y s t em came to the p o int of sugge s t ing a course 
of act i o n ,  it proceeds direct l y  t o  obt ain ( e ither from 
i n format i o n  a l ready supp l ied,  or by a sking further 
quest ion s ) est imate s  of running cost s ,  annual cost 
s avings , e conomic evaluat ion period etc . From t he s e  
comparat ive pres ent worths o f  various opt i ons are 
calculat e d  and pre sented . 

6 . 3 . 3  Test i n g  and r e s u lt s ,  Le s s ons learne d . 

The evaluat i on o f  LJREA6 . KB S  reve a l ed two main 
conclu s i on s ; F i r s t l y ,  although it was shown t o  be 
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pos s ib l e  t o  obt ain u s e fu l  result s from the i nput o f  
relative ly sma l l amount s o f  u s e r  dat a ,  it was 
recogn i sed t hat the user input requ i red was dat a o f  a 
type whi ch would mo st l ik e l y  not b e  immedi ate ly t o  
hand . I n  t h i s  sense the u s e fulne s s  o f  LJREA6 . KB S  wou l d  
b e  mo re apparent as a pre l iminary step to t h e  u s e  o f  
the Symphony ECM app l i cat i on , r athe r than a s  a 
supporting app l i cat ion t o  be app l i ed a fter a 
pre l iminary ana lys i s  by the S ymphony ECMES . I t  wa s 
there fore con s i dered that a re fined knowledge b a s e  
which bu i lt o n ,  and made a s  much u s e  as  p o s s i b l e  o f  
( derived)  dat a from the Symphony ECMES , was neede d . 
Secondly , doubt wa s expre s se d  ove r the feas ib i l it y  o f  
de s ign ing a knowl edge base which was su ffici ent l y  
gener a l  a s  t o  b e  re levant t o  the ( ve ry wide ) range o f  
o rgan i s at i ons interested i n  ECM, wh i le cont aining 
suffici e nt det a i l  to a l l ow u s e fu l  results t o  be 
achieved . Thirdly , ( and e speci a l l y  in the case  o f  the 
l oad r e s chedu l ing opt ion ) , whi l e  potent ial s avings 
could be i dent i fied and quant i f i e d ,  no mo re det a i l e d  
analys i s  o f  t h e  pract i cal ity o f  achi eving the s e  s avings 
was po s s ib l e . 

The E xpert advice on t h i s  p r ob l em was that it 
shoul d  b e  po s s ible to avo i d  any re fe rence t o  other t han 
the demand and cost figure s ,  and t o  l e ave the 
cons ider at i on o f  the speci f i c  bus in e s s  envi ronment 
strict l y  to the us e r . 

S everal other observat ions we re made by the 
Expert , re l at ing t o  spe c i f i c  e rro r s  of concept within 
this knowledge base . One such e r r o r  wa s the imp l i c it 
as sumpt ion t hat the only way t o  e f fect reduct i on s  in MD 
was t o  s hut down o r  reschedu l e  a s ingl e ,  l a rge load . I t  
was po inted out that i n  many pract ical  s ituat ions , the 
mo st p ract i c a l  way to e f fect a MD reduct ion is t o  
arrange fo r the shutdown o f  a numb e r  o f  sma l l  ( non­
crit i ca l ) l o ads at the t ime when a l arge and o ft e n  
crit ical l oad must operat e . The appreciat ion o f  thi s 
point a f fe cted the de s ign o f  the fo l l owing p rot otype s . 

A furthe r item o f  advice p l aced great e r  empha s i s  
o n  the Max imum Demand cont r o l  aspect o f  the ove r a l l  ECM 
i s sue . 
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6 . 4  DEVELOPMENT OF MODEL 2 ,  AS TOOL FOR MD CONTROL BY 
LOAD PATTERN ADJUSTMENT . 

6 . 4 . 1  Requ i rement s ana l y s e s  and deve l opment o f  rul e s . 

Armed with the exper i ence gained from Mode l 1 
( L JREA6 . KB S ) , and t he recommendat i on s  o f  The E xpert , 

the deve l opment o f  a second p rot otype (with the a im o f  
ret ain ing the good po int s o f  Mode l 1 ,  and e l iminating 
the bad)  was unde rt aken . 

A ma j or dec i s i on at t h i s  po int was t aken t o  
further r e st rict the s cope o f  appl i c at i on o f  the 
dec i s i on s upport s y stems to the reduction o f  Max imum 
Demand charge s ;  t h i s  dec i s i on was made on the b a s i s  o f  
the Exp e rt ' s  advice ( a fte r  vi ewing t he first protot ype ) 
that t h i s  appeared t o  be the field i n  whi ch the 
greate s t  potent i a l  s avings from the u s e  of exp e rt 
systems would be ava i l ab l e . 

The s o lut i on to both o f  the we akne s s e s  o f  LJREA 6 . KB S  
was t o  be found in ext racting a quant ity o f  dat a on 
monthly e l ectricit y  consump t i on ,  max imum demand l eve l s ,  
load fact o r s , and instant aneous demand figu r e s  ( over a 
typ i cal day ) , from the Symphony ECME S . The D S S  could 
then der i ve usefu l  sugge s t i ons and observat i on s  (NB ,  as  
opp o s e d  t o  recommendat ions ) from t h i s  dat a ,  and 
s econdl y a l l ow the user to interact i vely e xp l o re the 
e f fe ct s on total energy c o s t s  of modi fying DETAI L S  o f  
the load p atterns . 

The speci fic requirement ident i fied was that o f  
adding a l eve l o f  " inte l l i gence " t o  t he r e s chedu l ing o f  
l oads within a typ i cal day , i n  such a way a s  t o  reduce 
the peak l o ading ( and hence the maximum demand )  . It was 
envi s aged that a r e l at ive l y  s impl e  e xten s i on t o  thi s 
D S S  wou l d  a l s o  a l l ow eva luat i on o f  reduct i on s  in costs 
result ing from un i t  tar i f f  rate s . Note , the " cut o f f  
l ine " f ac i l ity deve l oped u s ing Lotus Symphony macro s by 
P r o f  W Monte ith a l l ows a u s e r  to vary a prop o s ed load- · 
shed leve l ,  and obs e rve the t otal un i t s  o f  power shed, 
the t imes of day dur ing whi ch shedding o ccurs ,  and t he 
t o t a l  c o s t  s aving s ; it doe s  not , howeve r ,  a l l ow the 
user to e xper iment with changing the ope rating p att e rns 
o f  speci fi c  (blocks of)  equipment . 

The s e c ond prototype has s eve ral sect i on s ; WELCOME . KBS , 
MD CONTR . KB S ,  MD REP l . KB S ,  MD REF l . KB S ,  and the 
int e rmediate spreadsheet . O f-the s e , the WELCOME . KB S  
knowledge b a s e  doe s  n o  more t han provide an ent r y  
point , a n d  an init i a l  menu s y stem de s igned t o  d irect 
the futu r e  user b etween knowl edge b a s e s  de s i gned for 
spe c i f i c  areas of intere s t . 

The s econd knowledge bas e ,  MD CONTR . KB S  i s  
respon s ib l e  for e xt ract ing the requ i red data f r om the 
Symphony E CME S ,  and ana l y s i ng the patterns o f  t h i s  
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dat a . The analys i s  carried out b y  MD REP OR . KB S  i s  
p rima r i l y  s t at i st i c a l , and has  three-aims ; the 
evaluat i o n  of the r e l at ive "peaky-nes s "  o f  the various 
set s of  data (based on the r at i o  of  st andard dev i at i on 
to mean ) , the evaluat i on of maxima and minima whi ch 
we re needed for ( e g )  checks t o  ensure that l oad 
movement s did not creat e  new peak demands , and f i n a l l y  
t o  obt ain a coarse indicat ion o f  the con s i st ency o f  the 
dat a ,  by c omparing the stat i s t i cal paramet e r s  o f  the 
dai ly and monthly demand figures  (thus going s ome way 
t owards t h e  " inte l l i gent dat abase " concept des c r ibed i n  
s ect ion 5 .3 ) . Not e ;  w i t h  hinds ight ( p l u s  the bene fit 
o f  exper ience ) , it wou ld probably have b e en more 
e fficient t o  carry out s ome o f  the se funct i o n s  w i thin 
the sprea dsheet , a s  opposed t o  within the exp e rt s y stem 
app l i cat i on . VP Exp e rt howeve r has qui t e  good 
faci l it i e s for handl ing nume r i cal d at a ,  and the t ime to 
l oad the data is  not exce s s ive . 

The t h i rd knowl e dge bas e ,  MD REP l . KB S ,  was 
des igned as a proto t ype att empt at achieving the 
i dent i fi c at ion o f  a spect s  of the cur rent energy u sage 
whi ch cou l d  pro fit from "management " .  As such , i t  i s  a 
very s imp l i st i c  attempt , whi ch calcu lat e s , f o r  two 
pos s ib l e  t ypes o f  " management change s " ,  the expected 
annual s av ings in ene rgy cost s . The det a i l s  o f  t he s e  
"managemen t  change s "  a r e  exp l ained t o  t h e  u s e r  when the 
dec i s i on s upport s y s t em is consulted ( ca l c u l at i on 
det a i l s  c a n  be found i n  Appendix J)  and con s i st o f  
calcu l at ing the s avings po s s ib l e  by incr e a s ing t h e  l oad 
fact o r  ( ra t i o  o f  .me an t o  peak demand )  o f  a l l months 
whi ch have load fact o r s  lowe r than the upp e r  quar t i le 
figure , a r e  rai sed t o  the uppe r  quart i l e  figu r e . The 
s e c ond p o s s ib l e  sav i ng is found by specul at ing o n  the 
p o s s ib i l i t y  of res chedu l i ng the comp lete mont h l y  l o ad 
p attern f o r  a l l  months with l ower than average l oad 
fact or to tho se months o f  the year when the maxi mum 
demand charge rate i s  a l s o  the l owest , an vice v e rs a . 
A third p o s s ib i l ity , r e s chedu l ing a l l  o f  the p e a k ­
p roducing proce s s e s  into o n e  MD charge-p e r i o d  ( an d  t hus 
avo iding h igh MD charges in e ach charge per i od ) , is  
i l lustrat e d  in Figure 6 but is  not direct l y  
impl ement e d . Although these suggest ions a r e  cons idered 
to be reas onable,  the analys i s  is ve ry s imp l i st i c ,  and 
the reade r ' s attent i on i s  drawn to the s ect i on s  i n  
Appendix H ( speci f i c at i o n  fo r future wo rk ) , i n  whi ch 
sugge s t i o n s  for imp rovement o f  this funct i on a r e  
deve l ope d . 

Thi s analys i s ,  and the p r e s entat ion o f  two f igures 
f o r  po s s ib l e  savings at t h i s  ( early)  stage i n  a 
" consultat i on "  has one very imp o rtant funct i o n ;  t hat 
i s ,  t o  "whet the appet i t e " o f  the user , and by 
demonstrat i on the ( cons ide rabl e  savings whi ch c a n  
result from relat ive l y  " gent l e "  me asure s ,  p e rsuade 
him/her t o  approach the who l e  sub j ect o f  energy c o s t  
management construct ive l y . 



6 8  

The f inal knowledge b a s e ,  MD REF 1 . KB S  was  de s igned 
t o  a l l ow the u s e r  t o  exp l o re the e f fect o f  moving 
b l ocks o f  e lect r ical l oad . The use o f  l o ad re s chedu l ing 
t o  reduce max imum demand charges are pre s ente d  in 
s e ct i on 4 . 1 .  

A ft e r  s ome considerat ion o f  what was actual l y  
invo lved i n  "moving b l ocks o f  ( e lect rica l )  l oad" , the 
conclu s i on that movements o f  elect r i cal l oad fal l  into 
four categories was reached : The s e  c atego r i e s  are ; 

1 /  Cases where a l o ad is  s imp ly shut o ff ;  i e ,  a 
l oad which has been recogn i s e d  a s  unnec e s s ary , o r  
avo i dable ( o r  f o r  whi ch an alt e rnat ive ene rgy 
s ource has been found) . 
2 /  Cases where a l o ad is  t o  b e  r e s chedu l e d  
t o / from a di f fe rent t ime o f  day . 
3 /  Cases where a load is  t o  b e  r e s chedu l e d  t o  a 
d i f fe rent MD charge p e r iod . 
4 /  Cases where a l oad i s  t o  b e  imp o rt e d  from 
another MD charge period ( thi s opt i o n  i s  needed t o  
b a l ance occurrences o f  cas e  3 ,  above ) . 

I t  was there fore dec ided that a cen t r a l  e l ement o f  
the l o�d movement procedure should b e  a request for the 
u s e r  t o  i dent i fy the load to be treated in e ach o f  
t he s e  ways . S ince Max imum D emand i s  commonl y  measured 
and charged for o n  a 3 0  minute ba s i s  ( the highest l o ad 
drawn over any 3 0  minute interval )  , l oad movement s 
a imed at r educing the MD would a l s o  have t o  b e  made in 
mult ipl e s  o f · 3 0  minute periods . In d e s i gn ing the 
dec i s i on support system, it was nece s s ary t o  dec ide 
whether t o  al low the u s e r  t o  spe c i fy a p 2 r i o d  over 
whi ch t he l oad movement wa s to t ake p l ace , o r  t o  bui ld 
in a de fau lt period,  ( which woul d  have t o  b e  equal t o  
3 0  minut e s ) . S ince the u s e r  was t o  b e  a s ke d  t o  spe c i fy 
s eve r a l  l o ad cat e go ri e s ,  it  was seen t o  be e s s e nt i a l  t o  
const r a i n  t h e  s y stem t o  a lways work w i t h  a s ingle 3 0  
minute l oad int e rval ( which also cont ribute d  t o  mak ing 
the s y s t em de s ign l e s s  comp l ex techn i cal ly )  . 

The method s e lected f o r  the ope r at i on o f  l o ad 
r e s chedu l ing can the r e fo r e  be summar i sed a s  f o l l ows ; 

Aft e r  s e lect ing a time int e rva l ,  the u s e r  i s  
a s k e d  t o  nomi nate the l oad ( kVA) t o  b e  t reated in 
e ach of the above four ways ;  if a non - z e r o  load is  
nominated fo r r e s chedu l ing , the user is  a s ked t he 
des t inat i on o f  the l oad . The i n s t antaneous demand 
l oa ds for the s e l e cted time inte rva l s ,  and the 
t ot al s  o f  the l oads resulting f rom c a s e s  1 , 3 ,  and 
4 a re then update d ,  and a check is made t o  ensure 
t h at the move has not resu l t e d  in the creation o f  
a n ew peak load,  and that the t arget fo r imported 
l o ad has not been excee ded (warnings a r e  given in 
e a ch such cas e )  . I n  o rder t o  a l l ow the user to 
maintain a ment a l  grasp o f  the current p o s i t i o n  
a n d  the e ffect 6 f  t h e  changes made , menu opt ions  
a r e  provided ( avai labl e  aft e r  e ach l oad movement 
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i s  completed)  t o  di s p l ay a summary o f  the cur rent 
po s it i on (tot a l s  of l oads moved fo r e ach o f  t he 
four categor i e s ,  the current peak l o ad and the 
t ime at which it occurs ) ,  and a l i s t  of the l oads 
in e a ch t ime i nt e rval ( over a 2 4  hr per i od )  . 
Addit i ona l l y ,  a fter each l oad movement i s  
comp l eted , a " l o ad movement summary " fo r that 
movement is d i sp l ayed . 

The reade r i s  r e fe rred to Appendix J f o r  a 
l i s t i n g  o f  the above knowledge b a s e s . The syntax 
i s  very close t o  "natura l  Engl i sh" , and shou l d  
pre s e nt few p r ob l ems . 

6 . 4 . 2 U s e r  interface deve l opment (princ ipl e s ,  probl ems , 
s o lut i ons ) 

The E CM field can invo lve quite large quaht i t i e s  
o f  dat a ;  t he de s i gn o f  the human inter face fo r any 
app l i cat i on operat ing in such a f i e l d  runs two r i s ks ; 
t hat o f  l o s ing the p at i ence o f  the u s e r  by demands fo r 
huge quant i t i e s  o f  dat a i nput , and that o f  d i s t ract ing 
the user t o  the ext ent that h e / she cannot keep track o f  
the current p o s it i on ( and hence cannot make i nt e l l igent 
cho i c e s  f o r the next act i on )  . Opp o rtun i t y  was s e e n  for 
minimi z ing the quant i t y  o f  dat a input requ i re d ,  whi le 
providing t o  the u s e r  the means o f  a lways knowing the 
current s ituat ion . 

Three simple me ans h ave been provided t o  a s s i st 
t he u s e r  t o  keep t r ack o f  the nett resu lt s o f  a l l  
change s p r oposed t o  t he o riginal l oad pattern ; the s e  
are : 

a /  The fac i l it y  t o  s e t  t arget s ,  i n  t erms o f  
e ithe r a maximum demand figure , o r  a l o ad fact o r . 
Not e , the exp e rt system checks a u s e r ' s p r op o s ed 
t arget for fea s ib i l i t y  by calcu l at ing a " cut t o  
fi l l  r at i o "  ( wh i ch must b e  l e s s  than 1 . 0 0 ) . A 
faci l ity to n ominat e  a further targe t , f o r  the 
t ot a l  load t o  b e  imp o rt e d  to this MD charge 
per i o d ,  is a l s o  provide d . 
b /  The faci l i t y  t o  d i s p l ay ( in a s ingl e t ab l e ,  
for each 3 0  minute i n t e rval throughout a " typi c a l  
day " )  the o r i g i n a l  maximum demand, the maximum 
dema n d  result ing from the sum o f  a l l  change s s o  
f a r  p ropo s e d ,  t h e  t a rget maximum demand ,  a n d  the 
remaining di f ference betwe en the " new" MD ,  and the 
t arget MD ;  and 
cl The fac i l i t y  t o  have di s p l ayed a runn ing 
t ot a l  of a l l  the loads moved under the above 
categorie s . 

A further fac i l ity cons i st s  o f  a set  o f  val i dity 
checking rules whi ch are app l i ed to e ach p ropos e d  load 
movement , and whi ch warn the u s er of  s everal p o s s ible 
event s ;  i n  keeping with the phi l o s ophy of  the " de c i s i on 



support s y s t em " , the s e  checks do not actual l y  p r event 
any l oad movement . 

The checks wa rn the user i f ;  

7 0  

A load re s chedul ing move woul d  r e s u l t  in 
the creat i on o f  a new peak demand ( at s ome 
t ime of day di f ferent from the o ri g i n a l  peak 
locat i on , 

A load movement wou l d  leave a negat ive 
instantaneous demand at any t ime i nt e rva l , 

The t ot a l  load imp o rted exceeds the 
t arget figu r e . 

6 . 4 . 3  Testing and result s ,  Le s s ons learne d . 

Although it was cons idered t hat the deve l opment 
was now on the correct t rack , and that a worthwh i l e  
product wa s emerging, t h e  evaluat i o n  o f  MD REF l  
ide nt i fied s everal problems ; -

1 /  The s igni fi c ance o f  the fact that the 
numer i cal va l u e s  o f  the loads ava i l ab l e  f o r  
redi s t r ibut ion d o  not form a cont inuous 
funct i o n ,  but r ather a set o f  di s cr e t e  values 
was appre c i at e d . The di s crete value s 
corre spond t o  various permut at i on s  o f  the o n ,  
o ff and i d l e  s t ates o f  a finite numb e r  o f  
items o f  equ ipment . 

The l ack o f  any const raint on the val u e s  
o f  l o ad moved i n  MD REF l ,  and the l ack o f  any 
i dent i ficat ion o f  loads with equipment was 
seen t o  be a conceptual fault i n  MD REF l . 

The prob l em aris ing f rom t h i s  e r r o r  i s  
that there i s  n o  ·method o f  con fi rming that a 
l oad nominat e d  for movement / re s ch e du l i ng i s  a 
val i d  value , i e  a value which corresponds t o  
a real  b l ock o f  equipment . 

2 /  Secondl y ,  having moved, s hed, r e s chedu l e d  etc 
l oads to achi eve a s at i s factory da i l y  demand 
curve , the u s er had no record o f  the 
individual a ct i ons which had l e a d  to t hi s  
s at i s fact ory curve , ( and hence a r e a l  p r o b l em 
in e f fect ing t h e  change s ) ; Fina l l y ,  there was 
no ( non-human ) means of ensuring that t he 
s ame l oad was not shed ( or expo rte d ,  o r  
r e s cheduled)  f r om the s ame time more than 
once . In e f fe ct , there was no ( comput e r )  
check o n  the l ogical val idity o f  t h e  p ropo s ed 
l o a d  movement . 

APPEND IX J comp r i s e s  a s ource code l i s t i ng o f  the 
two p re-pro t o t ype ver s i on s  of the de c i s i on supp o rt 
s y s t em ;  the s e  are included both for comp l e t en e s s ,  and 
a l s o  to show t he progre s s i on of c ap ab i l it i e s  and 
techni ques in the DSS deve lopment pr oce s s .  
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6 . 5  DEVELOPMENT OF MODEL 3 ,  AS TOOL FOR MD CONTROL BY 
OPERAT I ON RE SCHEDUL ING . F INAL VERS I ON : 
MD_REPOR . KB S ,  & MD REF IN . KBS 

6 . 5 . 1  Requ i rement s analyses and deve l opment o f  ru l e s  

The s olut ion p ropo sed t o  the p rob l em 1 / ,  noted in 
s ect i on 6 . 4 . 3  was t o  maint a i n  a dat aba s e  of equ ipment 
ident i fi e r s ,  with corresponding l o ad demands . This  f i l e  
i s  ident i c al to the MACHINE ent i t y  i dent i fied by the 
data model l ing exercise de s c r ibed in s e ct i on 5 . 1 . 2  
except f o r one sma l l  di f fe rence ; the MACHINE ent ity o f  
des cribed in 5 . 1 ; 2 does not di st ingu i s h  between items 
o f  equ ipment which can o r  can not be ope rate 
independent l y ;  the above fi l e  imp l i e s  that only ( groups 
o f )  items whi ch can be operated independent l y  be 
recorde d )  . There are two po s s ible s ources for t h i s  
informat i o n ;  it would b e  po s s ible fo r the f i l e  t o  b e  
cont inuous ly updated/created a s  items are nominated b y  
the use r ,  o r  a lternative l y ,  t h e  dat a could b e  
downl oaded direct ly from the invent o ry module o f  the 
Symphony E CME S ( always pre suming that the intended user 
has  purch a s e d  thi s module ) . The prototype knowledge 
base u s e s  t he former method, however future ver s i ons 
might p r o f it ably use a combinat ion o f  these two 
methods ; i e ,  downl oad "base dat a " , and update from 
Deci s i on S upport System .  

The s olut i on t o  the s econd problem evident l y  
requ i r e s  t hat some record be kept o f  the ( revi s e d )  
stat e  ( i e ,  on , idl e ,  o r  o ff )  o f  item s  o f  equ ipment 
during p a r t i cu l a r  t ime int e rva l s . T he f i l e  thus 
described i s  e s sent i ally ident ical  t o  t he MACHINE -SLOT 
entity i dent i fied in the dat a mode l l ing exerc i s e  
(des cribed i n  s e ct i on 5 . 1 . 2 ) ., with one v i t a l  

di fferen c e ; whereas the MACH INE-SLOT ent ity requ i red 
the recording of the state of every item of equ ipment 
during eve r y  t ime interval ( and requ i red s ome 95 MByte s  
storage ) , t h e  propo sed fi l e  r e cord only the changes t o  
machine s t at e s . I T  I S  SUGGE S TED THAT T H I S  I S  THE 
E S SENCE OF THE D I FFERENCE BETWEEN A " BRUTE FORCE " 
( MATHEMAT I CAL OP T IMI SAT I ON ) APP ROACH TO A PROBLEM, AND 

AN EXPERT S Y S TEM APP ROACH TO THE SAME P ROBLEM . The 
p ropos e d  f i l e  there fore reco rds on l y  the data whi ch i s  
essent i al l y  requ i re d  by the u s e r . This  u s age o f  the 
file as sumes a cert a in a degree o f  c ommon sense on the 
part o f  t h e  u s e r ;  for examp l e ,  it a s sume s that the user 
wi l l  not p ropo s e  res chedul ing t he operat i on o f  
equipment from a t ime s l ot i n  whi ch the equipment i s  
not in u s e . 

A f i l e  ope r ated on the principles  o f  the " MACHINE ­
SLOT " ENT I TY des crib ed b y  t h e  data mode l would,  i t  i s  
t rue , a l l ow t h e  state o f  a machine t o  b e  checked;  
however s u ch a f i l e  is  imp ract ical  due to i t s  s i z e ,  and 
the informat ion i s  ( in pract i ce )  a lmost ent i r e l y  



redundant , s ince the u s e r  i s  int imat ely fami l i a r  with 
his equ ipment ' s  current ope rat ion p att ern ( and can 
readi l y  confirm any assumpt i ons ) . 
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I t  i s  st rong l y  sugge s t e d  the re fore that the gains 
o f  ava i l ab l e  by us ing the MACHINE-S LOT fi l e  in the 
" changes "  mode ( and el iminat ing the nece s s ity f o r 
loading the 9 6  MByt es o f  b a s e  dat a )  outwe igh t h e  
advant a ge s  o f  us ing the f i l e  in the " current s t at e "  
mode . 

The configur at ion o f  the final ver s i on o f  t he 
prototyp e  decis i on suppo rt s ystem i s  i l lustrat e d  in 
Figure 1 2 . 

6 . 5 . 2  U s e r  interf�ce deve lopment (principle s ,  p r o b l ems , 
s ol ut i ons ) . 

The u se r  inte rface fo r t h i s  model is  s imi l a r  t o  
that des c r ibed in s ect i o n  6 . 4 . 2 , howeve r s eve r a l  
import ant features have been adde d . 
The s e  a ddi t i onal features  con s i s t  o f ;  

The p r ompt s for informat ion regarding equ ipment 
rating,  shou l d  a previ ous l y  unknown item b e  
r e f e rred t o ,  and con f i rmat i o n  o f  rat ing i f  a known 
item i s  referred t o  by the u s e r ; 
Warning mes s ages a s s o c i ated with l o ad r e s chedu l ing 
propo s a l s  which appear t o  be e ither unde s i rable ,  
o r  i l l ogica l ; and, 
The faci l ity to review ( on s creen ,  or print e r )  the 
l i st o f  a l l  individu a l  propo s a l s  for l oad 
r e s cheduling made during a " consultat ion" . 
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6 . 6 PROTOTYPE DEVELOPMENT PROBLEMS AND SOLUT ION S . 

The p roblems encountered by the aut h o r  in t h i s  
p r o j ect f a l l  into three catego r i e s ;  
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1 /  The c onc eptua l  problems a s s o c i ated with accu r at e l y  
appreciat i n g  the i s sues a s s o c i at e d  with ECM; the s e  are 
c overed i n  s e ct ions 6 . 3 to 6 . 5 .  

2 /  The p robl ems whi ch were a s s o c i ated with the 
i d i o syncr a s i e s  o f  VP Expert ; The s e  a re cove red in 
Appendix E ,  and examp l e s are di s cu s s ed in the 
Appendi ce s D and J ( s ou rce code o f  the prot otype 
knowledge b a s e s )  . Detai led informat i on regarding VP 
Expert can be found in " The VP Exp e rt manu a l  [ 4 ] , and 
the " READ . ME "  fi les whi ch P aperback S o ftwar e  use when 
updat ing the i r  product s . 

3 /  The " t e chnical " problems o f  p rogram deve l opment in 
a p rogramm i n g  environment based on the u s e  of " re s u lt 
addre s s ab l e  procedures " ,  as opp o s e d  to " name 
addr e s s ab l e  p rocedure s "  ( autho r ' s t e rminol o gy ;  s e e  
s e ct ion 3 . 3 . 3 .  

The p r in ciple p roblem encountered in this  category 
was that o f  en suring that all p o s s ib l e  p ermut at i on s  and 
c ombinat i o n s  o f  fact o r  value s produce logical result s . 
Thi s type o f  p robl em arises  when a knowledge base  
contains r u l e s  with l arge numb e r s  of  l o g i c a l  
comparison s i n  the i r  condit ional s e ct i on s . A s impl e . 
mathemati c a l  compari son o f  the numb e r  o f  rul e s  i n  a 
knowledge b a s e ,  and the number o f  p o s s ib l e  permut at ions  
and combinat i ons of  a l l owab l e  values of  all  fact o r s  
(variab l es )  w i l l  frequent ly show that o n l y  a very sma l l  

p roport i o n  o f  the p o s s ible permut a t i ons and 
c ombinat i o n s  w i l l  result in the " t r i ggering " of any 
ru l e . In t he case o f  VP Expert , the fai lure t o. t ri gge r 
a ru le , o r  find a requ i red value wi l l  drop the ( now 
puz z led) u s e r  back to t he syst em leve l ,  with no hint o f  
t he reason . Three approache s t o  s o lving t h i s  problem 
have been developed in the cou r s e  o f  t h i s  p ro j e ct ; 

1 /  P rovide a cat ch-al l de fault rule whi ch 
disp l ay s  a me s s age such a s  " Your prob l em i s  beyond 
the p ower of t h i s  poor compute r  . .  you had bet t e r  
cons u l t  the REAL e xpert " . 
Not e ;  such a c l au s e  coul d  be vit a l l y  import ant i n  
( fo r  e xample ) a s impl e  knowl edge b a s e  des igned t o  

guide non-pro fe s s i onal medi c a l  sta f f . 
2 /  S imply ensure that the combinat ions  whi ch 
would cause the app l icat i o n  t o  col l ap s e  are s o  
ridi cu l ous that a collap s e  i s  about the onl y  
s en s i b l e  result anyway ! The pract i ca l  di f f i culty 
with such an approach i s  that of  ensur ing that ALL 
non-r i di cu l ous s o lut ions have been covered . 
3 /  A further met hod prop o s ed by the autho r  f o r  
subst ant i a l ly e l iminat ing t hi s  problem i s  f i r s t l y  
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t o  restrict the numb e r  o f  l o g i cal compar i s on s  i n  
the c ondi t i onal s ect i on o f  any rule t o  two , o f  
whi ch at least one mu st b e  det ermined b y  the 
outcome o f  s ome other rul e ,  and secondly t o  
p rovi de both a THEN and an ELSE opt i on s  f o r  every 
rule . With one fact o r  set e l s ewhere , only two 
p o s s ib l e  out come s can result f rom the t e s t ing o f  
the r emaining compar i s on ( t rue or fa l s e ) , and the 
rul e  produce s a r e s u l t  in both cas e s . Thi s  method 
wi l l  there fore de finitely e l iminat e the above 
p r ob l em . Due to VP E xpert ' s  handl ing o f  ELSE 
s tatement s ( s ee Appendix E ) , this pr opo s a l  woul d  
need to be handled within VP E xpert b y  u s ing p a i r s  
o f  rul e s  having comp l ement ary condit ional 
s e ct i ons . 

I n  pract i ce , various comb inat i ons o f  the s e  methods 
have been t r i e d . No foo lp r o o f  method of ensur ing that 
a l l  i l l ogical combinat ions have been covered has been 
found,  but the method in 3/ above is sugge sted as the 
best method ( particu l ar l y  at the e a r ly de s ign st age ) t o  
prevent p rob lems . Any t ime a rul e  whi ch h a s  a l arge 
numb e r  o f  compari s ons is encount e r e d ,  que s t i on s  should 
be t ri ggered ( in the mind of the des igner )  of what 
rea l l y  a r e  the conclusions ass ociat e d  with the other 
variab l e  value s , and whether intermediate conclu s i on s  
(perhaps t rivi a l ,  but valuable as l i nks in t h e  l o g i c a l  
s eque nc e ) have been mi s s ad .  

A s e c ond type o f  prob l em was encountered l e s s  
frequent ly ; exp e rt systems she l l s  such as VP Expert 
have no equival ent of the " local var i ab le s "  found in 
gene r a l  purp o s e  programming language s ;  ALL var i ab l e s  
a r e  " g l oba l " . Thi s  means that any value whi ch i s  g iven 
to a var i able dur ing one part o f  a consultat i on ,  i s  
ava i l ab l e  during all other part s o f  the con s u l t at i on . 
In the c a s e  o f  a commonl y  u sed var i ab l e  such a s  " t ime " , 
the deve loper needs t o  cons ide r  care fully whi ch " t ime " 
i s  t o  b e  used b y  the dec i s i on support system i n  e a ch 
cas e . This  type o f  problem i s  o ften conceptual in 
natur e , caused by a e ither a vari ab l e  o r  a rul e  whi ch . 
i s  not s u ffic ient ly t i ght l y  de fined . Thi s typ e  o f  
prob l em can b e  di fficult t o  cure , but it i s  even mor e  
d i f f i cu l t  to s a y  with any cert aint y that a l l  s uch have 
been e l iminated . 



6 . 7  TE S T ING AND EVALUAT I ON ( Or F INAL VERS I ON ) . 

6 . 7 . 1  Review o f  aims . 
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The a ims deve l oped in s e ct i on 6 . 1 can be s ummar i s e d  a s ;  
The improvement o f  the Ene rgy C o s t  Management 

funct ion by the int egrated use of mo re than one 
s o ftware package , and in part icular , the 
combinat i on o f  Exp e rt System with spreadshe e t . 

The u s e  o f  the capab i l i t i e s  o f  an E xp e rt 
System t o  i dent i fy a spect s  o f  current energy u s e  
l ik e l y  t o  o ffer s i gn i ficant s av ings . 

The analys i s  o f  po s s ib l e  methods o f  r e ducing 
total energy cost s ,  part i cu l a rl y  in the f i e l d  o f  
Max imum D emand cont r o l . 

A further a im was to ident i fy promis ing di r e ct i on s  fo r 
future wor k . 

6 . 7 . 2  Ope rat ion o f  final ve r s i on o f  deci s i on s uppo rt 
system ( mode l 3 )  

The r e ader i s  re fe rred t o  APPENDIX C f o r  a 
comp l ete de scription o f  the operat i on, input s and 
outpu t s  o f  the final ver s i on o f  t he dec i s i on suppo rt 
system . 

The reader i s  furthe r direct ed to APP END I X  D ,  
whi ch cont a i n s  an annot ated copy o f  the s ource code 
l i st ing for t he fina l ver s i on o f  a l l  sect i on s  o f  the 
deci s ion s uppo rt system deve loped . 

The final configurat ion o f  the dec i s i o n  support 
s y s t em i s  i l l u st rated in F igur e  1 2 . 

The funct ions o f  the final ve r s ion o f  t he dec i s i on 
suppo rt s y st em can be summar i s ed a s  fo l l ows ; 

Not e ;  many o f  these funct i ons are s e lecte d  f r om menu s ,  · 
the u s e r  o f  the deci s ion supp o rt system i s  n o t  
con s t r a ined t o  use  them i n  t h e  fo l l owing orde r . 

a /  D at a  on monthly e le c t r i c  energy consumpt i o n , dai ly 
inst ant aneo u s  demand, l o ad facto r  i n format i o n ,  and 
Max i mum D emand charge rate s  is ext r acted from an 
intermedi at e ( sp readsheet ) worksheet by the dec i s ion 
suppo rt s y s t em ( the s i z e  o f  the mai n  Symphony worksheet 
precludes d i r e ct use by VP E xpert ) 
b /  The dat a extracted f rom t he ( interme d i at e )  
spreadsheet i s  analysed,  and two types o f  conclus i on 
are pres ente d  t o  t he us e r ;  F i r s t l y ,  the u s e r  i s  advi sed 
o f  t he qua l it y  of  corre l at i on between the dai ly and the 
month l y  f i gu re s . Thi s  i s  e s s ent i a l , since s avings 
e s t i mated on the bas i s  o f  modi ficat i ons to a dai l y  l o ad 
p at t e rn w i l l  onl y  be accurate i f  the day cho s en i s  
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t yp i ca l  for t he month . Secondl y ,  the user i s  o ffered 
the opportun i t y  t o  set t arget figu r e s ( either i n  t e rms 
o f  a l o ad fact o r  to be achieved, or o f  a MD f i gure t o  
b e  a ch i eved)  for the dai l y  instantaneous demand 
patt e r n , and a l s o  for the total quant ity o f  l o ad t o  b e  
" impo rt ed" into the current MD charge period . 
c l  The u s e r  i s  presented with two annua l  cost s avings 
figu re s , both o f  which are " inte l l ig ent e s t imat e s "  o f  
rea l i st i c  g o a l s ,  based on the consumpt i on patt erns 
i nput . 
d/ During the pha se o f  the con s u l t at i on i n  whi ch 
prop o s e d  c o s t  s aving mea sures are evaluated,  the u s e r  
i s  a s ke d  a t  e ach st age t o ;  

Nominate an item o f  equipment who s e  l oad i s  t o  be 
re schedu l ed . The exp e rt system then checks the 
MACHINE dat abase f i l e  for an entry under that 
n ame ; i f  an ent ry is found, the rat ing o f  the 
e quipment is ret r i eved ,  i f  no e ntry i s  found the 
u s e r  i s  a sked fo r the rating,  and t h i s  in format ion 
is  added t o  the dat abase . 
Nominate the t ime s lot within which t he u s age o f  
the e quipmen t  i s  t o  b e  modi f i ed , and t he 
modi ficat i on requi red (turn o f f ,  re s chedu l e  within 
MD charge period,  r e s chedu l e  t o  out s ide MD charge 
period,  turn on ) . 

The expert sy stem checks t he MACHS LO T dat aba s e  fi l e  for 
any r e cord of modificat i on to the operat ion of that 
i t em o f  equ ipment within the spec i f i ed t ime s l ot ;  i f  no 
ent r y  i s  foun d ,  t he prop o s e d  modi f i c ation i s  recorded 
in the MACHSLOT dat abas e ,  i f  a record is found the 
modi f i c at i o n  proposed is checked to ensure that it i s  
" al l owable "  ( an e xamp l e  o f  a "non-al lowab l e " 
modi f i c at i o n  i s  the turnin g  o f f  o f  e quipment who s e  
ope rat i on h a s  a l r e ady b e e n  reschedu l ed t o  another 
t ime )  . 

I n  the case  where the user p r op o s e s  t o  r e s chedu l e  
a l o a d ,  the expert syst em a l s o  check s the current l o ad 
pat t e rn t o  ensure that ; 

The prop o s ed move has not creat ed a new peak l oad 
( t h i s  is a l s o  checked wheneve r the u s e r  speci f i e s  

a l oad t o  be turned o n  within a time s lot ) , 
The t arget f o r  t o t a l  imported l oad h a s  not been 
e xceeded,  
The e x i s t ing demand within that per i od i s  l arger 
than the r at ing o f  the equ ipmen t  who s e  l oad is t o  
be r e s chedu l e d  ( i f  not , the u s e r  i s  warned that 
the equipment coul d  not have b e en " on "  within that 
interval ori ginal l y ,  s o  the p roposed move i s  
i nva l i d )  . 

e /  At any s t age dur ing the con s u lt at i on , the user can 
obt a i n  e ither a running total o f  the the l o ads who s e  
ope rat i on h a s  been modi f i e d  ( catego r i sed according t o  
the t yp e  o f  modi f i cat ion made ) , a l i st o f  a l l  
modi f i c at i o ns ( ident i fy ing equipment , t ime s lo t , and 
modi f i c at i o n  t ype ) , o r  a di splay s howing , for each 3 0  
minute i nt e rva l , the o riginal demand ,  the t arget 



demand ,  the modi fied demand, and the remaining 
di f fe rence b etween target and modi f ied demand . 
f /  The u s e  can al s o  i n s t ruct the expert s ystem t o  
l o a d  t h e  modi f i ed dai l y  l oad p at t e rn back t o  the 
( intermedi at e ) spreadsheet . 

6 . 7 . 3  Evaluat i on o f  fina l vers i on against aims . 

. Gene ra l ;  
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Al l o f  the fo l l owing eva luat ions ne ed t o  b e  qual i fied 
by the fact that the final prot otyp e  has  unde rgone only 
the first s t a ge s  o f  t e s t ing . 

6 . 7 . 3 . 1 Integrat i on o f  s o ftware packages 
The f i n a l  prototype vers i on o f  the de c i s i on 

support s y stem reads dat a from , and to,  both 
spreadshee t s  and dat aba s e  f i le s ;  the aim o f  
" integrat i on ( o f  the funct ions ) o f  s o ftware package s "  
has t he r e fore been large l y  achi eve d . 

I n  o rder for a u s e r  t o  perce ive that c l o s e  
integrat i o n  h a s  been achi eved between the operat i on o f  
two package s ,  and t o  gain the maximum bene fit from that 
integr at i on ,  it is import ant f o r  the user to have 
conveni ent acce s s  to the funct i on s  o f  both p a ckage s ;  
for examp l e ,  t o  be abl e  t o  t oggle quickl y  and 
convenien t l y  between viewing a graph (within the 
spreadshe e t ) and consult ing a dec i s i on support 
app l i c at io n  ( within the e xpert s y s t em she l l )  . 

The i n ab i l ity to " ca l l "  Lotu s Symphony from within 
VP Expert , wh i ch is  almo s t  cert a inly related t o  the 
s i z e  o f  the S ymphony progr am plus applicat i o n ,  is a 
s igni fi cant obstacle t o  a chieving this a im . 

6 . 7 . 3 . 2 I dent i fi c at ion o f  p o t ent i a l  s avings 
As i s  noted in sect i on 6 . 7 . 2 ,  t he pres ent de c i s ion 

support s y stem does sugg e s t  " re a l i s t ic" target s avings , 
bas ing the s e  t a rget s on the l o ad patterns i nput ; 
however the o riginal aim o f  ident i fy ing 5pe c i fi c  
features o f  t h e  input l o ad patte rn , and direct ing the 
user to t h e s e , has not b e e n  ach i eve d . 

S igni f i c ant progres s  t owards the latt e r  goal  has 
however been made , and i s  described in sect i on 6 . 7 . 3 . 4 , 
and i n  Append i x  H .  

6 . 7 . 3 . 3 Anal y s i s  o f  methods o f  achi e ving s avings 
The funct i ons of the final p r ot otype ( mo de l  3 )  are 

large l y  d i rected towards thi s aim . T he ope rat i o n  o f  
thi s app l i cat i on is  des c r ibed i n  s ec tion 6 . 7 . 2 , whi ch 
a l s o  demon st r at e s  the l ar ge extent t o  whi ch t h i s  aim 
has been a chi eved . 

S eve r a l  sma l l  weakn e s s e s  remai n , however ;  The l ack 
of faci l i t i e s  for other than ext r a ct ing and repl acing 
dat a a s s oc iated with dat aba s e s  and s preadsheet s has  
meant that the " l i st all  movement s "  dat ab a s e  ( MACHSLOT ) 
s imp l y  cont inu e s  to grow; there i s  n o  faci l it y  f o r  
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de l et i on o f  (blocks o f )  records . A p o s s i b l e  interim 
s o lut i on wou ld be to provide a " s e s s i o n "  f i e l d  i n  t he 
MACHSLOT dat abas e ;  the u s e r  could then ident i fy a 
" se s s i o n "  at the t ime when change s were t o  b e  made , and 
a l l  chang e s  would be recorded against that " s e s s ion " ; 
The fac i l ity for a user  t o  s peci fy a p e r i o d  dur i ng 
whi ch e qu ipment i s  to b e  turned o ff ha s not been 
imp l ement ed, and woul d  be de s i rab l e . 

P o s s ibly the mo st s igni ficant weakn e s s  i s  t he 
inab i l i t y  to int er act ive l y  make use o f  Symphony ' s  
graphi c s  capabi l it ie s  t o  d i s p lay the " current st ate o f  
a f fai r s '' a s  regards dai l y  l o ad patte rn ;  thi s  i s  a 
funct i on o f  the s i z e  o f  the respect ive s o ftwar e  
package s ,  and wi l l  not be e a s i ly ove r come . 

6 . 7 . 3 . 4 S p e c i ficat i on for future work . 
Many o f  the spec i ficat i on fo r future work have been 
deve l oped in some det a i l :  E x amples i nclude the c a s e  o f  
p l anning for "pat t e rn recogn i t i on " ,  i n  whi ch the dat a 
ana l y s i s  spreadsheet has been prepa red,  s amp l e  dat a i s  
ava i l ab l e , and the method o f  approach has been decided;  
all  that is  requi red is  deve l opment t ime . A further 
examp l e  i s  the imp l ement at i o n  of the " int e l l igent 
dat ab a s e "  funct i ons , many o f  which h ave been spe ci fied . 
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7 . 1  T HE VALUE OF INTEGRATED USE OF PC SOFTWARE 
PACKAGES 
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As ha s been noted s eve r a l  t ime s in the t e xt ,  it  i s  
P OS S I BLE t o  imp lement a lmost any applicat i on with 
almo st any of the " deve l opment t o o l " s o ftwar e  package s ; 
the que st i on o f  whi ch p ackage ( s )  and s t r at e gy t o  u s e  i s  
det e rmined b y  e fficiency , ease  o f  deve l opment et c .  

The c oncept o f  "mix ing and mat chin g "  s o ftwar e  
funct i on s  b y  the integrated u s e  o f  s o ftwar e  p a ckages i s  
att r act ive a s  a means o f  deve l op ing a comp l e x  
app l i cat i o n  with minimal programming e f fo rt , however it 
suffer s  f r om s everal p r ob lems ; 

F i rs t l y ,  the s o ftware packages are , with few 
e xcept ions , not r e a l l y  de s igned to be c l o s e l y  
i nt e g rated,  and may requ i re some e ff o rt t o  ensure 
i nt e grat ion o f  dat a ;  
S econdly , the l ack o f  sufficient memory capacit y ,  
and the l ack o f  sufficient ope rating s y st em 
c apab i l i t y  may preclude the qu i ck swappi n g  b etween 
p ackage u s age whi ch i s  nece s s ary i f  an app l i cat i on 
i s  t o  give the app e a rance ( t o  the u s e r ) o f  b e ing 
we l l  integrated . 
Third l y ,  un l e s s  deve l ope r s ' ve r s i o n s  o f  pack age s 
a r e  ava i l ab l e ,  the c o st o f  purchase o f  mul t i p l e  
s ingl e  l i cence packages i s  a lways a d i s advant age . 
D eve l ope r s ' ver s ions  are ava i l able for more and 
more p ro duct s ,  the except i on b e ing s p r eadshe et s ;  
t h i s  i s  unfortunate ,  s ince spreadsheet s a r e  
p robably mo re l ik e l y  than any other p ac kage t o  
f o rm a cent ral e lement in a n  i ntegrat e d  
app l i cat ion . 

Whi l e  the funct ional advant ages of the integr at e d  
use o f  packages can be achieved with a w i de r ange o f  
comb i n at i o n s  o f  package s ,  i t  i s  l i k e ly t o  b e  d i fficu l t  
t o  achieve g o o d  int egrat i on o f  operation un l e s s  
cons i de rab l e  p l anning e ffort has been put i n t o  the 
s el e ct i on o f  p ackage s and funct ions at the out set o f  
the p r o j e ct . Thi s princ i p l e  part i cu l arly a f fe ct s  c a s e s  
wher e  a c ommi tment i s  made t o  o n e  packag e , p r i o r  t o  the 
det a i l e d  c o n s i de rat i o n  o f  i s su e s  o f  int egrat i o n . 

I n  s p i t e  o f  thes e  di f fi cu lt i e s ,  the f i n a l  
prot o t ype has  shown that good integrat i on o f  funct i on s  
i s  p o s s ib l e , and the e xp e r i ence gained has s hown 
s eve r a l  ways in which st i l l  furthe r value can b e  gained 
from i ntegrat e d  use o f  s o ftware product s . 
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7 . 2  EVALUAT ION OF THE DEC I S I ON SUPPORT S Y S TEM FOR 
ENERGY COS T MANAGEMENT 

7 . 2 . 1  Eval u at i on o f  the dec i s ions regardin g  cho i ce o f  
s o ftware development st rat egy for ECME S . 

a /  The cho i ce o f  integrat ion st rat egy i s  di f f i cult to 
evaluate ,  s in ce it was heavi ly i n fluenced by the 
commitment to the Symphony spreadsheet app l i cat i on 
whi ch e x i s t e d  at the out set o f  t h i s  pro j ect . Had the 
a ims o f  the p r o j ect been e st ab l i s hed before the 
commitment was  made to the S ymphony spreadsheet , the 
eva luat i on p r e s ented in s e ct i on 4 . 3 . 3 . 2  sugge s t s  that 
advant age s could have been gained by devel oping the 
app l i cat i on u s ing the VP r ange o f  p roduct s (VP I n fo , VP 
P l anne r ,  and VP Expert ) o r ,  fo r a fu lly deve l oped 
product f o r which a wide d i s t ribut i o n  wa s envi s aged, 
the u s e  o f  a TurboPascal t o o lbox module app r o a ch . 
b /  T h e  cho i ce o f  the VP Exp e rt pac kage h a s  been 
j u st i f i e d  b y  the comparat ive ease of imp l ement at i on o f  
the dec i s i on support system . 

7 . 2 . 2  Eval u at i on o f  the funct ions and use fulne s s  o f  the 
dec i s i on support s ys t em fo r ECMES . 

The f i n a l  prot otype provides a use fu l  t o o l  for 
exp l o ring me ans of reducing the Maxi mum D emand charge s 
incu r r e d  b y  a n  o rgan i s at i o n ,  and the re s o lving o f  many 
o f  the b a s i c  i s sues regarding the interact i o n  o f  
s o ftware package s wi l l  f ac i l itate the addit i o n  o f  
furt h e r  funct i on s . 

The o riginal aim o f  i dent i fy in g  to the ( non­
exper t ) u s e r  t he mo st pro fitable asp ect s o f  the current 
consumpt i on p attern has not been ful ly rea l i se d ,  
although t h e  feature s bu i l t  i n t o  the " report ing " 
sect i on o f  the final prot otype ( s e e  sect i o n  6 . 4 . 1  for 
det a i l s )  do g o  s ome way t owards t h i s  aim . 

As previ ous l y  ment i oned,  the experience gained 
with the s e  p r ototypes has  al l owed the direct i on for 
future work on this funct ion to b e  c l e a r l y  i de nt i fied . 
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APP END IX B DATA USED I N  DEC I S I ON SUPP ORT SYSTEM 

Thi s  appendi x p r e sent s the int e rmedi ate 
s p readsheet file LJRVAL4 . WKS u sed by the dec i s i on 
s upport s y s t em ( Re f  appendi x D )  both for input dat a ,  
and a s  the de st inat i o n  fo r dat a t o  b e  t aken back into 
the Lotus S ymphony appl i cat i on . 

Thi s s preads heet was created by ext r act ing values 
from the E CMDEMO spreadsheet o f  the Lotus Symphony 
app l i cat i o n . 

Attent ion i s  drawn t o  the sma l l  macro be l ow the 
NEW DEM f i gures ; dat a exported from VP Expert app e a r s  
in spreadsheet ce l l s  a s  t e xt s t r ings , and needs t o  b e  
p a rsed t o  p roduce numbers .  T h e  macro wa s deve l oped 
u s ing the pub l i c  domai n  spreadsheet , ASEAS YAS . The 
macro i s  i mpl emented as an aut o e xecute macro ( range 
n ame \ 0 )  s o  that it i s  act ivate d  whenever the 
spreadsheet i s  ret r i eved, eg by symphony . 

The n ames at the heads o f  co lumns o f  figures a re 
the same a s  the range name s a l l ocated t o  the co lumn s . 

LJRVAL4 . WK S  

UN I T  CONSMD MTH L FACT MD RATE 
Jan 5 271 0 0  1 3 8 0  0 . 5 2 3  1 7 . 3 3 
Feb 4 1 9 0 3 4  1 4 5 4  0 . 3 95 1 7 . 3 3 
Mar 7 4 4 5 7 0  1 3 6 5 0 . 7 4 7  17 . 3 3 
Ap r 4 8 3 8 2 8  1 3 8 2 0 . 4 8 0  17 . 3 3 
May 5 9 8 7 6 7 1 4 0 4  0 . 5 8 4  1 8 . 2 0 
Jun 4 6 3 5 55 1 4 4 4 0 . 4 4 0  1 8 . 2 0 
Jul 8 4 6 4 5 0  1 4 5 3 0 . 7 9 8  3 6 . 4 0  
Aug 5 3 7 8 0 5  1 4 2 8  0 . 5 1 6  3 6 . 4 0  
Sep 8 62 2 0 0  1 4 4 0  0 . 8 2 0  3 6 . 4 0 
Oct 4 4 5 62 5  1 3 2 4  0 . 4 6 1  3 6 . 4 0  
Nov 7 4 8 3 5 0  1 4 2 6  0 . 7 1 9  3 6 . 4 0  
D e c  4 7 9 9 65 1 4 1 4 0 . 4 65 3 6 . 4 0  

Tot a l : * * * * * * * * *  
Aver age : 5 9 6 4 3 7  1 4 1 0  0 . 5 7 9  

1 
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DEMAND 
KVA 

DAY FRACT I DEM KVA DEM NEW .DEM 
0 3 7 1  2 8 3  0 i82 . 8 4 

0 . 0 1 0 4 1 6  4 0 3  0 . 0 2 0 8 3 3  2 7 8 . 1 6 8 
0 . 0 2 0 8 3 3  3 7 1  2 7 8  0 . 0 4 1 6 6 6  1 4 8 . 0 6 9  

0 . 0 3 1 2 5  2 2 4  0 . 0 6 2 5  1 1 3 . 9 2 7  
0 . 0 4 1 6 6 6  1 8 8  1 4 8  0 . 0 8 3 3 3 3  97 . 7 5 4  
0 . 0 5 2 0 8 3  1 4 7  0 . 1 0 4 1 6 6  1 8 2 . 2 1 1  

0 . 0 625 1 7 0  1 1 4  0 . 1 2 5  95 . 9 5 7  
0 . 0 7 2 9 1 6  1 2 5  0 . 1 4 5 8 3 3  1 6 7 . 1 1 6  
0 . 0 8 3 3 3 3 1 4 7  9 8  0 . 1 6 6 6 6 6  1 0 6 . 0 2 

0 . 0 9 3 7 5  3 4 1  0 . 1 8 7 5  1 8 6 . 5 2 3  
0 . 1 0 4 1 6 6 1 6 6 1 8 2  0 . 2 0 8 3 3 3  1 8 5 . 0 8 6  
0 . 1 1 4 5 8 3  1 3 8  0 . 2 2 9 1 6 6  2 62 . 3 5 5  

0 . 1 2 5  1 2 9  9 6  0 . 2 5 3 3 3 . 5 1 4  
0 . 1 3 5 4 1 6  3 2 7  0 . 2 7 0 8 3 3  3 2 8 . 4 8 2  
0 . 1 4 5 8 3 3  1 3 8  1 67 0 . 2 9 1 6 6 6  3 7 8 . 4 3 8  

0 . 1 5 62 5 1 3 4  0 . 3 1 2 5  5 6 4 . 2 4 2  
0 . 1 6 6 6 6 6  1 6 1 1 0 6  0 . 3 3 3 3 3 3  5 9 2 . 9 9 4  
0 . 1 7 7 0 8 3  3 4 5  0 . 3 5 4 1 6 6 8 4 6 . 3 6 3 

0 . 1 8 7 5  1 7 4  1 8 7  0 . 3 7 5  8 5 1 . 0 3 6  
0 . 1 97 9 1 6  1 6 6 0 . 3 95 8 3 3  8 4 4 . 5 67 
0 . 2 0 8 3 3 3  3 4 9  1 8 5 0 . 4 1 6 6 6 6  9 2 5 . 0 7 

0 . 2 1 8 7 5  3 8 1  0 . 4 3 7 5  1 0 1 3 . 8 3 9  
0 . 2 2 9 1 6 6 3 4 9  2 6 2 0 . 4 5 8 3 3 3  1 0 0 1 . 2 6 1 
0 . 2 3 9 5 8 3  3 5 9  0 . 4 7 9 1 6 6  1 1 3 9 . 62 6  

0 . 25 5 6 9  3 3 4  0 . 5  1 0 7 3 . 4 9 8 
0 . 2 6 0 4 1 6  4 9 8  0 . 52 0 8 3 3 1 0 1 8 . 1 5 2  
0 . 2 7 0 8 3 3 4 1 6  3 2 8  0 . 5 4 1 6 6 6  1 0 0 8 . 0 8 9  

0 . 2 8 1 2 5  4 0 3  0 . 5 62 5  1 3 7 6 . 4 64 
0 . 2 9 1 6 6 6  6 5 0  3 7 8  0 . 5 8 3 3 3 3  1 2 4 7 . 4 4 3  
0 . 3 0 2 0 8 3 6 6 4 0 . 6 0 4 1 6 6 955 . 9 7 7  

0 . 3 1 25 9 0 6  5 6 4 0 . 6 2 5  92 8 . 3 0 4  
0 . 3 2 2 9 1 6  7 4 0  0 . 6 4 5 8 3 3  8 3 3 . 4 2 5  
0 . 3 3 3 3 3 3  9 1 0  5 9 3 0 . 6 6 6 6 6 6  8 65 . 4 1 1  

0 . 3 4 3 7 5  1 0 9 9  0 . 6 8 7 5  4 0 7 . 9 0 8  
0 . 3 5 4 1 6 6  1 2 5 6  8 4 6  0 . 7 0 8 3 3 3  2 6 9 . 1 8 3  
0 . 3 6 4 5 8 3  1 2 5 1  0 . 7 2 9 1 6 6  2 92 . 9 0 3  

0 . 3 7 5  1 1 1 7  8 5 1  0 . 7 5 3 4 6 . 0 93 
0 . 3 8 5 4 1 6  1 1 4 4  0 . 7 7 0 8 3 3  3 1 2 . 3 1 
0 . 3 95 8 3 3  1 2 0 6  8 4 5  0 . 7 9 1 6 6 6  3 0 4 . 7 6 3 

0 . 4 0 62 5  1 2 5 1  0 . 8 1 2 5  3 2 7 . 0 4 5  
0 . 4 1 6 6 6 6  1 3 2 3  9 2 5  0 . 8 3 3 3 3 3  3 0 6 . 2 
0 . 4 2 7 0 8 3  1 2 2 0  0 . 8 5 4 1 6 6  3 1 7 . 3 4 1  

0 . 4 3 7 5  1 6 0 1  1 0 1 4  0 . 8 7 5  2 8 8 . 2 3 1  
0 . 4 4 7 9 1 6  1 5 0 3  0 . 8 95 8 3 3  3 5 2 . 5 6 2  
0 . 4 5 8 3 3 3  1 2 8 3  1 0 0 1  0 . 9 1 6 6 6 6  2 9 7 . 5 7 5  

0 . 4 6 8 7 5  1 6 4 6  0 . 9 3 7 5  4 0 7 . 5 4 8  
0 . 4 7 9 1 6 6  1 5 2 5  1 1 4 0  0 . 95 8 3 3 3  2 7 5 . 2 93 
0 . 4 8 9 5 8 3  1 4 4 0  0 . 97 9 1 6 6  3 2 7  

0 . 5 1 5 4 7  1 0 7 3  
0 . 5 1 0 4 1 6  1 6 0 5  
0 . 5 2 0 8 3 3 1 2 2 8  1 0 1 8  \ 0  DP 

0 . 5 3 1 2 5  1 3 95 E 2 3  . .  E 7 0 -
0 . 5 4 1 6 6 6  1 4 1 0  1 0 0 8  GTL 



3 

0 . 5 5 2 0 8 3  1 5 65 X 
0 . 5 6 2 5  2 2 65 1 3 7 6  D 2 3  . .  D 7 0 -

0 . 5 7 2 9 1 6  1 7 8 1  A 
0 . 5 8 3 3 3 3  1 6 9 0  1 2 4 7  E 2 3  . .  E 7 0 -

0 . 5 9 3 7 5  1 3 1 9  V 
0 . 6 0 4 1 6 6 1 3 4 1  9 5 6 
0 . 6 1 4 5 8 3  1 3 2 3  

0 . 62 5  1 2 6 0 9 2 8 
0 . 6 3 5 4 1 6  1 1 9 8 
0 . 6 4 5 8 3 3  1 1 2 1  8 3 3  

0 . 6 5 6 2 5  1 3 2 7  
0 . 6 6 6 6 6 6  1 0 8 1  8 65 
0 . 6 7 7 0 8 3  6 4 7  

0 . 6 8 7 5  4 8 8  4 0 8  
0 . 6 9 7 9 1 6  3 2 3  
0 . 7 0 8 3 3 3  4 2 6  2 6 9 

0 . 7 1 8 7 5  4 1 2 
0 . 7 2 9 1 6 6 4 0 3  2 9 3 
0 .  7 3 95 8 3  5 1 5 

0 . 7 5 4 4 8  3 4 6  
0 . 7 6 0 4 1 6  4 0 3  
0 . 7 7 0 8 3 3  4 6 6 3 1 2  

0 . 7 8 1 2 5  4 2 6  
0 . 7 9 1 6 6 6 4 2 2  3 0 5  
0 . 8 0 2 0 8 3  4 4 0  

0 . 8 1 2 5  4 7 0  3 2 7  
0 . 8 2 2 9 1 6  4 3 0  
0 . 8 3 3 3 3 3  4 2 2  3 0 6  

0 . 8 4 3 7 5  3 8 5  
0 . 8 5 4 1 6 6 4 9 8  3 1 7  
0 . 8 6 4 5 8 3  3 9 9  

0 . 8 7 5  4 0 3  2 8 8  
0 . 8 8 5 4 1 6  4 1 6  
0 . 8 95 8 3 3 5 65 3 5 3  

0 . 9 0 62 5  4 3 4  
0 . 9 1 6 6 6 6  3 9 4  2 9 8  
0 . 92 7 0 8 3  5 2 9 

0 . 9 3 7 5  6 0 5  4 0 8  
0 . 9 4 7 9 1 6  3 9 0  
0 . 95 8 3 3 3  3 7 6  2 7 5  

0 . 9 6 8 7 5  3 9 9  
0 . 9 7 9 1 6 6  5 1 1  3 2 7  
0 . 9 8 9 5 8 3 4 1 6  
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APPEND IX C DEC I S I ON SUPP ORT S Y S TEM OPERAT I ON 

C .  1 I ntroduct ion 
This appendix pre s ent s a b r i e f  ope r at i ons manua l  for 
the prototype Decis ion Support syst em .  

C . 2  Expl anat ion o f  f i l e s  and funct i ons 
This  application has been deve l oped us ing t he VP 

Expert ver s i on 1 . 2 expert sy stem she l l ;  
I t  i s  des i gned t o  int e r face with spreadsheet f i l e s  

created by Lotus Symphony ( though o t h e r  spreadsheet 
fi les , eg Lotus 1 -2 - 3 ,  VP P lanne r etc are a l s o  
readabl e )  and with dat abase f i les o f  dBase fo rmat . 

Data i s  trans ferred both to and from t he 
spreadsheet and dat abase fi l e s . 

The appl icat ion it s e l f  cons i st s  o f  two ma i n ,  p lus 
several min o r ,  knowledge b a s e s . 

Cont r o l  i s  p a s s ed from one knowledge b a s e  t o  
another b y  the VP Expert " CHAI N "  command ,  and dat a i s  
t rans ferred from one knowledge b a s e  to another b y  
writ ing and reading var i ab l e s  from ASC I I t ext f i l e s  
( the s e  are not given f i l e  extens i ons b y  VP Expert ) . 

F I LES 

VPX . EXE (VP E xpert program fi l e )  
VPX . CNF (VP E xpert program fi l e )  
VPX . MSG (VP Expert p rogram f i l e )  
VPXE . EXE (VP Expert p rogram fi l e )  
VPXH . EXE (VP Expe rt p rogram f i l e )  
VPXM . EXE (VP Expert p rogram fi l e )  
VPXT . EXE (VP Expert p rogram fi l e )  
VPXFR . DBF (VP Expert p rogram fi l e )  

WELCOME . KBS 
Thi s is the knowledge base through whi ch 

t he user init i a l l y  acces s e s  the de c i s i on 
s upport s y st em ;  i t s  funct i on i s  s imp l y  t o  
d i splay we l come s creens , and a l l ow t he u s e r  
t o  se lect a n  a spect o f  ECM f o r  inve s t i gat i on . 

DUMMY . KBS 
S ince dec i s i on support has on l y  been 

developed fo r the Maximum Demand Cont r o l  
a spect o f  ECM the s e lect ion o f  any cho i ce 
t han max demand cont rol  invokes t h i s  
knowledge ba s e ,  whi ch tran s fe r s  cont r o l  back 
to "WELCOME " .  

INTERE ST 
Thi s ASC I I  t e xt f i l e  i s  creat e d  b y  the 

" WELCOME " knowledge b a s e ,  and cont a i n s  the 
n ame of the interest area s e l e cted . 

MD REP OR . KBS 



This i s  t he f i r s t  o f  the two " main " 
knowledge bas e s ;  cont r o l  is  p a s s e d  t o  it b y  
t h e  "WELCOME " knowledge b ase when " Maximum 
D emand Cont r o l "  i s  s e l e ct ed as the f i e l d  o f  
interest . The first funct ion o f  MD REPOR . KB S  
i s  to obt ain t he nece s s ar y  raw dat a ;  opt i ons 
for obt aining dat a from spreadshe e t , 
dat abase ,  o r  manual input are o f fered,  but 
only the spre adsheet opt i on is current l y  
implemented . 

2 

The principle funct i on o f  thi s knowledge 
base  is  the n on-int e ract i ve ana l ys i s  o f  the 
raw data . 

LJRVAL4 . WKS 
The raw dat a f o r  the demons t r at ion i s  

contained i n  t h i s  spre adsheet . 

MD CONTR 
After proce s s ing by MD REPOR . KB S  

knowl edge ba s e ,  dat a i s  t rans ferred t o  this  
t ext file . 

MD REF IN . KBS 
The funct ion of the s econd of the two 

"ma in "  knowl edge bas e s  i s  to a l l ow the 
inte ract ive inve s t i gat i on of opt i o n s  for 
reducing max imum demand charge s . 

MACH I NE . DBF 
Thi s dat aba s e  f i l e  ho lds reco rds o f  the 

equ ipment who s e  oper at ing pattern i s  t o  be 
invest igated;  the fi l e  i s  read and updat ed by 
MD REF IN . KB S  ( it can be empty init i a l l y ,  or 
l o aded with e qu ipment deta i l s  by e xp o rt ing 
values from the Symphony " invent o r y "  fi l e )  . 

MACH S LOT . DBF 
Detai l s  o f  every movement o f  equ ipment 

load made by a user i s  recorded in thi s 
dat aba se fi l e . The f i l e  i s  read p r i o r  t o  
a l l owing a proposed move , and a l l owed move s 
are recorded . The fi l e  can be l i s t e d  b y  
MD REF IN . KB S  t o  provide a reco rd o f  l o ad 
movement s propo s ed . 

C .  3 Start up 
The app l i cat ion i s  s t arted b y  t yping "VPX WELCOME 

<ENTER> " . 

C . 4  S creen disp l ays 
The ( p r i ncipal ) d i s p l ay s creens used in t h i s  

app l icat i on a r e  presente d  in approx imat e l y  the o rde r in 
whi ch they are encounte red within the app l i c at i on . 



C . S  User i nput 
User i nput is a lmost ent i r e l y  by menu s e l e ct i o n ,  

the main exception b e ing the ident i f icat i on o f  
equipment ; Other mino r  except ions inc lude the input o f  
equipment l o ad$ ( only required o n  the first occa s i on 
the equipment i s  re ferred t o ) , an opt ional t arget MD 
figure , a t ar get imp o rt load, a number o f  days p e r  
month,  and t h e  ident i fication o f  the MD rat e fo r the 
month to which the propo sed l oad change s app l y . 

C . 6 Output s .  

3 

In v i ew o f  the re l at ive ly minor vo lume o f  the u s e r  
input s ,  t h e  s creen d i s p l ays shown i n  figs C . 4 . 1  - C . 4 . 1 8 
are princip a l l y  app l i cat ion output s ;  thes e  output s can 
be grouped into five cat egorie s ; 

F i r st l y ,  the background informat i o n  deduced 
from t h e  ( raw ) input dat a ,  including figs C . 4 . 6 , 
and C . 4 . 8 .  

S ec ondly ,  the in format ion assoc i at e d  with the 
init i a l  est imat e s  o f  potent i a l  savings shown on 
fig C . 4 . 7 .  

Thi rdly , the e s sent i a l  output dat a ,  inc l uding 
the dai l y  load patt e rn result ing from the sum o f  
the change s p ropo s e d  by the u s e r  ( and the record 
o f  tho s e  change s )  . these inc lude the d i s p l ay s  o f  
figs C . 4 . 1 3 and C . 4 . 1 4 .  

F ou rthly ,  the displays des igned t o  a s s i st the 
user in keeping ment al t rack o f  the change s 
propo s e d ;  the s e  include the displays s hown in figs 
C . 4 . 1 2 ,  C . 4 . 1 3 ,  and C . 4 . 1 7 .  

F i fthly , and fina l l y ,  there are a r ange o f  
me s sage s to adv i s e  the user that a proposed l oad 
change i s  e ither inadvisab l e , o r  imp o s s ib l e . Two 
such warnings are shown in fig C . 4 . 1 9 .  

The deve l opment phi l o s ophy has been t o  
prevent the u s e r  from making " impo s s ib l e "  l o ad 
moveme nt s ,  but mer e l y  to warn that a p ropo s e d  move 
is  " i nadvisab le " ,  and al low s uch a move t o  
proce e d . 

Note the feature s added to improve re adab i l it y  and 
friendl i ne s s , including numb e r ing o f  mul t i -s c re e n  
disp l a y s  ( eg fig C . 4 . 1 3 )  a n d  t h e  use o f  the 
countdown whi le t o  s how the p rogre s s  o f  (the 
lengthy proces s o f )  loading dat a from the 
spreadsheet . 
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? P r e s s  a n y  k e y t c  c o n t i n u e . ? 
, � � � h � � � � � h h h � h � � � � � � � � � � � h � � h � h h h h � � � � h h � � � � � h � h � h h � h � � � � h � � � � h � h h � � � � h � � � � � h h •  

F ! G  C . 4 . 1 W E L C O M E  S C R E E N  

� h h � � � � � � � h � � � � � � h h h h h h � � h h h h � h h h � � h h h h � h h h h h h � � � h � � h � � � � h h � � � � h � � � � h h h � h h � � � h � �  

? ? 
? T � i s ap p l i c a t i o n w i l l  a s s i s t  you i n :  � 
� - Se l ec t i n g t h e  m o s t  a p p r o p r i at e  c ou r se s  f o r  e n e rgy c o s t  m a n agem e n t , ? 
7 - £ v a l u a t i � 9 t h e  p o t e n t i a l  c o s t s � v i n g s  of a l t e r n a t i v e ac t i o ns , ? 
? - Sugge s t i n g f ac t o r s  t o  b e  t a k e n  a c c o u n t  of i n  i m p l e m e n t i n g m e asu r e s . ? 
? ? 
? ? 
� ? 
� You » i l l  be as k e d  a s e r i es of q u e s t i o n s ,  m an y  of w h i c h  h ave a l t e r n a t i v e  ? 
� an sw e r s  p r ov i d e d . I n  some c ases you w i f l  n e ed t o  p r e s s  < EN D > t o  c o n f i rm ? 
� y o ur c h o i c e .  ? 
? ? 
? ? 
? ? 

? ? 
? ? 

? ? 
� ? 
? ? 
? ? 
? P r e s s  any k e y  t o  c o n t i n ue . ? 
� � � � � � � � � � � � � � � � � h � � � � � h h h h h h h h h h h h � h h h h h h � h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h h � h h h � A  

F I G  C . 4 . 2  I N I T I AL E X PL A NA T I ON S C R E E N  



� W h i c h . a s p e c t � f  E n � r 3y 
? i n v e s t i g a t e  ? 
� M a x  d em a n d  c o n t r o l  
? A l t e r n at i v e t a r i f f 5  
� 

C o s t  M a n a g e m e n t  d o  y o u  w i s h t o  

L o a d  s c h o=o ci u l i n g 
C a l l s p r e a d s h e e t  

A l t e r n a t i v e  e n e r gy 
Qu i t  

? 
? 

? 
?Y o u  h av e  c h o s e n  t o  i n v e s t i g a t e M a x i mu m  D e m a n d  C o n t r o l  ? 
?? l e a s e  p r e s s  a n y  k ey ,  � w a i t w h i l �  t h e  k n ow l e d g e  b a s e  r e l a t i n g t o  t h i s  s u b j e c t ?  
? i s  l e a d ed ? 
? 
? 
? 
? 
? 
? 
., 
? 
., 
., 
., 

? 
? 
? 
? 
., 
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? 
? 
., 
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? ? 
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F I G  C . 4 . 3  SELECT A S P E C T  OF E C M  FOR I NV E ST I GA T I ON. 

! SE L E C T I ON OF MAX D E M A N D  C ONTROL 

SHOWN l 



? F o r  t h i s  o p e r a t i o n ,  a l a r g �  am o u n t  o f  d a t a  n � � d s  t o  b e  r e a d  i n  f r om t h e  
? s p r e a d s h e e t , a n d  t h e n  a n a l y s e d  . 
., 
? T h i s w i l l  t a k e  abou t 50 s ec o n d s  ( o n  a PC AT l 
., 
., 
., 
., 
? 

., 
., 
., 
., 
., 
., 
? 

? 

., 

40 t o  g o  
3 0  t o  g o  
2 0  t o  g o  

F I G  C . 4 . � L O A D I NG S P R E A�SH E E T  D A T A  T O  D S S  

?W h a t  d o  y ou w a n t t o  
? D i s p l ay i n pu t d a t a  
? B a c k  t o m a i n m e n u  
? 

? 

? 

? 

? 

? 

? 

., . 
? 

? 

? 

., 

., 
., 
., 

d o  n e x t ? 
D i s p l ay s u m m a r y  r e s u  

R � f i n e M D  s av i n g s 

D i s p l ay c o n c l u s i o n s  
Gl u i t  

,.. , 

? 
? 
" 

" 
? 

? 
·? 

., 

? 

? 
? 

? ' ? 
? ? 

' � } � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
E n t e r t o  s e l e c t  END t o  c o m p l e t e  / Q  t o  �u i t  ? t o r U n k n ow n  

P I G C . 4 . 5  . R E P O R T I N G  OPT I O N S ; M D  S I TUAT I ON 
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? - - - - - - - - - - - - SUM MARY OF I NPU T  D A TA - - - - - - - - - - - - - - - - - - - - ? 
., ? 

., 
?KEY 
?LF 
?MC ( k \J h )  ; 
?MD ( k VA l ; 
? I D  ( k V A l ; 
., 
? 
., K E Y ; 
., 
., L F 
., MC = 
., ��D 

., ! D  
., 
., 
., 

MAX I M U M  M I N I MU M  A V E R A G E  
0 . 8 2 0  0 . 39 5  0 . 5 7 9  

8 6 2 2 0 0  4 1 90 3 4  5 9 6 4 3 7  
1 4 5 4  1 3 2 5  1 4 1 0  
1 37 6  9 6  2 6 1  

S T D  DEV I AT I ON 
0 .  1 4 5  

1 5 3 9 8 3  
38 

3 6 4  

., 
? 
., 
? 
? 
? 
? 
., 
? 
? 

L o a d  f ac t o r  ( a c t u a l  c o n su m p t i o n I c o n s u m p t i o n  b as e d  o n  MD l o ad l . ? 
T h e  m o n t h l y  c o n sum p t i o n ,  i n  k W h . ? 
T h e  m a x i mu m  d e m a n d  f o r  t h e  m o n t h ,  i n  k V A . ? 
T h � i n s t a r. t a r, e a u  s d em a r. d 1 i n k 1J A , ( o r. a t y p i c a 1 d ay l . ? 

? 
? 
? 

? ? 
? P r e s s  a � y  k e y t o  c o n t i n u e  ? 
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

F ! G  C . 4 . C:  R � P O R T ! N G  O ? T I ON ;  D I SP L A Y  I N P UT D A T A . 

� � � � � � � � � � � � � � � � � � � � � � � � � � � � : � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
? P R E L I M i tl �RY EST I M A T E S  0� S � V I N G S  P O S S I E L �  BY : O N T RGL OF MA� ! M UM D E M A N D  ? 
? ? 
? A n  e x a m i n & t i c n o f  t h �  M o n t h l y  l c �d f a � t c r s  ( i e ,  t h �  r � t i o of a v e r ag e  t o  p e a k  ? 
? c o n s u m p t i o n s l  s h o w s  t h a t t h e s e  r a n g e  f r o m  0 . 820 t o  0 . 39 5 . ? 
?T a k e n  a c r o s s  a t y p i c a l  y e a r , t h e s �  a p p e a r  t o  h av e  an a v e r a g e  o f  ? 
?0 . 57 9 ,  a n d  s t a n d a r d  d ev i at i o n of 0 . 1 4 5 .  ? 
?A n o t - u n r e a l i s t i c  g o a l c ou l d  b e  t o  r a i s e t h e av e r ag e  l o a d  f ac t o r f r om t h e ? 
? p r e s e n t l ev e l ( 0 . 5 7 9 )  t o  t h e- u ;:. p e r - q•..i <?.r t i l e f i su r e  ( 0  • . 7 24 > .  ? 
., ? 
? A s s u m i n g t h i s p r ov e s  t o  b e  f e i s i b l e ,  t h e a n n u a l  s av i n g s  w ou l d  b e $ 
? 

92723 . 5 6 . ? 
? 
? 
., 

., 
., 
? I f  t h e l o ad p a t t e r n s  f o r a l l m o n t h s  w i t h  wb r s e  t h a n  a v e r a g e  l o a d - f ac t o r s  ? 
?we r e  m o v e d  t o  t h e  p e r i o d w h e r e  t h e  m i n i mum MD c h a r g e  r a t e  a p p l i e s ,  ? 
? a n d  t h e  l o ad p a t t e r n s  f o r mo n t h s  w i t h  b e t t e r  t h a n  av e r ag e  l o a d  f ac t o r s  ? 
?w e r e  m o v e d  t o  t h e p e r i o d w h e r e t h e  m a x i mum MD �h a r g e  r a t e  ap p l i e s ,  ? 
? t h e n  t h e  a n n u a l  s a v i n g w ou l d  be s 2 9 1 38 . 0 6 .  ? 
? ? 
? ., 
? P r e s s  a n y  k ey t o  c o n t i n u e  ? 
� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � · 
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?- - - - - - - - D e t a i l e d  c o n c l u s i o n s  a r e : - - - - - - - - - - - - - - ? 
? - S h e e t 1 ;  c omme n t  o n  d � g r e es o f  s i m i l a r i t y o f  t h e  d a i l y  l o a d  a n a l y s i s ,  ? 
? v s  mo n t h l y  f i gu r e s  ? 
? 
? 
? T h e  p e a k  s h o w n  i n  t h e  d a i l y  l o a d  f i gu r e s i s  
? t h a n  t h a t  f o r  t h e  m o n t h l y  MD f i g u r e s . 
? 
? 

a l i t t l e l e s s  

? H o w  m a n y  o f  t h e  ' t y p i c a l ' d �ys a r e  t h e r e  p e r  mo n t h  
? 3 1  
? 
? 
? T h e  m e a n  s h o w n  i n  t h e  d a i l y  l o a d  f i gu r es i s  s i g n i f i c a n t l y  l e s s  
? t h a n  t h a t f e r  t h �  mo n t h l y  m e a n  c o n s u m p t i o n f i � u r e s . 
? 
? 
? 
? 
? 

? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? ·  
? 

? P r e s s  a n y  k ey t o  c o n t i n u e  ? 
' � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � · 
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? - S h e e t  2 ;  I n t e r p r e t a t i o n of t h e d a t a  7 
? ? 
? ? 
? T h e m i n i mu m  l o ad r e c o r d � d  d u r i n g t h e  t y p i c a l  d ay i s  9 6  kVA ? 
? t h i s  l o a d  p r ob ab l y  c o r r e s p o n d s  t 6  i t gm s  w h f c h  r u n  2 4  h r s  I d ay ? 
? ? 
? ? 
?T h e r e  i s  a � o d e r a t e  d e g r e e  o f  u n i f o r m i t y b e t w e e n  m o n t h l y  u n i t  l o ad s .  ? 
? ? 
? ? 
? ? 
? T h e r e  i s  a m o d e r a t e  d e g r e e  o f  u n i f o r m i t y b e t w e e n  t h e  M a x i mum D em a o d  f i gu r e s  ? 
? f o r t h e  r an g e  of m o n t h s . ? 
? ? 
? ? 
? ? 

? ? 
? ? 
? ? 
? ? 
? P r e s s  a n y  k ey t o  c on t i n u e  ? 
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � A  
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
? . � h a t  d o  y ou w � n t  t o  d o  n e x t  ? ? 
? H e l p  
? C u r r e n t  s i t u at i o n 
? L o ad ·s p r e a d s h e � t  
? 
? 
., 
? 
? 
? 
? 
? 
? . 
? 
? 
? 
? 

? 
? 
? 

E r, t ;;. r· t o  s e- l e c t  

F ! G  C . .:1 . ?  

S e t  i rn p o r· t  l o a d  
S h ow a l l i n t e r v a l s  
F i n i s h 

I Q  t o  Q •..l i t  

Mov e [ o t h e r· )  · l o a d s  

L i s t  a l l rn o v e- s  

? f o r· U n k r. o�• r• 

O? T I G N S  AV A I L A B L E  U P O N  S E L E C T I ON G �  
" R E F I N E M E N T  G F  M D  S A V I N GS " OF T I ON .  

? 
? 
? 
? 
? 

? 
? 
? 
? 
? 
? 
? 
? 
? 
, . 
" 
., 
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? Hc1� mu c h  < i f  a n y l  l o 3. d  f r cr,, o t h 5- r· �I !) c h a:· ·:; e p e .-· i o d s  d o  y o u  ? 
? 
., 
., 
., 
., 
., 
., 
., 
., 
., 
., 
, 
., 
., 
., 
., 
? 
, 

t•J ?. :·d: t o  l r � l  d i s t r i bu t �  w i t h i n t h i s  M D  c h a r s e p e r i o d ? 

1 0 0  
? 

? 
? 
? 
? 
? 
" 
? 
? 
? 
? 
? 
? 
? 

? ? 
, ' ., 
, � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � · 
E n� e r  t o  s e l ec t  ? � E n t e r f o r  U n k n o w n  / Q  t o  qu i t  
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
? - - - - - H E L P ! M a x  D em a n d  D e c i s i o n Su p po r t  Sy s t em - - - - - , c r e e n  1 o f  2 - - - ? 
., ? 
? T h i s  s ec t i o n o f  t h e  d e c i s i o n s u p p o r t s y s t em a l l ow s  y o u  t o  e x p l o r e  t h e  e f f e c t s ? 
? ( o n  m o n t h l y  a n d  a n n u a l MD c h a r g e s )  o f  m ov i n g se c t i o n s  of e l e c t r i c a l  l o a d  ? 
?b e h• e e n  30 m i n  t i" ;ii"e s 1 o t s .  ? 
? T h e r e  a r e  t h r e e  b a s i c  c a t e g o r i e s of l o a d  m ov e m e n t  w h i c h  c an i n f l u e n c e  t h e  ? 

?MD c h a r g e ; v i z  ? 
? a l  L o a d  c a n b e  s i m p l y  s h u t of f ;  t h i s  o bv i ou s l y  o f f e r s  t h e  l ar g e s t  s av i n g ? 
? b l  L o a d  c a n  b e  m o v e d  b e t e e n  30 m i n  t i m e s l o t s  so a� t o  r e d u c e  t h e  p e a k  ? 
? l oad f o r t h e c u r r e n t  M D  c h a r g e  p e r i od ( M on t h ,  q u ar t e r , e t c l . ? 
? c l  I t  m ay b e  p o s s i b l e  t o  p r ev e n t  a s e p a r a t e  o c c u r r e n c e  o f  an MD p e n a l t y  ? 
? c h a r g e  f r o m  b e i n g i n c u r r e d e a c h  mo n t h  by c o n c e n t r a t i n g a l l t h e ? 
? p r i m a r y  p e a k - p r o d u c i n g p r o c e s s e s  w i t h i n  o n e  M D  c h ar g e  p e r i o d .  ? 
., 
? 
? 
? 
? 

? 

? 

? 
? 
? 
" 
, .  
" 

?P r e s s  a n y  k e y  f e r  s e c o n d  s c r e e n  ? 
7 1'- I· � � I· I· I· I· !- t- l· I· I· 1'- �- l· l· l· l· l· t t- I· I· I· t· t· f t- f l I· �- I· I ·  I• l· I· I· I ·  l• I· I· l· I· I· I· l· I· l·· I· l• I· l· I· I· I· I· I· 1'- I· I· l• I· I· I· l· !· I· I· I· I· I· I· I• I· I· I· JL 

� � t � t- � � � � " " � � " � � � � � � � � � � l- �-- � � � � " � � � � " t- � l- � � �  " � � � � � � � � � � � � � " � " � � � � �-- � � " " � � " � � � " � � � � � 
? - - - - - HE L P ! M a x  D e m a n d  r e c i s i o n Su p p o r t Sy s t em - - - - - s c r e e n  2 o f  2 - - - ? 

?You w i l l  obv i ou s l y  n e e d  t o  f i r s t  e x am i n e . t h e  c u r r e n t  d a i l y  l o a d  c u r v e  ? 
? t o  d e t erm i n e w h e r e  t h e  p e a k s  l i e ;  i t  i s  s u g g e s t e d  t h a t  y o u  t h e n  s t a r t w i t h ? 
? t h e  ' pe a k - t i m e ' , a n d  w c r k  c u t w ar d s  ( c h c c s i � g t i m e  s l o t s  a l t e r n a t e l y  b e f o r e  ? 
? a n d  a f t e r ) , a n d  u s i n g y o u  s p e c i a l i s e d  k n ow l e d g e  of t h e p r o c e s s e s  i n v o l v e d  ? 
? t o  d e t e r m i n e  w h a t l o ad s c a n  b e  r e a r r a n g e d . ? 
? ? 

? B e a r  i n  m i n d t h a t  � c ad s w h i c h  a r e  c u r r e n t l y  ' w a s t e '  a r e  o b v i o u s l y  t h e  � 
?g r e a t e s t  s ou r c e  of s av i n g ,  a n d  t h a t  l o a d s  m o v e d  t o  a l ow - t ar i f f  t i m e  z o n e  ? 
?of f e r u n i t  as w e l l a s  MD s av i n g s . ? 
, ? 

? B e  c a r e f u l n o t  t o  mov e l o a d s  i n  s u c h  a w ay a s  t o  s i m p l y  c r e a t e  a n ew ? 
?pe a k  at a d i f f e r e n t  t i me o f  d ay ( t h e  D S S  w i l l  w a r n  y ou i f  y o u  d o  t h i s l . ? 
, � 
?A t a n y  s t age y o u  c a n  e x am i n e t h e  ' ov e r a l l p i c t u r e ' of t h e r e a r r a n g e d  ? 
? l O a d  pa t t e r n  y o u  h av e  c r e a t e d . T h i s  w i l l  a l s o c om p a r e  y o u r  l r e l  a r r a n g e me n t  ? 
?w i t h t h e  ' su g g e s t e d t a rg e t ' of t h e p r e v i ou s  s ec t i o n of t h e  DSS . � 
, ? 

? 
' 

? 
?P r e s s  a n y  k e y  t o  c o n t i n u e . ? 
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? - - - - - - SUMMA R Y  OF C U R R E N T  P OS I T I ON - - - - - - - - - - - - - ? 
? 

? 

?You h a v e  c u r r e n t l y ;  
? 

? ' D i t c h � d ' a t o t a l  o f  0 k V A , 
, 
? 

? 

? 

., 

M o v e d  a t o t a l  o 4  0 k V �  t o  l a n l o t h e r  M D  c h a r s e  p e r i a d l s l , 

?P l � a s e  w a i t a � c � e � t  . .  

.. , 
.., 

T h e  n e w  � e � k  l e a d  i s  1 3 7 6 . 4 6 4 k V �  
T h i s  { 1i e.�-J �- p � a i: ::- == � :..� ·- s ? t  l :  .=:,:� 

? 
? 
? 
., 
? 
? 
? 
? 

·7 

? � 
? P r e s s  a n y  k e y t o  c o n t i n u e  ? 
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

F I G  C . 4 . 1 2  " SUMMARY OF C U R R E N T  POS I T I ON "  
< D I SPL AYS S I T U�7 I ON R E S UL T I NG F R O M  A 
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MOIJEM E N T S . 

HYPOTHE S I Z E ::>  L O ;, D  
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
? ? W h a t  d o  y o u  w a n t t o  d o  

? H e l p  
? C u r r e n t  s i t u a t i o n 
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APP END I X  D KNOWLEDGE BASE SOURCE CODE AND RULE S . 

ANNO TATED SOURCE CODE 
FOR F I NAL VERS I ON OF DECI S ION SUPP ORT SYSTEM . 

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
WELCOME . KBS 

ENERGY COS T MANAGEMENT EXPERT S Y S TEM 
Dec i s i on support fo r MD cont rol 

L J Robert s on 
VP E xpert ve r s i on 1 . 2  

S ept 1 9 8 9  
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

Init i a l i s e sect i on 

EXECUTE ; 
RUNTIME ; 
ENDOFF ; 

Act i o n s  s ect ion 

ACT IONS 

Opening s creen s ect ion 

CLS 
D I SP LAY " " 
D I SP LAY "W 
D I SPLAY "W 
D I SP LAY "W 
D I SP LAY " w w 
D I SP LAY " 
D I SP LAY " " 
D I SP LAY " " 

D I SP LAY 11 

D I SP LAY " 11 

D I SP LAY 11 " 

w 

w 

w EEEEE L ccc 
w E L c 
w EEE L c 

w w E L c 
w EEEEE LLLLL CCC 

TO THE " 

0000 
0 0 
0 0 
0 0 

0000 

D I SPLAY 11 

D I SP LAY " " 
D I SP LAY 11 " 

ENERGY COST MANAGEMENT " 

M M EEEEE " 
M M M M E "  
M M M EEE " 
M M E "  
M M EEEE E "  

D I SP LAY " 
D I SP LAY 11 " 
D I SP LAY 11 11 

D I SP LAY " 11 

D I SP LAY 11 11 

D I SP LAY 11 " 

DEC I S I ON SUPPORT APP L I CAT I ON " 

D I SP LAY 11 P re s s  any key t o  cont inue . - " 

1 



CLS 
' 1 ' ___ E xplan at o ry screen s ect ion 
CLS 
D I SPLAY " " 
D I SP LAY " Th i s  app licat ion w i l l  as s i st you i n : "  
D I SPLAY " S e l e cting the most app ropriat e  courses f o r  

energy cost management , "  
D I SP LAY " Evaluat ing the potent i a l  cost s avings o f  

alternat ive act ions , "  
D I SPLAY " Sugge st ing factors to be t aken account o f  in 

implement ing measure s . "  

2 

D I S P LAY " " 
D I S P LAY " " 
D I SPLAY " " 
D I SPLAY " You wi ll be asked a s e r i e s  o f  que stion s , many 

o f  whi ch have alternat ive " 
D I SPLAY " answers provide d . In s ome ca s e s  you wi l l  need 

t o  press <END > to con f i rm "  
D I SPLAY " your cho ice . "  
D I SPLAY " " 
D I SP LAY " " 
D I SPLAY " " 
D I SPLAY " " 

D I SPLAY " " 
D I SPLAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 

D I SPLAY " P re s s  any key t o  c ont inue . - " 
CLS 

I I I 
----------------------------------------------------

NEWONE = NUMBER ONE 
RESET. NEWONE 
! ! NB t h i s  shows that " re s et " va riab l e s  are not store d  i n  
data f i l e s . 

F IND DUMMY INTERE S T  AREA 

SAVEFAC T S  INTERE S T ;  

RULE 1 
I F  
THEN 

INTEREST AREA = Max demand control 
DUMMY INTERE S T  AREA = INTERE S T  AREA 
D I SP LAY " Y ou have cho sen t o- invest igate 

Maximum D emand Cont ro l "  
D I SPLAY " P lease p re s s  any key,  & wai t  

while t h e  knowledge base 
relat ing t o  this sub j ect i s  
l o aded- " 

CHAIN MD REP OR ;  



RULE 2 
IF 
THEN 

RULE 3 
IF 
THEN 

RULE 4 

RULE 

RULE 

IF 
THEN 

5 
IF 
THEN 

6 
IF 
THEN 

INTERE S T  AREA = Load s chedu l ing 
DUMMY INTERE S T  AREA � INTERE S T  AREA 

3 

D I SP LAY " You have chos en t o- i nve st igate 
re-schedu l i ng of l o ad " 

D I SP LAY " P l ease pre s s  any k e y ,  & wait 
whi le the knowl edge b a s e  
r e l at ing t o  this  sub j ect i s  
l o aded- " 

CHAIN DUMMY ; 

INTERE S T  AREA = Alternat ive energy 
DUMMY INTERE S T  AREA = I NTERE S T  AREA 
D I SP LAY " You have chosen t o- i nve st igate 

the use of alt e rnat ive energy 
s ources " 

D I SP LAY " P l e ase pre s s  any key ,  & wait 
whi le the knowledge base  
r e l at ing t o  this sub j ect is  
l oaded- " 

CHAIN DUMMY ; 

INTERE S T  AREA = Alternat ive t a r i f fs 
DUMMY INTERE S T  AREA = INTERE S T  AREA 
D I SP LAY " You have chosen t o- i nve s t i gate 

the use o f  alternat ive t a r i ffs 

D I SP LAY " 

CHAIN DUMMY ; 

11 

P lease pre s s  any key,  & wait 
whi l e  the knowl edge b a s e  
r e l ating t o  this  sub j ect i s  
l o aded- " 

INTERE S T  AREA = Quit 
LOADFACTS INTERE S T ;  

INTERE S T  AREA = Cal l spreadsheet 
DUMMY INTERE S T  AREA � INTERE S T  AREA 
D I SP LAY " You have cho s en t o- ( re )  c a l l  

the spreadsheet app l i cat i on "  
D I SP LAY " P lease  pre s s  any k e y ,  & wait 

whi l e  the spreadsheet i s  
l o aded- " 

LOADFACTS INTERE S T  
BCALL E CMS S ;  



Ask statement s 

Gene ral -------

ASK INTERE ST AREA 

CHO I CE S INTERE S T  AREA 

" Which aspect o f  Energy C o s t  
Management d o  y o u  w i s h  t o  
inve s t i gate ?" ; 

Max demand cont r o l , 
Load scheduling , 
Alternat ive energy , 
Alt ernat ive-t ar i f f s , 
Cal l_spreadsheet , Quit ; 

4 



! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
DUMMY . KBS 

ENERGY COST MANAGEMENT EXPERT SYS TEM 
Deci s i on support fo r MD cont r o l  

L J Roberts on 
VP Expert ver s i o n  1 . 2  

Oct 1 9 8 9  
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

THI S DUMMY KNOWLEDGE BASE I S  USED IN CONJUNCT I ON W I TH 
" WELCOME . KB S "  SO THAT A USER WHO S ELECTS AN "AREA OF 
INTERE S T "  FOR WHICH NO KNOWLEDGE BASE HAS YET BEEN 
DEVELOPED , I S  S IMPLY RETURNED TO THE "WELCOME " SCREEN 

AND 
! KNOWLEDGE BASE . 

RUNT IME ; 
EXECUTE ;  
ACT I ON S  

CLS 
D I SP LAY " Un fortunat e ly ,  this knowledge base  

i s  s t i l l  unde r "  
D I S P LAY " deve l opment . P l ease p re s s  any key 

t o  return to t he "  
D I SP LAY " Mai n  menu . - " 
CHAIN WELCOME ; 
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! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
MD REP OR . KBS 

-ENERGY COS T  MANAGEMENT EXPERT S Y S TEM 
Deci s i on suppo rt for MD control 

L J Robert s o n  
VP E xpert ver s i on 1 . 2  

O c t  1 9 8 9  
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

! Report ing module o f  the ECM de c i s i on suppo rt s y s t em . 
! T h i s  i s  t h e  ' batch-mode ' knowl edge base whi ch p r o du c e s  
t he report s on the raw dat a imp o rt ed from t h e  
spreadsheet . 

GENE S I S  OF THI S  F I LE ;  
MD REPOR ( NAME CHANGE 1 2  OCT 8 9 ) renamed from MD C l  
MD-C l  i s  a concatenat ion o f  t h e  o l d  f i l e s  MD_CONTR, & 
MD- REP l  

md -cont r . kb s  to u s e  dat a from emcdemo . wk s  spreadshe et 
-a l ias l j rval 4 . wk s  

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
RUNTIME ;  
EXECUTE ; 
ENDOFF ; 

ACT I ONS 

I I 

CLS 
LOADFACT S  INTERE S T  

F IND S OURCE 
! ! i f  " spreadshe e t " i s  s e l e ct e d ,  thi s r e s u l t s  in the 

data being read 
I I in from t he ECMDEMO . WKS spreadsheet 

cal c mean and sd for month l y  load fact o r s  
X = 1 
TOTVAL = 0 
SQDEV = 0 
MAX LOAD FACT = 0 
MIN-LOAD-FACT = 1 . 0  
WHI LEKNOWN CHECK 1 2  

END 

T OTVAL = ( TOTVAL + MTH_LOAD_FACT [ X ] ) 
RE SET MAX LF 
F IND MAX LF 
RES E T  MIN LF 
F IND MIN LF 
X = (X +-1 )  
RE SET CHECK1 2  
F IND CHECK1 2  
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MEAN = ( TOTVAL I ( X - 1 ) ) X =  1 
SQDEV = 0 
WH I LEKNOWN CHECK 1 2  

END 

S QDEV = ( SQDEV + ( (MTH LOAD FACT [ X ]  - MEAN ) 
* (MTH_LOAD_FACT [ X ] -- MEAN ) ) )  

X = ( X  + 1 )  
RE SET CHECK 1 2  
F IND CHECK 1 2  

S D  = ( @ S QRT ( ( SQDEV I ( X - 1 ) ) ) )  

MEAN MTH LOAD FACT = (MEAN ) 
SD MTH LOAD FACT = ( SD )  

1 1 c a l c  mean and sd for monthly unit consumpt i o n s  
--X =  1 

TOTVAL = 0 
MAX MTH CONSN = 0 
MIN-MTH-CONSN = 9 9 9 9 9 9 9 9 9 9  
WH I LE KNOWN CHE CK 1 2  

END 

TOTVAL = ( TO TVAL + MTH CONSN [ X ] ) 
RE S ET MAX MC 
F I ND MAX MC 
RE SET MIN MC 
F IND MIN MC 
X = ( X  + -1 )  
RE SET CHECK1 2  
F I ND CHECK1 2  

MEAN = ( TOTVAL I ( X - 1 ) ) 

X = 1 
SQDEV = 0 
WHI LE KNOWN CHECK 1 2  

END 

S QD EV = ( SQDEV + ( (MTH CONSN [ X ]  - MEAN ) * 

(MTH CONSN [ X ]  - MEAN) ) ) 
X = ( X -+ 1 )  
RE SET CHECK 1 2  
F I ND CHECK1 2  

SD = ( @ S QRT ( ( SQDEV I ( X - 1 ) ) ) )  

MEAN MTH CONSN = (MEAN ) 
SD MTH C ONSN = ( SD )  
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I I C a l c  mean and SD for monthly MD figures 
---x=-= 1 

--------

TOTVAL = 0 
MAX MTH MD = 0 
MIN-MTH-MD = 9 9 9 9 9 9 9 9 9 9  
WHI LEKNOWN CHECK12 

END 

TOTVAL = ( TOTVAL + MTH_MD [ X ] ) 
RE SET MAX MM 
F I ND MAX MM 
RE SET MIN MM 
F IND MIN MM 
X = ( X  + I"> 
RE SET CHECK 12 
F IND CHECK1 2  

MEAN = ( TOTVAL / (X - 1 ) ) 

X = 1 
SQDEV = 0 
WHI LEKNOWN CHECK12 

S QDEV = ( SQDEV + ( (MTH_MD [ X ]  - MEAN ) * 

( MTH MD [ X ]  - MEAN ) ) )  
- X = ( X  + 1 )  

END 

RESET CHECK12 
F I ND CHECK1 2 

SD = ( @ S QRT ( ( SQDEV I ( X - 1 ) ) ) )  

MEAN MTH MD = (MEAN ) 
SD MTH MD = ( SD )  

1 1 C a l c  mean and SD for i n s t ant aneous demand figu r e s  
X = 1 
TOTVAL = 0 
MAX I N S T  DEM = 0 
MIN-I N S T-DEM = 9 9 9 9 9 9 9 9 9 9 9  
WHI LEKNOWN CHECK 9 6  

END 

T OTVAL = ( TOTVAL + I N S T_DEM [ X ] ) 
RE SET MAX I D  
F I ND MAX I D  
RE SET M I N  I D  
F I ND MIN ID 
X = ( X  + -1 )  
RESET CHECK9 6  
F IND CHECK9 6 

MEAN = ( TOTVAL I (X - 1 ) ) 
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X = 1 
SQDEV = 0 
WHILEKNOWN CHECK 9 6  

END 

S QDEV = ( SQDEV + ( ( IN S T  DEM [ X ]  - MEAN ) * 
( INST DEM [ X ]  - MEAN ) )) 

X = ( X  + 1 )  
RES E T  CHECK 9 6  
F IND CHECK 9 6  

SD = ( @ S QRT ( ( SQDEV / ( X - 1 ) ) ) )  

MEAN I N S T  DEM = (MEAN ) 
SD INS T DEM = ( S D )  

1 1 Calc m a x  and rnin MD rat e s  
--X =  1 

TOTVAL = 0 
MAX MD RATE = 0 
MIN-MD-RATE = 9 9 9 9 9 9 9 9 9 9  
WHILEKNOWN CHECK1 2  

END 

RE S E T  MAX RATE 
F IND MAX RATE 
RE S E T  MIN RATE 
F IND MIN RATE 
X = (X +-1 )  
RE S E T  CHECK1 2  
F IND CHECK 1 2  

I I Format a l l  var i ab l e s  

ru l e s  
! !  NB ; dimens ioned var i ab l e s  a r e  formatt e d  within 

FORMAT MAX LOAD FAC T ,  4 . 3  
FORMAT MAX MTH_CONSN, 7 . 0  
FORMAT MAX MTH MD ,  4 . 0  
FORMAT MAX-INST DEM, 4 . 0  
FORMAT M I N-LOAD-FAC T ,  4 . 3  
FORMAT MIN MTH_CON S N ,  7 . 0  
FORMAT M IN_MTH_MD , 4 . 0  
FORMAT M I N_INST_DEM, 4 . 0  
FORMAT MEAN MTH LOAD FACT , 4 . 3  
FORMAT S D  MTH LOAD FAC T ,  5 . 3  
FORMAT MEAN MTH CON S N ,  7 . 0  
FORMAT S D  MTH CONSN , 7 . 0  
FORMAT MEAN MTH MD , 5 .  0 
FORMAT S D  MTH MD ,  5 . 0  
FORMAT MEAN INS T DEM, 5 . 0  
FORMAT S D_INS T_DEM, 5 . 0  
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1 0  

! ! Calcu l a t e  the savings ava i l ab l e  by incre as ing a l l  l oad 
fact ors to t h e  current upper qu art i l e  figu r e  

LFUQ = ( (MEAN MTH LOAD FACT ) + ( SD MTH LOAD_FAC T ) ) 
LF RED S AV = 0 - - - - -

X-= 1 
WHI LEKNOWN CHECK 1 2  

RE S E T  NEW RED SAV 
F IND NEW RED SAV 
LF RED SAV =- ( LF RED SAV + NEW RED SAV) 
X ;;- ( X-+ 1 )  -

- -

RE S E T  CHECK1 2  
F I ND CHECK1 2  

END 
FORMAT LFUQ , 4 . 3  
FORMAT LF_RED_SAV, 1 0 . 2  

1 1 Calcu l at e  s avings by moving a l l  con sump t i on det a i l s  
f o r  months with be l ow average Load Fact o r s  t o  month 
where MD Rat e is lowe s t  and a l l  months with above average 
l oad facto r s  t o  month with highe st MD Rat e . 

LF MOV SAV = 0 
X ;;- 1 
WHILEKNOWN CHECK 1 2  

END 

RE S E T  NEW MOV SAV 
-

-
F IND NEW MOV SAV 
LF MOV SAV =- ( ( LF MOV SAV) + 
X ;;- ( X-+ 1 )  -
RE S E T  CHECK1 2  
F IND CHECK 1 2  

FORMAT LF_MOV_SAV, 1 0 . 2  

D I SP LAY " " 

( NEW MOV SAV)  ) - -

D I SPLAY " The p re l iminary ana l y s i s  o f  the 
spreadsheet dat a i s  now comp l et e . "  

D I SPLAY " " 

F IND HARDCOPY 

! ! Loop to a l l ow di splay of valu e s , or on /back 
chain ing 

WHI�L=E=K�N�o=w�N CCONT I NUE 
RE S E T  CCONT I NUE 
RE S E T  NEXT ACT I ON 
RE S E T  AACTION 
C L S  
F I ND CCON T I NUE 

END 
PRINT OFF 

I I S ave v a r i ab l e s  t o  data fi l e  
SAVEFAC T S  MD_CONTROL ; 

! ! End o f  ACT I ONS s e ct i on 



1 1  

1 1 RULE S sect ion 

RULE SOURCE 
IF 
THEN 

RULE DATABAS E  
I F  
THEN 

RULE MANUAL 
IF 
THEN 

WHEREFROM = Spreadsheet 
SOURCE = WHEREFROM 
CLS 
D I SPLAY " For t h i s  ope rat i o n ,  a l a rge 

amount o f  dat a needs to be 
read in from t he " 

D I SPLAY " spreadsheet , and then ana l ysed . "  
DI SPLAY " " 
D I SPLAY " 

D I SPLAY " " 

Thi s wi l l  t ake about 5 0  
s econds ( on a P C  AT ) 

WKS MTH CONSN , NAMED = UNI T  CONSN, LJRVAL4 
D I SPLAY-" - 4 0  t o  go " 
WKS MTH MD , NAMED = MD_MTH ,  LJRVAL4 
D I SPLAY-" 3 0  t o  go " 
WKS MTH LOAD FAC T , NAMED=L FACT , LJRVAL4 
DI SPLAY-" - - 2 0  t o  go " 
WKS I N S T  DEM, NAMED = KVA DEM, LJRVAL4 
D I SPLAY " - 1 0  t o  go " 
WKS MD RATE , NAMED = MD_RATE , LJRVAL4 
CLS -
D I SPLAY " " 
D I SPLAY " Al l dat a has now been read; 

p l e a s e  wa it whi l e  it i s  
ana l y s e d . " ; 

WHEREFROM = Datab a s e  
SOURCE = WHEREFROM 
CLS 
D I SPLAY " F o r  thi s ope rat i o n ,  a l arge 

amount o f  dat a needs to be 
read in from the " 

D I SPLAY " dat aba s e ,  and then ana l y s e d . "  
D I SPLAY " " 
D I SPLAY " NOT YET WRI T TEN" 
D I SPLAY 1 1  Thi s w i l l  t ake 

seconds ( on a 
D I SPLAY " P re s s  any key t o  

WHEREFROM = Manua l  
SOURCE = WHEREFROM 
CLS 
SOURCE = WHEREFROM 

about 4 5  
P C  AT ) 
comt inue - " · I 

D I SPLAY " No s eparate proce dure i s  
ava i l ab l e  a s  yet ; " 

1 1  

D I SPLAY " You wi l l  have t o  get the dat a 
int o a spreadsheet "  

D I SPLAY " " 
D I SPLAY 11 Pre s s  any key t o  comt inue - " · I 

" 



RULE CHECK 9 6  
I F  X < =  9 6  
THEN CHECK 9 6  F IN I SH;  

RULE CHECK 1 2  
I F  X <= 1 2  
THEN CHECK 1 2  = F IN I SH; 

RULE MAX LOAD FACT 
I F  
THEN 

RULE MAX MTH 
I F  
THEN 

MTH LOAD FACT [ X ]  > ( MAX LOAD FACT ) 
MAX-LOAD-FACT = ( MTH LOAD FACT [ X ] ) 
FORMAT MTH LOAD FACT [ X ] �  4 . 3  
MAX LF = YE S ;  -

CONSN 
MTH CONSN [ X ]  > (MAX_MTH_CONSN) 
MAX-MTH CONSN = ( MTH CONSN [ X ] ) 
FORMAT MTH CONSN [ X ] , -4 . 3  
MAX MC = YE S ;  

RULE MAX MTH 
I F  

MD 

THEN 

RULE MAX INST 
IF 
THEN 

MTH MD [ X ]  > (MAX MTH MD )  
MAX-MTH MD = (MTH-MD [ X ] ) 
FORMAT MTH_MD [ X ] , 4 . 3  -
MAX MM = YES ; 

DEM 
INST DEM [ X ]  > (MAX_INS T_DEM) 
MAX INST DEM = ( INST DEM [ X ] ) 
FORMAT INS T_DEM [ X ] , 4�3 
MAX ID = YE S ;  

RULE MAX MD RATE 
IF MD RATE [ X ]  > (MAX MD RATE ) 
THEN MAX MD RATE = (MD_RATE [ X ] ) 

MAX RATE = Y E S ; 

RULE MIN LOAD 
I F  
THEN 

RULE MIN MTH 
I F  
THEN 

FACT 
MTH LOAD FACT [ X ]  < 
MIN-LOAD-FACT = 
MIN-LF =-YE S ;  

CONSN 

(MIN LOAD FAC T )  
(MT H_LOAD FACT [ X ] ) 

MTH CONSN [ X ]  
MIN-MTH CONSN 
MIN-MC = YES ;  

< (MIN MTH CONSN) 
= (MTH-C ONSN [ X ] ) 
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RULE MIN MTH MD 
I F  MTH MD [ X ]  
THEN MIN MTH MD 

MIN MM = YE S ;  

DEM 

< (MIN MTH MD ) 
= ( MTH MD [ X ]  ) 

RULE MIN I N S T  
I F  
THEN 

INST DEM [ X ]  
MIN INS T  DEM 
MIN-ID =-YE S ;  

< (MIN INST DEM) 
( I N S T  DEM[X ] ) 

RULE MIN MD RATE 
I F  MD RATE [ X ]  < (MIN MD RATE ) 
THEN MIN MD RATE = (MD RATE [ X ] ) 

MIN RATE = YES ; 

RULE NEW RED SAV 
IF MTH LOAD FACT [ X ]  
THEN NEW-RED SAV = 

ELSE NEW RED SAV = 0 ;  

RULE NEW MOVE COS T  
I F  MTH LOAD FAC T [ X ]  
THEN NEW-MOV SAV = 

RULE NEW MOVE SAV 
IF MTH LOAD FACT [ X ]  
THEN NEW-MOV SAV = 

< ( LFUQ ) 
(MD RATE [ X ]  * 

( ( ( MTH CONS N [ X ] ) / 7 3 0 )  * 

( ( ( LFUQ ) -
(MTH LOAD FACT [ X ] ) )  / 
( ( LFUQ ) *­

( MTH_LOAD_FACT [ X ] ) ) )  ) )  

> ( MEAN MTH LOAD FAC T )  
( ( MTH MD [ X ]) * -

( ( MD RATE [ X ] ) -
(MAX MD_RATE ) ) ) ;  

< ( MEAN MTH LOAD FAC T )  
( (MTH MD [ X ]) * -

( (MD RATE [ X ] ) -
(MIN MD_RATE ) ) ) ; 

RULE CCONT 
I F  
THEN 

NEXT ACT I ON <> UNKNOWN 
CCONT INUE = YES ;  
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RULE D D I SP 
IF  
THEN 

AVERAGE 

consumpt i on I 

RULE RETMAIN 
I F  
THEN 

1 4  

AACT I ON = D I S P LAY INPUT DATA 
NEXT ACT I ON = Y 
CLS 
D I SPLAY " 
D I SPLAY " " 

SUMMARY OF INPUT DATA - - - - " 

D I SPLAY " " 
D I SPLAY " KEY I MAXIMUM I MINIMUM 

I STD DEVIAT I ON I "  
D I SPLAY " LF ; { MAX LOAD FACT } 

{ MIN LOAD FACT } - -
{ MEAN MTH-LOAD FACT } 
{ SD MTH LOAD FACT } "  

D I SPLAY " MC ( kWh ) ; {MAX MTH CONSN } 
{ MIN MTH CONSN } - { MEAN MTH CONSN } 

( SD MTH CONSN } "  - -
D I SPLAY "MD ( kVA) ; { MAX MTH MD } 

{ MIN MTH MD } { MEAN MTH MD } 
{ SD-MTH-MD } "  -

-

D I SPLAY " ID -( kVA) ; { MAX_IN S T_DEM } 
{ MI N  INST DEM} 
{ MEAN INST DEM }  
{ S D  I N S T  DEM } " 

D I SPLAY " ;;- -
DI SPLAY " " 
DI SPLAY " KEY ;  " 
D I SPLAY " " 
D I SPLAY " LF = Load fact o r  ( actual 

consumpt i on based on 
D I SPLAY " MC = 

D I SPLAY " 

D I SPLAY " 

D I SPLAY " " 
D I SPLAY " " 
D I SPLAY " " 
D I SPLAY " " 

MD = 

I D  = 

MD l o ad ) . " 
The month l y  
consump t i on , in kWh . 
" 
The maximum demand 
for the mont h , in 
kVA . " 
The i n s t antaneous 
demand , in kVA, ( on 
a typ i c a l  day ) . "  

D I SPLAY " P re s s  any key t o  cont inue - " ;  

AACT I ON = BACK TO MAIN MENU 
NEXT ACT I ON = Y 
CHAIN WELCOME ; 

RULE INV MD 
I F  
THEN 

C ONTR 
. AACT I ON = REF INE MD SAVINGS 

NEXT ACT I ON = Y 
CHAIN MD REF I N ;  



RULE SUMMARY 
IF 
THEN 

AACT I ON = D I S P LAY SUMMARY RE SULTS 
CLS 
NEXT ACT I ON = Y 

1 5  

D I SP LAY " P RELIMINARY EST IMAT E S  OF SAVINGS P O S S I B L E  BY 
CONTROL OF MAX IMUM DEMAND " 

D I SP LAY " " 
D I SP LAY " 

D I SP LAY " 

D I SP LAY " 

D I SP LAY " 

D I SP LAY " 

D I SP LAY " 

D I SP LAY " " 
D I SP LAY " 

D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " 

D I SP LAY " 

D I SP LAY " 

D I SP LAY " 

D I SPLAY " 

D I SP LAY " " 
D I SP LAY " " 
D I S P LAY " 

An examin at i on o f  the monthly l o ad fact o r s  
( ie ,  the rat i o  o f  ave rage to peak " 

c o nsumpt i on s )  shows t hat these range from 
{ MAX LOAD FACT } to  { MIN LOAD FACT } . "  
T aken acro s s  a t yp i c a l  year, -the s e  app e a r  t o  
h ave a n  average o f  " 
{ MEAN MTH L OAD FACT } ,  and st andard devi at i on 
o f  { SD MTH LOAD FACT } .  " 
A not -unre a l i s t i c  goal cou ld be t o  r a i s e  the 
ave rage l o a d  fact or from the " 
p r e s ent l eve l ( { MEAN MTH LOAD FACT } )  t o  the 
upper-quart i le figure ( ( LFUQ } ) . " 

As suming t h i s prove s t o  be fea s ib l e , t he 
annual s avings woul d  be $ { LF_RED_SAV } . "  

I f  the l oad patt e rn s  for a l l  months wi t h  
wor s e  than average l o ad- factors " 
were moved t o  the peri od where the min i mu m  MD 
charge rate app l i e s , " 
and the l o a d  patterns for months with b e t t e r  
t han average load fact ors " 
were moved t o  the p e r i od where the max imum MD 
charge rate app l i e s , " 
t hen the annual s aving wou ld be $ 
{ LF_MOV_SAV } . "  

P re s s  any key t o  cont i nue- " ;  



RULE CONCL 
IF 
THEN 

AACT I ON = D I SP LAY CONCLUS I ONS 
NEXT ACT I ON = Y 
CLS 
D I SPLAY " - ­
D I SPLAY " 

D I SPLAY " 

Det ai l ed conclu s i on s  are : - - "  
- Sheet l ; comment on deg r e e s  
o f  s imi l arity o f  t h e  da i l y  
l o ad analys i s ,  " 
vs monthly figure s "  

RESET AB SPEAK 
F IND AB S PEAK ! ab s peak comp ar i s on 
! abs average comparison 
D I SPLAY " " 
D I SPLAY " " 
RESET DPM 
F IND DPM 
MEAN I N S T  DEM = ( ( MEAN INST DEM) * 3 0 )  
ACOMP = (MAX INST DEM = MEAN MTH MD ) 
RCOMP = ( SD MTH CONSN I ( 0 . 5-* -

( @ABS (MEAN INST DEM -
MEAN MTH CONSN ) )) ) 

RESET RMA - -
F IND RMA 
RE SET RMQ 
F IND RMQ 
D I SP LAY " " 
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D I SP LAY " The mean shown in the da i l y  l o ad 
f igures i s  { RMQ } { RMA }  " 

D I SP LAY " t han that for the month l y  mean 
consumpt ion figures . "  

MEAN_INS T_DEM = ( MEAN_INST_DEM I 3 0 )  

! ' peaky-ne s s '  
D I SPLAY " 
D I SPLAY " 
D I SPLAY " 
D I SP LAY " 
D I SPLAY " 

compari son 

D I SPLAY 
CLS 
D I SPLAY " 

P re s s  any key t o  cont i nu e - "  

- Shee t  2 ;  
the dat a "  

Int e rpret at i on o f  

! background l oad camp 
! MD o r  UN I T  ste adine s s ;  imp l i e s  MD caused 

by s ingle proce s s  etc 
D I SP LAY " " 
D I SP LAY " " 
D I SPLAY " 

D I SP LAY " 

The minimum l oad r e c o rded 
during the t yp i c a l  day i s  
{ MIN I N S T  DEM} kVA " 
thi s-l oad-probabl y  c o r r e sponds 
to items whi ch run 24 hrs I 
day " 

CONS VARTY = ( SD MTH CONSN I (MAX MTH CONSN 
- MEAN_MTH_CONSN ) ) - . -

D I SPLAY " " 



RULE CNV1 
I F  
THEN 

RULE CNV2 
I F  
THEN 

D I SPLAY " " 
RESET CNV 
F IND CNV 
D I SPLAY " " 
D I SPLAY " " 
MD VARTY = ( SD MTH MD / ( MAX MTH MD -

RE SET MDV 
F IND MDV 
D I SPLAY " I 

D I SPLAY 
D I SPLAY 
D I SPLAY 
D I SPLAY 
D I SPLAY 
D I SPLAY 
D I SPLAY 

MEAN_MTH_MD ) )  -

P re s s  any key t o  c ont i nue - " ;  

CONS VARTY < 0 . 5  
CNV � FOUND 
D I SPLAY " 

D I SPLAY " " ;  

There i s  a high degree o f  
var i ab i l ity betwe e n  monthly 
unit l o ads . "  

CONS VARTY > 1 
CNV � FOUND 
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D I SPLAY " The re i s  a high degree o f  
uni formit y  between the monthly 
unit l oads . "  

D I SPLAY " " ;  

RULE CNV3 
I F  CONS VARTY > =  0 . 5  

AND CONS-VARTY < =  1 
THEN CNV � FOUND 

RULE MDVl 
IF 
THEN 

RULE MDV2 
I F  
THEN 

D I SPLAY " 

D I SPLAY " " ;  

MD VARTY > 1 
MDV = FOUND 
D I SPLAY " 

There i s  a moderat e degree o f  
uni formit y  between month l y  
unit l o ads . "  

There i s  a high degree o f  
uni fo rmi t y  between the MD 
figures for the r ange o f  
months . " ; 

MD VARTY < 0 . 5 
MDV = FOUND 
D I SPLAY " The re i s  a h igh degree o f  

variab i l ity betwe e n  the MD 
figures for the r ange o f  
months . " ; 



RULE MDV3 
I F  MD VARTY > =  0 . 5  

AND MD VARTY <= 1 
THEN MDV = FOUND 
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D I SPLAY " There i s  a moderate degree o f  
uni formi t y  between the Maximum 
Demand f i gures " 

RULE AB SPEAK1 
I F  
THEN 

D I SPLAY " f o r  the range of month s . " ; 

MAX INS T DEM > (MAX MTH MD ) 
AB SPEAK � FOUND - -
D I SPLAY " * *  WARNING * * ; The p e ak demand 

o f  the day cho sen i s  higher " 
D I SPLAY " than the h i ghe st MD reco rded ! 

this i s  incon s i s t ent " ;  

RULE AB S P EAK2 
I F  
THEN 

MAX INST DEM <= ( MAX_MTH_MD ) 
ABSPEAK � FOUND 
RESET RELPEAKA 
F I ND RELPEAKA 
RESET RELPEAKQ 
F IND RELPEAKQ 
D I SPLAY " " 
D I SPLAY " " 
D I SPLAY " The peak shown in the d a i l y  lo ad 

f i gures is { RELPEAKQ } { RELPEAKA } " 
D I SPLAY " than that f o r  the monthly MD 

f i gures . "  
RESET RELPEAKA 
RE SET RELPEAKQ ; 

RULE RELPEAKQSM 
IF SD MTH MD > ( @ABS ( MAX_INST_DEM -

THEN RELPEAKQ = a l itt l e ;  

RULE RELMEANQSM 
I F  RCOMP > 1 
THEN RMQ = a l it t l e  

SAVEFACT S  MD4; 

RULE RELPEAKQS I 

MEAN 
MTH M 
D )  ) 

I F  S D  MTH MD >= ( 0 . 5  * ( @ABS (MAX_INST_DEM -
MEAN MTH MD ) ) )  

AND SD MTH MD < ( @ABS ( MAX_INS T_DEM -
MEAN MTH MD )  ) 

THEN RELPEAKQ = s igni fi cant ly 
SAVEFACT S  MD 4 ; 

RULE RELMEANQS I  
I F  RCOMP > 0 . 5  

AND RCOMP <= 1 
THEN RMQ = s i gni f i cant ly 

SAVEFACT S  MD 4 ;  
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RULE RELPEAKQGR 
I F  S D  MTH MD <= ( 0 . 5  * ( @ABS ( MAX INST DEM -

MEAN MTH MD ) ) )  
THEN RE LPEAKQ = very_much ; 

RULE RE LMEANQGR 
I F  RCOMP < 0 . 5 
THEN RMQ = very_much ; 

RULE RELPEAKA 

RULE 

I F  MAX I N S T  D E M  > (MEAN MTH MD ) 
-

- - -
THEN RELPEAKA = greater 
E L S E  RELPEAKA = l e s s ; 

RELMEANAA 
I F  
THEN 
E L S E  

ACOMP 
RMA 
RMA 

>= 1 
= greater 
= l e s s ; 

RULE HARDCOP Y 
I F  P PRINT = YES 

HARDCOPY = YE S THEN 
D I SPLAY " En su re that your p r i n t e r  i s  

conn e c t e d  & turned o n "  
D I SPLAY " P re s s any k e y  t o  cont i nu e - " 
P RINTON ; 

I 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

! ! * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
I I ASK s t atement s ---

ASK WHEREFROM : "What i s  the s ource o f  the dat a for Max 
Demand contro l ? " ;  
CHO I CE S  WHEREFROM : Spreadsheet , D at ab as e ,  Manu a l ; 

ASK AACT I ON : "What do you want t o  do next ? " ;  
CHO I CE S AACT I ON : D i spl ay i nput dat a ,  

ASK P PR INT . " 

CHO I CE S  P PRINT 

ASK DPM 

D i splay-summary resul t s ,  
D i splay-con c lu s i on s , Back t o  mai n_menu , 
Re fine_MD_s avings , Qu i t ; -

D o  you want pr int ed copy o f  the s creen 
st atement s ? " ;  

No , Yes ; 

" How many of the ' typic a l ' days are 
there per month " ;  
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COMMENTARY OF ACT I ONS SECT ION AND RULE S 

ACT I ONS SECT I ON 
The a cti on s s ect ion o f  this knowledge b a s e  has 

four mai n  funct ion s ; F i r s t l y ,  to cont r o l  the reading-in 
o f  the raw dat a from the spre adsheet ; secondl y ,  a 
( st at i st i c a l )  ana l y s i s  o f  t h i s  dat a ;  thirdly the 
sett ing of " real i s t i c "  targets for MD cont r o l  ( and the 
calcu l at i o n  of the resultant s avings ) ;  and fina l ly ,  the 
sto rage o f  the result ing dat a in a dat a (ASC I I  t ext ) 
f i l e  for use by the MD REF IN knowledge bas e . 

RULES SECT I ON 
RULE SOURCE , RULE DATABASE ,  and RULE MANUAL are 

used to imp ort raw dat a t o  the deci s i o n  support 
app l i cat i o n ; current l y  only the source ( spreadsheet 
s ourc e )  opt ion ha s been deve loped . 

RULE MAX LOAD FACT , RULE MAX MTH CONSN,  RULE 
MAX MTH MD , RULE MAX INST DEM, RULE MAX MD RATE , RULE 
MIN-LOAD FACT , RULE MIN MTH CONSN , RULE-MIN MTH MD , 
RULE MIN-INST DEM, and RULE-MIN MD RATE e s t ab l ish the 
maxima and minima o f  the l o ad factor , monthly Maximum 
D emand, monthly con sumpt i on , instant aneous demand 
f i gures . 

RULE NEW RED SAV i s  u s e d  t o  calcu l at e  the s avings 
p o s s ib l e  by increa s ing the l oad fact or to the upp e r  
quart i l e  l evel o f  a l l  monthly l o ad fact ors obs e rved . 

RULE NEW MOVE COS T ,  and RULE NEW MOVE SAV a re used 
t o  determine the s avings po s s ib l e  by moving MD peaks 
from high to low MD charge ( rat e )  peri ods . 

RULE DD I SP ; summari z e s  input data . 

RULE RETMAIN returns cont r o l  to the main " we l come " 
menu , a l l owing the u s e r  t o  s e l e ct an a l t e rn at ive aspect 
o f  ECM to i nvest igat e . 

RULE INV MD CONTR tran s fers contro l t o  the 
MD REF I N  knowledge b as e ,  a l l owing the u s e r  t o  
e xperiment with the e f fect o f  moving load patterns . 

RULE SUMMARY S ugge s t s  achievable MD cont ro l 
t arget s , and disp l ays the re s u l t s  ( in cash s aving 
t e rms ) of achieving these t a rget s . 

RULE CONCL comp a r e s  the sense and magnitude o f  the 
di f ferences between the dai l y  and monthly consumpt i on 
and maximum demand f i gures . RULE CNVl , RULE CNV2 , RULE 
CNV3 , RULE MDVl , RULE MDV2 , RULE MDV3 , RULE ABS P EAK l , 
RULE AB SPEAK 2 , RULE RELPEAKQSM, RULE RELMEANQSM, RULE 
RELPEAKQS I ,  RULE RELMEANQS I ,  RULE RELPEAKQGR, RULE 
RELMEANQGR, RULE RELPEAKA, and RULE RELMEANAA are 
t e sted by rule CONCL . 



RULE HARDCOP Y i s  u s e d  to direct output t o  the 
print e r ,  i f  requ ired . 
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! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
MD REF IN . KB S  

-ENERGY COST MANAGEMENT EXPERT S Y S TEM 
Dec i s i on support for MD cont r o l  

L J Robert s on 
VP E xpert ve r s i on 1 . 2  

3 1  Oct 1 9 8 9  
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
I I ( OLD NEWLOOP 1 )  
I I ( OLD MD REF 1 . KBS ) 
I I MD REF I N . KBS 

* * * * * * * * * * * * * * * * * * *  ACT IONS SEC T I ON * * * * * * * * * * * * * * * * * * *  

RUNTIME ;  
EXECUT E ;  
ENDOFF ; 

ACT I ONS 
1 I Get data from f i le l oaded by MD C 1 . KBS 
D I SP LAY " P lease wait whi l e  dat a i s-l o aded" 
LOADFACT S  MD CONTR 
D I SPLA Y  " a l l-dat a has now been l oaded . "  

I I RE S E T  ACCUMULATOR VARIABLE S TO 0 
TOT EXT MOVE = 0 
TOT-D I TCH = 0 

I I l o ad the NEW DEM dimens i oned var i ab l e  
CLS 
D I SPLAY " Just a second p l e a s e  . .  " 
X = 1 
WHI LEKNOWN CHECK4 8  

FORMAT INST DEM [ X ] , 9 . 3  
NEW DEM [ X ]  -;; ( INST DEM [ X ] ) 
FORMAT NEW DEM [ X ] , -9 . 3  
RE S E T  CHECK4 8 
F IN D  CHECK4 8 

END 
1 1 NB , from now on , a l l  work w i l l  be done on NEW DEM; 
! !  INST DEM i s  l e ft as an unt ouched record o f  original 
st ate . 
1 1 modi f y  the inst antaneou s l o ads , moni t o r ing peaks 
et c 

WHI LEKNOWN CONT 
! !  MENU , ALS O  ALLOWS D I SPLAY OF OVERALL LOAD PATTERN ,  
CURRENT P O S I T I ON 

RE SET CONT 
RESET SAT I S F IED 

CLS 
F IND CONT 

END 

I I END OF ACT I ONS BLOCK 
C LS ;  
I I 
----------------------------------------------------------



RULE CONT lH 
I F  
THEN 

SAT I SF IED = 

CONT = YE S 
CLS 
D I SP LAY " 

D I SP LAY " " 

HELP 

- - --- HELP ! Max D emand 
D e c i s i on Support Syst em 
s c reen 1 o f  2 - - - " 

D I SP LAY " This sect ion o f  the deci s i on 
support system a l l ows you t o  
explore the e ffect s "  
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D I S P LAY " ( on monthly and annua l  MD 
charge s )  o f  moving s e ct i on s  o f  
e l ectrical l oad " 

D I S P LAY " b etween 3 0  min t ime s l ot s . "  
D I SP LAY " There are three bas i c  

c atego r i e s  o f  load movement 
whi ch can influence the " 

D I SP LAY " MD charge ; vi z "  
D I S P LAY " a )  Load can be s imply 

shut o ff;  thi s obviou s l y  
o f fers the l arge s t  
s aving " 

D I SP LAY " b )  Load can be moved 
between 30 m i n  t ime s l o t s  
s o  as  to reduce t h e  p e a k  

D I SP LAY " 

D I S P LAY " 

D I SP LAY " 

D I SP LAY " 

D I SP LAY " " 
D I S P LAY " " 
D I SP LAY " " 
D I S P LAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 

" 
l oad for the current MD charge 
period (Month,  quart e r ,  et c )  . "  

c )  It  may be po s s ible t o  
prevent a sep arate 
occurrence of an MD 
pena lty " 

�harge from being incurred 
each month by concent rating 
a l l  the " 
p rimary peak-producing 
proce s s e s  within one MD charge 
pe riod . "  

D I SP LAY " P re s s  any key for second s creen - " 
CLS 
D I SP LAY " 

D I S P LAY " " 
D I S P LAY " 

- - - - - HELP ! Max D emand 
D e c i s ion Support S y s t em 
s c reen 2 o f  2 - - - "  

You wi l l  obvi ous l y  need t o  
f i rst examine the current 
da i ly l oad curve " 



D I SPLAY " 

D I SPLAY " 

D I SPLAY " 

D I SPLAY " 

D I SPLAY " " 
D I SPLAY " 

D I SPLAY " 

D I SPLAY " 

D I SPLAY " " 
D I SPLAY " 

D I SPLAY " 

D I SPLAY " " 
D I SPLAY " 

D I SPLAY " 

D I SPLAY " 

D I SPLAY " " 
D I SPLAY " " 
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t o  det ermine where the peaks 
l i e ;  it is  sugge sted that you 
then st art with "  
the ' peak-time ' , and work 
outwards ( cho o s ing t ime s l ot s 
alternately be fore " 
and a fter) , and u s ing you 
spe c i al ised knowledge o f  the 
proce s s e s  invo lved" 
t o  determine what l o ads can be 
rearranged . "  

Bear in mind that l oads whi ch 
are current ly ' waste ' are 
obvi ous ly the " 
great est source o f  s aving , and 
that l o ads moved t o  a 
l ow-t ari ff t ime z one " 
o f fe r  unit as we l l  as  MD 
s avings . "  

Be care ful not t o  move l o ads 
in such a way a s  to s imp l y  
create a new " 
peak at a d i ff erent t ime o f  
day ( the D S S  w i l l  warn you i f  
you do thi s ) . "  

At any stage y o u  can examine 
the ' overal l  p i cture ' o f  the 
rearranged" 
l oad pattern y ou have created . 
Thi s wi l l  a l s o  compare your 
( re )  arrangement " 

with the ' sugge sted t a rget ' o f  
the p revious s ect i on o f  the 
D S S . "  

D I SPLAY " P re s s  any key to cont inue . - " ;  



RULE CONT l 
I F  SAT I S F IED = CURRENT S I TUAT I ON 
THEN CONT = YES 

Ask month-name , get MD rate for month ,  calc MD 
s avings 

RE SET THI SMDl 
RES ET THI SMD 
F IND TH I SMD 

I I S UMMARY OF OVERALL CHANGE IN P O S I T I ON 
I I CALCULATE SAVINGS , D I SP LAY 

CLS 
D I SPLAY " SUMMARY OF CURRENT POS I T I ON - - - "  
D I SPLAY " " 
D I S PLAY " " 
D I SPLAY " You have current l y ;  " 
D I S PLAY " " 
D I SPLAY " ' D i t ched' a t otal o f  

{ TO T  D I TCH } kVA, " 
D I SPLAY " " 
D I SPLAY " " 
D I S P LAY " Moved a t o t al o f  
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{ TO T  EXT MOVE } kVA t o  
( an ) other MD charge p e r i od ( s ) , 

D I SPLAY " " 
D I S PLAY " " 
D I SPLAY " 

D I SPLAY " " 

" 

And s t i l l  have { TOT I N  MOVE } 
kVA from other MD charge 
p e r i ods t o  be redi str ibut ed . "  

D I SPLAY " P l ease wait a moment . .  " 

X = 1 
NEWMAX = 0 
WHI LEKNOWN CHECK4 8  

! ! l o op through day , f i nd new peak , c ompare 
to o l d  peak 

END 

NMN = (NEWMAX - NEW DEM [ X ] ) 
RE SET MMAX MM 
F IND MMAX MM 
RE SET CHECK4 8 
F IND CHECK4 8 

X = (NEWPEAKTIME - 1 )  
F ORMAT NEWMAX, 9 . 3  

! ! CONVERT INTEGER T IME TO S TANDARD FORMAT T IME 
RES ET T OF D 
F IND T OF D 
HR = 0 
WHI LEKNOWN INTHOUR 

RES E T  INTHOUR 
F IND INTHOUR 

END 
RESET MINTIME 
F IND MINT I ME 
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D I S P LAY " 
D I SP LAY " 

The new peak l o ad i s  { NEWMAX } kVA" 
Thi s  (new) peak occurs at 

D I S P LAY " " 
{ HR } : { MINT I ME } { T_OF_D } " 

MD SAV = ( THI SMD * ( MAX_INS T_DEM - NEWMAX ) ) 
FORMAT MD SAV,  9 . 2  
D I SP LAY .. - The cost s avings from thi s MD 

change i s  expected t o  be $ 
{ MD_SAV } " 

Rec a l culate unit cost s ,  b a s e d  on t ime int e rval 
tar i f f  rates ( LATER) 

D I SP LAY " " 
D I SP LAY " " 

D I SP LAY " P re s s  any key t o  cont inue - " ;  
! ! END OF RULE CONT l 



RULE CONT2 
I F  
THEN 

SAT I SF IED = SHOW ALL INTERVALS 
CONT = YE S 

CLS 

WHI LEKNOWN 
RE SET 
RE SET 
F IND 

END 

FEAS I B LE 
TARG T YPE 
TARG-F OUND 
TARG-FOUND 

D I SP LAY " The fol lowing summari z e s  the 
p r op o s e d / t arget ed change s "  

D I S P LAY " " 
D I SP LAY " " 
D I SP LAY " 

TARGET LOAD 
D I SP LAY 

kVA 

PERIOD CURRENT LOAD MOD IF IED LOAD 
TARGET REDUCT I ON "  

" START ING kVA 
kVA" 

D I SP LAY " " 
D I SP LAY " 0 : 0 0 am { IN S T  DEM [ 1 ] } 

kVA 
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{ NEW_DEM [ 1 ] } { TARG DEM [ 1 ] } { TARG_REDN [ 1 ] } "  
D I S P LAY " 0 : 3 0 am - { IN S T  DEM [ 2 ] } 

{ NEW DEM [ 2 ]  } { TARG DEM [ 2 ]  } - { TARG _ REDN [ 2 ]  } " 
-D I SP LAY " 1 : 0 0 am - { IN S T  DEM [ 3 ] } 

{ NEW DEM [ 3 ]  } { TARG DEM [ 3 ]  } - { TARG _ REDN [ 3 ]  } " 
-D I SP LAY " 1 : 3 0 am - { INS T DEM [ 4 ] } 

{ NEW_DEM [ 4 ] } { TARG DEM [ 4 ] } - { TARG_REDN [ 4 ]  } "  
D I SP LAY " 2 : 0 0 am - { IN S T  DEM [ 5 ] } 

{ NEW_DEM [ 5 ] } { TARG DEM [ 5 ] } - { TARG_REDN [ 5 ]  } "  
D I SP LAY " 2 : 3 0 am - { INS T DEM [ 6 ] } 

{ NEW_DEM [ 6 ] } { TARG DEM [ 6 ] } - { TARG_REDN [ 6 ] } "  
D I SP LAY " 3 : 0 0 am - { IN S T  DEM [ 7 ] } 

{ NEW_DEM [ 7 ] } { TARG DEM [ 7 ] } - { TARG_REDN [ 7 ]  } "  
D I SP LAY " 3 : 3 0 am - { IN S T  DEM [ 8 ] } 

{ NEW _DEM [ 8 ]  } { TARG DEM [ 8 ]  } - { TARG _ REDN [ 8 ]  } " 
D I SP LAY " 4 : 0 0 am - { IN S T  bEM [ 9 ] } 

{ NEW DEM [ 9 ]  } { TARG DEM [ 9 ]  } - { TARG REDN [ 9 ]  } " 
-D I SP LAY " 4 : 3 0 am - { IN S T  DEM [ 1 0 ] } 

{ NEW DEM [ 1 0 ] } { TARG_DEM [ 1 0 ]  } -
{ TARG REDN [ 1 0 ] } "  

BI S P LAY " 5 : 0 0 am { IN S T  DEM [ 1 1 ] } 
{ NEW DEM [ 1 1 ] } { TARG DEM [ 1 1 ] } 
{ TARG RED N  [ 1 1 ]  } " -

BI S P LAY " 5 : 3 0 am { IN S T  DEM [ 1 2 ] } 
{ NEW DEM [ 1 2 ] } { TARG DEM [ 1 2 ] } 
{ TARG_REDN [ 1 2 ] } "  -

D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " P re s s  any key t o  s e e  screen 2 o f  4 . - " 
CLS 



D I S P LAY " The fo l l owing summar i z e s  the 
prop o s ed/targeted change s "  

D I SP LAY " " 
D I SP LAY " " 

PERIOD CURRENT LOAD 
TARGET REDUCTION "  

D I S P LAY " 
TARGET LOAD 

D I SP LAY 
kVA 

" S TART ING kVA 
kVA" 

D I SPLAY " " 
D I SP LAY " 6 : 0 0 am { INST DEM [ l 3 ] } 

{ NEW D EM [ l 3 ] } { TARG_DEM [ l 3 ]  } -
{ TARG REDN [ l 3 ] } "  

D I S P LAY " 6 : 3 0 am { INST DEM [ l 4 ] } 
{ NEW DEM [ l 4 ] } { TARG DEM [ l 4 ] } 
{ TARG REDN [ l 4 ]  } "  -

D I S P LAY " 7 : 0 0 am { INST DEM [ l 5 ] } 
{ NEW D EM [ l 5 ] } { TARG DEM [ l 5 ] } 
{ TARG REDN [ 1 5 ] } "  -

D I SP LAY " 7 : 3 0 am { INST DEM [ l 6 ] } 
{ NEW D EM [ 1 6 ] } { TARG DEM [1 6 ] } 
{ TARG REDN [ 1 6 ]  } "  -

D I S P LAY " 8 : 0 0 am { INST DEM [ 1 7 ] } 
{ NEW D EM [ 1 7 ] } { TARG D EM [ 1 7 ] } 
{ TARG REDN [ 1 7 ]  } " -

D I SPLAY " 8 : 3 0 am { INST DEM [ l 8 ] } 
{ NEW D EM [ 1 8 ] } { TARG D EM [ 1 8 ] } 
{ TARG REDN [ 1 8 ] } " -

D I SP LAY " 9 : 0 0 am { INST DEM [ l 9 ] } 
{ NEW DEM [ 1 9 ] } { TARG D EM [ 1 9 ] } 
{ TARG REDN [ 1 9 ]  } "  -

D I SPLAY " 9 : 3 0 am { INST DEM [ 2 0 ] } 
{ NEW D EM [ 2 0 ] } { TARG D EM [ 2 0 ] } 
{ TARG REDN [ 2 0 ] } " -

D I S P LAY " 1 0 : 0 0 am { INST DEM [ 2 1 ] } 
{ NEW DEM [ 2 1 ] } { TARG D EM [ 2 1 ] } 
{ TARG REDN [ 2 1 ] } " 

-

D I SP LAY " 1 0 : 3 0 am { INST DEM [ 2 2 ] } 
{ NEW DEM [ 2 2 ] }  { TARG DEM [ 2 2 ] } 
{ TARG REDN [ 2 2 ] } "  -

D I SP LAY " 1 1 : 0 0  am { INST DEM [ 2 3 ] } 
{ NEW D EM [ 2 3 ] } { TARG D EM [ 2 3 ] } 
{ TARG REDN [ 2 3 ] } "  -

D I SP LAY " 1 1 : 3 0 am { INST DEM [ 2 4 ] } 
{ NEW DEM [ 2 4 ] }  { TARG D EM [ 2 4 ] } 
{ T ARG REDN [ 2 4 ] } " 

-

D I SPLAY " " 
D I SPLAY " " 

MOD I F I E D  LOAD 

kVA 

D I SPLAY " P re s s  any k e y  to see s creen 3 o f  4 . - "  
CLS 

2 8  



D I SPLAY " The fo l l owing summa r i z e s  the 
propos ed/t a rgeted changes "  

D I SPLAY " " 
D I SPLAY " " 

PERIOD CURRENT LOAD 
TARGET REDUC T I ON "  

D I SPLAY " 
TARGET LOAD 

D I SPLAY 
kVA 

" START ING kVA 
kVA" 

D I SPLAY " " 
D I SPLAY " 1 2 : 0 0 am { IN S T  DEM [ 2 5 ] } 

{ NEW DEM [ 2 5 ] } { TARG_DEM [ 2 5 ] } -
{ TARG REDN [ 2 5 ] } "  

DI SPLAY " 1 2 : 3 0 pm { IN S T  DEM [ 2 6 ] } 
{ NEW DEM [ 2 6 ] } { TARG DEM [ 2 6 ] } 
{ TARG REDN [ 2 6 ] } "  -

DI SPLAY " 1 : 0 0 pm { IN S T  DEM [ 2 7 ] } 
{ NEW DEM [ 2 7 ] }  { TARG DEM [ 2 7 ] }  
{ TARG REDN [ 2 7 ]  } " -

DI SPLAY " 1 : 3 0 pm { INST DEM [ 2 8 ] } 
{ NEW DEM [ 2 8 ] } { TARG DEM [ 2 8 ] }  
{ T ARG REDN [ 2 8 ] } " -

DI SPLAY " 2 : 0 0 pm { INST DEM [ 2 9 ] } 
{ NEW DEM [ 2 9 ] } { TARG DEM [ 2 9 ] } 
{ TARG REDN [ 2 9 ]  } "  -

DI SPLAY " 2 : 3 0 pm { IN S T  DEM [ 3 0 ] } 
{ NEW DEM [ 3 0 ] } { TARG DEM [ 3 0 ] } 
{ TARG REDN [ 3 0 ]  } " -

DI SPLAY " 3 : 0 0 pm { IN S T  DEM [ 3 1 ] } 
{ NEW DEM [ 3 1 ] } { TARG DEM [ 3 1 ] }  
{ T ARG REDN [ 3 1  ] } " -

DI SPLAY " 3 : 3 0 pm { IN S T  DEM [ 3 2 ] } 
{ NEW DEM [ 3 2 ] }  { TARG DEM [ 3 2 ] }  
{ TARG REDN [ 3 2 ] } "  -

DISPLAY " 4 : 0 0 pm { IN S T  DEM [ 3 3 ] } 
{ NEW DEM [ 3 3 ] }  { TARG DEM [ 3 3 ] }  
{ TARG REDN [ 3 3 ]  } "  -

DI SPLAY " 4 : 3 0 pm { IN S T  DEM [ 3 4 ] } 
{ NEW DEM [ 3 4 ] } { TARG DEM [ 3 4 ] }  
{ TARG REDN [ 3 4 ] } "  -

DI SPLAY " 5 : 0 0 p� { IN S T  DEM [ 3 5 ] } 
{ NEW DEM [ 3 5 ] } { TARG DEM [ 3 5 ] }  
{ TARG REDN [ 3 5 ]  } "  -

D I SPLAY " 5 : 3 0 pm { IN S T  DEM [ 3 6 ] } 
{ NEW DEM [ 3 6 ] } { TARG DEM [ 3 6 ] } 
{ TARG _ REDN [ 3 6 ]  } " -

D I SPLAY " " 
D I SPLAY " " 

MOD I F I E D  LOAD 

kVA 

D I SPLAY " P re s s  any key t o  s e e  s c reen 4 o f  4 . � "  
CLS 

2 9  



D I SP LAY " The fo l l owing summar i z e s  the 
propo s ed / t argeted change s "  

D I SPLAY " " 
D I SP LAY " " 
D I SP LAY " P ERIOD CURRENT LOAD MOD I F I ED LOAD 

TARGET LOAD TARGET REDUC T I ON" 
D I SP LAY " START ING kVA kVA 

kVA kVA" 
D I SP LAY " " 
D I SP LAY " 6 : 0 0 pm { INST DEM [ 3 7 ] } 

. { NEW D EM [ 3 7 ] } { TARG_DEM [ 3 7 ] } 
{ TARG REDN [ 3 7 ] } "  

D I SP LAY " 6 : 30 pm { INS T DEM [ 3 8 ] } 
{ NEW DEM [ 3 8 ] } { TARG DEM [ 3 8 ] } 
{ TARG REDN [ 3 8 ]  } " -

DI S P LAY " 7 : 0 0 pm { INST DEM [ 3 9 ] } 
{ NEW D EM [ 3 9 ] } { TARG D EM [ 3 9 ] } 
{ TARG REDN [ 3 9 ] } "  -

D I SPLAY " 7 : 3 0 pm { INS T DEM [ 4 0 ] } 
{ NEW DEM [ 4 0 ] } { TARG D EM [ 4 0 ] } 
{ TARG REDN [ 4 0 ]  } " 

-

D I SP LAY " 8 : 0 0 pm { INST DEM [ 4 1 ] } 
{ NEW DEM [ 4 1 ] } { TARG D EM [ 4 1 ] } 
{ TARG REDN [ 4 1 ]  } " -

D I SP LAY " 8 : 3 0 pm { INST DEM [ 4 2 ] } 
{ NEW D EM [ 4 2 ] } { TARG D EM [ 4 2 ] } 
{ TARG REDN [ 4 2 ] } "  -

D I SP LAY " 9 : 0 0 pm { INST DEM [ 4 3 ] } 
{ NEW DEM [ 4 3 ] } { TARG D EM [ 4 3 ] } 
{ TARG REDN [ 4 3 ]  } " -

D I SP LAY " 9 : 3 0 pm { INST DEM [ 4 4 ] } 
{ NEW D EM [ 4 4 ] } { TARG DEM [ 4 4 ] } 
{ TARG REDN [ 4 4 ] } "  -

D I SPLAY " 1 0 : 0 0 pm { INST DEM [ 4 5 ] } 
{ NEW DEM [ 4 5 ] } { TARG D EM [ 4 5 ] } 
{ TARG REDN [ 4 5 ]  } " -

D I SP LAY " 1 0 : 3 0 pm { INST DEM [ 4 6 ] } 
{ NEW D EM [ 4 6 ] } { TARG D EM [ 4 6 ] } 
{ TARG REDN [ 4 6 ]  } " -

D I SP LAY " 1 1 : 0 0 pm { INST DEM [ 4 7 ] } 
{ NEW DEM [ 4 7 ] } { TARG DEM [ 4 7 ] } 
{ TARG REDN [ 4 7 ]  } " -

D I SP LAY " 1 1 : 3 0 pm { INST DEM [ 4 8 ] } 
{ NEW DEM [ 4 8 ] } { TARG D EM [ 4 8 ] } 
{ TARG REDN [ 4 8 ] } "  -

DI S P LAY " " 
D I SPLAY u " 

! ! c alculate new s aving s , 
! ! comment on loads d i tched (with unit c o s t  

s avings ) ,  
! ! and external shi fte d  load 
D I SP LAY " P re s s  any key to cont i nue - " ; 

3 0  



3 1  

RULE CONT 3 
I F  
THEN 

SAT I SF IED = MOVE [ OTHER] L OAD S 
CONT = YES - -

I I E S TAB . 
S H I F TED 

T IME INTERVAL FROM WH I CH LOAD I S  TO BE 

C L S  
D I SPLAY " Change load i n  which t ime interval ? "  
D I SPLAY " " 
RES E T  AM PM 
RE SET HOUR 
RE SET HALF HR 
RE S E T  X 
RE S E T  T IME 
F I ND TI ME 
FORMAT HOUR, 2 . 0  
FORMAT HALF HR, 2 . 0  
C HOUR =- ( HOUR) 
C-HALF HR = ( HALF HR) 
C-AM PM = (AM PM) 
e-x = ( X ) -
CLS 
D I S P LAY " F o r  the 3 0  minut e inte rval s t arting at 

{ C  HOUR } : { C HALF HR } { C_AM_PM }  
X={C_X } , "  -

-

OLD INS TDEM = (NEW DEM [ C  X ] ) 

RE S E T  MMACHNAME 
F IND MMACHNAME 

- -

CHECK WHETHER MACHINE DETAILS ARE ALREADY KNOWN 
CLOSE MACHINE 
GET MMACHNAME = MACHNAME , MACH INE , ALL 

! I F  MACHINE I S  NOT KNOWN , UPDATE THE DATABASE 
RE SET UPDATEMC 
F IND UPDATEMC 

CHECK WHETHER THI S  MACHINE HAS ALREADY BEEN 
ACTED ON WI TH IN THI S  T IME INTERVAL 

CLOSE MACHSLOT 
GET MMACHNAME = MACHNAME AND C X= S T_T I ME , 
MACHS LOT , ALL 
RESET OLDACT ION 
F IND OLDACT I ON 

RE S E T  LOADACT 
F I ND LOAD ACT 

RE SET ACT I ONOK 
RES E T  RESULTA 
F I ND RE SULTA 

RES E T  MOVE SUMMARY 
F I ND MOVE SUMMARY 

RES E T  NEW P EAK WARN 
F I ND NEW-PEAK-WARN 



RE SET IMP ORTCHECK 
F I ND IMPORTCHECK 
D I SPLAY " P ress any key to cont i nue 

RULE UP DATEMC 1 
IF  
THEN 

E L S E  

RULE DEFAULTACT 

MACHNAME = UNKNOWN 
UP DATEMC YE S 
MACHNAME = ( MMACHNAME ) 
F IND ONLOAD 
OFFLOAD = 0 
DEP T = ADMIN 
COSPHI = 1 . 0  
APPEND MACH INE 
PUT MACHINE 
MACHNAME = ( MMACHNAME ) ;  

IF MACTION = UNKNOWN 
NONE THEN OLDAC T I ON 

ELSE OLDAC T I ON 

RULE RE SULTAD 

= (MAC T I ON)  ; 

- " · I 

I I LOAD WH ICH I S  TO BE D I TCHED FROM THI S INTERVAL 
I F  LOADACT = TURN OFF 

AND ACT I ONOK = OK 
THEN MACT ION = TURN OFF 

NEWS TATE = OFF-
ST T IME = ( C  X )  
PRODUCT = WIDGE T  
DDATE = 3 0  1 0  8 9  
APPEND MACHSLOT 
PUT MACHSLOT 

D I S P LAY " " 
D I SP LAY " " 

3 2  

NEW DEM [ C  X ]  = ( (NEW DEM [ C  X ] ) - ( ONLOAD ) ) 
FORMAT NEW DEM [ X ] , 9�3 

RULE NOT O K  1 

TOT D I TCH � ( ( TOT D I TCH ) + ( ONLOAD ) ) 
FORMAT TOT_D I TCH , -6 . 0  

RESULTA = OK ; 

IF  LOADACT = TURN OFF 
AND NEW DEM [ C  X] <- ( ONLOAD ) 

THEN ACTIONOK � NO 
D I SP LAY " The s i z e  o f  thi s  machi n e ' s  

l oad shows that it cann o t " 
D I S P LAY " have been o n  during t h i s  t ime 

i nterval i n i t i a l l y  " ;  



RULE NO T OK 2 
IF  LOADACT = TURN OFF 

AND OLDACT I ON = EXPORT 
THEN ACT I ONOK = NO 

D I SPLAY " 

RULE NOT OK 2A 

You have a l ready moved t h i s  
machine ' s  operat ion out o f  
this int e rva l " ;  

I F  LOADACT = TURN OFF 
AND OLDAC T I ON = TURN OFF 

THEN ACT I ONOK = NO 

RULE NOT OK 2 B  
I F  

AND 
THEN 

RULE AC T I ONOKl 
IF 

THEN 

AND 
AND 
AND 
AND 

RULE RE SULTAX 

D I SPLAY " You have a l re ady turned thi s 
machine o ff within thi s 
interva l " ;  

LOADACT = TURN OFF 
OLDACT I ON = RESCHEDULE 
AC T I ONOK = NO 
D I SPLAY " You have a l re ady re s chedu l e d  

thi s machine ' s  ope rat ion t o  
another t ime i nterva l " ;  

LOADACT = TURN OFF 
NEW_DEM [ C_X ] >� ( ONLOAD ) 
OLDAC T I ON <> EXPORT 
OLDAC T I ON <> TURN OFF 
OLDACT I ON <> RE SCHEDULE 
ACT I ONOK = OK;  

33  

! !  LOAD WH ICH I S  TO BE EXPORTED TO ANOTHER MD CHARGE 
PERI OD 

IF LOADACT = EXPORT 
AND ACT I ONOK = OK 

THEN MACTION = EXPORT 
NEWSTATE = OFF 
ST T IME = ( C  X )  
P RODUCT = WI DGET 
DDATE = 3 0  1 0  8 9  
APPEND MACHSLOT 
PUT MACHSLOT 

D I SPLAY 
D I SP LAY 

" " 
" " 

NEW DEM [ C  X ]  = ( (NEW DEM [ C  X ] ) - ( ONLOAD ) ) 
FORMAT NEW DEM [ X ] , 9�3 -
TOT EXT MOVE = ( ( TOT EXT MOVE ) + ( ONLOAD ) ) 
FORMAT TOT EXT MOVE , -6 . 0-
RE SULTA = OK ; -



RULE NOT OK 3 
IF LOADACT = EXP ORT 

AND NEW DEM [ C  X ]  < ( ONLOAD ) 
THEN ACTIONOK � NO 

D I S P LAY " The s i z e  o f  t h i s  machine ' s  

3 4  

l oad shows that i t  c annot " 
D I S P LAY " have been on during thi s time 

RULE NOT OK 4 

interva l init i a l l y " ;  

IF  LOADACT = EXPORT 
AND OLDAC T I ON = EXPORT 

THEN ACT I ONOK = NO 
D I SP LAY " You have a l ready moved thi s 

machine ' s ope rat i on out o f  
t h i s  interva l " ;  



RULE NOT OK 5 
I F  LOADACT = EXPORT 

AND OLDACT I ON = TURN OFF 
THEN AC TIONOK = NO 

RULE NOT OK SA 
I F  

AND 
THEN 

RULE AC T I ONOK2 
I F  

THEN 

AND 
AND 
AND 
AND 

RULE RE SULTAI 
IF 
THEN 

D I SPLAY " You have a lready turned thi s 
machine o f f  within t h i s  
interva l " ;  

LOADACT = 
OLDACTION 
ACTIONOK = 
D I SPLAY " 

EXPORT 
= RE SCHEDULE 
NO 

You have a l ready r e s cheduled 
thi s machi ne ' s ope rat ion t o  
another interva l " ;  

LOADACT = EXPORT 
NEW DEM [ C  X ]  >= ( ONLOAD ) 
OLDACTION- < >  RESCHEDULE 
OLDACTION < >  TURN OFF 
OLDACT I ON <> EXPORT 
ACT IONOK = OK; 

LOADACT = I MP ORT 
MACTION = I MP ORT 
NEWSTATE = ON 
ST TIME = ( C  X) 
PRODUCT = W IDGET 
DDATE = 3 0  1 0  8 9  
APPEND MACH SLOT 
PUT MACHSLOT 

35 

NEW DEM [ C  X]  = ( (NEW DEM [ C  X ] ) + ( ONLOAD ) ) 
TOT-IN MOVE = ( ( TOT IN MOVE ) - ( ONLOAD ) ) 
FORMAT-NEW DEM [ C  X ] ; 9�3 
FORMAT TOT-IN MOVE , 6 . 0  
RE SULTA = OK ;-

RULE RE S ULTAR 
I F  LOADACT = RE S CHEDULE 

AND ACT I ONOK = OK 
THEN MACT I ON = RE S CHEDULE 

NEWSTATE = OFF 
ST T IME = ( C  X )  
APPEND MACHS LOT 
PUT MACHSLOT 
NEW DEM [ C  X ]  = ( (NEW DEM [ C  X ] ) - ( ONLOAD ) ) 
FORMAT NEW DEM [ C  X ] , -9 . 3  
RE SULTA = OK ; -



RULE NOT OK 6 
IF 

AND 
THEN 

RULE NOT OK 7 
IF  

AND 
THEN 

RULE NOT OK 8 
IF  

AND 
THEN 

RULE ACT I ONOK4 
IF 

THEN 

RULE CONT 4 
IF 
THEN 

AND 
AND 
AND 

LOADACT = RE SCHEDULE 
NEW_DEM [ C_X ] < ( ONLOAD ) 
ACTI ONOK = NO 
D I SP LAY " The s i ze o f  t h i s  machine ' s  

3 6  

l o ad shows that it cannot " 
D I SP LAY " have been on during t h i s  t ime 

int erval init i a l l y  " ;  

LOADACT = RE SCHEDULE 
OLDAC T I ON = TURN OFF 
ACT IONOK = NO 
D I SPLAY " You have al re ady turned thi s 

machine o f f  in thi s int e rva l " ;  

LOADACT = RE SCHEDULE 
OLDACT I ON = EXPORT 
ACT I ONOK = NO 
D I SP LAY " You have al re ady moved t h i s 

machine ' s  operat ion out o f  
thi s int erva l " ;  

· 

LOADACT = RE SCHEDULE 
NEW DEM [ C  X] >= ( ONLOAD ) 
OLDAC T I ON-<> EXP ORT 
OLDAC T I ON <> TURN OFF 
ACT I ONOK = OK ; 

SAT I S F IED = LOAD SPREADSHEET 
CONT = YES 
D I SP LAY " 

D I SP LAY " 

Thi s opt i on wi l l  l oad the new 
va lues for dai ly demand b a c k "  
t o  t h e  spreadsheet ( t he o l d  
spre adsheet va lues wi l l  not 
be " 

D I SPLAY " overwritten . " 
RE SET CCONF 
RESET GOAHEAD 
F IND CCONF ; 



RULE CONTS 
I F  SAT I SF IED = SET IMP ORT LOAD 

3 7  

! ! Get l oad t o  be added from othe r MD charge p e r i ods 
THEN CONT = YE S 

CLS 

E L S E  

RULE CONT 6 
I F  
THEN 

D I SPLAY " How much ( i f  any )  load from 
other MD charge peri ods do you 
" 

D I SPLAY " want to ( re )  d i s t r ibute within 
this MD charge period ? " 

RE SET IN MOVE TOT - -
F I ND IN MOVE TOT 
TOT_ IN _MOVE ( IN_ MOVE TOT ) 
TOT IN MOVE = 0 ;  

SAT I SF IED = L I ST ALL MOVES 
CONT = YE S 
CLS 
D I SPLAY " T ime interva l Machine 

Move - a ction New machine state " 
D I SP LAY " - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - '' 

CLOSE MACHSLOT 
L I NENO = 1 
WH I LEKNOWN MACHNAME 

GET ALL , MACHSLOT , ALL 

X = ( S T  T IME )  
RESET XT IME 
FIND XT IME 

D I SPLAY " { HR } : { MINT IME } { T  OF D }  
{ MACHNAME } { MACT I ON }  { NEWS TATE } "  

LINENO = ( LINENO + 1 )  
RE SET NEWLINE 
FIND NEWL INE 

END 
D I SP LAY " These are a l l  the l o ad move s 

entered s o  far " 
D I SP LAY " P r e s s  any key t o  cont inue - " ;  

RULE NEWL INE 
I F  L I NENO > =  1 9  

AND SAT I SF IED = L I ST ALL MOVE S 
THEN D I SP LAY " P ress any key for the next 

s creen- " 
CLS 
L INENO = 1 
D I SPLAY " T ime interval 

Move - a ct ion New machine stat e "  
D I SP LAY " - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - " 
NEWL INE = FOUND ; 

Machine 



RULE XT IME 
I F  
THEN 

SATI SF I ED = L I S T  ALL MOVE S 
RE SET T OF D 
FIND T OF D 
HR = 0 
WHILEKNOWN 

RE SET 
F IND 

END 

INTHOUR 
INTHOUR 
INTHOUR 

RE SET MINT IME 
F IND MINT IME 
XT IME = FOUND ; 

RULE CCONF I RM 
IF GOAHEAD = YE S 
THEN CCONF = FOUND 

DI SPLAY " Loading dat a t o  Spreadsheet "  
PWKS NEW DEM, NAMED = NEW DEM, LJRVAL4 
DI SPLAY " Al l dat a has been l o aded int o 

spreadsheet ; p re s s  any key t o  cont inue - " ;  

RULE CHECK 4 8 
IF  X <= 4 7  
THEN CHECK4 8 = KNOWN 

X = (X  + 1 )  ; 

RULE MORNING 
IF 

T IME 
AM PM =AM 

THEN 

AND 
AND 

HOUR <> UNKNOWN 
HALF HR < >  UNKNOWN 
X =  ( 2 * HOUR + ( HALF HR I 3 0 ) ) 
T IME = KNOWN ; -

RULE AF TERNOON 

RULE 

IF AM PM =PM 
AND HOUR <> UNKNOWN 
AND HALF HR < >  UNKNOWN 

THEN X =  ( 2 4  + ( 2  * HOUR + (HALF HR I 3 0 ) ) )  
T IME = KNOWN ; 

T OF D 
-IF X > 2 4  

THEN T OF D = pm 
X-= (X - 2 4 )  

ELSE T OF D = am; 

RULE INTHOUR 
IF X >= 2 
THEN INTHOUR = FOUND 

X = (X - 2 )  
HR = ( HR + 1 ) ; 
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RULE I N T  MIN 
IF 
THEN 
E L S E  

RULE T H I SMD 
I F  
THEN 

RULE MAX MM 
I F  
THEN 

X = 1 
MI NT IME 3 0  
MINT IME = 0 0 ;  

THI S MD 1  > 0 
THI SMD = FOUND ; 

NMN < 1 
NEWPEAKT IME = ( X )  
NEWMAX = ( NEW DEM [ X ] ) 
MMAX MM = FOUND ; 

3 9  



RULE MOVE SUMMARY 
IF SATI SF I ED = MOVE_ [ OTHER] _LOAD S 

AND LOADACT = RESCHEDULE 
AND ACT I ONOK = OK 

THEN CLS 
OLDTIME = ( X )  
D I SPLAY "Dest inat i o n  o f  thi s l oad ( T ime 

interva l ) ? "  
RE SET AM PM 
RE SET HOUR 
RESET HALF HR 
RESET X 
RE SET T IME 
FIND T I ME  
DEST T IME = (X  + 1 )  

OLDDEMDEST = (NEW_DEM [ DE S T_T IME ] ) 

4 0  

! !  D I SP LAY LOAD MOVEMENT FOR TH I S  INTERVAL 
CLS 
D I SPLAY " " 
D I SPLAY " - - - - -- - SUMMARY OF LOAD 

MOVEMENT -- - - - - - - - " 
D I SPLAY " " 
D I SPLAY " PERIOD CURRENT LOAD 

PROPOSED LOAD " 

+ ( ONLOAD ) ) 

D I SPLAY " " 
D I SPLAY " { C  HOUR } : { C  HALF HR } { C  AM P M }  

{ OLDINSTDEM } { NEW DEM [ C  X ] } "  
NEW_DEM [ DE S T_T IME ] = ( (NEW_DEM [ DE S T_T IME ] ) 

FORMAT NEW DEM [ D E S T  T IME ] , 9 . 3  
D I SPLAY " - { HOUR } : { HALF HR } { AM P M }  

{ OLDDEMDE S T } { NEW DEM [ DE ST_T I ME ] } "  

I I LOAD INTO THE MACHSLOT DATABASE THE 
FACT THAT THE MACHINE 

! ! HAS NOW BEEN TURNED ON AT THI S 
( DE S T I NAT I ON )  T I ME 

MACT I ON = RE SCHEDULE 
NEWS TATE = ON 
S T  TIME = ( X )  
PRODUCT = WIDGET 
DDATE = 30 10 8 9  
APPEND MACHSLOT 
P UT MACHSLOT 

X = ( OLD T I ME )  
MOVE SUMMARY = FOUND ; 



RULE MOVE SUMMARY l 
IF SAT I SF I ED = MOVE [ OTHER ]  LOAD S 

AND LOADACT < >  RESCHEDULE 
AND ACT I ONOK = OK 

THEN CLS 
D I SPLAY " " 

4 1  

D I SPLAY " SUMMARY OF LOAD MOVEMENT - - " 
D I SP LAY " " 
D I SP LAY " PERI OD CURRENT LOAD 

P ROPOSED L OAD " 
D I SPLAY " " 
D I SPLAY " { C  HOUR } : { C  HALF H R }  { C  AM P M }  

{ OLD INSTDEM} { NEW_DEM [ C_X ]} " 
MOVE SUMMARY = FOUND 
D I SPLAY " " ;  

RULE NEW PEAK WARNl 
IF NEW_DEM [ DE S T_T IME ] > (MAX INS T DEM) 
THEN NEW PEAK WARN = FOUND 

RULE NEW 
I F  
THEN 

ELSE 

PPK-= (NEW DEM [ DE S T  T IME ] - MAX INS T DEM) 
D I SPLAY " * *T* * * * * * * *T* * * * * * * * * * *T* * * *T* * * * " 
D I SP LAY " WARNING ! MOVING THI S LOAD HAS 

ACTUALLY CAUSED A PEAK WHI CH " 
D I SPLAY " I S  { PP K } kVA H I GHER THAN I N  

THE ORIG INAL DAI L Y  PATTERN 
I I I "  

D I SPLAY " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * " · , 

PEAK WARN2 
NEW_DEM [ C_X ] > ( MAX_INST_DEM) 
NEW PEAK WARN = FOUND 
PPK-= (NEW DEM [ C  X ]  - MAX INS T DEM) 
D I SPLAY " *T* * * * *T* * * * * * * *T* * * *T* * * * * * * * * * " 
D I SPLAY " WARNING ! MOVING THI S  LOAD HAS 

ACTUALL Y  CAUSED A PEAK WHI C H  " 
D I SP LAY " I S  { PP K } kVA HI GHER THAN IN THE 

ORIGINAL DAI LY PATTERN ! ! ! " 
D I SPLAY " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * " 

D I SP LAY " " 
D I SP LAY " " 
D I SPLAY " " 
D I SPLAY " " ;  



4 2  

RULE IMP ORTCHECK 
IF TOT IN MOVE < 0 
THEN IMPORTCHECK = FOUND 

ELSE 

RULE LF TARG 
IF 
THEN 

NEGTOT = ( - 1  * TOT IN MOVE ) 
D I SP LAY " * * * * * * * * * *** *** * * * * * * * * * * * * " 
D I SP LAY " YOU HAVE IMPORTED { NEGTOT } kVA 

MORE LOAD FROM OTHER CHARGE 
P ERIOD S " 

D I SP LAY " THAN YOU ORIG INALLY IND I CATED 
WAS NECE S SARY " 

D I SP LAY " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * " 

D I SP LAY " " 
D I S P LAY " " 
D I SP LAY " " 
D I SP LAY " " ;  

TARG TYPE = LOAD FACTOR 
TARG-FOUND = YES 
RE SET TARG LOAD FACT 
F I ND TARG-LOAD-FACT 
TARG MAX DEM = ( (MEAN INST DEM) / 

( TARG LOAD FACT ) ) -
X =  1 - -
CUT = 0 
F I LL = 0 
WHI LEKNOWN CHECK4 8 

END 

RE SET TARGETMD 
F IND TARGETMD 
FORMAT TARG DEM [ X ] , 9 . 3  
FORMAT TARG-REDN [ X ] , 6 . 0  
RE SET CHECK48 
FIND CHECK4 8 

CUT F I LL RAT I O = ( ( CUT ) / ( F I L L ) ) 
RE SET FEAS I BLE 
F I ND FEAS I B LE ; 



RULE MD TARG 
IF TARG TYPE = MAXIMUM DEMAND 
THEN TARG-FOUND = YE S 

RE SET TARG MAX DEM 
FIND TARG MAX DEM 
X = 1 

RULE TARG MD l 

CUT = 0 
FILL = 0 
WHILEKNOWN CHECK4 8  

END 

RE SET TARGE TMD 
F IND TARGETMD 
FORMAT TARG DEM [ X ] , 9 . 3  
FORMAT TARG-REDN [ X ] , 6 . 0  
RE SET CHECK48 
F IND CHECK4 8 

CUT F I LL RAT I O = ( @ABS ( ( CUT ) / ( F ILL ) ) )  
RESET F EAS IBLE 
FIND FEAS I BLE ; 

IF INST DEM [ X ]  > ( TARG MAX DEM) 
THEN TARGETMD = FOUND - -

TARG DEM [ X ]  = ( TARG MAX DEM) 
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TARG-REDN [ X ]  = ( NEW DEM [X] - TARG_MAX_DEM) 
CUT � ( CUT + ( INST DEM [ X ]  -

TARG MAX_DEM) ) ;  -

RULE TARG MD 2  
I F  
THEN 

RULE NO TARG 
I F-
THEN 

INST DEM [ X ]  <= ( TARG MAX DEM) 
TARGETMD = FOUND - -
TARG DEM [ X ]  = ( INS T DEM [ X ] ) 
TARG-REDN [ X ]  = 0 -
FILL-= ( F ILL + ( TARG MAX DEM [ X ]  -

INS T_DEM [ X ] ) ) ;  - -

TARG TYPE = NONE 
RE SET FEAS I BLE 
TARG FOUND = YE S 
X = l  
WHILEKNOWN CHECK4 8  

END ; 

TARG DEM [ X ]  = ( INST_DEM [ X ] ) 
TARG-REDN [ X ]  = 0 
FORMAT TARG DEM [ X ] , 9 . 3  
FORMAT TARG-REDN [ X ] , 6 . 0  
RE SET CHECK48 
F IND CHECK4 8  



RULE FEAS I BLE 
IF CUT FILL RAT I O  > 1 
THEN FEAS IBLE-= NO 
E L S E  RE SET FEAS I BLE ; 

! ! I E ,  MORE LOAD HAS BEEN CUT THAN CAN BE 
F I LLED IN ! ! 

4 4  

! ! NB THI S I S  NOT NECE S SARI LY IMP O S S I BLE ; I T  
JUS T  MEANS THAT 

! ! LOAD HAS TO BE MOVED TO OTHER MD CHARGE 
P ERIODS ! ! 



ASK SAT I SF IED : " What 
CHO I C E S  SAT I SF IED : 

do you want t o  do next ? " ;  
Help , S et import load, 
Move [ other ] l oads , 
Current s ituat i on ,  
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Show a ll interva l s ,  L i s t  a l l move s ,  
Load-spreadsheet , Fini sh; 

ASK HALF HR : " How many minutes past the hour ? " ;  
CHO I CE S HALF HR : 0 0 , 3 0 ;  

ASK HOUR : "What hour o f  day ? " ;  
CHO I CE S HOUR : 0 0 , 0 1 , 0 2 , 0 3 , 0 4 , 0 5 , 0 6 , 0 7 , 0 8 , 0 9 , 1 0 , 1 1 , 1 2 ;  

ASK AM P M  " am, or  p m  ? " ;  
CHO I CES AM PM : am, pm ;  

ASK IN MOVE TOT : 11 .. • I 

ASK THI SMD : "What i s  the MD rate ( $ / kVA) fo r t h i s  month 
? " .  • I 

ASK GOAHEAD 
CHO I CE S GOAHEAD 

" Do you wi sh to proceed 
Yes , No ; 

? " . • I 

ASK TARG TYPE : "What typ e  o f  target do you want to s et 
for yourse l f  ? " ;  

CHO I C E S  TARG_TYPE : None , Load_fact o r ,  Maximum_demand; 

ASK TARG LOAD FACT : "What l o ad fact o r  ( t arget ) woul d  
you l ike to a i m  for ? " ;  

ASK TARG MAX DEM : "What Maximum Demand t arget figure 
( kVA) would you l ike t o  a im for ? " ;  

ASK LOADACT : "What do you want to do with thi s l o ad ? " ;  
CHO I C E S  LOADACT : Turn_o f f ,  E xport , Imp o rt ,  Re s chedu l e ; 

ASK ONLOAD : " I have no rec o rd of thi s machine , what i s  
its  power demand ( kVA) ? " ;  

ASK MMACHNAME : " P lease i dent i fy the equipment you w i sh 
to deal with " ; 
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COMMENTARY ON KNOWLEDGE BASE 

ACT I ON S  BLOCK 

The ACT I ONS block o f  this module has three main 
funct i ons ; to set init i a l  value s for seve ral var i ab l e s , 
t o  create a copy of the instantaneous demand figures 
( corresponding to each h a l f  hour period within 2 4  hr s )  

whi ch wi l l  b e  the figures which are modi fied during the 
operat ion o f  this modu l e , and fina l l y  to e x e cute the 
" ma i n  program" which is s imply an iterat i on l o op 
a l l owing the user to cho o s e  between the var i ous main 
opt i ons , ( i e ,  Help , S et import l o a d ,  
Move [ othe r ]  l o ads , Current s ituat i on,  
Show-a l l  interval s ,  L i st all move s ,  and 
Load spreadsheet ) unt i l  "F inis h "  i s  select e d . 

RULE CONT lH . 
Two " he l p "  screens giving bas i c  in fo rmat ion on the 

operat ion o f  the modu l e . 

RULE CONTl 
This rule di splays a summary of the nett e ffect s 

o f  a l l  the l oad change s whi ch have been c a r r i e d  out 
( p r i o r  to i t s  i nvocat i on ) ; in part icul a r ,  the t o t a l  
l oads whi ch have been s imp ly shed, the l o ads which have 
been moved t o  other MD charge periods , and the loads 
whi ch have been " import e d "  from othe r MD cha rge 
peri ods . The current peak load ,  and the t ime at whi ch 
it o c curs i s  recalcu l at e d  and displ ayed, and ( a ft e r  
asking fo r t h e  current MD charge rat e )  t h e  apparent MD 
s aving i s  c a l culated . 

Note t he a s sumpt i on ,  which i s  inherent i n  the 
phi l o s ophy o f  the who l e  D S S ; the u s e r  exp e r i ment s with 
the l o ad patt ern of a " t ypical " day , the a s s umpt i on i s  
then made that any reduct i on in the peak l oad O F  THAT 
DAY corresponds to an e qual reduct ion i n  the Max imum 
Demand,  over the MD charge peri od . 

This a s s umpt ion i s  neces sary for the ope rat i o n  o f  
the mode l ,  but i t  high l i ght s the import ance o f  the 
che c k s  per fo rmed in MD REP OR . KBS to check the e xt ent t o  
whi ch the " t ypical day" I S  typ i c a l  f o r  a p a rt icular 
month or MD charge p e r i o d . 

RULE MAX MM 
This rul e ,  in con j unct ion with the CHECK 4 8 l oop 

counte r ,  is used to det e rmine the peak dai l y  l o ad 
dur ing the operation o f  the L I ST SUMMARY RE SULTS rul e . 

RULE CONT 2 ; S HOW ALL INTERVALS . 
This rule has two main funct ions ; f i r s t l y ,  for 

each half hotir time i nt e rval over the ( t yp i c a l ) day , 
the current energy demand i s  shown , and s econdly ( aft e r  
a s king the u s e r  t o  s et a " t arget " ( in t e rm s  o f  e ither a 
maximum demand, or a l o ad fact or figure ) , it  c a l c u l at e s  
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and di sp l ay s  the l oad which h a s  t o  b e  a chieved, and the 
l o ad reduct i on whi ch has to b e  achieved for each period 
t o  meet thi s target . 

Not e 1 ;  the l o ad figure against whi ch the 
" remain ing l o ad reduct ion " i s  c a l cu l ated is the 
instant an e o u s  demand figure , MOD I F IED BY THE PREVIOUS 
LOAD CHANGE S ;  the user can t he r e fore mon i t o r  the 
progre s s  b e ing made towards achievement o f  the t a rget . 

Note 2 ;  The vi sual e ffect o f  formatt ing the 
" remaining l oad reduct ion "  f i gure t o  have no de c imal 
p l ace s ,  i s  t o  draw attent ion to tho s e  t ime int e rval s  in 
which l o ad reduct i ons need to be made . 

Not e 3 ;  On a technical n o t e , the VP Expert package 
p l aces no l imit on the s i ze o f  the " con clusion s " 
s ect ion o f  i t s  ru l e s , and on l y  minor const raint s on 
their content s ;  thi s rule has a s ingle s imple 
condit i o n , and a conclus ion s ect i o n  whi ch include s s ome 
9 7  lines o f  code , and a WHILEKNOWN . .  END l o op ( whi ch in 
turn ca l l s  other ru le s )  . 

The u s e  of  thi s l atter t e chn ique i s  not at a l l  
we ll advert i sed within the VP E xpert manual , but has 
been found t o  be invaluable , and a lmo st e s sent i a l  to 
the product i on o f  a reasonab l y  " t i dy "  knowledge b a s e . 

RULE LF TARG , RULE MD TARG , RULE TARG MD 1 ,  
RULE TARG_MD2, and RULE NO-TARG are commonly 
referenced by thi s rule i n-the setting up o f  the 
"t arget " MD or Load Fact o r  leve l s . 

RULE FEAS I BLE 
Thi s rule is  used in con j un ct ion with the SHOW ALL 

INTERVALS rule , t o  determine whethe r the t arget set by 
the user i s  rea l i st ic ;  this i s  done by summing the 
l o ads above the target leve l ,  and tho se b e l ow the 
t a rget l eve l ;  thi s rat ion mus t  be l e s s  than 1 ,  and in 
pract i ce ,  a figure s igni ficant l y  b e l ow 1 is nece s s ary 
to of fer any reas onable chance of meet ing the t a rget . 

RULE CONT 3 ;  MOVE ( OTHER) LOAD S 
Arguab ly the rule whi ch i s  most cent ral t o  the 

ope rat ion o f  the who l e  dec i s i on support system ,  t h i s  
ru le man age s the movement o f  t h e  vari ous loads b etween 
t ime int e rva l s . 

At the invocat i on o f  the rule , the u s e r  i s  f i rst 
as ked t o  i dent i fy the time i n t e rval of interest . 

The module then asks the u s e r  t o  n ame the 
equ ipment o f  interest ( Note the terminol ogy , thi s 
re fers t o  any block o f  elect r i ca l  load whi ch has t o  be 
turned o f f  or on togethe r ,  as opp o s ed to the e le ct r i ca l  
l o ad o f  a n y  part i cular machin e ) . 
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Note a l s o ,  there i s  n o  reason why a "generat or " , with a 
negat ive l oad demand ,  cannot be spe c i fied;  the modu l e  
wi l l  handl e  this correct l y . 

When the equipment i s  ident i fied, the modu l e  
s earche s the MACHINE database t o  see whether dat a i s  
he ld on the elect r i ca l  demand o f  thi s equipment ; i f  the 
dat a i s  found, it i s  read into the modu l e ,  i f  n o t  the 
u s e r  is p rompted for the demand, and the dat a i s  s t ored 
i n  the dat abase for future re ference . 

Having estab l i shed the e l ectrical demand o f  the 
equ ipment ,  the user is then as ked what i s  to  be done 
with thi s  load; four choices are provided;  S imp l y  shed 
the l oad , " export " the load t o  another MD charge 
pe riod, " imp ort " the l oad from another MD charge 
pe riod, or re schedu l e  the l o ad ( t o  a di ffe rent ha l f  
hour per i o d  within the typ i c a l  day ) . 

Upon identi f i c at i on o f  the de s i red a c t i o n ,  the 
CONT3 ru l e  fi rst check s a who l e  series of other rul e s  
( a l l  with names o f  the form NOT OK x ,  RE SULTAx , o r  

ACT I ONOKx ) whose ob j ect i s  t o  determine whether the 
p r oposed m ovement is feasible or not . There are two 
main types of reas on why an act i on i s  not 
fea s ib l e / p e rmi s s ib l e ;  the f i r s t  type invo l ves an 
att empt t o  move from a time interval a ( equ ipment ) l o ad 
whi ch i s  l arger than the l oad which ex i s t s  in thi s t ime 
int erval ( i e ,  the l o ad cannot have been connect ed 
during that i nterval i n it i a l l y )  . The second typ e  o f  
r e a son invo lves the attempt t o  move from an int e rval a 
l oad whi ch has al ready ( at an earlier s t age ) been moved 
out of that interva l . Thi s i s  detected by searching a 
s econd dat aba s e ,  MACHSLOT , for a record o f  that 
e qu ipment , during that interval ,  with an " act i o n " o f  
e ither "turn-off" , " export " ,  o r  " re s chedu l e " . 

Shoul d  any o f  the s e  condi t i ons be found, the u s e r  
i s  warned,  and the a ct i on i s  n o t  carried out . 

Shou l d  no condit i on be found to pre c lude the 
p r oposed act i on ,  the l oad is added/ s ubt racted/moved ,  
t h e  figure s f o r  the other t ime i nterval s a r e  updat ed, 
the records of total l oad exp o rt ed,  import ed and 
t u rned o ff a re update d ,  and the MACHSLOT datab a s e  i s  
l oaded-with the equipment ident i fication , the t ime 
interval i dent i fi cat i o n , the a ct i on taken , and t he new 
s t ate of t he equipment ( on ,  or o ff)  . 

The ru l e  then displays a summary o f  the e f fect s o f  
the move ( new total demands at " pres ent " and 
" de stinat i o n "  ( in the case o f  resche duled l oads ) t ime s . 

Fina l l y ,  the ru l e  carri e s  out two che cks ; t o  
e n s ure that the move has not created a new peak demand 
( NB ,  the de c i s ion suppo rt s ys t em ,  as a matt e r  o f  

p rincip l e ,  does not p revent t h i s  s ituat i on ,  s imp l y  



warns o f  it ) , and t o  adv i s e  i f  the u s e r  has imp o rted 
more l oad int o the MD charge period than the o riginal 
target f i gure ( see rul e  CONTS , SET IMP ORT LOAD ) . 
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The main t r ap a s s o c i ated with comp l e x  conclus i ons 
sect i on s  of ru l e s  is that one o f  the c a l l e d  ru l e s  wi l l  
try t o  f ind a value for one o f  it s var i ab l e s  by 
re ferenc ing the c a l l ing ru l e  again - thu s  produc ing an 
in finite l oop . 

As an exampl e  o f  how this can o ccur , an e a r l i e r  
ver s i on o f  RULE CONT3 cont a i ned the statement s 

GET MMACHNAME=MACHNAME AND 
C_X=S T_T IME , MACHSLOT , ALL 

OLDACTION = (MACT I ON )  

RESET ACT IONOK 
RESET RE SULTA 
F IND RE SULTA 

in it s conclu s i on s  sect i on . 
An unsucce s s ful " GET " operati on ( i e ,  one in which 

no record mat ching the dat abase s e l e ct criterion i s  
foun d )  r e s et s  the values o f  a l l  the VP Exp e rt variab l e s  
corre s po nding t o  the dat ab a s e  fields . 

The NOT OK x rul e s  are used t o  check that a user 
i s  n o t  ( for examp l e )  propo s ing to re s chedu l e  the 
operat i on of a machine whi ch has been e a r l i e r  turned 
o ff t e st the value of OLDAC T I ON ( eg ) , and there fore 
che ck the value o f  OLDAC T I ON . 

The problem a r i s e s  when no previous act i on has 
been p e r formed on the equipment ; in thi s case the 
unsucce s s ful GET i n  ru l e  CONT 3  reset s the value o f  
MACT I ON ( and hence MACT I ON ) , and whe n  rul e  NOT O K  x 
finds that it needs a value for OLDACT I ON ,  it  backward­
cha i n s  t o  the f i r s t  ru l e  in which OLDAC T I ON appears as 
a c o n c l u s i on . . . .  CONT 3 . 

The s olut i on in thi s case was t he i nc l u s i on o f  the 
new rul e  DEFAULTACT , and the modi f i c at ion o f  the above 
const ruct ion o f  CONT 3 ;  in more gener al terms , the 
s o lut i on is s impl y  to exe rci se care in s ituat i o n s  where 
a vari ab l e  may be reset ( ie ,  to value = UNKNOWN ) within 
the c o n c l u s i on s ect ion o f  a rul e ;  the fact that the 
var i a b l e  is in the conc lus ions sect i on means that it 
may theoret i cal l y  be sought in a backward-chai n  search, 
and the fact that it is re s et means that such a search 
wi l l  never be succe s s fu l . 

Rul e s  whi ch may be cal l ed by CONT3 inc lude ; 
RULE UPDATEMC l (update o f  MACHI NE dat ab a s e )  

RULE RESULTAD , RULE NOT OK 1 ,  RULE N O T  O K  2 ,  RULE 
NOT OK 2A, RULE NOT OK 2B , -RULE ACT I ONOKl� RULE 
RE SULTAx, RULE NOT OK 3 RULE NOT OK 4 ,  RULE 
NOT OK 5 ,  RULE NOT-OK-SA, RULE ACT I ONOK2 RULE 
RE SULTAI , RULE RE SULTAR, RULE NOT OK 6 ,  RULE 
N O T  OK 7 RULE NOT OK 8 ,  and RULE ACTIONOK4 are a l l  
requ i red f o r  checking the val idity o f  a propo sed 
l oa d  movement ; 
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RULE DEFAULTACT i s  required t o  ensure that a val id 
value for " the l as t  act i o n  carried out on an item 
o f  equ ipment in this t ime interval " i s  always 
avai l ab l e . 

RULE MORNING T I ME ,  RULE AFTERNOON , RULE T OF D ,  
RULE I NTHOUR, RULE INT MIN ,  RULE THI SMD ,  and-RULE 
MAX MM are a l l  a s s oci ated with tran s l at ing between 
value s for t ime of day , e xpre s s ed e i t her in 
standard "hh : mm am/pm" fo rmat o r  a s  a number o f  3 0  
minut e interva l s s ince midnight . 

RULE MOVE SUMMARY and RULE MOVE SUMMARYl provide 
the di splay whi ch summari s e s  the re s u l t s  o f  moving 
a part i cular l o ad ;  in the case of a l oad whi ch i s  
t o  be reschedu l e d ,  the former a l s o  obt ains the 
de st i n ation time for the l o ad .  

RULE NEW PEAK WARN l ,  RULE NEW P EAK WARN2 , and RULE 
IMPORTCHECK perform checks a fter each load 
movement has been completed t o  dete rmine whether 
the movement has resulted i n  the creat ion of a new 
peak , or the e xceeding o f  a previ ous t arget for 
l o ad i mport . 

RUL E  CONT 4 : L OAD SPREAD SHEET 
Thi s rule tran s fe r s  back to the spreadsheet the 

f inal dai l y  l oad patte rn after a l l  changes have been 
c omp leted b y  the user . RULE CCONF I RM is re ferenced by 
thi s rul e . 

RULE CONTS : SE T  IMPORT LOAD 
Al l ows the user to nominate a t arget l oad t o  be 

i mported from anothe r maximum demand charge period . 

RULE CONT 6 :  L I ST ALL MOVE S 
Thi s  rule pre sents ( one s creen at a t ime ) a l i st 

o f  a l l  the l oad movemen t s  made by the operat o r . RULE 
NEWL INE , and RULE XT IME are re ferenced by t h i s  rul e . 

RULE CHECK 4 8  
Thi s rule s imp ly implement s a count e r ,  a l l owing 

operat i on s  o n  the 4 8  va lues for the ( ha l f  hour l y ) da i l y  
l oad demand figures . 

RUL E  T H I SMD 
U s e d  to find the max i mum demand charge rate for the 
p e r i od unde r inve st igat i on . 



APPEND IX E VP EXPERT T I P S TRI CKS AND TRAP S 

Not e ;  the reade r  i s  a l s o  re ferred t o  sect i o n  5 . 6  o f  
t h i s  the s i s  for comment o n  s ome more gene ral problems 
found ( and i n  s ome cases s o lved )  in the deve l opment o f  
t hese sma l l  dec i s i on support s y stems . 

E . l  T i p s  and t ri ck s  for D S S  deve l opment with VPX 

E . l . l  U s e  o f  F IND & WH ILEKNOWN . .  END construct s within 
conc l u s i on s  s ect ions of rul e s . 

The it erat i on const ruct o f fered by VP Exp e rt i s  
the WH I LEKNOWN . .  END const ruct ; thi s const ruct i s  more 
s im i l a r  to the DO UNT IL con s t ruct found in programming 
languages than the DO WHI LE ,  s ince the loop is a lways 
act i oned the f i r s t  t ime it i s  encount ered . 

1 

I t  di ffers from both the DO WH I LE and D O  UNT I L  in 
one ma j or respect though ; the loop terminat ing 
condit i on is not a bool ean e xpre s s i o n  ( which mu s t  
evaluat e t o  f a l s e  t o  terminate t h e  l o op ) ; rather it i s  
a vari ab l e  whi ch t e rminate s  the l o op when i t s  value 
ce a s e s  t o  exi st ( ie ,  when it s value become s UNKNOWN ) . 

I t  i s  suspect ed that the mai n  purpose envi s aged 
for the WHI LEKNOWN . .  END con s t ruct by the de s igne r s  o f  
VP Expert i s  f o r  e xt ract ing data from ( eg)  a dat aba s e  
( ie ,  " ext ract records UNT I L  no more e x i st " ) . 

Although the WHILEKNOWN . .  END synt ax doe s  a l l ow any 
it erat i on condit i o n  to be const ruct ed, it can be highly 
inconve n i ent for more gene r a l  use , s ince the l o op ­
terminat ing var i ab l e  h a s  t o  be set t o  " UNKNOWN " , ie  
unavai l ab l e , at  the terminat i on of t he loop . 

I t  i s  not s t r i ct ly theoret i c a l l y  nec e s s ary t o  ever 
use F IND , or WHI LEKNOWN . .  END const ruct s in t he 
conclu s i on s e ct i ons of  rul e s , for the purp o s e  o f  
finding s imp l e  result s ;  the rules wh ich are " found" as  
a re s u l t  of the s e  construct s could equally we l l  be 
" found" by s imp l y  including t he sub j ect o f  t he F IND 
clau s e  within t he condit ions sect i o n  o f  the rule . 
Furthermore , the u s e  o f  such con s t ruct s  for f i nding 
s imple r e s ul t s  adds a degree o f  redundancy t o  t he 
backward chaining faci l it y ;  t he who le principle o f  
backward chai n i ng i s  that , i f  a value i s  neede d ,  i t  i s  
sought . . .  there should b e  n o  need t o  t e l l  the s y stem 
when to s t a rt searching . 

An examp l e  o f  an occas ion whe re such a cons t ruct 
IS needed can be found in MD REF IN . KBS . The rul e s  
a s s o c i at e d  with convert ing a-t ime ( expre s s e d  a s  hh : mrn  
am/pm) into an i nt eger numb e r  o f  3 0  minute p e r i ods from 
midn i ght are u s e d  by several di ffe rent sect i on s  o f  t he 
knowledge b a s e . F o r  examp l e ,  they are used t o  det e rmine 
the t ime inte rval from whi ch load i s  t o  be shi fte d ,  and 
they are u s ed to determine t o  t ime int e rval t o  whi ch 
load i s  t o  be r e s cheduled ( should t h i s  opt i on b e  
sel ected)  . O n e  o f  t he principles o f  a backward chaining 
fac i l it y  howeve r i s  that i f  a var i ab l e  value i s  known , 
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i t  i s  n ot re- sought ; thi s means that it woul d  b e  
impo s s ib l e , i n  t h e  above c a s e , t o  persuade the E S  t o  
s e e k  a n e w  value f o r  t ime ( l i ke the Goon show ' s 
B luebo t t l e , it a l ready knows the t ime ( x )  s o  why l o o k  
for i t ! ) . The s o l ut i on i s  t o  use RESET X (wh i ch c annot 
be u s e d  in the condit i o n a l  sect i on o f  a rul e )  t hen F IND 
X ,  with i n  the conclu s i o n s  s ection o f  the rule . 

The u s e  o f  F IND and WH I LEKNOWN . .  END c o n s t ruct s in 
rul e  c o n c l u s ions are a l s o  u s e ful in s t ructuring t he 
pres ent at i on of result s ,  and in impr oving the 
readab i l it y  of the knowledge base . 

E . l . 2  Chain ing o f  knowl edge bases . 
Thi s  faci l i t y  work s we l l  provided the EXECUTE 

command i s  used at the st art of the " ca l l ed "  knowledge 
bas e ;  t he cha in fac i l i t y  i s  provided for u s e  i n  t he 
c a s e  "where the knowledge b a s e  i s  t o o  l arge f o r  the 
memo ry of your comput e r "  . .  in pract i ce i t  has been 
found t hat the memory of mo st P C ' s wi l l  a ccommodate a 
very l a rge knowledge b as e ,  and a more common u s age wi l l  
p o s s ib l y  b e  t o  segment a l a rge appl i cat i o n  int o s eve ral 
sma l l e r  s e ct i ons . 

Note the prob lem cau s e d  by not be ing abl e  t o  use a 
variab l e  a s  the argument o f  a CHAIN command; s e e  
s e ct i on E . 2 . 1  bel ow . 

E . l . 3  ACT IONS sect i o n  
T h e  act i o n s  s ect ion o f  a knowledge b a s e  provide s a very 
re s t r i ct ive form o f  f l ow c o nt ro l ;  it is not p e rmitted 
t o  nest WHI LEKNOWN . .  END l o ops , nor i s  it p o s s ib le t o  
return cont r o l  t o  "highe r "  l o cat ion s  in the a ct i o n  
s e ct i o n . I t  can be regarde d  as  s imi l ar t o  the " ma in 
program " s ect ion o f  a P a s c a l  program . 

E . l . 4  Numer i ca l  an a l ys i s . 
Although VPX itse l f  i s  not fast at number crunching,  it 
does supp o rt dimens ioned var i ables , and potent i al 
e x i st s f o r  e f fi c i ent nume r i ca l  anal y s i s , by u s i ng rul e s  
t o  e n s u r e  that onl y  tho s e  a n a l y s e s  which are r e a l l y  
needed F O R  A PART I CULAR CAS E  are per forme d . Thi s  i s  a 
case whe r e  the incorporat i on o f  proc e s s ing a l g o r ithms 
within t he conc lu s i on s e ct i on o f  rul e s  can be u s e d  t o  
advant age . 

Not e ,  anothe r opt i on i s  t o  use a nume r i c a l  
ana l ys i s  " package " (po s s ib l y  devel oped i n  " C " , o r  other 
l anguage ) ,  c a l led by a CCAL L ,  or  BCALL s tatement . Thi s 
wou l d  p robab l y  o f fe r  improved per formance , e s p ec i a l l y  
f o r  mor e  c omp lex c a l cu l at i on s , and r educe the v o l ume o f  
dat a whi ch needs t o  b e  hand l e d  b y  VP X . 



E . 2  T raps and di f ficult i e s  with VPX 

E . 2 . 1  P rob l ems with orthogona l ity ; 

A key goa l  in the de s i gn o f  programming l anguage s 
i s  that o f  achieving the great e s t  p o s s ib l e  l eve l o f  
orthogon a l i t y . The princi p l e  o f  o rthogona l i t y  can be 
exp l ained a s  fo l l ows ; at ANY P O INT whe re ( eg )  a 
charact e r  s t r ing i s  logica l ly requ i red , an ORTHOGONAL 
language w i l l  a l l ow the sub s t itut i o n  o f  AN EXPRE S S I ON 
WHI CH EVALUATE S  TO A CHARACTER S TRING . 
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VP E xpert lacks orthogon a l ity in a numb e r  o f  
aspect s : 

I t  i s  not po s s i b l e  t o  u s e  variab l e  name s in 
" CHAIN "  st at ement s ,  o n l y  con s t ant s . Thi s  i s  a 
nu i s ance in cases where d i f fe rent knowledge b a s e s  
n e e d  t o  be c a l led, a c c o rding t o  the va lue o f  a 
cho i c e  made i n  the " p arent " knowledge b a s e . The 
o n l y  s o lut ion found w a s  a set o f  rul e s , e ach o f  
whi ch had a CHAIN i n  the con c l u s i o n ,  f o l l owed b y  a 
knowl edge b a s e  name . 

The u s e  o f  computed f i e l ds in compar i s on s ;  
e g  " IF AA < ( BB I ( CC + DDD ) ) "  doe s  not wo rk a s  
expe cted;  the onl y  s o l ut i on found t o  thi s problem 
i s  t o  compute " DUMMY = ( B B / ( CC+DD ) ) " , then u s e  

" IF AA < DUMMY . . . .  " . 
As a further examp l e , 
" IF I N S T  DEM [ X ]  > ( TARG MAX DEM) " works fine , but 
IF TARG INS T  DEM < ( IN S T  DEM [ X ] ) does not work ; 
the c omp a r i s o n  fai l s  regardle s s  of  the val u e s  o f  
INST DEM [ X ] , and TARG MAX DEM . 
S ome-o f  the above e r r o r s  cau s e  b i z arre e ffect s ,  eg 
the c reat i on of var i ab l e s  who s e  name s and value s 
cons i s t  o f  l arge chunk s  o f  machine code , copied 
from unknown memory l ocat i on s ! 

E . 2 . 2  P robl ems with arbit rary rul e s  & re s t r i ct i on s ;  

VP E xp ert contains a number o f  rest r i ct i o n s  for 
which no r e a s on can be found;  many are mino r ,  but a l l  
are i r r i t at ing . Examp l e s  inc lude ;  

The neces s ity o f  u s ing WKS as the fi l e  
extens ion fo r spreadsheet fi l e s . This i s  
part i cu l ar l y  annoy i ng s ince Lotus Symphony f i l e s  
a r e  c o rrect l y  read b y  VP Exp e rt after D O S  renaming 
with " . WKS "  e xtens i on s , but are cannot b e  r e ad by 
VP Expert with the " . WRl " ext ens ion a lways c reated 
by Lotus S ymphony . 

On a s imi l ar t heme , dat a f i l e s  are n o t  
p e rmit t e d  to have a f i l e  extens ion ( and are 
create d  by VP Expert w ithout one ) ; t h i s  cau s e s  a 
prob l em shoul d  one want t o  spe c i fy such f i l e s  for 
act i on ( eg backup ) u s ing DOS w i l dcard character s . 
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Appe arance i s sue s ;  i f  the " Execut e "  c ommand i s  
a dded t o  the knowledge b as e ,  ( with the a dvantage 
o f  e l iminat ing the me s s y  app earance o f  having t o  
i s su e  the " GO "  command ) , then the fac i l it y  o f  the 
" WHAT IF " ,  and "WHY " , " HOW" etc commands s eems t o  
b e  l o st a l s o . 

E . 2 . 3  Mi s s i n g  funct ions / fa c i l i t i e s  

VP Exp e rt seems to total l y  l ack s tr ing handl i n g  
faci l i t i e s ;  even such s impl e  funct i ons a s  
concatenat i on .  T h i s  i s  o n e  o f  the two mo st imp o rt ant 
lacks in t he VP Expert p a c kage . ( Not e ,  VP Exp e rt i s  
very wea kl y  typed throughout , although thi s i s  p robably 
an advant age for an app l i c at ion o f  t h i s  type . )  

G o o d  s creen handl ing fac i l it ie s  are a l s o  n o t ab ly 
mi s s i ng f r om VPX ver s i on 1 . 2 ;  thi s has been c orrected 
to s ome extent with the " smart forms " of ver s i on 2 . 0 .  

Arguab l y  t he greate st l ack within VP X  i s  that o f  
graph i c s  f ac i l it ies . 

One o f  the t e s t s  commo n l y  app l ied to det e rmine 
whether a n  app l i cat ion is s u i t ab l e  for Expert S y stem 
app l i cat i on is to det ermine the quant ity of dat a 
invo lved ( t oo much data imp l i e s  that another approach 
i s  pre fe r a b l e ) ;  whi l e  this test is evident l y  c o r rect in 
princip l e , many u s e ful " de c i s i on support " s y s t ems mus t  
ut i l i s e  s imi l ar quant i t i e s  o f  data t o  the ECM 
app l i cat i on ,  and for such dat a vo l umes graph i c s  
fac i l it i e s  woul d  be a ma j or advantage . 

E . 2 . 4  E r ro r s . 

FORMAT doe s  not j us t  format the D I SPLAY o f  a vari ab l e  
value ( wh i ch i s  obviou s l y  s t o red a s  an ASC I I  s t ring ) ; 
it rounds the stored value o f  the vari ab l e . There fore 
if two v a r i ab l e s  with ident i c a l  values are t aken and 
one i s  fo rmatted then s ubtr acted from the othe r ,  the 
result i s  a non- zero remainde r . Thi s can be 
demons t r a t e d  with the fol l owing s imple know l e dg e  b a s e . 

act i ons 
reset res 
r e s e t  z 
find res ; 

rul e  1 
i f  z > 0 
then y = ( z )  

format y ,  3 . 1  
res = ( z - x )  
display " z = { z } "  
display " y = { y } " 
display " result = { res } " ;  

a s k  z :  " va l ue o f  z " ;  



E . 2 . 5  S yntax problems 

P rob l ems with the l ack o f  fac i l it ie s  for grouping the 
"AND " ' s and " OR " s  within the predi cate of a rule have 
been encount e red; This re flect s s ome l a ck o f  
s t ructuredn e s s  in the s yntax . 

The fact that I F  . .  THEN l o ops canno t  be e f fe c t ive l y  
n e s t e d  mean s that the u s e  o f  ELSE i s  o ft en impract i ca l ;  
can n o t  have the situat i on where , i f  the "parent " rul e  
has pas sed , then the fai l ure o f  the " ch i ld "  rule 
ope rates the " ELSE " ;  wit h  VPX ,  every t ime a rule i s  
enc ountered which does not pas s ,  a n  a s s o c i at e d  ELSE 
pa s s e s . Thi s  can be inconven ient with ( eg)  I F  xx THEN 
PRINT ON 
E L S E  PRINTOF F . 

In  p r a ct i c e , i t  has been found e a s ier t o  imp l ement 
sep arate r u l e s  cove ring e ach permut at ion . 
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APP END I X  F DATA D I C T I ONARY ( PROPOSED DBMS ) 

Re fer t o  the dat a model deve loped for the E CM 
app l i cat i on ; Figure 1 2 . 

COMPANY- S LOT 
T h i s  ent ity records the ene rgy usage o f  the who l e  
o rgan i s at i on over e a ch one mont h t ime - s l ot . 

Comp any -Name 
Year 
Mon t h-Name 
Con s umpt ion ( kWh ) 
Night -Un i t s  ( not s t r i ct l y  needed, but de s i rab l e )  
D a y - Un i t s  ( " " " " " ) 
MD -Rat e 
C o s P h i  

COMPANY -DAY 

1 

T h i s  ent ity records det a i l s  o f  the ene rgy u s age o f  
the organ i s at ion ove r each day ; it corre sponds t o  
the " fu l l  vers i o n "  o f  t he dai ly inst antaneous load 
figure s he l d ,  for a s ingl e " t yp i cal " day ,  i n  the 
current ECM spreadsheet app l i ca t ion . 

Year 
Month-Name 
Date 
( D a y - t ype ) , i e  weekday , or weekend e t c . 
S t a r t -t ime ( for 3 0  minute int e rva l )  
Consumpt i o n  
C o s P h i  
Day-Unit c o st 
Night u n i t  c o s t  
( MD -cos t s ) -
Temp erature ( I n s i de ,  and out s i de ? )  

PRODUCT I ON 
The organ i s a t i on ' s p r o duct i o n  record . 

P rodu c t -Number 
Year 
Month -Name 
Uni t s -P rodu ced 
Regre s s i on - C o e f f i cient 

MACHINE - S LOT 
T h i s  i s  the " l owe s t  c ommon denominat o r "  ent it y ,  
and the one t o  whi ch a l l  others re l at e ; i t  reco rds 
the s t at e  ( ie on , o f f ,  i dl e )  of each i t em o f  



ene rgy-us ing equipment within the organ i s at i on , 
over the ent i re study period . 

Mach ine Number 
Year 
Month-Name 
Date 
St art - T i me 
Product -Number 
Machine - S t ate 

TARI FF 
Thi s  ent ity records the comp l et e  s t ructure o f  
( e ach)  t a r i f f  o f  intere st b y  relating r at e s  t o  

t ime s o f  day ( Start -t ime s ) . 
Tari ff-Number 
Year 
Month-Name 
Day-Type 
St art - T ime 
Buy-Ra t e  
S e l l -Rat e 
MD -Rat e  

DEPARTMENT - S LOT 
Re cords ene rgy usage by ( each ) Department w i t h i n  
each mont h l y  t ime - s l ot over t h e  study p e ri od . 

Department -Name 
Department -Number 
Yea Month-Name 
Con sumpt i on ( kWh ) 
(Ut i l i s at i on)  

Cos Phi 

MACH INE 
Rec o rd of ope rat ional i n format i o n ,  and i n  
part i cular t he energy demand, o f  e ach i t em o f  
equ ipment i n  t he organ i s at i on 

Machi n e -Numbe r 
Department -Number 
In -Use -Consumpt ion 
Idle-Consumpt ion 

2 



APP END I X  G DATA ENTRY MODULE SOURCE CODE 

G . l OVERV I EW 
ECMDM i s  a s imp l e  dat a entry module deve l op e d  t o  

a l l ow u s e r s  t o  prepare dat a fo r u s e  with the L o t u s  
S ymphony ECM modu l e s , without having acce s s  t o  t h e  
S ymphony app l i cat i on . It has been deve l oped u s ing a 
dBa s e  l o ok - a l ike package , DBman V,  whi ch has a 
deve lopers ve r s i on . T h i s  has a l l owed a runt ime ve r s i on 
t o  be prepared and i s sued . 

G . 2  OPERAT I ON 
The fo l l owing i s  the text o f  the READ . ME f i l e  

i s sued w i t h  the dat a entry modu l e  di s ks . 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

READ TH I S  

DATA ENTRY MODULE FOR THE ENERGY COST MANAGEMENT 
EXPERT SYS TEM . 

The ECM4 . RUN so ftware package i s  de s igned t o  a l l ow y ou 
t o  enter , e di t ,  and p r int out your own ene rgy 
consumpt i o n  
a n d  cost d a t a  for future u s e  i n  the Ene rgy Cost 
Management E xpert S y s t em . 

RUNN ING THE S OFTWARE 
I f  you have a hard d i s k ,  create a new di re ct o ry ( u s i ng 
the DOS MKD I R  command)  and l oad the content s o f  the 
f l oppy di s k  into thi s direct o ry . I f  y ou only have a 
f l oppy dr ive , j u st i n s e rt the d i s k . 

Type GLEXE ECM4 . RUN < e r> t o  run the program . 

Menu opt i o n s  are s e l e cted by u s ing the arrow key s ,  o r  
p re s s ing t h e  key corresponding t o  t h e  f i r s t  l e t t e r  o f  
your cho i c e , fo l l owed b y  <er> . 

1 

I n  eve ry ca s e ,  y o u  wi l l  be asked t o  s e l e ct the 
ope rat i o n  you wish to perform ( edit / ent ry , printout , or 
qui t ) , fo l l owed by the f i l e  on whi ch you wi sh t o  
p e r form the operat i o n . 

The f i l e  e d i t  mode i s  t e rminat e d  by pres s ing <cnt r l -W> . 



D E S CRI P T I ON OF F I LE S 

F i l e s  TAR I FF 2 ,  TARIFF 1 ,  AND CUR TARIFF 
The s e  fTles a l l ow-you to st ore det a i l s  of the 

t a r i ff r at e s  you p a i d  2 yrs ago , 1 yr ago , and t h i s  
year . 

F I ELD 

MONTH 
DAYRATE 1  

DAYRATE 2  
DAYRA T E 3 
DAYRATE 4  
N I TERATE 
MD CHARGE 

UNI T S  FORMAT 

( a lready i n )  
c / kWh 0 . 0 0 0  

a s  above 
as above 
as above 
as above 

$ / kVA 0 0 . 0 0 

NOT E S  

F o u r  p o s s ib l e  day 
t a r i f f s  

can be ent e red . 

Night t ar i f f  rate 
Maximum demand rate 

* Note ; The last four fi e lds are not shown on the 
open i n g  screen ; they are di splayed b y  s c ro l l ing 
acro s s  with the <er> key . 

Remembe r ;  <Cntrl -W> t o  fini sh ! 

F i l e CONSN 2 ,  CONSN 1 ,  AND CUR CONSN 
The se f i l es a l l ow you to ent e r-det a i l s  o f  your energy 
consumpt i on for 2 years ago , 1 year ago , and t h i s  year . 

F I ELD UN I T S  F ORMAT 

MONTH a l ready i n  
D 1 UN I T S  kWh 0 0 0 0 0 0  

D 2 UN I T S  as above 

D 3 UN I T S  as above 

D 4 UN I T S  as above 

N UN I T S  a s  above 

NOTE S  

Un its con sumed at 
DAYRATE 1  t a r i f f  
" " " 

" " " 

" " " 

" " " 

Night t a r i f f  rate 

2 

2 

" 

3 

" 

4 

" 

MD KWH kWh 0 0 0 0  kWh o n  whi ch Max Dem 
t ar i f f  cal c ' d 

Not e ;  l a s t  few f i e l ds obt a ined b y  scro l l ing r i ght . 
Rememb e r ;  < cntrl-W> t o  fini sh ! 



F i l e  N I TERATE 
Thi s f i l e  a l l ows you t o  spe c i fy the t ime s at whi ch the 
night t ar i f f  rat e start s and f i n i s he s . 

F I ELD UN I T S FORMAT NOTE S 
YEAR 1 9 8 9  three ent r i e s  are 

provided for 2 yrs 
ago , 1 yr  ago , & 

S T  T I ME hh : mm am 

END T I ME as above 
Rememb e r ;  <cntrl -W> t o  f i n i sh . 

G . 2  DATA ENTRY MODULE S OURCE CODE 

* ECM dat a ent ry modul e  
* DBman V deve loper ' s ver s i on 
* L J Robe rtson 
* 13  June 1 9 8 9  

* I n i t i a l i z e sect i on 
SET BREAK ON 
SET CONSOLE ON 
SET DEV I CE TO SCREEN 

STORE 1 TO 
STORE 0 TO 
S TORE " " TO 
STORE " " TO 
S TORE " "  TO 
STORE " "  TO 
STORE " N "  TO 

FFNO 
WAR 
FFNAME 
DDE SC 
INFNAME 
OUTFNAME 
AAPD 

t h i s  
Note 
" am" 

CLEAR 
AS S I GN 
ASS I GN 
AS S I GN 
AS S I GN 
AS S I GN 
AS S I GN 

S CREEN 
FRAME ( 1 , 2 0 1 , 1 8 7 , 2 0 0 , 1 8 8 , 1 8 6 , 2 0 5 )  
P OPWIND ( 0 )  
W INDOW ( 1 , 1 , 2 3 , 7 7 )  
W INDOW ( 1 , 1 7 , 2 3 , 7 7 )  
W I NDOW ( 2 2 , 1 7 , 2 3 , 7 7 ) 
W I NDOW ( 1 , 1 7 , 2 3 , 7 7 )  

@ 1 , 1 CLEAR TO 1 8 , 5 9  

y e a r . 
p o s i t i o n  o f  
o r  "pm" 

@ 1 , 8 SAY "WELCOME TO THE DATA I NPUT MODULE OF THE 
ECME S ! "  
@ 2 , 8 SAY 
11 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - '' 

@ 4 , 4 SAY " Thi s program i s  de s igned to a l l ow you t o  
ent e r ,  e d i t " 
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@ 5 , 4 SAY " and print out a l l  o f  the dat a whi ch wi l l  be 
requ i re d "  

@ 6 , 4 S AY " in order t o  get the most bene f i t  from the 
' Ene rgy " 



@ 7 , 4 SAY · " Co s t  Management Expert S y s t em' . "  
@ 8 , 4 
@ 9 , 4 SAY " You wi l l  be able to u s e  the dat a fi l e s  i n  
any o rde r " 

4 

@ 1 0 , 4 SAY " y o u  wi s h ,  and you wi l l  be ab l e  t o  ent e r  and 
e d i t  t he " 
@ 1 1 , 4 SAY " da t a  ( i n fu l l - sc reen format ) and obt a i n  a 
p r i ntout " 
@ 1 2 , 4 SAY " when you a re sat i s fi ed with your dat a . 

11 

@ 1 3 , 4 
@ 1 4 , 4 SAY " When you e l e ct to ' qu i t ' th i s  program , your 
dat a " 
@ 1 5 , 4 SAY " fi l e s  wi l l  be convert ed into a format 
s u i t ab l e  for " 
@ 1 6 , 4 SAY " ( aut omat i c )  reading b y  the ' s ymphony ' 
Expert Sys tem . "  
@ 1 7 , 4  SAY 
@ 1 8 , 4 SAY " P r e s s  any key to cont inue . "  
WAI T  



@ 1 , 1 C LEAR t o  1 8 , 5 9  
AS S I GN W INDOW ( 1 , 1 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR TO 2 2 , 1 4  

* Set up l i st o f  f i l e s  for f i l e s  men u ;  remove b l anks 
from F L I S T . 
STORE " "  TO FMENU 
USE F L I S T  
GOTO TOP 
DELETE F OR TRIM ( INFNAME ) 
PACK 

11 1 1  

DO WH I LE . NOT . EOF ( )  

END DO 
USE 

S TORE FMENU + INFNAME + 
S K I P  

11  " 
' TO FMENU 

* Ma i n  body of program 
DO WH I LE VVAR <> 4 

DO CASE 
CAS E VVAR = 1 

AS S I GN WINDOW ( 2 2 , 1 7 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR T O  1 , 5 9 

I F  TRIM ( UPPER (AAPD ) )  = " Y "  

ELSE 

END IF  

CASE VVAR = 2 

@ 1 , 1 SAY " Append reco rds t o  
f i l e " 

@ 1 , 2 8 SAY DDESC 
AS S I GN WINDOW ( 1 , 1 7 , 2 0 , 7 7 )  
@ 1 , 1 CLEAR T O  1 7 , 5 9 
APP END 

@ 1 ,  1 SAY " T h i s  i s  a f i xed 
l ength f i l e , pre s s  
any k e y  t o  cont inue " 

WAI T  
AS S I GN WINDOW ( 1 , 1 7 , 2 0 , 7 7 )  
@ 1 , 1 CLEAR T O  1 7 , 5 9  

AS S I GN WINDOW ( 2 2 , 1 7 , 2 3 , 7 7 )  
@ 1 , 1 C LEAR T O  1 , 5 9 
@ 1 , 1 SAY " Enter / edit data regarding " 
@ 1 , 2 8  SAY DDE SC 
AS S I GN WINDOW ( 1 , 1 7 , 2 0 , 7 7 )  
@ 1 , 1 CLEAR TO 1 7 , 5 9  
BROWSE 
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* 

CASE VVAR = 3 
AS S I GN WINDOW ( 2 2 , 1 7 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR T O  1 , 5 9  
@ 1 , 1 SAY " P r int out dat a regarding 
@ 1 , 2 8 SAY DDESC 
AS S I GN WINDOW ( 1 , 1 7 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR T O  1 8 , 5 9 
SET DEVICE TO PRINT 
@ 1 , 1 s ay " F i l ename " 
@ 1 , 2 0  SAY FNAME 
@ 2 , 1 SAY DDESC 
@ 3 , 1 SAY CHR ( 1 3 )  
L I S T  ALL TO PRINT 
@ 2 0 , 1 SAY CHR ( 1 3 )  
SET DEVICE TO SCREEN 

@ 1 , 1 SAY " 
@ 1 , 1 CLEAR TO 1 8 , 5 9 
ENDCASE 

" 

* Setup main ( operat i ons ) menu 
AS S I GN WINDOW ( 2 2 , 1 7 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR TO 1 , 5 9  

6 

" 

@ 1 , 1 SAY 11 Ma in menu ; ( Op e r at i ons are s e l ected 
fi rst , then f i l ename ) . 11  

AS S I GN WINDOW ( 1 , 1 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR TO 2 2 , 1 4  
@ 1 , 1 SAY 11  Ma i n  menu " 
@ 2 , 1 say " - - - - - - - - - - - -- " 
AS S I GN VMENU ( '  , '  , ' Add , Edit , P r int , Quit , ' , 5 , 1 , 0 , 2 , 3 ) 
S TORE VMENU ( )  TO VVAR 

I F  VVAR < >  4 
* Setup menu o f  ava i l ab l e  f i l e s  

AS S I GN WINDOW ( 1 , 1 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR TO 2 2 , 1 4  
@ 1 , 1 SAY "Menu o f  f i l e s "  
@ 2 , 1 s ay " - - - - - - - - - - - - - " 
AS S I GN VMENU ( '  , '  , ' &FMENU ' , 3 , 1 , 0 , 1 , 3 )  
STORE VMENU ( )  T O  FFNO 

* S e l e ct f i l e  
USE F L I ST 
GO FFNO 
STORE INFNAME TO FNAME 
STORE DESC TO DDESC 
STORE APPD TO AAPD 

USE 



* Open f i le 
IF F I LE ( " &FNAME " )  Y 

ELSE 
USE " & FNAME " 

STORE 0 T O  VVAR 
AS S I GN W I ND OW ( 2 2 , 1 7 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR TO 1 , 5 9  
@ 1 , 1 SAY " F i l e  not found,  che ck your 

d i s c ; " 

END I F  

@ 1 , 3 3 SAY " p r e s s  any key t o  cont inue . "  
WAI T  

END I F  
END D O  

* C onvert f i l e s  to  de l imited fo rmat 
CLEAR SCREEN 
AS S I GN WINDOW ( 1 , 1 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR TO 2 2 , 1 4  
AS S I GN WINDOW ( 2 2 , 1 7 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR TO 1 , 5 9  
@ 1 , 1 SAY " Convert ing f i l e s  t o  ( de l imited)  s ymphony 

format " 

USE 
STORE " "  TO I I FN 
STORE " "  T O  OOFN 

SELECT FJ 
USE F L I ST 
GO TOP 
DO WH I LE . NOT . EOF ( )  

END D O  

STORE INFNAME TO I I FN 
STORE OUTFNAME TO OOFN 

SELECT FK 

END IF 

I F  F I LE ( " & I I F N " )  = Y 
USE & I IFN 
COP Y DEL IMI T E D  TO & OOFN 

S ELECT FJ 
S K I P  

* S hutdown s e ct i on 
@ 1 , 1 CLEAR TO 1 , 5 9  
@ 1 , 1 SAY " End o f  program ;  return t o  ca l l i n g  program" 
AS S I GN WINDOW ( 1 , 1 , 2 3 , 7 7 )  
@ 1 , 1 CLEAR TO 2 2 , 1 4 
@ 1 2 , 2 0 SAY " FAREWELL " 
USE 
RELEASE ALL 
CLO S E  ALL 
CANCEL 

7 



8 

G . 4 F I LE FORMAT S  AND USE . 

G . 4 . 1  F L I S T . DBF 

STRUCTURE ; 

INFNAME c 1 0  
OUTFNAME c 1 0  
DESC c 3 0  
APPD c 1 

Not e ,  t h i s  is  the fi l e  which holds t he l i s t  o f  data 
f i l e s  t o  be used b y  the dat a ent ry modu l e . 

G . 4 . 2 DATA F I LES 
DBman o f fers the opt ion o f  spe ci fy ing fi l e s  st r i c t l y  to 
the dBa s e  I I I  format , o r  i t s  own ( s l ight l y  di f fe rent ) 
format . The l at t e r  opt ion i s  used in the above code ; 
the opt i on choice i s  eas i l y  changed . 

G . 4 . 3  OUTPUT F I LE S ; SYMPHONY I NPUT . 

When the u s e r  indicat e s  that dat a  ent ry i s  
comp l et e ,  the ECMDM appl icat i on convert s the dat a f i l e s  
int o " de l imited" fo rmat , as  shown be l ow .  Dat a  i n  fie lds 
i s  enc l o s e d  in doub l e  quot e s , and fie lds are de l imited 
by comma s ;  Re cords are del imi ted by carr i age returns . 

F I LE NRATDEL . TXT ; 

" 1 9 8 9 " , " 1 2 : 0 0 pm " , " 1 2 : 0 0 am " 
" 1 9 8 8 " , " 1 2 : 0 0 pm " , " 1 2 : 0 0 pm" 
" 1 9 8 7 " , " 1 2 : 0 0 pm" , " 1 2 : 0 0 am" 

F i l e s  o f  this fo rmat can be imported by i s su ing t he 
" F i l e  Imp o rt St ructured" i n s t ruct i on ,  o r  
incorporat ing F I S < fi lename > i n  a macro . 

G � S  COMMENT ON SOURCE CODE 
A menu f i l e , F L I S T . DBF , i s  used to s t o re det a i l s  

o f  a l l  dat a f i l e s  used b y  ECMDM; thi s t echni que a l l ows 
the dat a entry modu l e  to be u s ed for any dat a f i l e s ,  
s imp l y  b y  changing the cont ent s o f  the menu f i l e . 

The i n fo rmat i on he l d  in t he menu fi l �  i n c l ude s the 
name s o f  the dat a fi l e s , the n ame s o f  the de l im i t e d  
f i l e s  t o  which dat a wi l l  be exported for u s e  b y  t he 
Lotus S ymphony app l i cat i on ,  a de s c r ipt i on o f  t he dat a 
f i l e ,  and an indi c at i on o f  whether the S ymphony 
app l i cat i o n  requ i r e s  a fixed l ength dat a f i l e . I n  the 
case whe re the Symphony app l i c at i on requ i r e s  a f i xed 
l ength f i l e  ( eg,  to be i n s e rted in a fixed l ength 
range , t he operat o r  sett ing up the dat a ent ry modu l e  



mu s t  create a dat a f i l e  o f  the requ i red l engt h ,  fi l le d  
w i t h  b l anks , and pl ace " N "  in the AP PD f i e ld o f  F L I S T ;  
ECMDM wi l l  then not a l l ow the u s e r  t o  add re c o rds t o  
t h i s  f i l e . 

The program i s  e s s ent i a l l y  s imp l e ,  o f fe r i ng the 
user the opt i ons three opt ions in addi t i o n  to " quit " ;  

Add dat a ;  i e  add records ( on l y  a l l owed i f  
APPD f i e l d  i n  F L I S T  doe s not contain a " N " ) . 

9 

Edit dat a ( u s ing a fu l l  s c reen b rows e ,  whi ch 
i s  acceptab l e  becau s e  o f  the re l at iv e l y  sma l l  s i z e  
o f  the f i l e s  invo lve d )  

Pr int dat a ;  prints out s e l ect e d  fi l e . 
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WELCOME TO THE DATA I NPUT MODULE OF THE ECMES ! 

T h i s  p r o g r am i s  d e s i g n e d  to a l l ow you t o  e n t e r , e d i t  

a n d  p r i n t o u t  a l l of t h e  d a t a  w h i c h w i l l  b e  r e qu i r e d  
i n  o r d e r  t o  g e t  t h e  m o s t  benef i t  f r om t h e  ' E n e rgy 

Cost M a n ageme n t  Ex p e r t  S y s t em ' . 

You w i l l  be ab l e  to u s e  t h e  d a t a  f i l es i n  any o r d e r  
y o u  w i s h , a n d  y o u  w i l l  b e  ab l e  t o  en t er a n d  e d i t  t h e  
d a t a  ( i n  f u l l - s c r e e n  f o r mat ) a n d  o b t a i n  a p r i n t ou t  

w h e n  you a r e  sat i sf i ed w i t h  your d a t a .  

W h e n  y ou e l e c t  t o  ' qu i t '  t h i s  p r o g r am ,  y o u r  d a t a  
f i l e s w i l l  b e  conv e r t ed i n t o  a f o r mat su i t a b l e  f o r  
( au t om a t i c )  r e ad i n g b y  t h e  ' sy � p h o n y ' E x p e r t  S y s t e m .  

P r e s s  a n y  k ey t o  c o n t i n u e .  
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APP END I X  H SPEC I F I CAT ION FOR FURTHER WORK 

H . 1 Max i mum Demand cont rol D e c i s ion Suppo rt S y s t em .  

System t e s t ing 
The deci s i on support app l i cat i on h a s  not , a s  yet , 

been sub j e ct ed t o  any formal t est i n g ;  t h i s  needs t o  be 
done both t o  e l iminate bugs , and t o  as certain 
u s e fulne s s . 

P attern r ecogn i t i o n  
D e s i gn and impl ement at i on o f  much more 

s oph i s t i c a t e d  pat t e rn recogn i t ion techn ique s . 
The procedure prop o s ed for deve loping u s e ful pat t e rn 
recognit i o n  capab i l ities i s ;  

Obt a i n  seve r a l  sets o f  consumpt ion dat a ,  
Ext r a ct from these s e t s  o f  dat a sma l l  numb e r s  o f  
val u e s  whi ch charact e r i s e  the dat a . 
Obt a i n  The Expert ' s int e rpret at ion o f  the s e t s  o f  
dat a ,  
Corre l ate the " charact e r i s t i c  value s "  and t h e  
" expe rt int e rpretat i on " . 

Three typ e s  o f  " characte r i s t i c  value " are propo s e d . 
The magni tude and phas e  o f  the fouri e r  

coe f f i c i ent s f o r  the f i r s t  s i x  harmoni c s . I n  a 1 2  
dat a po int s ample , highe r harmonics are 
meaningle s s . 

The s l ope and int e rcept o f  a "best fit " 
s t r a i ght l ine . I t  i s  acknowledged that thi s 
pre s ent s no informat ion not a l ready avai l ab l e  in 
the four i e r  analys i s ,  but the informat i on may be 
more e a s i l y  c orrelated with The Exp e rt ' s 
int e rpretat i o n . 

S t at i s t i ca l  parame t e r s  cons i st i ng o f  maximum 
and m i nimum value s ,  the mean and st andard 
deviat ion o f  the value s , and the rat i o  o f  mean t o  
st andard devi at i on . 

A spreadsheet app l i cat ion t o  extract the s e  
" charact e r i st i c  value s "  h a s  b e e n  p r epared; the fourier 
analys i s  i s  carried out us ing the " jump " method ( s ee 
Kreys z ig [ 1 3 ] ) ,  the l ine of  best fit i s  dete rmined by 
l e as t  squ a r e s  metho d ,  whi l e  t he s t at i s t i cal funct i on s  
a re bui lt int o the spreadshe e t . 

1 

S amp l e  data i s  availab l e  ( in the form o f  dat a from 
p a st con s u l t at i on s  u s ing the S ymphony app l i cat i on ) ,  but 
l ack of t ime has me ant that t he appl i cat i on o f  t h i s  
spreadshee t  t o  the s ample dat a and the c o rre l at i on with 
the Expert ' s  interpretat i on has not been carri e d  o ut . 

E c onomic analys i s . 
S ome value i s  s e en in extending the s c ope o f  the 

appl i cat i on t o  a more det a i l e d  economic analys i s  o f  the 
( e ffects o f )  propos a l s  deve l oped by the ECM u s e r . 



Ut i l it y  proce s s e s . 
Bat ch proces s  t o  remove records from the MACHS LOT 
databas e  f i l e  at the s t art of a new " se s s i on " . 

S e s s i on ident i fi c at i on . 

2 

A u s e fu l  addit i on a l  fac i l it y  woul d  b e  that o f  
nominat ing a " s e s s i on " when con s i de r ing l oad movement s  
us ing t he Dec i s i on supp o rt system ;  S uch a fac i l ity 
wou l d  a l low the user to bui ld up s everal s cenari o s  for 
comp ar i s on . Thi s fac i l it y  would not be di f f i cu l t  to 
imp l ement , s imp l y  requ i r ing the add i t i on of a " s e s s i o n "  
fie l d  t o  the MACHSLOT dat abase , and minor change s t o  
the MD REF IN . KBS code . 

Vari ab l e  t ime length int e rva l s . 
The current MD REF I N  knowledge base con s t rains the 

u s e r  t o  alway s work-with one 3 0  minute pe r i o d  a t  a 
t ime ; i t  would be u s e ful t o  a l l ow the u s e r  t o  n ominate 
a mu l t iple of 30  minut e s . More comp l e x  checking wou l d  
b e  requ i red t o  ensure t hat the propo sed l o ad movement 
wa s permi s s ible within e a ch of the i nterva l s  a f fect e d . 
Thi s  fac i l ity could be e f fe cted by i nt roducing a s ingle 
rule between the current CONT3 rul e ,  and the NOT OK x 
etc rul e s ;  the s ingle rule wou l d  obt a i n  the per iod � 
and u s e  a WHI LEKNOWN . .  END l oop in i t s  con c l u s i o n  t o  
invoke t he NOT O K  x rul e s  f o r  e ach o f  the a f fe ct e d  3 0  
minut e intervals . 

H . l . 2  S y stem Integrat i o n  
I n  order f o r  t h e  app l i cat i on t o  appe ar T O  THE USER 

to be we ll int egrat e d ,  it is very imp o rt ant that one o f  
the t e chniques f o r  integrat i on o f  ope rat i on ( out l in e d  
in s e ct i on 3 . 4 . 3  o f  t h i s  pap e r )  be implemente d . 

H . 1 .  3 D at abase 
I mp l ement at i on of the dat a s t ru ctures deve l oped in 

s e ct i on 5 (whethe r within a dedi cat e d  dat aba s e  package , 
or  within the spreadsheet appl i cat i o n ) , in o rder t o  b e  
better ab le t o  support future analys e s  ( e g ,  consumpt i on 
r e s chedu l ing under more c omp lex ( &  p o s s ib l y  mu l t ip l e ) 
t ari f f  s t ructure s )  . 

I mp l ementat i on o f  the " inte l l igent dat ab as e " 
concept , with ful l  repo rt ing and dat a correct i n g  
funct i on s ; Not e ,  whether the raw dat a i s  h e l d  i n  a 
dedic a t e d  dat abase ,  or  within the spreadsheet i s  a 
s e condary i s sue . 

H . l . 4  Spreadsheet 
a /  Integrate datab a s e  and spre adshe e t ; i e  ensure 

that the spre adsheet dat a  st ructure does not e i t he r  
a l l ow dat a  anoma l i e s  ( which the data model has t ried t o  
e l iminat e ) , n o r  p r event extens ion s  t o  t h e  spreadsheet ' s  



3 

funct i o n s  i n  the areas which have been i dent i fi e d  with 
the help o f  the dat a mode l . 

b /  Addi t i on a l  funct ions a s s o c i at e d  with the 
int egrate d  package ; including 

H . 2 

Nume r i cal aspect s o f  the pattern r e c ogn i t i o n  and 
int e rp retat ion funct i o n s  requ i red by the dec i s ion 
suppo rt syst em ( t he s e  have been deve l oped,  and 
undergone init i a l  t e st ing) . 
Graphi cal ( r e ) p r e s entat i o n  o f  dat a , such a s  
revi s e d  da i l y  l o ad pattern s ,  output b y  the 
dec i s i on supp o rt system . 
P reparation o f  dat a spe c i fica l l y  t o  suit the 
requ i rement s o f  the dec i s i on supp o r t  s y s t em . 

D evelopment o f  dec i s i on support in other 
e nergy c o s t  management are a s ; 

One area whi ch i s  considered t o  o ff e r  opp o rtunity 
for s i gni ficant s avings is that o f  s e l e ct i on o f  
alte rnat ive t a r i f f  s t ructures ; 

The evaluat i on o f  a s ingl e  l o ad pat t e rn under 
a s i ngle tari f f  st ructure i s  a tedi o u s  but 
s t r a i ght forward mathemat ical proce s s , but the 
evaluat ion of various l oad patt e rn s cenari o s  and 
var i ou s  tari f f  s t ructure s is very c omp l e x . I t  i s  
sugge s t ed that t h i s  funct i on may b e  a b l e  t o  b e  
hand l e d  l e s s  accurat e l y ,  but more u s e fu l ly b y  an 
expe r t  system appl i cat ion than by a very i nvolved 
mathemat ical t re atment . 



APPEND I X  I KNOWLEDGE ACQU I S I T ION EXERC I SE ; 
QUEST I ONNAI RE . 

Que s t i onna i re ;  Mark 1 
* * * * * * * * * * * * * * * *  

ENERGY COST MANAGEMENT EXPERT SYSTEM QUE S T I ONNAI RE 
Dear course Attendee 
The u s e fulne s s  o f  the ECMES whi ch you have b e en 
studying i s  dependent on the ECMES meet ing your needs 
exact l y  and ful l y . 
To a s s i st us  i n  a s se s s ing ECMES ' s  u s e fu l ne s s  t o  you , I 
woul d  b e  ve ry gratefu l  i f  you cou l d  comp le t e  t h i s  
fol l owing que st i onnaire and return i t  t o ;  

P ro f  W Mont e ith 
Department o f  P roduct i on Techno l ogy 
Mas sey unive rs ity 
P r ivate Bag 
P a lmerst on North 

Answer s /  comment s whi ch you provide wi l l  be t re at e d  in 
strict confidence . 

Any other commen t s  on the appl icat i o n  o f  the current 
vers i on of the ECMES wou l d  a l s o  be appre c i at ed . 

QUE S T I ONS 
1 What t ypes o f  bus ines s de c i s i on s  do y ou 

e xpect t o  make with the he lp o f  the ECME S ( i f  
p o s s ib l e  give s ome e x ample s )  . 

2 What spec i f i c  factors ( genera l , o r  spec i fi c  
t o  your part i cu l a r  bus ine s s ) , n o t  current l y  
addres sed in the ECME S , wi l l  you need t o  t ake 
account o f  i n  the above deci s i ons . 

3 Are there any funct i ons which you wou l d  l ik e  
t o  see added t o  t h e  current ve r s i o n  o f  t h e  ECME S . 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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APPEND I X  J SUPERSEDED KNOWLEDGE BASE S  
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I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LJREA6 . KB S  
ENERGY C O S T  MANAGEMENT EXPERT SYS TEM 
De c i s i on support for high leve l ECM d e c i s ions 
L J Robert s on 
VP Exp e rt ver s i on 1 . 2  
Sept 1 9 8 9  

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

BROAD INTERE S T  AREA; BROAD SCOPE ECONOMIC EVALUAT I ON 

I n it i al i se s e ct i on 

RUNT I ME ; 
ENDOFF ;  

Act ions s e ct i on 

ACT I ON S  

Opening s creen s e ct i on 

CLS 
D I SP LAY " " 

D I SPLAY " w w 
D I SP LAY " w w 
D I SPLAY " w w w 
D I SPLAY " w w w w 
D I SP LAY " w w 
D I SPLAY " " 

D I SP LAY " 11 

D I SPLAY " TO THE " 
D I SPLAY " " 

D I SPLAY " " 

EEEEE 
E 
EEE 
E 
EEEEE 

L ccc 0000 
L c 0 0 
L c 0 0 
L c 0 0 
LLLLL ccc 0000 

D I SPLAY " ENERGY COS T  MANAGEMENT " 
D I SPLAY " " 
D I SP LAY " " 

M 
M M M  
M M 
M 
M 

M EEEEEE " 
M E "  
M EEE " 
M E "  
M EEEEEE " 

D I SP LAY " DEC I S I ON SUPP ORT APP L I CAT I ON " 
D I SP LAY " " 

D I SP LAY " " 

D I SP LAY " " 

D I SP LAY " " 
D I SPLAY " " 

D I SPLAY " Pre s s  any key t o  c ont inue . - " 
cts 



1 1 1 Exp l anat o r y  screen s e ct i on 
CLS-

D I SPLAY " " 
D I SPLAY " Th i s  appl i cat ion wi l l  a s s i st you in : "  

3 

D I SP LAY " - S e l e ct ing the most appropriat e  cou r s e s  for energy c o s t  
management , "  

D I SP LAY " - Eval uat ing the potent i a l  cost s avings o f  a l t e rnat ive 
act i o n s , "  

D I SPLAY " - Sugge s t ing fact ors t o  be t aken account o f  i n  
imp l ement ing measure s . "  

11 " 

" " 
" " 

D I SP LAY 
D I SPLAY 
D I SP LAY 
D I SP LAY " You wi l l  be a s ked a s e r i e s  o f  que st i on s ,  many o f  whi ch 

have a lt e rnat ive " 
D I SPLAY " answe r s  provided . I n  s ome c a s e s  you w i l l  n e e d  t o  pre s s  

<END> t o  confirm "  
D I SPLAY " your c h o ice . "  
D I SP LAY " " 

D I SPLAY " " 

D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SPLAY " " 
D I SP LAY " " 
D I SPLAY " " 

D I SP LAY " P re s s  any 
CLS 
I I I 

f i nd 

f i n d  

f i nd 

f in d  

f i n d  

f i n d  

f i n d  
f i n d  
f i n d  

AUTOQUERY ; 

key t o  cont i nue . - " 

INTERE S T  AREA 

OTHER I NTERE S T  AREA 

MD D I S P LAY 
I Rul e s  1 0  t o  2 9  

SCHED O P T  D I SP 
I Ru l e s  30 t o  4 9  

ALT OP T D I SP -
I Rul e s  5 0  t o  6 9  

TARIFF SELN D I SP LAY 
I Rules 7 0  t o  9 0  

ANNUAL $ SAVING D I S  
ANNUAL-UNI T  SAV-D I S  
PRESENT WORTH DIS ;  
I Rul e  20 0 

-
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S t art o f  ru l e s  s e ct i on 

I 
I 

S e l ect area o f  i nterest & disp l ay result s ;  Rul e s  0 t o  9 

! NB , Se lect i on o f  area o f  intere s t  i s  accomp l i s hed b y  the ASK 
s t atement ; 

RULE 1 
I F  
THEN 

RULE 3 
I F  
THEN 

RULE · s  
I F  
THEN 

RULE 7 
I F  
THEN 

RULE 8 
I F  
THEN 

RULE 9 
I F  
THEN 

MD OP T I ON S  < >  UNKNOWN 
MD-D I SP LAY = MD OP T I ONS 
D I SP LAY " The recommended M-D cont ro l act i on is t o  

{ MD_OPT I ONS } " ; 

SCHED OP T I ON S  <> UNKNOWN 
SCHED-OPT D I SP = SCHED OP T I ONS 
D I SP LAY " The expert says { S CHED OP T I ON S } t o  thi s 

opt ion ' s fea s ib i l ity "; 

ALT O P T I ONS < >  UNKNOWN 
ALT OPT D I SP = ALT OP T I ONS 
D I SP LAY-" The alternat ive power opt i on r e commended i s  

t o  { ALT OP T I ONS } " ;  

TARIFF S E LNS <> UNKNOWN 
TARIFF S ELN D I SPLAY = TARIFF SELNS 
D I SP LAY " The t ari f f  recommended i s  i dent i fi ed a s  
{ TARI FF_SELN S } " ; 

ANNUAL $ SAVING <> UNKNOWN 
ANNUAL-$-SAVING D I S  = ANNUAL $ SAVING 
D I SP LAY " The annua l  s avings-exp e cted from thi s 

mea sure i s  $ { ANNUAL_$_SAVING } " ;  

PRE S ENT WORTH <> UNKNOWN 

PRE SENT WORTH D I S  = PRE SENT WORTH 
D I SP LAY-" " 
D I SP LAY " The r e l at ive present wo rth e st imat e d  for t h i s  

a l t e rnat ive i s ; " 
D I SP LAY " " 
FORMAT P RE SENT WORTH, 8 . 2  
D I S P LAY " - Alt ernat ive plant ;  $ { PRES ENT_WORTH } " 
D I SP LAY " " 
FORMAT PW SAVED , 8 . 2 
D I SP LAY ,.- E l e ct r i c ity charge s s aved ; $ { PW SAVED } " ; 



Maximum demand cont ro l ;  Ru l e s  1 0  to 2 9  

RULE 1 0  
! ! Ru l e  

I F  
type " I " ,  intermedi ate re s u l t 

THEN 

RULE 1 1  

I NTERE S T  AREA = Max demand con t r o l  
AND DAI LY MD >-o 
AND TOT AVERAGE DEMAND > 0 
AND WORST PROCESS > 0 
! ! ! !  NB The above three l ines are j us t  a f i dd l e t o  force 

VPX t o  obt ain values for t he var iab l e s  

PROCE S S  DEP ENDENCY = ( ( DAI LY MD - TOT AVERAGE DEMAND ) 
/ (WORS T P ROCES S}) ; -

I I I Thi s i s  a measure o f  t he extent t o  whi ch the MD i s  
due t o  a s ingl e  proce s s . 

1 I Rul e  type " R" , output s a recommendat i on 
I F  INTEREST AREA = Max demand con t r o l  

AND AV MONTHLY MD < =  1 0o-
THEN 

MD OP T I ON'S = do_ nothing ; 

RULE 1 2  
1 1 Rul e  

I F  
type " R" , output s a recommendat i on 

THEN 

RULE 1 3  

INTERE ST AREA = Max demand cont r o l  
AND AV MONTHLY MD > 1 0 0  
AND MD-HEAT COMPONENT = No 
AND P ROCES S DEPENDENCY < 3 
! i e ,  a s ingle proce s s  i s  p r incipa l l y  respons ible f o r  the 

MD 
AND P RO C  INTERDEP = Low 

MD OP T I ONS = Shut down worst_proces s_during_p eaks ; 

! ! Rul e  type " S " ,  output s an annual s aving 
I F  INTERES T  AREA = Max demand cont r o l  

THEN 

AND MD OP T I ONS = Shut down wor s t  p r o ce s s  dur i n g  peaks 
AND MD-RATE > 0 - - - -
AND MD CHARGE PERIOD > 0 
AND P ROCES S SHIFT > 0 

ANNUAL $ SAVING = MD RATE * MD CHARGE PERI OD * 
PROCE S S  SHI F T )  ; 
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RULE 1 4  
1 1 Ru l e  

IF 
t ype " R " , outputs a recommendat ion 

THEN 

RULE 1 5  

INTEREST AREA = Max demand cont r o l  
AND AV MONTHLY MD > 1 0 0  
AND MD-HEAT COMP ONENT = No 
AND P ROC INTERDEP = Low 
AND PROCE S S  DEPENDENCY > 3 
! Conc l ude that a number o f  r e l at ive l y  independent 

proce s s e s  are cont r ibut ing t o  the MD . 

MD OPT I ON S  = St agger_operat i o n_o f_proce s s e s ; 

I 1 Ru l e  type " S " ,  outputs an annual s aving 
IF INTEREST AREA = Max demand cont r o l  

AND MD O P T I ONS = S t agger_operat i on_o f_proce s s e s  
THEN 

ANNUAL $ SAVING = UNFINI SHED CALC ; 

RULE 1 6  
1 1 Rul e  

I F  
t ype " R" ,  output s a recommenda t i on 

INTEREST AREA = Max · demand cont r o l  

THEN 

RULE 1 7  

AV MONTHLY MD > 1 0 0  
- -MD HEAT COMPONENT = No 

AND 
AND 
AND PROC INTERDEP = High 
AND EXT SCH CONS TRAINT = No 

MD O P T IONS = Group peaks_within_a_MD_pe r i o d ;  

1 I Rul e  type " S " ,  o utput s a n  annual s aving 
IF INTERE S T  AREA = Max demand cont ro l 

AND MD OP T I ONS = Group peaks within a MD per i o d  
AND MD RATE > 0- - - - -
AND MOVEABLE MD > 0 
AND MD FRE E  PERIODS > 0 
! ! ! ! NB The-above three l ine s are j u s t  a fiddle t o  fo rce 

VPX t o  obt a in values for the variab l e s  
THEN ANNUAL $ SAVING = (MD RATE * MOVEABLE MD * 

MD_FREE_PERIODS ) ;  -

RULE 2 0  
I I Rul e  

I F  
t yp e  " R" ,  output s a recommendat i on 

THEN 

INTERE S T  AREA = Max demand cont r o l  
AND AV MONTHLY MD > 1 0 0--
AND ANNUAL ENERGY COS T  = High 
AND MD RATIO > 1 . S-
AND DAILY MD RAT I O  < 1 .  5 

MD OPT I ON S  = p f-cont r o l  
D ISPLAY " MD charge s must a r i s e  primari l y  as  a r e s u l t  o f  

days with uni formly high deman d " ; 

6 



RULE 2 1  
Rule typ e  " S " ,  output s an annua l  s aving 

IF INTERE S T  AREA = Max demand cont r o l  
AND MD_OP T I ONS = p f- cont r o l  

THEN 
ANNUAL $ SAVING = 0 ;  

RULE 2 4  
I I Rule type " R" ,  output s a recommendat ion 

IF INTERE S T  AREA = Max demand cont r o l  
AND AV MONTHLY MD > 1 0 0--

-
-

AND MD HEAT COMP ONENT = Ye s 
THEN 

INTERE S T  AREA = Alternat ive energy 
MD OP T I ONS = Cons ider_a l t e rnat ive_power_fo r_heat ing; 

RULE 2 7  
I I Rule type " F " ,  e s t ab l ishe s econom i c  fact ors 

IF MD OP T I ON S  = p f- cont ro l  
AND CAPITAL COST > 0 

THEN 

RULE 2 8  
I I Rule 

IF 

TOT RUN COS T  = 0 
ECONOMI C FACTORS = Known ; 

type " F " ,  e s t ab l ishes economic fact ors 
INTERE S T  AREA = Max demand cont r o l  

AND MD OP T I ON S  < >  p f-cont r o l  
AND MD-OPT I ON S  < >  D o_nothing 

THEN TOT RUN-COS T  = 0 
CAPITAL-C O S T  = 0 
ECONOMIC FACTORS = Known ; 

RULE 2 9  
1 1 Ru le 

IF 
type " F " , e s t ab l ishes 

INTERE S T  AREA = 

AND MD OP T I ON S  = 

THEN TOT RUN-COS T  0 
CAPITAL-COS T = 0 

economi c  fact ors 
Max demand cont r o l  

D o_nothing-

ECONOMIC FACTORS = UNKNOWN ; 
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! Re s chedul ing demand t o  l ower t ar i f f  t ime s ;  Rul e s  3 0  t o  4 9  

RULE 3 1  
I I Ru l e  t ype " I " ,  intermedi ate result 

IF INTERE ST AREA = Load s chedul ing 
AND SCHED SPL I T  = Weekday 

THEN P ERIOD-LIMI T = 4 0 ;  

RULE 3 2  
I I Rul e  t ype " I " ,  intermedi at e re s u l t  

IF INTEREST AREA = Load s chedul ing 

THEN 

RULE 3 3  

AND SCHED SP L I T  = Weekday 
AND SCHED-RAT I O  > 4 0  

PERIOD L I M I T  = 4 0  
SCHED OPT I ONS = No 
D I S P LAY " The re l at ive s i z e s  o f  the peri ods l imit shi ft t o  

{ PERIOD_L IMI T } % " ;  

! . ! Rul e  t ype " I " ,  intermediate re s u l t  
I F  INTERE ST AREA = Load s chedul ing 

THEN 

RULE 3 7  

AND S CHED OP T IONS = No -

D I SP LAY " The re l at ive s i z e s  o f  the peri ods l imit shi ft t o  
{ PERI OD_LIMI T } % " ;  

I I Ru l e  t ype " R" , output s a recommendat i on 
IF INTEREST AREA = Load s chedul ing 

THEN 

RULE 3 8  

AND SCHED RAT I O  < 1 0 0  -
AND S CHED=SP L I T  <> Weekday 

PERI OD L IMI T = 1 0 0  
SCHED OPT I ONS = Yes ; 

I I Rul e  t ype " S " ,  output s an annu a l  s aving 
IF I NTEREST AREA = Load_s chedul ing 

AND S CHED OP TIONS = Ye s 

THEN 

RULE 3 9  

AND OLD Z ONE LOAD > 0 
AND OLD-Z ONE-TARIFF > 0 
AND NEW-Z ONE-TARIFF > 0 

ANNUAL $ SAVING = ( (  S CHED RAT I O * OLD Z ONE LOAD / 
1 0 0  ) * ( OLD Z ONE TAR I F F  -
NEW Z ONE TARIFF ) ); 

I I Rul e  t ype " F " ,  e s t ab l i shes economi c  fact ors 
I F  INTERE ST AREA = Load s chedul ing 

AND S CHED OP TIONS = Yes -
THEN TOT RUN COS T  = 0 

CAPITAL-C O S T  = 0 
ECONOMIC FACTORS = Known ; 



Alternat ive power opt i ons ; Ru l e s  5 0  to  6 9  -----
----Cogen opt i on ru l e s  

t ype " I " ,  i ntermediate result 
RULE 52 
1 1 Rule 

IF I NTERE S T  AREA = Alternat ive_ene rgy 
AND ALT FUEL AVAIL = Ye s 
AND ALT FUEL_QUAL I TY = Y e s  

THEN 
ALT OP T IONS = Inve st igat e in -hous e  generat i o n  

RULE 5 0  

COGEN P O S S I B I L I TY = Yes ; - -

! ! Rule type " R" , output s a recommendat ion 
IF I NTEREST AREA = Alternat ive_ene rgy 

AND ALT FUEL AVAI L = No 
AND HEAT TEMP REQD = Low 

THEN ALT_OP T I ONS =-P a s s ive_s o l ar_heating 
ALT OP T I ONS = He at_pumps ; 

RULE 5 1  
I I Rule type " R" , output s a recommendat ion 

IF I N TE REST AREA = Alt e rnat ive_ene rgy 
AND ALT FUEL AVAI L = Yes 
AND MD HEAT COMP ONENT = Ye s 

THEN 
ALT OP T IONS = Alt e rnat ive - fue l_fi red_heat ing;  

RULE 53 
I I Rule type 

IF 

THEN 

AND 
AND 

" R" , output s a recommendat ion 
COGE N  POS S IB I L I TY = Y e s  
HEAT POWER RAT I O  < 2 . 5  
HEAT-POWER-RAT I O  > 1 . 5  

ALT_OP T I ONS = Eval uate_cogene rat i on_p l ant ; 

RULE 5 4  
I I Ru le type " R" , output s a recommendat ion 

IF COGEN POS S IB I L I T Y  = Y e s  

THEN 

AND HEAT P OWER RAT I O  <= 1 . 5 
OR HEAT-POWER-RAT I O  >= 2 . 5 

-
-

AND O THER POS S I B I L I T IE S  = Y e s  

ALT_OP T I ON S  = Eval uate_cogenerat i on_p l ant ; 

RULE 55  
I I Rule t ype 

IF 
AND 
AND 
AND 

THEN 

" S " ,  output s an annual s aving 
INTERES T  AREA 
T O T  AVERAGE C O S T  
T OT-AVERAGE-DEMAND 
P OWER SAVED-

= Alternat ive 
> 0 
> 0 
> 0 

_en ergy 

ANNUAL $ SAVING = ( POWER SAVED * 1 2  * TOT AVERAGE COS T  I 
TOT AVERAGE DEMAND ) ; 

- -
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RULE 5 6  
1 1 Rul e  

I F  
typ e  " F " , estab l i s hes economic fact ors 

THEN 

AND 
AND 
AND 
AND 
AND 
AND 
AND 
AND 

I NTEREST AREA = Alternat ive_ene rgy 
ALT OP T I ONS <> UNKNOWN 
ALT-OP T I ONS <> Heat pumps 
ALT-OP T I ONS <> P a s s i ve s o l ar_heating 
FUEL VALUE > 0-
THERMAL EFFY > 0 
CAP I TAL-COST > 0 
RUNNING-COST > 0 
P OWER SAVED > 0 

FUEL COST = ( POWER SAVED * 0 . 3 6  * FUEL VALUE I 
THERMAL EFF Y )  

! D I SPLAY " FUEL COS T  =- { FUEL COS T } "  
T O T  RUN COS T  = (RUNNING COST + FUE L  COS T )  
E CONOM I C  FACTORS = Known; -

T O T  AVERAGE COST = 0 
T OT-AVERAGE-DEMAND = 0 
FUEL VALUE = 0 
THERMAL EFFY = 0 ;  

RULE 5 7  
! ! Rul e  

I F  
type " F " , estab l i shes e conomic fact ors 

THEN 

I NTERE ST AREA 
AND ALT OP T I ONS <> 
AND ALT-OP T I ONS <> 
AND CAPITAL COST > 

= Alternat ive_ene rgy 
UNKNOWN 
P as s ive s o l ar heat ing 
0 - -

T O T  RUN COS T  = 0 
E CONOM I C  FACTORS = Known ; 

RULE 5 8  
1 1 Rul e  

I F  
type " F " , e s t ab l ishes e conomi c  fact ors 

THEN 

AND 
AND 
AND 
AND 

I NTERE ST AREA 
ALT OP T I ONS <> 
ALT-OP T I ONS < >  
CAPITAL C O S T  > 
C OEF OF-PERF > 

= Alternat ive_ene rgy 
UNKNOWN 
Heat pumps 
0 -
0 

TOT RUN COS T = ( (ANNUAL $ SAVING I COEF_OF_PERF )  + 
RUNNING COST ) 

E CONOMI C  FACTORS = Known ; 
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A l t e rn at ive t ariff st ructure s ;  Rules 7 0  t o  9 0  

RULE 7 0  
I I Rul e  t ype " R" , output s a recommendat i o n  

I F  INTEREST AREA = Alt e rnat ive tari f f s  
THEN TARIFF SELNS = No_work_done=he re_yet ; 

RULE 7 1  
I I Rul e  t yp e  " S " ,  output s an annual s aving 

I F  INTERE ST AREA = Alt e rnat ive tar i f f s  
THEN ANNUAL $-SAVING = UNKNOWN ; 

RULE 7 2  
! ! Rul e  t ype " F " , e s t ab l i she s econom i c  factors 

IF  INTERE ST AREA = Alt e rnat ive tar i f f s  
THEN ECONOMIC-FACTORS = UNKNOWN ; 

F IND O THER INTERE S T  AREAS ; IE  " LATERAL TH INK I NG "  SECT I ON . 

! RULE 1 0 0  
! ! Rul e  t ype 

IF 
" I " ,  intermedi ate result 

THEN 

AND 
OR 
AND 

ALT FUEL AVA I L  <> UNKNOWN 
ALT-FUEL-AVA I L  = YE S 

- -HEAT TEMP REQD <> UNKNOWN 
HEAT-TEMP-REQD = LOW 
OTHER INTERE S T  AREA = Alt ernat ive energy 
INTEREST AREA � OTHER INTEREST AREA 
OTHER INTERE S T  AREA =-UNKNOWN ; 
NB method u s e d-here ; dummy vari ab l e  ( al t  i nt are a )  
u s e d ;  need a n  unknown var i able i n  o rder for VPX 
t o  t e st the rul e . 
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I I P re s ent worth sect i o n  

RULE 2 0 0  
I I Rul e  type " I  11 1 int e rmedi ate r e s u l t  

I F  COST EVAL PERIOD > 0 

THEN 

RULE 2 1 0  

AND D I SCOUNT RATE > 0 

SPCAF = ( @ EXP ( CO S T  EVAL PERIOD * @ LOG ( 1  + 
DI SCOUNT RATE / 100 ) ) ) )  

USPWF = ( ( SPCAF�1 ) / (D I S COUNT RATE * SPCAF / 1 0 0 ) ) 
! D I SP LAY 11 spcaf = { SP CAF } ,.-
! D I SP LAY 11 uspwf = { USPWF } " 
EVALUAT ION FACTORS = Known ; 

I I Ru le type " P  11 1 output s a pres ent worth 
IF EVALUAT ION FACTORS = Known 

THEN 

AND ECONOMI C FACTORS = Known 
AND ANNUAL $-SAVING > 0 

PRE SENT WORTH = ( CAP I TAL COST + ( TOT RUN C O S T * USPWF ) ) . 
PW SAVED = (ANNUAL $ SAVING * USPWF); 
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Ask statement s 

Gener a l  -------

ASK I NTERE S T  AREA 

CHO I CE S  INTERE S T  AREA 

ASK COST EVAL P ERI OD 

ASK D I SCOUNT RATE 

1 3  

. " Which a spect o f  Ene rgy C o s t  Management 

: 

do you w i s h  t o  inve s t i gate ? " ;  
Max demand cont ro l ,  Load s chedul ing,  
Alternat ive-energy , -
Alt e rnat ive-t ar i f fs ; 

" Over how many years do you w i s h  
eva luate the e conomi c s  o f  thi s  
hypothe s i s " ;  

"What i s  the real interest rate 
( excluding i n f l at i on )  t o  be u s e d  

evaluat i o n  ( % ) " ; 

to  

in the 

T a r i ffs , MD '  s 

ASK MD RATE 

ASK MD CHARGE PERIOD 

CHO I CE S  MD CHARGE PERIOD 

ASK AV MONTHLY MD 

" What i s  the MD rat e ,  in $ / kVA " . 
I 

: " How many MD charge peri ods a r e  there per 
ye ar " ;  

: 5 2 ,  1 2 ,  4 ,  1 ;  

: " What i s  the aver age ( over three year s ) 
Monthl y  MD charge ( $ )  ? " ;  

ASK MD CAUSE " I s the principle cau s e  of the MD cha rge 
intermittent ope r at i on o f  proce s se s ,  o r  startup peak s " ;  
CHO I CE S  MD CAU S E  : Startup s ,  intermittent_p r o cs ; 

ASK TARIFF : " What i s  the current t a r i f f  r ate ( cent s 
per kWh ) " ;  

ASK TOT AVERAGE DEMAND : " What i s  the mont h l y  demand ( kWh ) , 
averaged ove r ( three ) years " ;  

ASK TOT AVERAGE COST : " What is the mont h l y  power cost ( $ ) , 
averaged ove r ( thre e )  years " ;  

ASK ANNUAL COS T  CAT : " I s  the t o t a l  annu a l  energy cost ; L o w ,  
( < $ 5 0 ,  0 0 0 ) , Med ! ( $ 5 0 ,  0 0 0  t o  $ 5 0 0 ,  0 0 0 ) , or  

High ( > $ 5 0 0 , 0 0 0 )  " ;  
CHO I CE S  ANNUAL COST CAT H i gh ,  Medium , Low;  



MD cont r o l  
A-:::S-=:K:----:-:M=D--:::-CA-=-·Lc P ERI 0 D 

ASK YEARLY P EAKS 

ASK DAI LY MD 

I I I ASK DAI LY MD RAT I O  

I I I ASK MD RAT IO 

ASK LOAD FACTOR 

I I I ASK WORST MD 

ASK WORS T P ROCES S  

A S K  HEAT PEAKS 

CHO I CES HEAT P EAKS 

ASK MD HEAT COMPONENT 

"Wh at measurement interval i s  u s e d  
f o r  measuring MD " ;  

1 4  

"For how many months per year i s  MD > 1 . 5  
* Annual average consumpt i on " ;  

: "What i s  the highest da i ly peak demand ,  
kVA" ; ! ! Within what pe r i o d  ? ?  

" Wh at i s  the rat i o  o f  the h i gh e s t  
dai l y  peak t o  the da i l y  aver age 
con s umpt i on " ;  

" What i s  the ave rage rat i o  o f  MD 
charges to t ot a l  unit charge s { over 
one yea r ) " ;  

" What i s  the average rat io o f  MD 
charge s  t o  t o tal unit charge s { over 
one mont h )  " ;  
! ! NB ; LOAD FACTOR * 
TOT AVERAGE-DEMAND = MD , i f  and only 
i f  period ove r whi ch 
! ! MD i s  charged = p e r i o d  u s e d  for 
TOT AVERAGE DEMAND . 

" What i s  the MD : MD - charge rat i o  for 
the wo rst month of the year " ; 

" kVA rat ing o f  t h e  proces s  { i s o l at ab l e  
load)  w i t h  t h e  h i ghest {peak ) demand " ;  

: "Are the mont h l y  peak consumpt i on figures 
primar i l y  due t o  heat ing l o ads " ;  

: Yes , No ;  

· " I s  a s ign i f i c ant part o f  t he energy 
demand f o r  heat { a s  opp o s ed to mechani ca l ) 
powe r " ; 

CHO I CES MD HEAT COMPONENT Y e s , No ; 

I I I ASK MONTHLY VARIAT I ON " " . 
, 

ASK MOVEABLE MD 

ASK MD FREE PERIODS 

ASK P ROCE S S  SH IFT 

" What i s  the kVA load whi ch can be 
regrouped from one MD charge per i o d  into 
anothe r " ;  

: " From how many MD charge peri o d s  per 
year can the MD p roducing proce s s e s  b e  
regrouped " ; -

. " What i s  the c apacity o f  the proce s se s  
{ kVA) which c an be s h i fted away from 

the current peak demand t ime without 
creating a n e w  peak " ; 



R� s cheduling 

ASK PROC INTERDEP 

CHO ICES PROC INTERD E P  

A S K  S CHED S P L I T  

CHO I CE S  SCHED S P L I T  

A S K  AVAIL LABOUR 

CHO I CE S  AVA I L  LABOUR 
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: "Degree o f  interdependence o f  the proce s s  
operat i on with a l l other p r o c e s se s "  ; 

: High ,  Low; 

: " Sh i ft product i on between : D a y  ( day t o  
n ight ) , Weekday ( Weekday t o  weekend ) , 
Month (Winter to summe r ) " ;  

D a y ,  Weekday , Month ; 

: " I s s u i t able l abour ava i l ab l e  t o  a l l ow 
product i on to be · shi fted " ; 

Ye s ,  No ; 

ASK EXT SCH CONS TRAINT : "Are there any spec i a l  r e a s o n s  why 
product i o n  cannot be shi ft ed " ; 

CHO I C E S  EXT S CH CONSTRAINT : Yes , No ; 

ASK P ERIOD L IMI T 

ASK OLD ZONE TARIFF 

ASK NEW ZONE TARIFF 

ASK OLD . ZONE LOAD 

ASK SCHED RAT I O  

ASK PERIOD HEAT RAT I O  

ASK WAGE HEAT RAT I O  

A S K  P ERIOD WAGE RAT I O  

" Limit o n  the % o f  p roduct i on whi ch can 
be s h i ft e d  to a t ime z on e , by the t ime 
z one s i z e " ;  

: "What i s  the tari f f  ( $ / kWh ) i n  the t ime 
z one from whi ch l o ad i s  b e i n g  shi fted " ; 

: "What i s  the tari f f  ( $ / kWh ) i n  the t ime 
z one t o  which load i s  b e i ng s h i fted " ; 

" How many kWh were u s e d  i n  the t a r i f f  
z one from whi ch l oad i s  b e ing moved 
l a s t  year " ;  

"What percentage o f  pro du ct i o n  do you 
w i s h  to shi ft between t ime z ones " ;  

" What is  the rat i o  o f  n i ght t o  
dayt i me heat ing requ i rement s " ;  

" What is  the nett rat i o  o f  wage t o  
heat ing cost s " ;  

" What is  the nett rat i o o f  night t o  
day s h i ft wage s " ;  
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Alt e rnat ive power 
--------ASK OTHER OP PORTUN I T I E S  : "Are there opportun i t ies fo r s a l e  o f  

power/heat whi ch y ou might generate 
yours e l f " ; 

CHO I CE S  OTHER_OPPORTUN I T I E S  : Yes , No ;  

ASK ALT FUEL AVA I L  

CHO I CE S  ALT FUEL AVAI L  

ASK ALT_FUEL_QUAL I TY 

: "Are there any a l ternat ive fuel s  
ava il abl e  ( eg gas ) " ;  

: Yes , No ;  

: " I s  the qual ity o f  the a l t e rn at ive fue l  
availab l e  suitab l e  fo r u s e  i n  a prime 
mover ? " ;  

CHO I CE S  ALT FUEL QUAL I TY Ye s ,  No ; 

ASK HEAT POWER RAT I O  

ASK HEAT_TEMP_REQD 

CHO I CE S  HEAT TEMP_REQD 

"What i s  the rat io o f  heat en�rgy 
Requi rement t o  power (mechan i ca l ) 
energy requ i red" ; 

"Tempe rature heat i s  req' d at ; ( > 1 4 0 0 '  C = 
V High ; 7 0 0  t o  1 4 0 0 ' C ,  High ; 1 5 0  t o  7 0 0 ' C  
=-Medium ; < 1 5 0 ' C  = Low " ; 

: V_Hi gh ,  High ,  Medium, Low; 

ASK HEAT SALE OP T I ONS "For whi ch grade o f  heat is there a s a le 
opportuni t y ;  None , V High ( > 1 4 0 0 ' C ) , High 
( 7 0 0  to 1 4 0 0 ' C ,  Medium ( 1 5 0  t o  7 0 0 ' C ) , Low 
( < 1 5 0 '  C ) " ;  

CHO I CE S  HEAT SALE OP T IONS Non e , V_High , High, Medium , Low; 

ASK HEAT_SALE_QT Y  

ASK POWER_SALE_QT Y  

ASK AREA AVA I L  

ASK SKILL AVAI L  

CHO I CE S  SKILL AVA I L  

ASK RUNNING COS T  

ASK FUEL VALUE 

ASK THERMAL EFFY 

ASK CAP I TAL C O S T  

"What quant i t y  o f  heat (per mont h )  
can be s o l d  o ut s ide your 
organi s at i on " ; 

"What quant i t y  o f  heat (per mont h )  
can b e  s o l d  out s ide your 
organi s at i on " ;  

"Ar�a ava i l ab l e  for a l t e rnat ive p ower 
p l ant s it e  ( approximate ) ,  s q  m" ; 

" I s  s u f f i cient s k i l l e d  l abour 
ava i l ab l e  fo r the p l anned ope rat i ng 
mode o f  the a lt e rnat ive power p l ant " ;  
Ye s ,  No ; 

"What i s  the ant i c ipated running c o s t  o f  
the alternat ive power p l ant ( $ / year ) " ;  

: "What i s  the c o s t  ( $ / GJ)  o f  the 
a lternat ive fue l ( NB ,  $ 1 / GJ = 0 . 3 6  
c / kWh ) " ;  

: " P ower p l ant therma l  e ff i c iency ( %  o f  GCV 
avai lab l e  as  e l ect r i c a l  cap a c i t y ) " ; 

: "What i s  the expected cap i t a l  c o s t  o f  
this p l an t  ( i n $ ) " ;  



ASK POWER SAVED : "What i s  the expect ed power s aving , 
kWh / y e ar ) " ;  

ASK COEF OF PERF 
f o r  the heat pump ? " • . , 

: "What i s  the coe f f i ci ent o f  performance 

T a r i f f  s e lection 

ASK TARIFF I D  : "What i s  the Name /Numbe r  o f  the t a r i f f  
( structure ) you wi sh t o  c o n s i de r " ;  

E nd o f  Ask statement s -----

P lural st atements 

P LURAL Interest_are a ,  OTHER_INTERE S T_AREA ;  

P LURAL MD_OP T IONS , SCHED_OP T I ON S , ALT_OPT IONS , TARIFF SELN S ; 

! P LURAL : MD D I SPLAY , SCHED OP T D I SP , ALT_OPT_D I S P , 
TARIFF SELN D I SPLAY ; -

PLURAL 
- -

Heat_t emp_reqd, Heat_s a l e_opt i on s ;  

End o f  P lural st atement s 
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1 * * * * * * * * * * * * DEFUNCT RULES * * * * * * * * * * * * * * * * *  
! ! ! ! ? ? ? ?  DELETE THIS RULE ? ? ? ? ? ?  
! RULE 2 0  

I F  INTERE ST AREA = Max demand cont r o l  

THEN 

AND AV MONTHLY MD > 1 0 0  - -
AND ALT FUEL AVAI L  = YES 

INTERE S T  AREA = Alt ernat ive_energy ;  

I I I ? ? ? ? ? ? ?  DELETE THI S RULE ? ? ? ? ? ?  
RULE 2 2  

IF INTERE S T AREA = Max demand cont r o l  

THEN 

RULE 2 8  
I F  

THEN 

RULE 5 0  

AND HEAT_TEMP_REQD = LOW 

INTERE S T  AREA = Alt ernat ive energy 
D I SPLAY "conside r  p a s s ive (so l ar )  heat i ng " ; 

INTERE ST AREA = Max demand cont r o l  
AND AV MONTHLY MD > 1 0 0--
AND ANNUAL ENERGY COST = H I GH 
AND MD BASIS = DAY 
AND PROC INTERDEP = H I GH 

D I SPLAY " 

Rule t ype " I " ,  intermedi ate result 
IF INTEREST AREA = Altern at ive_energy 

THEN 

! RULE 5 1  

AND ALT FUEL AVA I L  = YES 
AND HEAT P OWER RAT I O  < 3 -

-AND HEAT P OWER RAT I O  > 0 . 5  

COGEN_P O S S I B I L I TY = YES ;  

I I Rule t ype " I " ,  int ermedi ate result 
IF INTEREST AREA = Altern at ive_ene rgy 

AND ALT F UEL AVA I L  = YE S 
AND HEAT P OWER RAT I O  > 0 . 5 
AND OTHER OPPORTUN I T IE S  = YES 

THEN 
COGEN P O S S I B I L I T Y  = YES ;  

RULE 5 2  
Rul e  t ype " R" , output s a recommendat ion 

IF INTERE S T  AREA = Altern at ive_energy 
AND MD RAT I O-< 1 . 5  

THEN 

rat i o  o f  MD t o  unit charges ( over one yea r )  < 1 . 5 
AND MONTHLY VARIAT I ON = LOW 

ie , demand i s  not seasonal 
AND COGEN POS S I B I L I TY = YES 

Cogenerat i on i s  a techn i c a l  fe a s ib i l it y  

MD OPT I ONS = I n st a l l  Cogen p l ant 
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D ISPLAY " Cons ider purchas e-o f gene rat i on ( C ogen ) p l ant " ;  



! RULE 5 3  
I I Ru l e  type " R " , output s a recommendat i o n  

IF INTERE ST AREA = Alternat ive_energy 
AND MD RAT I O-< 1 . 5  

THEN 

. RULE 5 4  

AND MONTHLY VARIAT I ON = HIGH 
ie very se asonal demand, but not peaky within 
seasons 

AND OTHER OPPORTUNI T IE S  = YE S 
ie other organ i s at i ons whi ch may b e  intere s t e d  i n  
j o int 
venture s to use the power generat ed 

AND ALT FUEL AVAIL = YES 
AND HEAT P OWER RAT I O  > 1 

MD OP T I ONS = Inst a l l cogen_pl ant ; 

Rul e  type " R" , output s a recommendat i o n  
IF INTERE S T  AREA = Alternat ive_energy 

AND MD RAT I O-< 1 .  5 

THEN 

RULE 5 5  

AND MONTHLY VARIAT I ON = HIGH 
AND OTHER OPPORTUN I T I E S  = NO 
AND ALT FUE L  AVAIL = YES 
AND HEAT P OWER RAT I O  > 1 

MD OP T I ONS 
D ISP LAY " 

Alternat ive fue l e d  heat ers 
Cons ider use o f  alternat ive ly fue l e d  
heat ing systems " ;  

Rul e  type " R" , output s a recommendat i o n  
IF INTERE S T  AREA = Alternat ive_energy 

AND MD RAT I O-< 1 .  5 

THEN 

AND MONTHLY VARIAT I ON = HIGH 
AND OTHER OPPORTUN I T I E S  = NO 
AND ALT FUEL AVAIL = NO 
AND HEAT TEMP REQD = LOW 
AND HEAT-P OWER RAT I O  > 1 

MD OPT I ONS = P a s s ive s o l a r  heat i ng 
D ISP LAY " C o n s ide r  pass ive (s o l a r )  heat in g " ; 
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MODEL 2 ;  S ECOND PROTOTYPE 
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we l come . kb s  
ENERGY C O S T  MANAGEMENT EXPERT S Y S TEM 
Ent r y  knowl edge b as e ;  a l l ows select i on o f  i nt erest area 
L J Rob e rt s on 
VP Expert vers i o n  1 . 2  
Sept 1 9 8 9  

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

I n i t i al i s e  s ec t i on 

EXECUTE ; 
RUNT I ME ;  
ENDOFF ; 

Act i ons s e ct i on 

ACT I ON S  

Open ing s creen sect i on 

CLS 
D I SPLAY " " 
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D-I SPLAY " w w EEEEE L ccc 0000 M M EEEEEE " 
D I SPLAY " w 
D I SPLAY " w 
D I SPLAY " 
D I SPLAY " 
D I SPLAY " " 
D I SPLAY " " 

D I SPLAY " 
D I SPLAY " " 
D I SPLAY " " 

D I SPLAY " 
D I SPLAY " " 
D I SPLAY " " 

w 
w 

w E 
w w EEE 

w w w E 
w EEEEE 

TO THE " 

L c 0 0 M M M  M 
L c 0 0 M M M 
L c 0 0 M M 
LLLLL ccc 0000 M M 

ENERGY COST MANAGEMENT " 

D I SPLAY " 
APP L I CAT ION " 
D I SPLAY " " 
D I SPLAY " " 
D I SPLAY " " 
D I SPLAY " " 
D I SPLAY " " 

DEC I S I ON SUPPORT 

D I SPLAY " Pre s s  any key t o  cont inue . - " 
CLS 
1 1 1 Explanato ry s creen sect i on 

CLS--
D I SPLAY " " 
D I SPLAY " This app l i cat ion wi l l  as s i st you i n : "  

E "  
EEE " 
E "  
EEEEEE " 
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D I SPLAY " - S e lect ing the mo st appropriate cou r s e s  fo r energy c o s t  
management , "  

D I SPLAY " - Evaluat ing the potent i a l  cost s avings o f  a lternative 
act i ons , " 

D I S P LAY " - Suggest ing fact o r s  t o  be taken account o f  in 
i mp l ement ing measure s . "  

D I SP LAY " " 
D I SP LAY " " 
D I S P LAY " " 
D I SP LAY " Y o u  wi l l  b e  a s ked a s e r i es o f  que s t i on s ,  many o f  whi ch 

h ave alternat ive " 
D I SP LAY " answers provided . I n  some cases you w i l l  need t o  pre s s  

<END> to con f i rm"  
D I SP LAY " y o u r  cho i c e . "  
D I S P LAY " " 
D I S P LAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " " 

D I SP LAY " P r e s s  any key to cont inue . - " 
CLS 

I I I 

NEWONE = NUMBER ONE 
RESET NEWONE 
! ! NB t h i s · s hows that " reset " var i ables are not s t o re d  in dat a 
f i l e s . 

F I ND DUMMY I NTEREST AREA 

SAVEFACT S  I NTERE S T ; 



RULE 1 
I F  
THEN 

RULE 2 
I F  
THEN 

RULE 3 
I F  
THEN 

RULE 4 

RULE 

RULE 

I F  
THEN 

5 
I F  
THEN 

6 
I F  
THEN 

I NTERE S T  AREA = Max demand cont rol 
DUMMY INTERES T  AREA = INTEREST AREA 
D I SPLAY " You have cho s en t o  invest igate Maximum 

Demand Cont r o l "  
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D I SPLAY " P lease pre s s  any key ,  & wait whi le the 
knowledge b a s e  re lat ing to thi s sub j e ct i s  
l oaded- " 

CHAIN MD CONTR; 

I NTERE S T  AREA = Load s chedu ling 
DUMMY INTERES T  AREA � INTERE S T  AREA 
D I SPLAY " You have cho s en t o  i nvest igat e 

re-schedul ing o f  load " 
D I SPLAY " P lease pre s s  any key , & wait whi l e  the 

knowledge b a s e  re lat ing t o  thi s sub j e ct i s  
loaded- " 

CHAIN DUMMY ; 

I NTERE S T  AREA = Alt e rn at ive ene rgy 
DUMMY INTERE S T  AREA = INTERE S T  AREA 
D I SPLAY " You have cho s en t o  inve stigate the u s e  o f  

alt ernat ive energy s ources " 
D I SP LAY " P l e ase pre s s  any key , & wait whi le the 

knowledge b a s e  relat ing to thi s sub j ect i s  
lo aded- " 

CHAIN DUMMY ; 

INTERE S T  AREA = Alt e rnat ive tar i ffs 
DUMMY INTERE S T  AREA = INTERE S T  AREA 
D I SP LAY " You have chos en t o  inve st igate the u s e  o f  

alt ernat ive t ar i f f s  " 
D I SPLAY " P lease pre s s  any key , & wait whi le the 

knowledge b a s e  re l at ing to thi s s ub j e ct i s  
l o aded- " 

CHAIN DUMMY ; 

. I NTERES T_AREA = Quit 
LOADFAC T S  INTERE S T ;  

INTERE S T  AREA = C a l l  spreadsheet 
DUMMY INTERE S T  AREA � I NTERE S T  AREA 
D I SP LAY " You have cho s en t o  ( re )  c a l l  the 

spreadsheet app l i cat i o n "  
D I SPLAY " P lease pre s s  any key , & wait whi le the 

spreadsheet i s  l o aded- " 
LOADFACT S  INTERE S T  
BCALL ECMS S ;  



Ask st atemen t s 
Gen e r a l  -------

ASK INTERE S T  AREA 

CHO I C E S  INTERE S T  AREA 

1 1  Whi ch aspect o f  Energy C o s t  
Management d o  y o u  w i sh t o  
inve st igate ? " ;  
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Max demand cont ro l ,  Load_s chedul i n g ,  
Altern at ive-energy , 
Alt ernat ive-tari f f s , 
Cal l_spre adsheet , Quit ; 



! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
I MD CONTR . KBS 

ENERGY COST MANAGEMENT EXP E RT SYS TEM 
Ext ract s i n fo from spreadsheet 
( ECMDEMO . WR1 a l i a s  LJRVAL 3 . WKS ) , & ana l y se s . 

L J Rob e rt s on 
VP Expert vers ion 1 . 2  
S ept 1 9 8 9  

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
RUNT IME ;  
E XECUTE ; 
ENDOFF ; 

ACT I ONS 

CLS 
LOADFACTS INTERE ST 

F IND SOURCE 
! ! i f  " spreadsheet " i s  s e lected, thi s  re sult s in the data 
! ! b e ing read in from the ECMDEMO . WKS spreadsheet 

I I c a l c  mean and sd for monthly l o ad fact o r s  
X = 1 
TOTVAL = 0 
SQDEV = 0 
MAX LOAD FACT = 0 
MIN-LOAD�FACT = 1 . 0  
WHI LEKNOWN CHECK 1 2  

END 

TOTVAL = ( TOTVAL + MTH_LOAD_FACT [ X ] ) 
X = ( X  + 1 )  
RESET CHECK1 2  
F IND CHE CK 1 2  
RESET MAX LF 
F IND MAX L F  
RE SET MIN LF 
F IND MIN LF 

MEAN = ( TOTVAL I (X - 1 ) ) 

X = 1 
SQDEV = 0 
WHI LEKNOWN CHECK 1 2  

END 

SQDEV = ( SQDEV + ( (MTH LOAD FACT [ X ]  - MEAN ) * 

(MTH LOAD FACT(X ]  --MEAN))) 
X = ( X  + 1 )  - -

RE SET CHECK 1 2  
F IND CHECK1 2  

SD = ( @ SQRT ( ( SQDEV I ( X - 1 ) ) ) )  

MEAN MTH LOAD FACT = ( MEAN )  
SD MTH LOAD FACT = ( SD )  
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I I c a l c  mean and sd for monthly unit consumpt i o n s  
X = 1 
T OTVAL = 0 
MAX MTH CONS N  = 0 
MIN-MTH-CONS N  = 9 9 9 9 9 9 9 9 9 9  
WH ILEKNOWN C HECK1 2  

END 

TOTVAL = ( TOTVAL + MTH_CONSN [ X ] ) 
X = ( X  + 1 )  
RE SET CHE CK 1 2  
F IND CHECK 1 2  
RE SET MAX MC 
F IND MAX MC 
RE SET MIN MC 
F IND MIN MC 

MEAN = ( TOTVAL I (X - 1 ) ) 

X = 1 
SQDEV = 0 
WH ILEKNOWN C HECK 1 2  
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SQDEV = ( SQDEV + ( (MTH_CONSN [ X ]  - MEAN ) * ( MT H_CONSN [ X ]  

END 

- MEAN ) ) )  
X = ( X  + 1 )  
RE SET CHE CK 1 2  
F IND CHECK1 2  

S D  = ( @ S QRT ( ( S QDEV I ( X - 1 ) ) ) )  

MEAN MTH CONSN = (MEAN ) 
SD MTH CONSN = ( SD )  

I I Cal c mean and SD for monthly MD figures 
X = 1 
T OTVAL = 0 
MAX MTH MD = 0 
MIN-MTH-MD = 9 9 9 9 9 9 9 9 9 9  
WH I LEKNOWN C HECK1 2  

END 

TOTVAL = ( TOTVAL + MTH_MD [ X ] ) 
X = ( X  + 1 )  
RESET CHE CK 1 2  
F IND CHECK1 2  
RESET MAX MM 
F IND MAX

-
MM 

RESET MIN-MM 
F IND MIN-MM 

MEAN = ( TOTVAL I (X - 1 ) ) 

X = 1 
S QDEV = 0 
WHI LEKNOWN C HECK1 2  

SQDEV = ( SQDEV + ( (MTH_MD [ X ]  - MEAN ) * (MTH�D [ X ]  -
MEAN ) ) ) 



END 

X = ( X  + 1 )  
RE S E T  CHECK 1 2  
F IND CHECK 1 2  

S D  = ( @ S QRT ( ( SQDEV I (X - 1 ) ) ) )  
MEAN MTH MD = ( MEAN ) 
SD MTH MD = ( SD )  

1 1 Calc mea n  and SD fo r instant aneous demand figu r e s  
X = 1 
TOTVAL = 0 
MAX INST DEM = 0 
MIN-INST-DEM = 9 9 9 9 9 9 9 9 9 9 9  
WH ILEKNOWN CHECK 9 6  

END 

TOTVAL = ( TOTVAL + INST_DEM [ X ] ) 
X = ( X  + 1 )  
RE S E T  CHECK 9 6  
F IND CHECK 9 6  
RE S E T  MAX I D  
F IND MAX ID 
RES E T  MIN I D  
F IND M I N  ID 

MEAN = ( TOTVAL I ( X  - 1 )  ) 

X = 1 
SQDEV = 0 
WHI LEKNOWN CHECK 9 6  
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SQDEV = ( SQDEV + ( ( INST_DEM [ X ]  - MEAN ) * ( IN S T_DEM [ X ]  -

END 

MEAN ) ) ) 
X = ( X  + 1 )  
RE SET CHECK 9 6  
F IND CHECK 9 6  

SD = ( @ S QRT ( ( SQDEV I ( X - 1 ) ) ) )  

MEAN INST DEM = (MEAN) 
SD INST DEM = ( SD )  

1 1 Calc max and min MD rates 

X = 1 
TOTVAL = 0 
MAX MD RATE = 0 
MIN-MD-RAT E  = 9 9 9 9 9 9 9 9 9 9  
WH ILEKNOWN CHECK1 2  

END 

RES E T  MAX RATE 
F IND MAX RATE 
RE SET MIN RATE 
F IND MIN RATE 
X = . ( X  + -1 ) 
RES E T  CHECK 1 2  
F IND CHECK1 2  



1 I F ormat a l l  var i ab l e s  
! ! NB ; dimen s i oned variab l e s  a r e  formatted within ru l e s  

FORMAT MAX LOAD FAC T ,  4 . 3  
FORMAT MAX-MTH CONSN, 4 . 3  
FORMAT MAX-MTH-MD , 4 . 3  
FORMAT MAX-I NS T  DEM, 4 . 3 
FORMAT MIN-LOAD-FAC T ,  4 . 3  
FORMAT MIN-MTH C ONSN , 4 . 3  
FORMAT MIN-I N S T  DEM, 4 . 3  
FORMAT MEAN MTH-LOAD FACT , 4 . 3 
FORMAT so  MTH LOAD FACT I 5 .  4· 
FORMAT MEAN MTH CONSN , 7 . 0  
FORMAT S O  MTH CONSN, 7 . 0  
FORMAT MEAN MTH MD , 5 . 0  
FORMAT SO MTH MD ,  5 . 0  
FORMAT MEAN I N S T  DEM, 5 . 1  
FORMAT S D_INST_DEM, 5 . 2  

I I S ave var i ab l e s  t o  dat a f i l e  

SAVEFACT S MD CONTROL 
CHAIN MD_ REP l; 

I I End o f  ACT ION S  sect i on 

I I RULE S sect i on 

RULE 1 
IF  
THEN 

CLS 

WHEREF ROM = Spreadsheet 
SOURCE = WHEREFROM 

D I SPLAY " F o r  thi s oper at i on , a l arge amount o f  dat a 
needs t o  b e  read in from the " 

D I SP LAY " spreadsheet , and then anal ysed . "  
D I SPLAY " " 
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D I SP LAY " T h i s 
WKS MTH_CON S N ,  
WKS MTH MD ,  

wi l l  t ake about 45 seconqs ( on 
= UNI T  CONSN; LJRVAL4 

a P C  AT ) "  

ELSE 

WKS MTH-LOAD FACT , 
WKS INST_DEM-;-
WKS MD_RATE ,  
D I SPLAY " " 

NAMED 
NAMED 
NAMED 
NAMED 
NAMED 

= MD MTH , LJRVAL4 
= L FACT I LJRVAL 4 
= KVA DEM, LJRVAL4 
= MD_RATE ,  LJRVAL 4 

D I SPLAY " Al l dat a h a s  now been read; p l e a s e  wai t  whi l e  
it i s  ana l y sed . "  

S OURCE = WHEREFROM 
D I SP LAY " YOU WILL HAVE TO GO & ENTER THE VALUE S 

MANUALLY- " ;  



RULE 

RULE 

RULE 

CHECK 1 2 
I F  X <= 1 2  
THEN CHECK 1 2  = F IN I S H ;  

CHECK 9 6  
I F  X < =  9 6  
THEN CHECK9 6 = F IN I S H ;  

MAX LOAD FACT 
I F  
THEN 

MTH LOAD FACT [ X ]  > (MAX LOAD FAC T )  
MAX-LOAD-FACT = (MTH LOAD FACT [ X ] ) 
FORMAT MTH_LOAD_FACT [ X ] �  4 . 3 
MAX LF = YE S ;  

RULE MAX MTH 
I F  

C ONSN 
MTH CONSN [ X ]  > (MAX_MTH_CONSN) 
MAX-MTH CONSN = (MTH CONSN [ X ] ) 
FORMAT MTH C ONSN [ X ] , -4 . 3 

THEN 

RULE MAX MTH 
I F  
THEN 

RULE MAX INS T 
I F  
T HEN 

MD 

MAX MC = YE S ;  

MTH_MD [ X ]  > (MAX MTH MD ) 
MAX MTH MD = (MTH-MD [ X ]  ) 
FORMAT MTH_MD [ X ] , 4 . 3  -
MAX MM = YE S ;  

D EM 
INST DEM [ X ]  > (MAX_INST_DEM) 
MAX INS T DEM = ( INST DEM [ X ] ) 
FORMAT INST DEM [ X ] , 4�3 
MAX I D  = YES; 

RULE MAX MD 
I F  
THEN 

RATE 
MD_RAT E [ X ]  > (MAX MD RATE )  
MAX MD RATE = (MD_RATE [ X ] ) 
MAX-RATE = YE S ;  

RULE MIN LOAD FACT 
I F  MTH LOAD FACT [ X ]  < (MIN LOAD FAC T )  
THEN MIN-LOAD-FACT = (MTH LOAD FACT [ X ] ) 

MIN LF =-YES ;  

RULE MIN LOAD FACT 
I F  MTH_CONSN [ X ]  
T HEN MIN MTH CONSN 

MIN-MC = YE S ;  

< ( MI N  MTH CONSN)  
= (MTH-CONSN [ X ] ) 
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RULE MIN MTH MD 
I F  MTH MD [ X ]  
THEN MIN MTH MD - -

MIN MM = YE S ;  

< (MIN MTH MD ) 
= ( MTH _MD [ X ] ) 

RULE MIN INS T  DEM 

RULE 

IF I N S T  DEM [ X ]  
THEN MIN INST DEM 

- -
MIN I D  = YES ; 

MIN MD RATE 

< (MIN INST DEM) 
( IN S T  _DEM(X ] )  

IF  MD RATE [ X ]  < ( M I N  MD RATE )  
THEN MIN MD RATE = ( MD  RATE [ X ] ) 

MIN-RATE = YE S ;  

1 1 ASK s t atements 

ASK WHEREFROM : " What i s  the source o f  the dat a for Max Demand 
c ontrol ? " ;  

CHO I CE S  WHEREFROM : Spreadsheet , Manu a l ; 
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! MD REP 1 . KB S  

ENERGY COS T MANAGEMENT EXPERT S Y STEM 
Examines the dat a ext racted from the spreadsheet 
L J Robert s on 
VP E xpert ver s i on 1 . 2  
S ep t  1 9 8 9  

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
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this KB e x amines the dat a extracted from the ECMDEMO spre adsheet 
by the MD C ONTR KBS ,  and produces . the f o l l owing 

I 
r 1 

a )  -A report , e ither p r i nted or on screen, ·  o f  the D S S '  s 
observat i on s  on the ava i l ab l e  dat a . 

b )  An init i al est imate o f  the s av ings whi ch coul d  be 
reasonabl y  expected by MD control mea s u res . 

c )  ? ?  menu opt ions for refinement . 

RUNT IME ;  
EXECUTE ; 
ENDOFF ; 

ACT I ONS 
CLS 
D I SPLAY 
D I SP LAY 

" 11 

" P le a s e  wa it whi le dat a i s  read into t h e  deci s ion 
supp o rt s ystem" 

D I SP LAY " " 
LOADFACT S  MD CONTROL 

! ! C a l cu l at e  t he s av i ngs ava i l ab l e  by increas ing a l l  l o ad fact o r s  
r I to the current upper quart i l e  figure 

LFUQ = ( (MEAN MTH LOAD FAC T )  + ( SD_MTH_LOAD_FACT ) ) 
LF RED SAV = 0 - - -
X � 1 
WHI LEKNOWN CHECK 1 2  

END 

RE S E T  NEW RED SAV 
F IND NEW RED SAV 
LF RED SAV =- ( LF RED SAV + NEW RED SAV) 
X ;; ( X-+ 1 )  - - - -

RE S E T  CHECK1 2  
F IND CHECK1 2  

FORMAT LFUQ , 4 . 3  
FORMAT LF_RED_SAV , 1 0 . 2  
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! ! Ca l cu l ate s avings by moving a l l  consumpt i on det ai l s  for months 
! ! wi t h  b e low ave rage Load F act ors to month where MD Rat e  is l owest , 
! ! and a l l  months with above ave rage l oad fact o r s  to-month with 
! ! high e s t  MD_Rat e .  

LF MOV SAV = 0 
X ;;- 1 
WHI LEKNOWN CHECK 1 2  

RE SET NEW MOV SAV 
F IND NEW MOV SAV 
LF MOV SAV =- ( ( LF MOV SAV) + ( NEW_MOV_SAV) ) 
X � ( X-+ 1 )  -
RE SET CHECK 1 2  
F IND CHECK1 2  

END 
F ORMAT LF_MOV_SAV, 1 0 . 2  

D I SP LAY " " 

D I SP LAY " The pre l iminary ana l y s i s  o f  the spreadsheet dat a  i s  
now complete . "  

D I S P LAY n " 

F IND HARDCOP Y 

! ! Loop to a l l ow di splay o f  va lu e s , o r  on / back cha i n ing ----

SAVEFACTS MD CONTROL 

WHI LEKNOWN CCONT INUE 
RESET CCONT INUE 
RE SET NEXT ACT I ON 
RESET AACTION 
CLS 
F IND CCONT INUE 

END 

P RINTOFF ; 

I I End o f  ACT ION S  sect ion ------------------------------------



1 1 RULE S s e cti on 

RULE CHECK1 2  
I F  
THEN 

-----------------------------------------

X <= 1 2  
CHECK1 2  = F IN I S H ;  

RULE NEW RED SAV 
I F  MTH LOAD FACT [ X ]  < ( LFUQ ) 
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THEN NEW-RED SAV= (MD RAT E [ X ] * ( ( ( MTH CON S N [ X ] ) / 7 3 0 ) * ( ( ( LFU 
Q ) -(MTH-LOAD FACT [ X ] ) ) / ( ( LFUQ ) * ( MTH LOAD FACT [ X ] ) ) ) )  

ELSE 

RULE NEW MOVE 
I F  
THEN 

RULE NEW MOVE 
I F  
THEN 

RULE CCONT 
I F  
THEN 

RULE DD I SP 

) - - - -

NEW RED SAV = 0 ;  

COST 
MTH LOAD FACT [ X ]  > ( MEAN MTH LOAD FAC T )  
NEW-MOV SAV = ( (MT H  MD [ XJ) * ( (MD RATE [ X ] ) -
( MAX_MD=RATE ) ) ) ;  -

SAV 
MTH LOAD FACT [ X ]  < ( MEAN MTH LOAD FAC T )  
NEW-MOV SAV = ( (MTH MD [ XJ) * ( (MD-RATE [ X ] ) -
(MIN_MD=RATE ) ) ) ;  -

NEXT ACT I ON < >  UNKNOWN 
CCON T I NUE = YES ;  

I F  AACT I ON = D I SP LAY INPUT DATA 
THEN NEXT ACT I ON = Y 
D I SPLAY " AVERAGE S T D  DEVIAT I ON 
MAXIMUM I "  
D I SPLAY " load fact o r s ; { MEAN MTH LOAD FACT } 

{ SD MTH LOAD FACT } { MAX_LOAD FACT} { MI N_LOAD FACT } "  
D I SP LAY " consumption - ( kWh ) { MEAN MTH CONS N } 

{ SD MTH CONSN } { MAX MTH-CONSN } { MI N  MTH CONSN } "  
D I SP LAY " Max-Dem- ( kVA) - { MEAN MTH MD } -

{ SD MTH MD } { MAX MTH MD } { MI N-MTH-MD } " 
D I SP LAY " Inst . demand ; ( kVA) { MEAN INST DEM } ­

{ SD_I N S T_DEM } { MAX_INST DEM } - { MI N_INS T_DEM } "  
D I SP LAY " " 
D I SP LAY " P r e s s  any key t o  cont inue- " ; 



RULE RETMAIN 
IF 
THEN 

RULE INV MD 
IF 
THEN 

RULE SUMMARY 
IF 
THEN 

! RULE CONCL 
IF 
THEN 

AACT I ON = BACK TO MAIN MENU 
NEXT ACT I ON = Y 
CHAIN WELCOME ; 

CONTR 
AACT I ON = REF INE MD SAVINGS 
NEXT ACT I ON = Y 
CHAIN MD REF l ;  

CHA I N  LOOP l ;  

AACT I ON = D I SPLAY ' SUMMARY RE SUL T S  
CLS 
NEXT ACT I ON = Y 
D I SP LAY " PRELIMINARY E S T IMATES OF SAV I NGS P O S S I BLE 

BY CONTROL OF MAXIMUM DEMAND " 
D I SP LAY " " 
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D I SP LAY " An examinat i on o f  the monthl y  l o ad fact o r s  
( ie ,  t h e  rat i o  o f  average t o  peak " 

D I SP LAY " consumpt i ons ) s hows that the s e  range from 
{ MAX LOAD FACT } to  { MI N  LOAD FACT } . "  

D I SP LAY " Taken acr o s s  a typ i ca l  y e a r , -the s e  appear 
to have an ave rage o f  " 

D I SPLAY " { MEAN MTH LOAD FACT } ,  and s t andard 
deviat i on-o f  ( SD MTH LOAD FACT } .  " 

D I SP LAY " A not -unrea l i st i c  go a l  c ou l d  be t o  r a i s e  
the ave rage l oad fact o r  f r o m  t h e  " 

D I SP LAY " present l eve l ( { MEAN MTH LOAD FACT } )  t o  
the upper-quart i le figure ( { LFUQ } ) . "  

D I SPLAY " " 
D I SPLAY " As suming t h i s  prove s t o  b e  fea s ib l e ,  the 

annua l  s avings woul d  be $ { LF_RED_SAV } . "  
D I SPLAY " 11 

D I SP LAY " 11 

D I SP LAY 11 I f  the l o ad patt erns for a l l  months with 
worse than average l oad- fact o r s " 

D I SP LAY 1 1  were moved to the period whe re the min imum 
MD charge rat e app l ie s , " 

D I SP LAY " and the l oad p at t e rns for months with 
better than average l o ad facto r s " 

D I SP LAY " were moved t o  the period whe re the max imum 
MD charge rat e app l ie s ,  " 

D I SPLAY " then the annua l  s aving woul d  be $ 
{ LF_MOV_SAV } . "  

D I SPLAY " " 
D I SP LAY " " 

D I SP LAY " P re s s  any key t o  cont inue - " ;  

AACT ION = D I SP LAY CONCLUS I ONS 
NEXT ACT ION = Y 
D I SP LAY " The det a i led conc l u s i on s  a r e : " ;  



RULE HARDCOP Y 
IF 
THEN 

P P RI NT = YES 
HARDCOP Y = YES 
D I S P LAY " Ensure that your printe r  is connect ed & 

turned on " 
D I S P LAY " P re s s  any key t o  cont inue - "  
PRINTON; 

I I ASK s t at ements ---

ASK AACT I ON "What do you want t o  do next ? " ;  
CHO ICES AAC T I ON Disp l ay input dat a ,  D i splay summary re s u lt s ,  

Back_to_ma in_menu , Re fine_MD_savings, Quit ; 

ASK PPRINT "Do you want p r i nt e d  copy o f  the s creen 
statement s ? " ;  

CHOI CE S P P RINT Y e s , No ;  
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! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
MD REF 1 . KB S  ( OLD NEWLOOP 1 )  
ENERGY CO S T  MANAGEMENT EXPERT S Y S TEM 
VERS I ON 1 OF INTERACT IVE D S S  MODULE ; MD REF 1 . KB S  
NO DATABAS E  ACCE S S ,  BUT S IMILAR T O  F I NAL VERS I ON .  
L J Rob e rt s on 
VP Expert vers ion 1 . 2 

! Sept 1 9 8 9  
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

RUNT IME ; 
E XECUTE ; 
E NDOFF ; 
ACTIONS 

I I Get dat a from file l o aded by MD C 1 . KBS 
D I S P LAY " P le a s e  wait whi l e  dat a i s-l oaded "  
LOADFACT S  MD CONTR 
DI SPLAY " a l l-dat a has now been l o aded . "  

SAT I S F I ED = HELP 
FIND CONT 
RE SET SAT I SF I ED 
RE SET CONT 

I I RE SET ACCUMULATOR VARIABLE S TO 0 
TOT EXT MOVE = 0 
TOT D I TCH = 0 

I I l o ad the NEW DEM dimens i oned var i able 
CLS 
D I S P LAY " Jus t  a second please . .  " 
X = 1 
WH I LEKNOWN CHECK4 8  

END 

FORMAT I N S T  DEM [ X ] , 9 . 3  
NEW DEM [ X ]  -;;; ( INST DEM [ X ]  ) 
FORMAT NEW DEM [ X ] , -9 . 3  
RES E T  CHECK 4 8  
F IND CHECK4 8 

I I NB , from n o w  on,  a l l  work wi l l  be done o n  NEW DEM; 
! !  INST DEM i s  l e ft as  an unt ouched record o f  o r i g i n a l  s t ate . 

I I mod i fy the instant aneous l oads , moni t o r ing peaks et c 
WH ILEKNOWN CONT 

END 

! ! MENU,  ALSO ALLOWS D I SPLAY OF OVERALL LOAD 
PATTERN , CURRENT P O S I T I ON 

RE SET CONT 
RE SET SAT I SF IED 
CLS 
F IND CONT 

! ! END OF ACT I ON S  BLOCK 
CLS ; 
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! ! S t art o f  ru l e s  s e ct i on 

RULE CONT lH 
IF 
THEN 

SAT I SF IED = HELP . 
CONT = YE S 
CLS 
D I SP LAY " - - - - ­

System 
D I SPLAY " " 

HELP ! Max Demand Dec i s i o n  Support 
- - - - - s c reen 1 o f  2 - - - "  

D I SP LAY " This sect i on o f  the dec i s ion s upport 
system a l l ows you to expl ore the e f fect s "  

D I SP LAY " ( on mont h l y  and annua l  MD charge s )  o f  
moving s e ct i on s  o f  e l e ctrical l o ad " 

D I SPLAY " between 3 0  min t ime s l ots . "  
D I SP LAY " There are three b a s i c  catego r i e s  o f  l o ad 

movement whi ch can i n f luence the " 
D I SPLAY " MD charge ; vi z "  
D I SPLAY " a )  Load can be s impl y  s hut o ff ;  t h i s  

obv i ou s l y  o f fers the l arge st s aving " 
D I SPLAY " b ) Load can be moved between 3 0  min 

t ime s l ot s s o  as  to redu c e  t he peak " 
D I SPLAY " l oad for the current MD charge per i o d  

(Month ,  quart e r ,  et c ) . "  
D I SP LAY " c ) I t  may be p o s s ible t o  prevent a 

separate o ccurrence o f  an MD penal t y  

D I SPLAY " 

D I SPLAY " 

D I SPLAY " " 
D I SP LAY " " 
D I SP LAY " " 
D I SPLAY " " 
D I SPLAY " " 
D I SPLAY " " 
D I S P LAY " " 

" 
charge from be ing incurred e ach mont h 
by concent rat ing a l l  the " 
primary peak-producing p r o ce s s e s  
within one MD charge p e r i o d . "  

D I SPLAY " P re s s  any k e y  for second s creen - " 
C L S  
D I SP LAY " - - -- - HELP ! Max Demand Dec i s i on Suppo rt 

- - - - - s creen 2 of 2 - - - "  System 
D I SPLAY " " 
D I SPLAY " You wi l l  obviously need t o  f i r s t  examine 

the current dai l y  load curve " 
D I SPLAY " to  determine where the peaks l i e ;  i t  i s  

sugge sted that you then st art w it h "  
D I S P LAY " the ' peak-t ime ' , and work outwards 

( choo s ing t ime s lo t s  alternate l y  be fore " 
D I SPLAY " and after ) , and us ing you spe c i al i s e d  

knowledge o f  the proce s s e s  i nvo lve d "  
D I S PLAY " to  determine what l oads can b e  

D I S PLAY " 
D I SP LAY " 

D I SP LAY " 

rearrange d . "  
" 

Bear in mind that l o ads whi ch are 
current l y  ' wast e '  are obv i ou s l y  the " 
greatest s ou rce o f  s aving , and that l o ads 
moved to a l ow - t ar i ff t ime z one " 



RULE CONT l 

D I SP LAY " o ffer unit a s  we l l  as MD s avings . "  
D I S P LAY " " 

3 8  

D I S P LAY " Be careful not t o  move l o ads in s uch 
a way as to s impl y  create a new " 

D I SP LAY " peak at a di f ferent t ime o f  day ( the D S S  
wi l l  warn you i f  you do thi s )  . 11 

D I S P LAY " " 
D I SP LAY " At any stage you can examine the ' over a l l  

pi cture ' o f  t he rearranged" 
D I SP LAY " l o ad pattern you have created . T h i s  w i l l  

a l s o  compare your ( re )  arrangement " 
D I SP LAY " with the ' suggested t arget ' o f  the 

previous sect ion of the D S S . "  
D I SP LAY " " 
D I S P LAY " " 
D I S P LAY " P re s s  any key to cont inue . - " ;  

I F  SAT I S F IED = CURRENT S I TUAT ION 
THEN CONT = YE S 

! Ask month-name , get MD rate for month ,  c a l c  MD savings 
RESET T H I SMD l 
RE SET THI SMD 
F IND TH I SMD 

I I SUMMARY OF OVERALL CHANGE IN POS I T ION 
I I CALCULATE SAVINGS , D I S P LAY 
CLS 
D I S P LAY " 
D I S P LAY " " 
D I S P LAY " " 

SUMMARY OF CURRENT P O S I T I ON- - - - "  

D I S P LAY " You have current l y ;  " 
D I SP LAY " " 
D I SPLAY 11 

D I SP LAY " " 
D I S P LAY " " 

' D it ched' a t o t a l  o f  { TOT_D I TCH } kVA, " 

D I S P LAY " Moved a tot a l  o f  { TO T  EXT MOVE } kVA to 
( an ) other MD charge period ( s), " 

D I S P LAY · " " 
D I S P LAY " " 
D I SP LAY " And st i l l  have { TO T  IN MOVE } kVA from other MD 

charge periods t o  b e  redi s t r ibut ed . "  
D I S P LAY " " 
D I SP LAY 11 P lease wait a moment . .  " 

X = 1 
NEWMAX = 0 
WHI LEKNOWN CHECK4 8 

! !  l o op through day , f ind new pe ak , comp a r e  to o l d  

END 

peak 
NMN = 

RE S E T  
F IND 
RE S E T  
F IND 

(NEWMAX 
MMAX MM 
MMAX-MM 
CHECK4 8 
CHECK4 8 

- NEW _DEM ( X ] ) 



X = (NEWPEAKT IME - 1 )  
FORMAT NEWMAX , 9 . 3  

! !  CONVERT INTEGER T IME T O  S TANDARD F ORMAT T IME 
RE SET T OF D 
F IND T OF D 
HR = 0-
WH ILEKNOWN INTHOUR 

END 

RE S E T  INTHOUR 
F IND INTHOUR 

RE SET MINT IME 
F IND MINT IME 
D I SPLAY " The new peak l oad i s  { NEWMAX } kVA" 
D I SPLAY " This ( new ) peak o ccurs at { HR } : { MI NT I ME } 

{ T_OF_D } " 
D I SPLAY " " 

MD SAV = ( THI SMD * 
FORMAT MD SAV, 9 . 2  
D I SPLAY "-The cost 

expected 

( MAX I N S T  DEM - NEWMAX ) ) - -

s avings from t h i s  MD change i s  
t o  be $ { MD SAV } " 

! Rec a l culate un it cost s ,  b a s e d  on t ime int erval t a r i f f  
rat e s  ( TO B E  DEVELOPED LATER)  

D I SPLAY " " 
D I SP LAY " " 
D I SP LAY " P r e s s  any key t o  cont inue - " ;  
! !  END OF RULE CONT l 
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RULE CONT2 
I F  
THEN 

CLS 

SAT I S F IED = SHOW ALL INTERVALS 
CONT = YE S 
WHI LE KNOWN 

RES E T  
RE SET 
F IND 

END 

FEAS IBLE 
TARG TYPE 
TARG F OUND 
TARG-FOUND 

D I S P LAY " The fo l l owing summari z e s  the propo s e d / t arge t e d  
change s "  

D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " · PERIOD CURRENT LOAD 

LOAD TARGET REDUCT ION "  
D I S P LAY " START ING kVA 

kVA" 
D I SP LAY " " 
D I S P LAY " 0 : 0 0 

{ TARG_DEM [ 1 ]  } 
D I S P LAY " 0 : 3 0  

{ TARG DEM [ 2 ] } 
D I SP LAY " 1 : 0 0 

{ TARG_DEM [ 3 ] } 
D I SP LAY " 1 : 3 0 

{ TARG_DEM [ 4 ] } 
D I S P LAY " 2 : 0 0 

{ TARG DEM [ S ] } 
D I SP LAY " 2 : 3 0 

{ TARG_DEM [ 6 ] } 
D I S P LAY " 3 : 0 0 

{ TARG DEM [ 7 ] } 
D I SP LAY " 3 : 3 0 

{ TARG DEM [ 8 ]  } 
D I SP LAY " 4 : 0 0 

{ TARG DEM [ 9 ]  } 
D I SP LAY " 4 : 3 0  

{ TARG DEM [ 1 0 ] } 
DISP LAY " 5 : 0 0 

{ TARG DEM [ 1 1 ] } 
. DISP LAY " 5 : 3 0 

{ TARG DEM [ 1 2 ] } 
DISP LAY " " 
D I S P LAY " " 

am 

am 

am 

am 

am 

am 

am 

am 

am 

am 

am 

am 

{ IN S T  DEM [ 1 ] } 
{ TARG REDN [ l ] } "  

{ IN S T  DEM [ 2 ] } 
{ TARG REDN [ 2 ] } "  

{ INST DEM [ 3 ] } 
{ TARG REDN [ 3 ] } "  

{ IN S T  DEM [ 4 ] } 
{ TARG REDN [ 4 ] } "  

{ INST DEM [ S ] } 
{ TARG REDN [ 5 ]  } "  

{ INST DEM ( 6 ] } 
{ TARG REDN [ 6 ] } "  

{ INST DEM [ 7 ] } 
{ TARG REDN [ 7 ]  } "  

{ IN S T  DEM [ 8 ] } 
{ TARG REDN [ 8 ]  } "  

{ INST DEM [ 9 ] } 
{ TARG REDN ( 9 ] } "  

{ IN S T  DEM [ 1 0 ] } 
{ TARG REDN [ 1 0 ] } "  

{ INS T D EM [ 1 1  ] } 
{ TARG REDN [ 1 1 ]  } "  

{ INST DEM [ 1 2 ] } 
{ TARG_REDN [ 1 2 ]  } " 

MOD I F I ED LOAD TARGE T 

kVA kVA 

{ NE W_DEM [ 1 ] } 

{ NEW_DEM [ 2 ] } 

{ NEW_DEM [ 3 ] } 

{ NEW_DEM [ 4 ] } 

{ NEW_DEM [ 5 ] } 

{ NEW_DEM [ 6 ] } 

{ NE W_DEM [ 7 ] } 

{ NE W_DEM [ 8 ] } 

{ NE W_ DEM [ 9 ]  } 

{ NEW_DEM [ 1 0 ] } 

{ NEW_DEM [ 1 1 ] } 

{ NEW_DEM [ l 2 ] } 

D I S P LAY " P re s s  any key t o  s e e  screen 2 o f  4 . - "  
CLS 

4 0  



D I SP LAY " The f o l l owing summar i z e s  the prop o s e d / t arge t e d  
change s "  

D I SP LAY " " 
D I SP LAY " " 

4 1  

D I SP LAY " PERIOD CURRENT LOAD MOD I F I ED LOAD TARGET 
LOAD TARGET REDUCT ION" 

D I SP LAY " S TART I NG kVA kVA kVA 
kVA" 

D I SP LAY " " 
D I SP LAY " 6 : 0 0 am { INST DEM [ 1 3 ] } { NEW_DEM [ 1 3 ] } 

{ TARG DEM [ 1 3 ]  } { TARG REDN [ 1 3 ]  } " 
DIS P LAY " 6 : 3 0 am { INST DEM [ 1 4 ] } { NEW_DEM [ 1 4 ] } 

{ TARG DEM [ 1 4 ] } { TARG REDN [ 1 4 ]  } "  
DISP LAY " 7 : 0 0 am { INST DEM [ 1 5 ] } { NEW_DEM [ 1 5 ] } 

{ TARG DEM [ 1 5 ]  } { TARG REDN [ 1 5 ]  } " 
DISP LAY " 7 : 3 0 am { INST DEM [ 1 6 ] } { NEW_DEM [ 1 6 ] } 

{ TARG DEM [ 1 6 ]  } { TARG REDN [ 1 6 ]  } " 
DIS PLAY " 8 : 0 0 am { INST DEM [ 1 7 ] } { NEW_DEM [ 1 7 ] } 

{ TARG DEM [ 1  7 ]  } { TARG REDN [ 1 7 ]  } " 
DISP LAY " 8 : 3 0 am { INST DEM [ 1 8 ] } { NEW_DEM [ 1 8 ] } 

{ TARG DEM [ 1 8 ]  } { TARG REDN [ 1 8 ]  } " 
DISP LAY " 9 : 0 0 am { INST DEM [ 1 9 ] } { NEW_DEM [ 1 9 ] } 

{ TARG DEM [ 1 9 ] } { TARG REDN [ 1 9 ] } "  
DIS PLAY " 9 : 3 0 am { INST DEM [ 2 0 ] } { NEW_DEM [ 2 0 ] } 

{ TARG DEM [ 2 0 ] } { TARG REDN [ 2 0 ] } "  
DISP LAY " 1 0 : 0 0 am { INST DEM [ 2 1 ] } { NEW_DEM [ 2 1 ] } 

{ TARG DEM [ 2 1 ] } { TARG REDN [ 2 1 ]  } "  
DISP LAY " 1 0 : 3 0 am { INST DEM [ 2 2 ] }  { NEW_DEM [ 2 2 ] } 

{ TARG DEM [ 2 2 ] } { TARG REDN [ 2 2 ] } "  
DIS P LAY " 1 1 : 0 0  am { INST DEM [ 2 3 ] } { NEW_DEM [ 2 3 ] } 

{ TARG DEM [ 2 3 ] } { TARG REDN [ 2 3 ]  } "  
DIS PLAY " 1 1 : 3 0 am { INST DEM [ 2 4 ] }  { NEW_DEM [ 2 4 ] } 

{ TARG DEM [ 2 4 ] }  { TARG_REDN [ 2 4 ] } "  
DISP LAY " " 
D I SP LAY " " 
D I SP LAY " P re s s  any key t o  see s creen 3 o f  4 . - " 
CLS 



D I SP LAY " The fo l l owing summari z e s  the prop o s ed/t.argete d  
change s "  

D I S P LAY " " 
D I SP LAY " " 

4 2  

D I SP LAY " PERIOD CURRENT LOAD MOD I F I ED LOAD TARGET 
LOAD TARGET REDUCT ION "  

D I SP LAY " S TART ING kVA kVA kVA 
kVA" 

D I SP LAY " " 
D I SP LAY " 1 2 : 0 0 am { INST DEM [ 2 5 ] } { NEW_DEM [ 2 5 ] } 

{ TARG DEM [ 2 5 ] }  { TARG REDN [ 2 5 ] } "  
DISP LAY " 1 2 : 3 0 pm { INST DEM [ 2 6 ] } { NEW DEM [ 2 6 ] } 

{ TARG DEM [ 2 6 ] } { TARG REDN [ 2 6 ] } "  
DISP LAY " 1 : 0 0 pm { INST DEM [ 2 7 ] } { NEW_DEM [ 2 7 ] } 

{ TARG DEM [ 2 7 ] }  { TARG REDN [ 2 7 ] } " 
DISP LAY " 1 : 3 0 pm { INST DEM [ 2 8 ] } { NEW_DEM [ 2 8 ] } 

{ TARG DEM [ 2 8 ] } { TARG REDN [ 2 8 ] } "  
DISP LAY " 2 : 0 0 pm { INST DEM [ 2 9 ] } { NEW_DEM [ 2 9 ] } 

{ TARG DEM [ 2 9 ] } { TARG REDN [ 2 9 ] } "  
DISP LAY " 2 : 3 0 pm { INST DEM [ 3 0 ]  } _  { NEW_DEM [ 3 0 ] } 

{ TARG DEM [ 3 0 ] } { TARG REDN [ 3 0 ] } "  
DISP LAY " 3 : 0 0 pm { INST DEM [ 3 1 ] } { NEW_DEM [ 3 1 ] } 

{ TARG DEM [ 3 1 ] } { TARG REDN [ 3 1 ] } "  
DISP LAY " 3 : 3 0 pm { INST DEM [ 3 2 ] } { NEW_DEM [ 3 2 ] } 

{ TARG DEM [ 3 2 ] } { TARG REDN [ 3 2 ] } "  
DISP LAY " 4 : 0 0  pm { INST DEM [ 3 3 ] } { NEW_DEM [ 3 3 ) } 

{ TARG DEM [ 3 3 ] } { TARG REDN [ 3 3 ] } "  
DISP LAY " 4 : 3 0 pm { INST DEM [ 3 4 ] } { NEW_DEM [ 3 4 ) } 

{ TARG DEM [ 3 4 ] } { TARG REDN [ 3 4 ] } "  
DISP LAY " 5 : 0 0 pm { INST DEM [ 3 5 ] } { NEW_DEM [ 3 5 ] } 

{ TARG DEM [ 3 5 ] } { TARG REDN [ 3 5 ] } "  
DISPLAY " 5 : 3 0 pm { INST DEM [ 3 6 ] } { NE W_DEM [ 3 6 ) } 

{ TARG DEM [ 3 6 ] } { TARG_REDN [ 3 6 ] } "  
DISP LAY " " 
D I S P LAY " " 
D I S P LAY " P re s s  any key t o  see s creen 4 of 4 . - " 
C L S  



D I SP LAY " The fo l l owing summa r i z e s  the prop o s ed / t argeted 
change s "  

D I SP LAY " " 
D I S P LAY " " 

4 3  

D I SP LAY " PER I OD CURRENT LOAD MOD I F I ED LOAD TARGET 
LOAD TARGET REDUCT I ON "  

D I SP LAY " S TART ING kVA kVA kVA 
kVA "  

D I SP LAY " " 
D I SP LAY " 6 : 0 0 pm 

{ TARG DEM [ 3 7 ] } 
DISPLAY " 6 : 3 0 pm 

{ TARG DEM [ 3 8 ] } 
DISP LAY " 7 : 0 0 pm 

{ TARG DEM [ 3 9 ] } 
DISP LAY " 7 : 3 0 pm 

{ TARG DEM [ 4 0 ] } 
DISP LAY " 8 : 0 0 pm 

{ TARG DEM [ 4 1 ]  } 
DISP LAY " 8 : 3 0 pm 

{ TARG DEM [ 4 2 ] } 
DISP LAY " 9 : 0 0 pm 

{ TARG DEM [ 4 3 ] } 
DISP LAY " 9 : 3 0 pm 

{ T ARG D EM [ 4 4 ] } 
DIS PLAY " 1 0 : 0 0 pm 

{ TARG DEM [ 4 5 1 } 
DIS PLAY " 1 0 : 3 0 pm 

{ TARG DEM [ 4 6 ] } 
DISP LAY " 1 1 : 0 0 pm 

{ TARG DEM [ 4 7 ]  } 
DISP LAY " 1 1 : 3 0 pm 

{ TARG DEM [ 4 8 ] } 
DISP LAY " " 
D I SPLAY " " 

{ IN S T  DEM [ 3 7 ] } 
{ TARG REDN [ 3 7 ] } "  

{ INST DEM [ 3 8 ] } 
{ TARG REDN [ 3 8 ] } "  

{ INST DEM [ 3 9 ] } 
{ TARG REDN [ 3 9 ] } "  

{ INS T D EM [ 4 0 ] } 
{ TARG REDN [ 4 0 1 } "  

{ I NST DEM [ 4 1  1 } 
{ TARG REDN [ 4 1 1 } 11 

{ I NST DEM [ 4 2 1 } 
{ TARG REDN [ 4 2 ] } 11 

{ IN S T  DEM [ 4 3 1 } 
{ TARG REDN [ 4 3 ] } 11 

{ I NST DEM [ 4 4 1 } 
{ TARG REDN [ 4 4 ]  } 11 

{ INST DEM [ 4 5 ] } 
{ TARG REDN [ 4 5 ]  } 11 

{ INST DEM [ 4 6 ] } 
{ TARG REDN [ 4 6 ]  } 11 

{ INST DEM [ 4 7 ]  } 
{ TARG REDN [ 4 7 ] } 11 

{ INST DEM [ 4 8 ] } 
{ TARG_REDN [ 4 8 1 } "  

! ! c a l cu l at e  new s avings , 

{ NEW_DEM [ 3 7 1 } 

{ NE W_DEM [ 3 8 ] } 

{ NE W_DEM [ 3 9 ] } 

{ NEW _DEM [ 4 0 ] } 

{ NE W_DEM [ 4 1 1 } 

{ NEW_ D EM [ 4 2 1 } 

{ NEW _DEM [ 4 3 ]  } 

{ NE W_DEM [ 4 4 ] } 

{ NEW_DEM [ 4 5 ] } 

{ NEW_DEM [ 4 6 ] } 

{ NEW_DEM [ 4 7 ] } 

{ NEW _DEM [ 4 8 ] } 

! ! comment on l oads ditched (with unit cost s avings ) ,  
! ! and e xt e rn a l  s h i fted l oad 
D I SPLAY " P r e s s  any key to c ont inue- " ;  



RULE CONT3 
I F  
THEN 

CLS .  

SAT I S F IED = MOVE [ OTHER] _LOADS 
CONT = YE S 

4 4  

! ! E S TABLI SH T I ME INTERVAL FROM WH I CH LOAD I S  TO BE 
SHIFTED 

D I S P LAY " Change load patterns i n  whi ch t ime interval ? "  
D I S P LAY " " 
RE S E T  AM PM 
RES E T  HOUR 
RE S E T  HALF HR 
RE S E T  X 
RE S E T  T IME 
F IND T I ME 
F ORMAT HOUR, 2 . 0  
F ORMAT HALF HR, 2 . 0  
C HOUR =- (HOUR) 
C-HALF HR = ( HALF HR) 
C-AM PM = (AM PM) 
e-x - = ( X ) -
CLS 
D I S P LAY " F o r  the 3 0  minute int erval st art ing at 

{ C  HOUR} : { C  HALF HR } { C  AM P M }  , " 
I I E S TABL I SH LOAD SHED , MOVE ETC FOR THIS I NTERVAL 

D I SP LAY " " 
D I SP LAY " What l o ads ; " 
RES E T  D I TCH 
RE SET D I TCH LOAD 
F IND D I TCH 
RE S E T  EXT MOVE 
RE S E T  MOVED EXT 
F IND EXT MOVE 
RE SET INT-MOVE 
RES E T  MOVED INT 
F IND I NT MOVE 
RE SET I N  MOVE 
RES E T  ADDED LOAD 
F IND IN MOVE 

! ! SUMMARY OF CURRENT " TRANSACT I ON "  
RE S E T  MOVE SUMMARY 
F IND MOVE SUMMARY 

! ! D I SP LAY WARNINGS ETC RE LOAD MOVEMENTS 
PPK = 0 
RE S E T  NEW PEAK WARN 
F IND NEW-PEAK-WARN 

RES E T  ZEROCHECK 
F IND ZERO CHECK 

RE SET IMPORTCHECK 
F IND I MP O RTCHECK 
D I SP LAY " " 
D I SP LAY " " 
D I SP LAY " P re s s  any key t o  cont i nue- " ;  



RULE CONT4 
I F  
THEN 

RULE CONTS 
I F  

SAT I SF IED = LOAD SPREADSHEET 
CONT = YE S 
D I SPLAY " Thi s opt i on wi l l  l oad the new va lues for 

da i l y  demand back " 
D I SPLAY " t o  t he spreadsheet ( the o l d  spre adsheet 

values wi l l  not be " 
D I SPLAY " overwri t t e n . " 

RE SET CCONF 
RESET GOAHEAD 
F IND CCONF ; 

SATI SF IED = SET IMP ORT LOAD 
! ! Get 
THEN 

l o a d  to be added from other MD charge p e r i ods 
CONT = YE S 

E L S E  

RULE CCONF I RM  
I F  
T HEN 

CLS 
D I SPLAY " How much ( i f  any ) load from other MD 

charge p e r i o ds do you " 
D I SPLAY " want t o  ( re )  di stribute w i t h i n  t h i s  MD 

charge p e r i o d  ? "  
RE SET IN MOVE TOT 
F IND IN-MOVE-TOT 
TOT IN MOVE = ( IN MOVE TOT ) 
TOT-IN-MOVE = 0 ;  - -

GOAHEAD = YES 
CCONF = FOUND 
D I SPLAY " Lo ading dat a t o  Spreadsheet " 
PWK S  NEW DEM ,  NAMED = NEW DEM, LJRVAL 4 
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D I SPLAY " Al l dat a has been l o a de d  i n t o  spreadsheet ; 
p re s s  any key to cont i nue - " ;  

RULE CHE CK 4 8 
I F  
THEN 

X <= 4 7  
CHECK4 8 = KNOWN 
X =  ( X + 1 ) ; 

RULE MORNING 
I F  

T I ME 

THEN 

AND 
AND 

AM PM =AM 
. HOUR <> UNKNOWN 

HALF HR < >  UNKNOWN 
X =  ( 2 * HOUR + ( HALF HR / 3 0 ) ) 
T IME = KNOWN ; -

RULE AFTERNOON 
I F  AM PM =PM 

AND HOUR <> UNKNOWN 
AND HALF HR < >  UNKNOWN 

THEN X =  ( 24 + ( 2  * HOUR + (HALF_HR / 3 0 ) ) )  
T IME = KNOWN ; 



RULE T OF D 
I F  
THEN 

ELSE 

RULE INTHOUR 

X > 2 4  
T OF D = pm 
X = (X - 2 4 )  
T OF D = am ; 

I F  X > =  2 
THEN INTHOUR = FOUND 

X = ( X  - 2 )  
HR = (HR + 1 ) ; 

RULE INT MIN 
I F  X = 1 
THEN MINT I ME = 3 0  
E L S E  MINT I ME = 0 0 ;  

RULE T H I SMD 
I F  TH I SMD 1 > 0 
T HEN THI SMD = FOUND ; 

RULE MAX MM 
I F  NMN < 1 
T HEN NEWPEAKTIME = ( X )  

RULE D I TCH 
! ! LOAD 
I F  
THEN 

RULE EXT MOVE 
! ! LOAD 
I F  
THEN 

RULE I N T  MOVE 
! ! LOAD 
I F  
T HEN 

NEWMAX = (NEW DEM [ X ] ) 
MMAX MM = FOUND ; -

WHI CH CAN BE D ITCHED FROM THI S  INTERVAL 
D I TCH LOAD < >  UNKNOWN 
NEW DEM [ X ]  = ( (NEW_DEM [ X ] ) - ( D I TCH LOAD ) ) 
FORMAT NEW DEM [ X ] , 9 . 3  
TOT D I TCH � ( ( TOT D I TCH) + ( D I TCH LOAD ) ) 
FORMAT TOT D I TCH , -6 . 0  
D I TCH = F OUND ; 

WHICH CAN BE MOVED OUT S I DE THI S MD CHARGE P ERIOD 
MOVED EXT <> UNKNOWN 
NEW DEM [ X ]  = ( (NEW DEM [ X ] ) - ( MOVED EXT ) ) 
FORMAT NEW DEM [ X ] , -9 . 3  -
TOT EXT MOVE = ( ( TOT EXT MOVE ) + ( MOVED EXT ) ) 
FORMAT TOT EXT MOVE , -6 . 0-
EXT MOVE =-FOUND ; 

WH ICH CAN BE MOVED W I THIN THI S  MD CHARGE P ERIOD 
MOVED INT < >  UNKNOWN 
INT MOVE = FOUND 
NEW-DEM [ X ]  = ( (NEW DEM [ X ] ) - (MOVED_IN T ) ) 
FORMAT NEW_DEM [ X ] , -9 . 3 ; 
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RULE ADDED L OAD 
IF ADDED LOAD < >  UNKNOWN 
THEN NEW DEM ( X ]  = ( (NEW DEM [ X ] ) + (ADDED LOAD ) ) 

TOT-IN MOVE = ( ( T O T  IN MOVE ) - (ADDED_LOAD ) )  
FORMAT-NEW DEM [ X ] , 9 . 3-

RULE MOVE 
I F  
THEN 

FORMAT TOT-IN MOVE , 6 . 0  
IN MOVE = FOUND ; 

S UMMARY 
MOVED INT > 0 
CLS 
OLDTIME = ( X )  
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D I SP LAY " D e s t inat i o n  o f  thi s load ( T ime int e rva l ) ? " 
RE SET AM PM 

ELSE 

RESET HOUR 
RE SET HALF HR 
RE SET X 
RE SET T IME 
F IND T IME 
DEST T IME = ( X  + 1 )  
! ! DISPLAY LOAD MOVEMENT FOR THI S· INTERVAL 
CLS 
D I SP LAY " " 

D I SP LAY " 
D I SP LAY " " 

S UMMARY OF LOAD MOVEMENT 

D I SP LAY " PERIOD 
PROPOSED LOAD " 

D I SP LAY " " 

CURRENT LOAD 

D I SP LAY " { C  HOUR } : { C  HALF HR } { C  AM P M }  

11 

{ INS T DEM [ C-X ] } - - { NEW DEM [ C  X ] } "  
NEW DEM [ DE S T  T I ME ]  = - ( (NEW DEM [ D E S T-T IME ] )  + 

- - ( MOVED INT ) ) -
FORMAT NEW DEM [ D E S T  T IME ] , 9 . 3 -
D I SP LAY " - { HOUR } : { HALF HR } {AM P M }  

{ INST D EM [ DE S T  T I ME ] } -
{ NEW DEM [ DE S T  T IME ] } "  

X = ( OLDT I ME )  - -
MOVE SUMMARY = F OUND 
CLS 
MOVE SUMMARY = FOUN D  
D I SP LAY " " 

D I SP LAY " SUMMARY OF LOAD MOVEMENT - - - - " 
D I SP LAY " " 

D I SP LAY " PERIOD CURRENT LOAD 
PROPO S E D  LOAD " 

D I SP LAY " " 

D I SP LAY " { C  HOUR } : { C  HALF_HR } { C  AM PM } 
{ INST_DEM [ C_X ] } - { NEW_DEM [ C_X ] } "  

D I SP LAY " " ; 



RULE NEW P EAK WARNl 
IF 
THEN 

RULE NEW PEAK 
IF 
THEN 

ELSE 

RULE ZEROCHECK 
IF 
THEN 

ELSE 

NEW DEM [ DEST T I ME ] > (MAX INST DEM) 
NEW-P EAK WARN = F OUND 
P P K-= ( NEW DEM [ D E S T  TIME ]  - MAX INS T DEM) 
D I S P LAY " ** * * * * * * *** * * * * * * * * * ** * * * *** * * "  

D I SP LAY " WARNING ! MOVING THI S LOAD HAS ACTUALLY 
CAUSED A PEAK WHI CH " 

D I SPLAY " I S  { PP K } kVA H I GHER THAN I N  THE ORI G I NAL 
DAILY PATTERN ! ! ! " 

D I S P LAY 

WARN2 

" * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * " · , 

NEW DEM [ C  X ]  > (MAX INST DEM) 
NEW-P EAK WARN = F OUND - -
P P K-= (NEW DEM [ C  X ]  - MAX INST DEM) 
D I SPLAY " *** * * * ** * * * * * * * *** * * *** * * * * * * * * * * * "  

D I S P LAY " WARN ING ! MOVING THI S LOAD HAS ACTUALLY 
CAUSED A PEAK WHICH " 

D I SPLAY " I S  { PP K } kVA H I GHER THAN I N  THE ORIG I NAL 
DAI LY PATTERN · ! ! ! " 

D I S P LAY 11 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * "  

D I S P LAY 1 1  " 

D I S P LAY " " 
D I S PLAY " " 
D I S P LAY 1 1 " ; 

NEW DEM [ X ]  < 0 
ZEROCHECK = FOUND 
GENTOT = ( - 1  * NEW DEM [ X ] ) 
D I S P LAY " * * * * * * * * * *** * * * * * * * * * * * * * * * * * * * * * * "  

D I SPLAY " YOU APP EAR TO BE GENERAT ING (NOT 
CONSUMING)  { GENTOT } kVA OF P OWER ! ! "  

D I SPLAY " * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * "  

ZEROCHECK = FOUND 
D I S P LAY 11 " 

D I S P LA Y  " " 
D I S P LAY " " ; 

RULE IMPORTCHECK 
IF TOT IN MOVE < 0 
THEN IMP ORTCHECK = FOUND 

ELSE 

NEGTOT = ( - 1 * TOT IN MOVE ) 
D I S PLAY " * * * * * * * * * *** *** * * * * * * * * * * * * * * * "  

D I S P LAY " YOU HAVE IMPORTED { NEGTOT } kVA MORE LOAD 
FROM OTHER CHARGE PERIOD S " 

D I SP LAY " THAN YOU ORI GINALLY IND I CATED WAS 
NECE S SARY " 

D I S P LAY 11 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * "  

D I S P LAY " " 
D I SPLAY " " 
D I S P LA Y  " " 
D I S P LA Y  " " ; 
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RULE LF TARG 
IF 
THEN 

TARG TYPE = LOAD FACTOR 
TARG-FOUND = YE S-
RE SET TARG LOAD FACT 
FIND TARG-LOAD-FACT 
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TARG MAX DEM = ( ( MEAN INS T DEM) I ( TARG_LOAD_FACT ) ) 
X =  l 

RULE MD TARG 

CUT = 0 
F I LL = 0 
WHI LEKNOWN CHECK4 8 

END 

RESET TARGETMD 
F IND TARGETMD 
FORMAT TARG DEM [ X ] , 9 . 3  
FORMAT TARG-REDN [ X ] , 6 . 0  
RE SET CHECK48 
F IND CHECK4 8 

CUT F I LL RAT I O = ( ( CUT ) I ( F I LL ) ) 
RES E T  FEAS IBLE 
FIND FEAS IBLE ; 

I F  TARG TYPE = MAXIMUM DEMAND 
THEN TARG-FOUND = YE S 

RE S E T  TARG MAX DEM 
FIND TARG MAX DEM 
X = 1 
CUT = 0 
F I LL = 0 
WHI LE KNOWN CHECK4 8 

END 

RE SET TARGETMD 
F IND TARGETMD 
FORMAT TARG DEM [ X ] , 9 . 3  
FORMAT TARG-REDN [ X ] , 6 . 0  
RE SET CHECK48 
F IND CHECK4 8  

CUT F I LL RAT IO = ( @ABS ( ( CUT ) I ( F I L L ) ) )  
RE S E T  FEAS IBLE 

RULE TARG MD l 
IF  
THEN 

RULE TARG MD 2 
IF  
THEN 

F IND FEAS IBLE ; 

INST DEM [ X ]  > ( TARG_MAX_DEM) 
TARGE TMD = FOUND 
TARG DEM [ X ]  = ( TARG MAX DEM) 
TARG-REDN [ X ]  = (NEW DEM [ X ]  - TARG MAX DEM) 
CUT � ( CUT + ( INST_DEM [ X ]  - TARG_MAX_DEM) ) ;  

INS T DEM [ X ]  <= ( TARG MAX DEM) 
TARGE TMD = FOUND - -
TARG DEM [ X ]  = ( INST DEM [ X ] ) 
TARG-REDN [ X ]  = 0 -
F I LL-= ( F I LL + ( TARG_MAX_DEM [ X ]  - INST DEM [ X ] ) ) ;  



RULE NO TARG 
I F  
THEN 

RULE FEAS I BLE 
I F  
THEN 
E L S E  

TARG T YPE = NONE 
RE SET FEAS IBLE 
TARG FOUND = YE S 
X = 1 
WHI LEKNOWN CHECK4 8 

END ; 

TARG DEM [ X ]  = ( INST_DEM [ X ] ) 
TARG-REDN [ X ]  = 0 
FORMAT TARG DEM [ X ] , 9 . 3  
F ORMAT TARG-REDN [ X ] , 6 . 0  
RESET CHECK48 
F IND CHECK 4 8  

CUT F I LL RAT I O  > 1 
FEAS IBLE-= NO 
RE SET FEAS IBLE ; 
1 1 I E ,  MORE LOAD HAS BEEN CUT THAN CAN BE F I LLED 

I N  ! ! 
1 1 NB THI S  I S  NOT NECE S SARILY IMP O S S I BLE ; I T  JUS T  

MEANS THAT 

s o  

I I L OAD HAS T O  BE MOVED TO OTHER MD CHARGE P ERI OD S 



ASK SAT I SFIED : " What do you want t o  do next ? " ;  
CHO I C E S  SAT I S F I ED : He l p ,  Set import l o ad,  Move [ othe r ]  l o ads , 

Current situat ion ,  Show all int e rva l s ,  
Load_spreadsheet , F i n i s h ;  -

ASK HALF HR : " How many minut es p a s t  the hour ? " ;  
CHO I CE S  HALF HR : 0 0 , 3 0 ;  

ASK HOUR : "Wh at hour o f  day ? " ;  
CHO I C E S  HOUR : 0 0 , 0 1 , 0 2 , 0 3 , 0 4 , 0 5 , 0 6 , 0 7 , 0 8 , 0 9 , 1 0 , 1 1 , 1 2 ; 

ASK AM P M  : " a m ,  or  pm ? " ;  
CHO I C ES AM_PM :  am , pm;  

ASK D I TCH LOAD : " A) 

ASK MOVED EXT " B )  

Can be s imp ly turn 

Can be r e s chedu l e d  
charge period ? " • . , 

o ff ? " • . I 

t o  another MD 
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ASK MOVED INT : " C )  Can be rescheduled (within the s ame MD 
charge p eriod)  ? " • . , 

ASK ADDED LOAD : " D )  Trans ferred from anothe r MD charge 
per i o d  c an be ope rated here 

ASK IN MOVE TOT : " " . I 

? " .  . , 

ASK T H I SMD :  " What i s  the MD rate ( $ / kVA) for thi s month 

ASK GOAHEAD : " D o  you w i s h  to proceed ? " ;  
CHO I C E S  GOAHEAD : Y e s , No ;  

? " · . , 

ASK TARG_TYPE :  " What type o f  target do you want t o  s et f o r  your s e l f 
? " • . , 
CHO I C E S  TARG_TYPE : None , Load_fact o r ,  Maximum demand; 

ASK TARG LOAD FAC T : "What l o ad fact o r  ( t a rget ) would you l ike t o  
aim f o r  ? " ;  

ASK TARG MAX DEM : " What Maximum D emand target f i gure ( kVA) woul d  
you l ik e-to aim fo r ? " ;  
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