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i ' - A steam and power plant for a chemical complex is a
. e 4 i
type of multi-product process. "Productk" demands are

given, in terms of steam demands at.different pressure
levels, and electric power demand. Befause there is a
large number of possible ways to meet the demands there = .

arises a synthesis pr@blem for a steam jand power plant.

e Two different éYﬁthésis cases, i.¢., a "grass roots"

case and an expansion case, are studied. -

The Optimal synthesis problem with constraints, which
is an expansion case, is‘formqlated anfl solved as a multi-
.- ‘ time perioq linear programming problemk A general computer
executive system OPES (Optimal Expansipp of Energy Systems)
. is(developed to formulate the problem putomatically.
~ .
The Optimal synthesis problem with no'constréinté, P
which is a grass roots case, is formuliated and solved»using
. a. two-level approach where a linear progfémming problem is

formulated at the upper level and a pdrameter optimization
]

problem is formulated at the lower leyel. théd direct sub-

stitution method is employed for the gwo-~level coordination.

In the parameter optimization phyoblem which includes a

o simulation of arbitrar& energy systems, energy and material




P \
balances are formulated in%? a set of simultaneous equations
Y . . .
having a homogeneous form, systematically by a modular

approach and sqlved by the trianaulation ﬁethod.,
- : =

The _ i
Comp}gx method is chosen to seek a set of optimal f\ ‘i
parameter values. ‘ ’ \

- General computer executive systems OSES (thimal;\ '

§§hthg§i§ of Energy §ystems§ and ODES (Optimal Design q;
\'\ ,

Energy Systéms) are developed to formulate and solve th%se_
problems automatically.

“
\
. |

ot |
Practical examples are illustrated to show the

effectiveness of the methods for both cases of synthesis,
L

and the usefulness of computer executive systems that

assist the generalization of the methodolog&es.

|
Lot
|

"
-
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CHAPTER 1
" INTRODUYCTION . ?

X

1.1 General \”'H\ . ’ .

. A s, .
s < v
~ X

f““ '_t . 'x"’\\

N . .
Drastic changes in the- energy situation’ throughout

-

the world have neceshitated a re-evaluation of existing
¢ technology and prévided opportunities for innovationéﬂ
&he need for énergy conservation is serious and various
- :methods for energy saving haQe-been tried, gspecially

in those chemical -industries that consume great amounts

. of energy. ¢
‘ v

-

A steam and ﬁower plant for a chemical complex ig
one of several systems which should be examined carefully
from the above point of view; for steam and powef plants
not only supbly greaf amounts of ‘energy with different
qualities to a chemical complex{»but also consume large
amounts of energy resources themselves in order to produce

L

"finished" products. Ve

1
4

The synthesis of steam and power plants is an impdftant:
task in industries which need various types of energy.

. Many alternate sizes, types, and arrangements of energy

supply and conversion devices can be conceived for a-steam
N . . ’ . o
and power plant to serve a complex chemical process; it is

thus important to create the best possible arrangement.

%

* LI
: i

I - ' . \
P . , - ‘
. N




In ‘this chapter, de51gn studles for steam and power

plants are reviewed fof the purpose of }dentlgxeng

prohJemvareas. System synthesis problems ;re
%

[ ]

rev1ewed to search for- synthe51s technlques that will be
effectlve to synthesuze a steam ano‘f power plant systemati-
cally. The scope of study wlll be defined in, accordance

with the works reviewed.

e

1.2 Review of the Design of Steam and Power Pgants

Ky
Although a steam and power plant consists of many
components, this review is confined. to system design
problems instead ofidbestigatimgeach component itself

in detail. ~On the. other hanq, the review on constrained

system design problems, i.e:),expansion ptoblehs for steam
and power plants due'to growth of'demands; is extended to
other fieids, e.g., chemical process and public power
station because of some similarities with’rqspect to

expansion problems. The particular situation that -

- T

motivated the stu@y of expansion probleims is the expansion
of production of tae.PolysaI'plant as it seeks‘to attain
world scale production”to become competitive.: A p;ant
like Polysar, mueh of it over thirty years old, can begia
to take advantage offnew,technology both in the supply and
in the demand side, for steam and power. |

Slack (i969) introduced a new exact method of steam

~

[

.
4 -

* v

& Ll /0

I d

#
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. ' balance by~setting up simultaneous equations‘and Bouilloué >
(1969) succeeded it by LP solv1ng, however, their approaches

\ . o e
were 'rather speCific 1n the prpblem formulation. - T

-\ .

o~

Kikkawa and Shoji "‘1968), *presented an-"optimal design S
. . Co ; :
packagé" demling only wiFh typical utility systems in v

refining industries. Aﬁso, Dain and Whitlock (1969)

introduced a computer program" for,the optimization of

t I
total energy systems which -are limited to spe01f1c configz

i
urations. . Yamazaki,(1939) appiied a linear programming '

technique first and th eaftér used separable programming

for determining the capacity of'a power plant; his approach

v
-

‘ ' . seems to be of limited use because the'effect of design

.parameters was not taken into account on determining the - .

capac Hatakeyama and Symazu {1971) -developed a ‘ T s

general met or’ Kgat‘balanceAcalculations; their method "’

&

. ' .
was_only for on-line use on computer control of power

stations with heat generation.

. .
Theré is only one paper (Jackson et al, 1965) which

deals with expansion problems for a steam and power plant

-

uéing stochastic simulations; thé best method for dealing

. with expansion problems remains open to,question.

4 -
~N ¢ -

While there are many similarities between the

r/ .

expansion problems for public power stations and the
4 .

expansion of the energy gsystem for a chemical complex,

0 there is one great difference between theﬁ that is\the

-
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problem of a determination of ins%alled.reserve margin

® .

v of plant capacityiw"For public power generation, this ;~

is a very significant prehlem' mainly because of scale

of investment and also beéauaé?bf*the quality of service

required. Therefore, much work has been done for the . .
rational determination of generation reserve using

probability concepts (Kist and Thoﬁag, 1958; Baldwin

et .al, 1959) and a criterion of ecogomic choice (Cohen

and Jensen, 1958;. Schroeder and Wilson, 1958, and so on).

s v ’ ' * »
"Thus, studies Of expansipn problems for public péwer .
‘generation have been done ffequeptly buf these are n!L ::
satiéfactory for practical full-scale industrial | L L
appliéation to a éfiigxz:d powef plant.for a chemical

complex. ’ .

L]
-

-

Of the méthematical tecﬁniques‘that make a se&ectioﬁ“
of’op;imal expansion patterns pdssible,,while all practical
candidates'of expansion pattern were case-studied at early
periods of study in this field, only the dynamic programm-
ing fechnique has beeg‘épplied thus faf to a chemical
process (Jenerosb{ 1968) and to a publicibower station
(Booth, 1972). However;fthe dynamic éfogfamming |
techniéqe which ig suitable‘foé a serial process can not

be used for a steam and power plant.
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- .1.3 Review of System Synthesis Problems-
The général techniques (Hendry'ét. al,1973) that have .
been developéd.for process synthesis have included the

L3

¢ ‘heuristic approach based on the use of rules of thumb,

algorithmic methods often involving well-knawn optimization

principles, and evolutlonary strategies wherein 1mprovements
1

- are systematlcally made to an 1n1t1a11y prdposed fea51b1e

structure. Often these technxques have been used in
- combination and in conjunction with the decomposition
- principle. . et T

vt ‘s

4 .t [y

Ty .
Masso and Rudd (1969) indicated a méans by which the
N £

design decomposition approach to procesé”synfﬁeéis‘could be

modified to make use of heurlstlc problem—solv1ng£ech%§ques.

¢

£

A heuristic method 1s one wh1ch seeks the dlscovery«of the

solution to a problem by means of plau51bLe but falllble
guesses. . , A ‘

., -
-

-
LN

Heuristic rules of thumb are qﬁ}te common in chemiéai ‘
engineering pract?be, examples being the six—;en;hs—éowerf .
law cost approxiéation, minimum approach temperaturé in
heat exchangg, estimates of opﬁimal reflux ratios, .and

!. economic fluid vglocities. The useful heuristicsfare

" . well stated by King (1971).%

»~ “

-

{ Rudd (1968) proposed an approach to process system

synthesis based on decomposition whereby a design problem

. ¢
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for which no previous technology existed is broken down

into a sequence of sub-design problem until the level of

L

available technology is reached. This approach provides

. a framework for the systematlc syntheSLS of solutions for

o

qulte general de51gn problemS' Umeda et. al, (1974)
applled this approach to complex proce551ng systems' by an

extensive usé of the.task assignment concept.

Ichlkawa and co—workers have attempted to apply. well-
known technlques of optlmlzatlon and mathematical programm-
1ng to the synthesis of chemical processes. The approach

B ¢ ¥

‘!& been to embed all possible procéss flow sheets into one

" combined flow sheet by defining all the inter-conngctions

which might exist‘between various pieces of equipment.
The approach has ‘also been applled to portlons of the
general chem1ca1 proceds synthe51s problem such as heat
exchange networks and sequences of component separation .

equipment. These teohniques include linear programming,

»

. »
dynamic programming, hon-linear programming,- branch-and-

" bound, etc.

Emolutionaryasynthesis;refers to the'syntheSAS of a nem
process by modificatiod of previously éenerated.pxocesses.
King, Ganz and Bafnes (1972) applied this technigue as a
succession of alternatioﬂs_involving identification of that

portion of the most recent process' which could be changed

to greatest advantage, followed by generation of the




. .
qpproPriate change for that portion of the process and by
an analyéfS%gf the new process. It should be pointed out
that:these synthesis procedures are necessarily local in
that efféct_%nd that processes synthesized by this means

depend heavily upoh,the initial assumed pracessing concept.

-

Papers dealing with technlques of process synthe51s
are c1a551f1ed and summarliéd in Table 1.1, while papers a»
which include épplications of process synthesis techniques
to specific chemical processes are classified and summa;}zed .

~

‘in Table 1.2. -

"
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TABLE 1.1
PROCESS.SYNTHESIS TECHNIQUES *
Technique References o7 .
A... Decompositfon . Rudd (1968), Nishida et.al.
. . (1971) , Robayashi et. al. (1971)

. * Menzies and Johnson (19%2),
2 Umeda et.al. (1974), Umeda-and
. Ichikawa (1975). "_ ‘
B. Heuristics %~ Lockhart (1947), Herbert (1957),
Masso and Rudd (1969), Nishida
, - et. al. (1971), Nishimura and
. Hiraizumi~ (1971), King (1971).
. Siirola et. al. (1971), Siirola
and Rudd (1971), Menzies and
- " Johnson (1972), Powers (1972), "
Thompson and King (1972), Umeda ="
et. al. (1974), Mahalec et. al.
(1977) , Liapias et. al.(1977),

Wells Hodgkinson (1977).
c. Algorithmic Ro d Maxek (1959), Hwa (1965)
(Pptimization) . Kesler and Rarker (1969), Lee

et.al. (1970) , Kobayashi et:al.
(1971), Menzies and Johnson
. (1972) , Umeda et.al. (1972),
T Goto and Matsubara (1972),
i Hendry and Hughes (1972), Umeda’
- and Ichikawa (19{72). ;~Thompson
~and Kigg (1972) / Rathore et.al..
: ) (1974) , Ratho and Powerxrs (1975),
' - : - Westerberg and Stephanopoulas
' ) (1975), Nishida et.al. (1976,1977)
Umeda et.al. (1974), Umeda and
Ichikawa (1975), Mahalec et.al.
(1977) o ‘ )

D. Evolutionary - . - King et. al. {1972), McGalliard and
. : Westerberg (1972), Ichikawa and

: Fan (1972), Nishida et.al. (1977},
LT Mahalec et.al. (1977).

s . .
Y 3 H o
R
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TABLE 1.2 :

APPLICATION? OF SYNTHESIS TECHNIQUES

TO CTHEMICAL PROCESSES

Structures ) References o
- ‘ »
A. Homogeneous: Hwa (1965), Kesler and Parker -
- Heat-exchanger (1969), Masso and Rudd (1969),
networks . Lee et.al. (1970), Kobayashi

-et.al. (1971), Nishida et.al.
(1971) , McGalliard and Westerberg
. . (1972), Ponton and Donaldson (1974),
y Rathmore and Powers (1975), Nishida
et.al. (1977), Liapins et.al.(1977),
Wells and Hodgkinson (1977).

Multicomponent Lockhard (¥947), Harbert (1957),
distillation Rod and Marek (1959), Petlyuk
separation et.al, (1965),. Nishimura and
. seguences * Hiraizume (1971),.King (1971),
s o - Hendry and Hughes (1972),
Westérberg and Stephanopoulos :
. L
) . (1975).
: ) ,
Reactor . .JIchikawa and 'Fan (%972), Umeda .
Networks . , ol and Ichikawa (1972 : .
B. Heterogeneous: . ' King et.al. (1972), Menzies and
Energy-transfer Johnson (1972).
networks )
Selection and Siirola and Rudd (1971), Thompson
« 8equencing of “and .King (1972), Powers (1972),
separatlon C Rathore et.al. (1974).
processes
. ‘o Entire chemical ' siirola et.al. (1971), Siirola and
processes _ Rudd (1971), Umeda et.al. (1972),
- : T Powers (1972), Ichikawa and Fan

(1972), Goto and Matsabara (1972),
Rudd et.al. (1973), Nishida (1976),
, Umeda et.al. (1974), Umeda and
" Ichikawa (1975).

»
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1.4 Scope of Study

" As a result of the work reviewed, the following points

have become clear: v

- There are two different types of synthesis problems.

\«K_‘» ~ Namely, one is the synthesis problem with conégraints;
that is, a plant expanéionlbrobleﬁ. The other is the
synthesis problem with no constraints; .that is, a 'grass‘

_roots” .plant erection probiem. No extensive ‘study

had been done-on both synthesis problems for steam

and ppﬁer planﬁs.

v - A solution method of energy and material balances for
arbitrary energy systems will have to be developed to

support an extensive stwdy on synthesis problems of
[ L

steam and power plants.

- There have been few successful applications for the
N
synthesisl of a large system with a heterogeneous

~
.

stjucture. ; ‘

£

sion problems of steam and power:plants for

proeess industries are quite different from those qf

public power stations. A N
Accdrdingly in this study, two different synthesis
problems of steam and power plants for a chemical complex,

which is a éuite large system vith aiheterogeneous-structure.

»

13
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will be defined and formulated.: A solution method for

+
*+

energy and material balances for arbitrary energy systems

B “ . | N
. will be developed as a matter of necessity. These methods

: |
will be applied to practical examples and solved.
|

EY
%

Moreovér, the methodolo@ieé are generalized by the

development of the following three computer executive .
’ |

systems: -
|
b a
\i
ODES Optimal Design of Arbitrary Energy Systems
OPES 'Optimal Planning for Expansion of Energy °
Systems | _ ,?
“ . - [ 3 .
OSES Optimal Synthesis of Energy Systems

‘ﬂG
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CHAPTER 2

COMPUTER EXECUTIVE SYSTEM FOR
OPTIMAL DESIGN -OF ARBITRARY

ENERGY SYSTEMS

2,1 Introduction

As pointed 6ut by Fleming et. al. (1974) the recent
drasﬁip increase of energy casts has changed the de;ign
philosophy which had been follqyed beforé the "energy
crisis". Since. the energy crisis engineers have been
obliged to take a completely new look at plants which
’consume g;eaf amounts of energy. This new sitﬁation has
cféated the need for the devefﬁpmeﬂt of a general computer

executive system which makes possible a prompt evaluation

for arbitrary energy systems.

Figure 2.1 is shown as an example of an energy system
of ;easanable complexity. Such syétéms comprise many
component units and in the analysis or design of such
systems a very l#rge amount of information is invelved.
‘This chaptef presents the first of a series of executive

programs developed in this study for handling large

information sets and for easily evaluating arbitféry

energy systems.
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First, a new solution method is developed for the

energy and material balance‘calculation which is a central
part in evaluating arbitrary ehergy systems. Second, a
unit modeling method is introduced which uses a modular
approach to make an evaluation of arbitrary energy s&stems.
easy. Third, an optimization technique is chosen which
makes an’optihal design attainable. FourthAand finally,
. the program system and data structureswhich support‘the

generality of the executive system are defined.

2.2 Problem‘Description

In general the usefulness of a computer executive

system depends upon the following tNree aspects:

- Input-Output (I/0) methodology
- Program system and data structures -

- Computational efficiency and st&bility

The I/0 device must be simple for "users" to access. At
the same time it shouldyprovide an interface with that of
thé.other important components of the synthesis system;
"OPES" (which will be developed in Chapter 3) and "OSES"

(which will be developed in Chapter 4). : v

L4

The data structure ghould be succinct enough from the
viewpoint of programming and achieve efficient storage of

data.
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! .
The computational efficiency depends largely upon the

computing method used for the central part of the simulation.
"Therefore, an efficient method has to be devedeped for the

* enerqgy and ‘material balance calculation.

The choice of the optimization technique is also
&N

important from the viewpoint of computational stability

-

since many optimization techniques fail to attain an
optimal point for a éroblem with many independent variables
and stiff constraints; such as is usually the case for

optimal design of energy systems.

2.3 Solution Method for Energy and Material Balances

Basically there are two methods for solving energy !

and material balances i.e. sequehtial and simultaneous

~

methods (Uﬁeda'and Nishio, 1972).

Energy systems characteristically have a large number

of recycle loops and- also. a very large number of energy

"products" which are-s ified as system outputs. ‘For

these Ehéracteristids, a sequential method which is often

"used in a balance calculation for chemical processes is not
a&vantageous. A sequéntial method starts the calculation

- from the: system input and proceeds toward the system output -
‘sequentiaily and is effective only when the system
specification isrinput-orientéd'and the system ‘does not

have a large number of recycle loop§:4*’sihce’a

A

v

15
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simultaneous meth&d is not limited in these respects, it is

chosen as.the solution method for energy and material

.

balance.’ .
’ \

The modﬁlaruapproach in which thereﬂéré eqﬁipment
modules;,each.with a/ké&qoréAidentifier and information
streams,’isauseé'to represent the systems Sf ehergy éﬁd
material-balance equatioﬁs that can deséribe the systems.
As wili:bé explained in the foilowingrsection, énergy and
‘material balance equatioqs’can be set up by a modular

approach in an executive system which eveptually assembles

them into .a Set of simultahéous linear equations such that:

@ f
- .

(2.1)

%
e
!
o

' =
X , (xl, ceo s ,xm)

0 #s the zero vector with n zero elements

16

and A is a coefficient matrix; assumed non-sipguldr:

, _
all “o e alk ...elnw
A= 331 *0rr %k %yn
Laml Zmk amn‘ *

.

The variables and coefficjents will be explained when
‘ , g ;

examplés‘of unit modeling are presentedtin the next section.

s

3

»

’ . - - A )
These homogeneous linear equations (2.1) aré converted-

¢
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.

into equation§~)2.2) by trianqulation of matrix'g as

follows:
Xl ‘é,‘:- = 0! .
. - = - -
¥gg =0
. X' BC g’l = g'g'l . .
X' B =0 . 2.2
here. (b, 0" 0 )
where. » p 11‘ .‘-ooo.o
b,y :
B =|: 0
bnl "'?nj"'bnn
: : X
\bml "'bmj"'bmg’
(1 CypeveCypeesCy )
12 1k 1n |
g 0 1. :
c=|i .C
= . . -Jjn
0. - - .. .01 J
4 ' ’ =
, where elements of B and'C can be obtained
as follows:



b AW BT XA At e o

. k=l -
PRk T 2 Tk Pagtia o ke
k-1 : _
, °%,i - Pk, io1 P, 35,10 P x (k=1,,.n)

(i=k+1,..,n) (2.3)

Equations (2.2) can be solved recursively as follows:

Voow

=]

L 4

xn-—k+l - (k=1,.,n)

j=n;k+2ijj,n-k+l/bn—k+l,n-k+l ,

v

: o .’ . (2.4)

&

The calculation of energy and material balances
oécupieé a sigﬁificant part of the computation in the
-simulation of energy sysfémswana the coefficient ®erix-in
the simhltangous equation set which represents energy and
materials balances, is usually sparse as can be seen in an
‘example in Appendix 3. - Therefore, the essential elements
for ghe calculation of energy and .material balances are
extracted and stored.for iterative calculation such as
optimiz?fidn, to gain computational efficiency. This can
be achieved by decomposing the solution procedure (2.3)
and (2.4} into the computation sequence of four rules of
arithmetic (Hiraizumi et.al.-1969), which will be described
in detail in Appendix 5. o L

I

Hafhkeyam& and Symazu (1971) formuléted heat balance

AR O e

N\

i
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i
equations into simultaneous equations with heterogeneous
form such that:
. : 4
Ax = b _ - (2.5)

where A is a square matrix different from that of

gquations (2.1).

The Gauss elimination method was used to solve them.
This formulation could be extended easiiy to the general
calculation of energy and material balagces. In addition
the sparse-matrix technique proéosed,by Bending and
Hutchison 11973{ could be applied for iterative calcula-
tion from the standpoint of computational efficiency.
However, it seems that the formulation by a homoéeneous
form is easier and more éénsistenﬂ*than.that by a
heterogeneous form for enérgy systems which include a
i;rge number of specified variables, i.e. "energy”
products; because in the latter approach there is a dis-
advantade that known variables must come :S the right
hand side or extra equatioPs have té be defined for gnown

L] N
variables.

A comparison of balance formulation by both forms

can be found in Appendix 3.

18"
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2.4 Unit Modeling by a Modular Approach

As mentioned in the preceding section, if a system *
configuratfon is represented'using a set.of keywords which
have "équipment images"”,and stream numbers which indicéte
input or output information variables relating to the
"equipment", energy‘and material balances can. be formuIAted
systematically into a set of simultaneous linear equations

by a modular approach.

A typical example of unit modeling can be used to.
illustrate the modular approaéh. Figure 2.2 shows a
symbolic figure for & back-pressure turbine unit. From

this figure the following equations are derived:

X "%, = 0 . (2.6)
Xy=Celiy=1,) n x; = 0 (2.7)

where , e
Ce . i ‘unit conversion factor
i, enthalpy at turbine inlet (BTU/1lb)
i2 : enthalpy after isehtropic expansion (BTU/lb)
n ; turbine efficiency which may be a function ‘ e

of steam rate, pressure or temperature

)

.
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Figure 2-2 -Symbolic Figure fér a

Back-Pressure- Turbine
Unit

Figure 2-3 Symbolic Figure for a
Boiler Unit

.
T

A RO 8
.21
-
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- as follows:

X. X ; steam rates (lb/hry

\

Xq ;J motive power rate generated (KWH)

. .

The above equations are coded actually using data
_structures deflned in the follow1ng sectlon. For example,

the computation of enthalpy at turbine 1nlet is accomplished

»

CALL ENTH (3,SNENWNS(I1,2)+2),SNEN(IS(I1,2)+3) ,E1)

o

[N

Yhere? ‘,,L' | B ») | »

-~

ENTH is a subprogram to compute an enthalpy for steam

usiﬁg regression models of the ™steam table". The first

arguﬁent 3 indicates the code for vapor enthalpy.

SNEN(IS(Il 2)+2) 1nd1cates the temperature at turbine

\

1nlet. . As w1ll be described 1n the follow1ng section,’
IS(Il 2) po;nts to the head addressgf?ere stream data
are stored. Similarly, SNEN(IS(Il,2)+3) 1mplles.the

<A

pressure at turbine inlet.  El is: the enthalpy to be

.computed by\subprogram ENTH.

'\

The complete module for this unit is listed in

.
\
Y

Llstrng 2. 1. ‘ Another example module is for a boiler unit

g

as follows. | From the symbolic figure for a boiler unlt

given in Flgure‘@ 3, the follow1ng éouatlons are derlved.



, * o o 2 3
.
. 1
- . .
. b
LISTING 2.1 MODULE FUK BUCK-MRESSURE TURAINE UNTT ”
- SUBROUTINE TYPELL(LoAsISe1baNSTINENSNEQ(NISeNTE S ECH) ‘
c se QACK TURBINE (TURBB) '
c 11 see STPEAM WO, NF [INLET STEAM
c 12 eee SIREAM N0, 0F QUTI ET STEAM . :
-C 13 eoe STREAM NO. OF UUTPUT POWER .
C T EL see INLET EATHALPY
c €2 ees QUTLET ENIMALPY .AFTER TSENTROPIC EXPANSION'
c K eae COEFFICIENT MATKIX FUH A SIMULTANEUUS EGUATION oSk7
c L-3 , ese SISING ANU'COST ESTIMATION
c L-2 ees ENERGY AND MASS BALANCE
c L] ees SEWUENCE WUMBER UF BALANCE £QUATIUNS
C l1UN1T=-1 ses L.6e5 UNIT . - .
C- «\\h!unlr-? see RTU=LB U4IT . s
c SNEN(IS(I192)42) o.e TEMPERATURKE OF INLET STEAM . .
c EhENuS«InzHB) ces PREISUNE OF INLET STEAM N
c NTS (FUaRYUTINE) .oe CALCULATE A CONUITION aFTER IS&NPﬁ_pTR\ﬂKPANS!ON
c ENTA(SUSRUUTINE) ..0 CALCHLATE S1EAM ENTHALPY
c ErFtuirpﬁ§#&o~) vees TUNBINE EFFICIENCY s -
¢
- oxvewsroﬁ WERSTANEG) 9 5S (NSToNTS ) o TE (RENGNIE) .i .
COMMON /SYSIFSNEN(1)/STHe/IL (1) /
COMMON JOLHRLINCP oMqN o LEUsMAXST s TUNS TelNVLUOP - o
Ii=lE(IFUsar ' - . IR
I12=)E (IFUdsT) - - - *
I3=lE(ILUs8) - — ’ )
IFIL.EN.3) GO TO 10 ; : »
< STEAM BALANCE - : i
NzN+] . ¢
YO AMILNIE G, St .
} ° ‘(‘t'“,”io ‘ ~
c MOPL L FOit FCWEK GENERATED bY STLAM LAFANS]ON ) '
NoiNe) - )
A{T3+N)= lc
CALL ENTS(3.5~£~¢ISﬁ11.2)02).s~t~¢15111.2103).susncxscxa-zyosnoe?v
3 )
CaLt EhTN(J.SNEN(IS(lloZ)OZ)oSHEN(‘S(Iloe)‘JIot!% T
CSNENC(IE(ItQe3)¢2)2SHEN(TIS(I2342;¢1)
A(lloh)--(EI-QZrGEFF151>NLH(fE(ltu-3)04).sntn(.S(lloZDtei-
1 SNEN(IS(11+2)+3)) . ’
c UNIT CONVEKSIUN .
IF(IUNIT L0, 1) A(ll.Nl=A(lloNlO3,968 :
. " A(l1eNIZA(]]len}€0,293 ~ '
- IF(ALT14N) oRT 00,0 [CHm-] ] ) .
RETURN s - :
c COSTIMNATIUN FuR tunalng ’ p ) ‘ CT
10 CALL COSTIL(ISc1EoNSToMENHISINIE) . A
nsguuu . ‘ )
E - c -
" , * A y n
-

Db e Sv), ki hat s M e tady A . . e oocaitha M acaia b

P,

A n. on



A= sl—ra—re - I

Xy = (1 - pl) X, = 0 (ZZQ)
Xg = PyX; = 0 : (2.9)
isx5 + igx, -4 X, - n;hx = 0. » (2.10)

4 171 1773

Xy = Py¥X, = 0 : - - (2.11)

™~
i where

xl : boiler feed water rate (lb/hr)

xz ; power consumed for a draft fan drlver (KWH)
x5 : fuel rate consumed (lb/hr) .
X, ;- steam rate generated (lb/hr)

Xg ; blow—doqn rate (lb/hr) -

P, .3 blow-down ratio ‘

‘P, ; power consumption ratio‘(kw/hr)

n H boile; effic%ency’

h ; heating value of .fuel (BTU/1h) -

Other unit modules can be built~fn a similar way;
program listings for other unit modules and physical
property modules are attached in Appendix 9.

. t o,
.
. ¢

- 2.5 Choice of an Optinization Techniéue‘

b

- The choice of an optinization technique is a key to

.the success of an optimal design by a ccnputer executive

f \. ) ”»




as mathematical programming, variational methods and so

'Adescription as to implementation of the Complex method

e e T R ———
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system, for arbitrary energy systems‘méy have many
independent variables and stiff inequality constraints.
Generally an optimal design problem for arbitrary energy -
systeﬁs can be regarded as a non-linear optimization
problém which has no unique c;éracteristics of which one
can takg advantage in choosing a particular method such
oh. " Therefore, a searéh'hethod seems to be suitable f?r
this type of problem. The Complex method kBox. 1965),
which is the extension of the Simplex method (Nelder aﬁd
Mead, 1965). to the problem with inequality'constraings, is
chosen as an optimization techniqie. This methodlis
extremely suitable from the viewpoint of computational
stability for attaining an optimal point, whereas many
other search techniques fail when the problem has many
independent variable; and inequality constraints.

This has been confirmed through numerical experiments by

Lopez (1975) and by the author's own experiences. The
can be found in Appendix 6.

2.6 Program System and Data Structures
%

A general computational mroced for an optimal
design of energy systems can be represented as shown

>

in Figure 2.4. The'program system and data structures
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BY

BY

BY

BY

BY

"INPUT’

*SETvAL’

'MODULE'

( sTART )

-~ DATA INPUT -

(SYSTEM CONFIGURATION ETC.)

!

SET-UP OF DESIGN VARIABLES

26

ENERGY BALANCE CALCULATION
(PROCESS MASS BALANCE MAY

BE TAKEN IF NECESSARY)

CHECK OF CONSTRAIN

YES

'MODULE’ | SIZING OF EQUIPMERT

'OBJECT’

]
"outpPuT’

COST ESTIMATION AND CALCULA-

TION OF OBJECTIVE FUNCTION

CHECK OF

RENEWAL OF
DESIGN VARIABLES

A

BY 'OPTIM’

OPTIMIZATI

YES

Lourr/mos RESULTS

y
END

s

FIG. 2.4 COMPUTATIONAL PROCEDURE FOR AN
' . OPTIMAL DESIGH OF ENERGY SYSTEMS
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7 are designed for the generalization of the computer
/// executive system which implements the computational

procedure shown in Figur® 2.4.

Figure 2.5 indicates the program structure and the
main gomponents of "ODES". This program structure serves
\ not only to make the organization of functions involved in
\ an evaluation for energy systems clear, bﬁt also to keep
future expansion of the program system open. The groups

of subprograms are:

1) The Design and®*Optimizing Group

—r,

. OPTIM - Optimization module which implements
the Complex method
. - ‘SETVAL - sets up independent variables from
g » design variables
M MODULE - calls subprograms for unit modules
PREPAR - pre-treatment t; solve ;he simultaneous
equation set
TRIAN - solves the simultaneous equation set
CALO - computes essential operations for
solving the simultaneous equation set
l OBJECT - calculates the objective function

based on an economic criterion chosen
optionaily from venture profit, venture

‘cost or operating cost.

»

t
of
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UNIT MODULES - Mixer, Decaerater, Pumpy, Furnave, Cplitter, Flash, Turbine, etc.
] LTJ b | D L’_J Lrl HT‘ \1
—a— f I
[ -—
e I
| —— EQUIPI‘EN’I‘ SIZING SUBROUTINES —
e iy 1 |J“1 ,l"J‘I r
COST PUNCTION MODULES - -
e ol wd —

%
‘lr“Llf“lr‘l‘l'o’“‘ll"‘l‘lf"“lfllF[l rf—rj—;r‘“-]r“
¢ PHYSICAL PROPERTY, AND EFFICIENCY MO >

L_JL_'ui_Jl__lL_JL_ll_JL_JL_JLJL_J
Figure 2.5 Computer Program Structure for an Optiul-
Design of Energy Systems
4



The subprogram which organizes subprograms in this group
< .
to implement the computational procedure given in Figure

2.4 is "MAIN".

2), The Unit Modules
These include - mixer, receiver of electric
power, deaerator, pump, boiler, splitter etc.
Each module involves balance formulations,
equipment sizing and cost estimation according

to the simulation level.
3) Subprograms for equipment sizing KA
4) Cost functions

5) Physical Properties, turbine efficiencies and

numerical techniques

/
6) Subprograms for program I/O

INPUT - reads input data
" OUTPUT - -prints out computational'results ‘
Data access by the "user" can be made easily

Y

owing to data sophistication described below.

' All program listings for the above subprograms are gi#en

in Appendix 9.

-

The data used in the program system can be classified

mainly into the following four groups:

.

T Ty g T e




A, Data relating

* B. Data relating
C. Data relating
equat}on set

D. Data relating

1‘,3’ From the standpoint -of physical data structure, data

!
argu-

with two' dimensional arrays are transferred th;ough
ments of the subprogram with variable dimensions while

data with one dimensional array are tfansferred through
"labelléd‘ccmmon"; This consideration makes a central-

ization of dimensioning posq}ble as seen in an example

-

to
to

to

to

energy systems

the objective function

solving fhéyéimuléaﬁequs
N

the optimizationitéchnique

dimensioning given in Listing 2.2

L]

Stream data and equipment data which are major data

in group A listed above'are defined in Tables 2.1 and 2.2.

Stream codes are used for identifying each stream.

+

Stream codes assign data lehngth for each stream with

different properties. so that the address pointer for each
stream can point to a head address thch allocates the

exact data length required.
effectively to ospain’aggregate Uti;ity consuﬁpéions and
costs. Each equipment data length is specified by the
' "user” through a keyword so that the address pointer can

prepare the data length necessary for each equipmenthhaving

‘different data length.

A8 seen }n Table 2;2, all sﬁream

v .

Stream co‘des are also used

~

properties and eqﬁipment parameters are stored in the

B

—— e

g e
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'SNEN' array. Thus, these data structures make possible

a flexiblé and efficient storage of parameters such as

stream and equipment data with variabie length. Also .
thils data sophistication makes data access by "users}
easy because most of the information which is needed is
found in stream andlequipment data which have their
addresses in a sequence order.

- ™~

~—

{ 2.7 Summary

A new solution methpd for energy and material balances

was proposed-and a computer executive system "ODES" was

developed to automate_;he method for the optimal design of —a
. arbitrary energy systems. Such devices as a modular
| approach for unit modeling,a design 6% flexible prégram

and data structures ang an implementaﬁion of optimization . : ‘

‘technique sufficiently stable to ‘attain an optimal

solution, have supported the generalization of the

methodology. ' .

The concept developed here can be applied to an

optimal design of energy systems integiiiiij/étrongly
< “

with process systems.

e

N e - A
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CHAPTER 3
OPTIMAL EXPANSION OF STEAM

13
.
L
b
¢
i

L S

AND POWER PLANTS

3
L4

‘3.1 Introduction

._?-‘In solving a plant expansion _problém involving tomplex
energ§15ys£ems there are two maj&r factors that must be
considered. One is the eff;ct og the cost-estimate error
and the dehand-forecast error on the choice of an optimum
system expanéion plan. The other is the solution.technique
to obtain an optimum sysfem expansion plan, which may be

defined as the solution technique for a synthesis problem

L]
. N -

with constraints.

-
-

At the moment, there are two ways to treat the demand-.-

\\forecasp. One, which: is sometimes seen in chemical plant
\\ ) -
design, is to describe the growth pattern by the classical
; _ K
S-shaped curve and treat the uncertainty in the demand-

~

forecast by risk analysis .(Coleman, 1964). Alternatively,
- stochastic treatment is often used in a determination of

.the installed reserve margin for public power generation

. (AIEE Committee Report, 1961; Brennan, 1958; Fitzpatrick, »
1962; Kist, 1958; Reps,’ 1959). Neither method seems . .
adequate whgn the problem at hand involves.a steam and ,

power plant for a chemical complex.

7/ »
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The solution technique to obtain an optimum system

/ ~ expansion plan, that is, the solution:technique for a

synthesis éroblem (Hendry, 1973) may take one of four basic

) \ . o’
approaches: decomposition, heuristic, algorithmic (or

optimization), and evolutionary. A .combination of these
basic techniques is often used ‘for the treatment of large

systems. There have been relaﬁively few successful
# - _‘ . .
applications for the synthesis of a large system with a

heterogeneous structure (Menzies #nd Johnson, 1972L:
L . . !

In this chapter, the problem qf the expans'ion of a

<

N ’
- steam and power plant for a cheqicai complex is formulated

as a synthesis problem with cénstrai?ts, and a choice of an

-~

optimal system expansion case is madé\by solving a multi-

-

- time period linear.programmiﬁg (LP) pépblem. A general

program system which automatically formulates the LP models
¢ - i :
is developed so that quick case studies or parametric studies

-

can support a final decision over‘Pncertkinties in the cost
- \

> estimate or demand forecast. \

3.2 Problem Statemfent ” “\

A

°-A steam and power plant for a chemical\complex sapplies

electric power and steam at several possible levels, which

are required for satisfying on-site and off-site' demands,

.
- . -,




. as well as for the steam and power plant itself (Jackson

“et al. 1965).

’

The élénning of expansion of a Steam and power plant
is closely re1;£ed to that of the exgan51on of the process
system, especially in| this age of energy shortage. Théfefore,
it is not realistic tl merely describe the growth pattern of
energy demand by S-shaped curves or ;egafd it as a stochastic
process. .Instead, it‘has been commdh récently to regafd it
as,gfdétefﬁinistic'proceés and follow a trial and erro; )
aﬁbrdach aiming at an optim;l expansion planning from the
ovgrall poiné of view. It wohld be desirable to proyidg an
optimal expansion plan under whatever demana pattern there
may be. The question to be answered for an expansion of
steam and power plant, given' arbitrary demands of the type

illustrated in Figure 3.1 as an example, ére'thé following:

-

~ N * . -]

1. what types .Of units should be installed to most
economically meet growing needs?

Z. .when should these new units be installed?

~3. When should old existing units be rgfired?

4

In other uords, uha\&is an optimum configuratién of the steam
and pouer plant dnring ptoject life, given energy demands
predicted. exi-ting configuration and operating conditions?
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This can obvioﬁsly be deff\sd as synfhesié problem with

A S

constraints. N l} ) g

Inasmuch as’ us: of 'tzx Cvehture profit concept seems
to be common in evaluating the attractiveness of a venturé
in a phemical complex, the same criterion shquld ﬁe
applied to a steam and power plant that is a "decdﬂposed”
sub-system in the complex. For an expansion problém,it

would be redsonable to choose as a. criterion the:venture

"worth (Happel, 1958; Generoso, 1968) which judges the

profitabiiity of a project by the present value of venture
profit obtained during each year of the project's expected

life. The detailed derivation is shown in Appendix 1.

3.3 Choice of an Optimal Expansion Case

< ¢
\
<

As dech{bed.in the preceding section, the relation
between supply and demand can be approximated as a
deterministic process, and venture worth is ﬁsed‘as an
economic criterion for the chq}ce of an optimal expansion
case. Operating conditions cénnot be changéd extensively
because of restrictions on the existing plant; therefore,
thg energy balégce can be exﬁrgssgd in terms of linear -
relations including those linking the multi-time period,

which are generally expressed-as follows:




40
b
‘wj,k = ? Yi,j,k (j=1, ...., n period) (3.1)
i=o
< ) . . .
o Yi,],k - zi,k ( (=i, ...n),i=1, ... n) (3.2)
4
Y gz (3=1 3.3
o,j,k o,k J_ Fi o e e o n) ( . )
whére

pos

the number identifying a unit
wj x ° demand to unit k required at period j
14

Y. . : supply provided at period j by Z, ik’
the capacity of unit k that is expanded‘
at period i

ES

- Z { existing capacity of the unit k

Then, a preliminary choice of an optimum system

! /
expansion case may be achieved using a linear programming

iechnique. Figure 3.2 outlines a computational procedure
\

for the choice of an gptimal expansion cas . The LP

formulation for the multi-time period beco tedious as

the pexiod considered becomes long. Therefore, tic
formulation and set?ﬁp of LP models are desired, as

described in the following sectlon. At the .same time, ..

. 3

the size of the LP problem requires a commercial LP. o
- ~ l
& | packagé from the standpoint of computation time and core

requirement, hence employed is 'MPSX of IBM as an LP "solver”

k]

, ,
‘ ",
- -
.
.
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/ DATA INPUT

- DEMANDS PREDICTED
* BASIC STRUCTURE OF EXISTING PLANT AND THE EXPANSION

+ CONSTRAINTS ON EXlSTING PLANT

-

FORMULATION FOR LINEAR PROGRAMMING

- ENERGY BALANCE FOR EACH PERIOD
* RELATION LINKING MULTI-TIME PERIODS
+ COST AND OBJECTIVE FUNCTION

SOLVING L.P,

MODIFICATION OF

SENSITIVITY ANALYSIS - COEFFICIENTS FOR L.P.

SATISFIED

. FIGURE 3.2 .COMPUTATIONAL PROCEDURE FOR THE CHOICE OF - AN
: OPTIMAL EXPANSION PLAN )
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3.4 Computer Executive System for LP formulation of

Expansion Problem

Listing 3.1 shows an input example for a simple

éxpansion pr6b1em, which will be taken up as the first
;xample of the applications in Chapter 6. The uée of
keywords and stream numbers is not only convenient for

the input of basic information such as demands predictéd
for the multi-time ﬁeriod, basic structure of existing
'plant, and constrainﬁs on existing plant (e.g., capacity,
operating conditions),, but also assists the LP formuplation
of.the expansion problem. Such sophistication of input

information makes case study easy and LP formulation By a

modular approach possible.

The computational pxocedure for\the autfmatic

generation of LP models is summarized in Figpre 3.3,

provided that the LP package of MPSX by IBM is available Ca

to solve the LP problem.

Figure 3.4 shows the program system structure wﬁibh
makes the execution of the computational procedure possible.
The structure is quite flexible and open-ended’so that new
unit-modules may be added for an evaluation of arbitfary

energy systems.

|
The data structure to support the program system is

basically the same as that of the program syséem "ODES"




MAXST  MAXEQ IUNIT IPRIOD
24 10 2 3

STREAM CODE
10 12 10 10 8 10 13 10 10 4 8 14
9 9 13 113 12 12 12 -0

SYSTEM NETWORK “MM STREAM po. RELATING TO * EQUIPHENT
DEAER 1 2.3 4 -0 -0 -0
PUMP 2 5 6 -0 -0 -0 -0
HEATR 3 6 3 8 -0 -0 -0
BOILR 4 T 10 12 s -0 -0
+GTURB! 5 12 13 14 15 -0 -0 -0
6
7
8

]

St o, Mpd oLl vReS Yestew b

ERECIV i1 16 17 18 -0 -0 -0
MOTGR 18 1t -0 -0 -0 -0 -0
SPLTR 13 7 20 19 24 -0 -0
20 5 21 -0 -0 -0

14 21 2 23 -0 -0

o r————

s b

TURBS .
JUNC 10

STREAM DATA
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM
STREAM

EQUIPMENT DATA
DEAER

PUMP

HEATR

BOILR

BOILR

GRURBI

ERECIV

MOTOR

—_W=WWwh OhWW
Nt ot r N =W W

WA= DDWNNN

-t

- et b WWWWWWNN -

PERIOD- 1 B
122.000 _ -0.000 -0.000
-365.000 -0.000 %20 000
129.700 250.000 -0.000
500.000 250.000 -0.000
474700 350 000 -0.000
474.700 650.000 -0.000
179.700 520.000 -0.000
29700 300.000 -0.000
35100.000° -0.000 -.000
1284.000 -0.000 -0.000
91.000 -0.000 -0.000

I 11 :
OOONNMNNMNNNON

4.000 . 0030
6.000 0.006
-0.000 500.000
12.000 0.040
6.330 -0.000
15 000 0.100
-0.000 0.200
11.000 0.041
5.000 0.037

1600.000
1§00.000
338000
1800.000
1.471
33000.000
40000.000

3320000
TURBB 1640.000

STREAM DATA 3 PERIOD- 2
STREAM 17 1 35100.000
1
1

bbbbbuobd Lbbbbb68646464

MRNNNONMNNON
WWw =Wk ww

-0.000
~0.000

-0.000
-0.000
-0.000

STREAM 19 1430.000
STREAM 22 - 119.000

STREAM DATA 3 PERIOD-" 3

STREAM 17 1 41700000
STREAM 19 1 1563.000
STREAM 22 178.000

-0.000
-0.000
~ -0.000

bbb bbb

bbb b&4
64 b66

G

LISTING 3.1\1QP_l£l’ DATA FOR AN EXPANSION
PROBLEM




B S e o+ o it

( START )

v ~

x /[ DATA INPUT

+« CONFIGURATION OF EXISTING
ENERGY SYSTEM

+ STREAM CONDITIONS INCLUDING
DEMANDS PREDICTED

SET-UP STREAM CONDITIONS AND
SPECIFY DEMAND PREDICTED

DATA INPUT

* EQUIPMENT DATA INCLUDING
CAPACITY OF EXISTING PLANT

1

FORMULATE THE RELATION
LINKING MULT!-TIME PERIOD; IE.
THE RELATION BETWEEN DEMAND
AND CAPACITY ’

FORMULATE L.P. MODELS FOR
UNITS ,

FORMULATE MODELS RELATING
TO OBJECTIVE FUNCTION '

l

DATA OUTPUT .
+ GENERATE INPUT DATA FOR

L.P. PROGRAM OF MPSX

i
(= )

A
oy

\
USING \KEYWORD AND
STREANM NO,
\\
\
\\

o *

BY SUBROUTINE DEMAND

BY SUBROUTINE CAPCTY

BY SUBROUTINE MODULE

BY SUBROUTINE OBJVECT

- BY SUBROUTINE OQUTPUT

\

FlG, 3.3 A COMPiJTATIONAL PROCEDURE FOR GENERATING INPUT

- DATA TO THE L.P. PROGRAM OF MPSX . ) »
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and has the same features which were described in Section 6,
Chapter 2. Additional data necessary for LP formulation
{ are defined in Table 3.1. This data sophistication is a

key to formulate LP models systematically and makes

3 computational results easy to analyse. This will be

explained in detail in Appendix 7.

3.5 LP Modéeling by a Modular Approach

- As mentioned before, the use of keyword identifiers
and stream numbers to represent a system configuration

serves to formulate LP models systematically using a

-

.modular ‘approach.

A typicai example of LP modeling by a modular approach

is described below.

[

For a back-pressure turbine unit for which a symbolic

figure is shown in Figure 3.5, the equations are:

For steam flags X1 - X2 = 0 (3.4)

-

An energy balance ‘yields
e $ ' B—

x3 - cfw(ll - 12)nx1 =0 (3.5)

where notations have the same meaning as those in unit

N
i

modeling in Chapter 2. These gquatﬁpns are coded actuall

\ v

' \
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Table 3.1 Basic Data for LP Formulmtion of the Expansion Problem

~ T
+Entity No.
Attribute Element N for LP formulation .
2 4 6
TIROW(N) M+ L*10 + (K*10') + JCODE*10
’ 2 4\ 6
ICOL(N) I oxr XK + L*10" + (J*10 ) + ICODE*10
RDATA (N) Real Data
Entity No.
Attribute Sequence Number MEQ for LP equation -~
4 2 -
2 4 6
NEQ (MEQ) M + L*10° + (K*10 ) + JCODE*10
where * M° ; Sequence no. of equation
I ; ‘Stream identification no.
K ; Equipment identification no.
IROW ; Infprmation for row identification
ICOL ; Information for column identification
NEQ ; Same information as IROW, for row specification
such as ‘'greater', 'equal' or 'less'.
L ; Period opérated
J ; Period expanded .
ICODE- ;

1 : Variable for energy balance (X)
' \

2 : Variable for capacity demand ;(W)

. 3 : Variable for capacity supply (Y) COLUMNS
& » "

4 : Variable for capacity (2)

5 : Variable for cost (o))
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i ‘ -
Table 3.1 Basic Data for LP Formulation of the Expansion Problem
. -

, (continued)

- ICODE ; 6 Variable for RHS (right hand side) (R) RHS

- 2

7 : Variable for energy balance (x)

’ 8 : Variable fpr capacity demand (W) BOUNDS

9 : Variable for capacity (Y)

JCODE ;.- 1 : Equation for energy balance

[ %]

Equation for demand-supply

Equation for supply-capacity

w
.

4 : Equation for cost evaluation

5

Lower bound

6 : Upper bound - :

]

7 : Objective function o




.. using data structures defined in the preceding section.
The complete program liéting for this unit.module is

4
shown in Listing 3.2. Also, program listings for other

-

unit modules are attached in Appendix 10.

After defining all LP models, a set of.daﬁal
IROW(N), ICOL (N) and 'RDATA(N): which are essential LP data,
are sorted OUE by *subprogram LPSORT listed in Appendix 10
in order to follow the inpot form to MPSX as shown in

«

Appendix 8.

e
- 0 k
/! . . ’

Fiéure 3.5 Symbolic Figure for a Back Pressure

et

Turbine Unit

3.6, ngﬁary : . ) ’ \\
AT . ® ' . . v
‘The expansion problem of a-steam aq;jpower plant for

a chemical complex was ﬁormulated ‘as a synthesis problem

with constralnts, and 861v1ng a multi-time perlod llnear

programmlng problem was proposed to choose an optlmal

Tede

43
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‘LISTING 342 MODULE FOR BUCK=PRESSURE TURBINE UNIT- FOR AN EXPANSION PROBLEM

"SUBROUTINE TYPELL(LalSo1ENST o NENNISINTE)

¢ 'PROGRAM FUR BACK TURBINE (TURHBH) S
' c ‘11 - ees STREAM NO.:OF INLET SVEAM - .
) € ! 12 ese STREAM O, OF UUTLET STEAM > L
(o ‘ 13 see STREAM U, OF OQUTPUT POWER F 4 - ~
c' El . eoe INLET ENTHALPY ¢ - .
c . 2 _ees OUTLET ENTHALPY AFTER.TISENTKOPIC EXPANSION
c ‘N - eee SEQUENCE NUMHBER UF LP DATA
c M " ees NOe OF ENERGY AND MASS HALANCL EQUATYINNS
¢ ‘MEQ eee SEQUENCE NO, UF LP £WUATIUN
c IROW (N) . ees INFORMATIUN FOR ROW IDENTIFICATION
c 1coL (N) sse INFORMATION FUW CWLUMN IDENTIF1CATION
¢ INEQ(MEQ) ees SAME INFUKMATIUN AS IROwsROW SPECIFICATION ,
C . . SNEN(IS(I142142) 4,¢ TEMPERATURE OF INLET STEAM
C ONEN(IS(I11927+3)  see PRESSURE . OF INLET STEAM . - v .
c "TUNIT . ses 1 = Co6,5, UNIT , 2 - BTU'LB UNLT
[of -
DIMENSINN IS(NST.NIS)-IE(NEN.N]P) Y ’
COMMON /LENRL/NCP yMyNs TEWsHAXST + [UNIT oM gM2ZIMEQ
COMMON /SYSL/SNFNI(Y1) | .-
. . COMMON /Lrlllkow(l)/LPZ/ICOL(I)/LPJ/KUAra(1)/LP4/NEu(1)
< . . I1=]E(1EWs6) .
(ﬁ . I122]E(1EWLT) °
- 13=lE(TFWeB) e,
, c STEAM RALANCE - o :
' J131E(1EQs 1) *10000 - . . .
- . MaMe+) g ) X
MEQ=MEQ.] v . - ' .
s . N’N’l - ». . . -
IROH(N)=H°L010000000J1 a, . N
JCOL(N)=11+L*¢1000000 - . . i
RDATA(N)=L, - :
NEQ(MEQ)=1ROU(N) > _
NzaN+¢) »
4 ROW (N aNEQ (MEW) X : N\ o =z
ICOL(N)=lcsL+1000000 - - R e h
: RDATA (NY3-1, : ‘ o ' .o
c MODEL FOH POWER bENEHAIED BY (STEAM EXPANS]ON ’
2 . MaMe) ' ' -, N -
MEQEMEU.1 : . b : B}
© @ N=pMe) I . ) et . 7
) lRou(N)=H°L01000000+J1 . Tew v
. ICOL(N)=]1341¢1000000 :
. . RDATA(Ny=1, , . . " . N .
. : ' - NEQ(MEQ)=LROW(N) S .
o NanNe+ ) 4' . . . .
N IROW (N) =NEW (MEW) - : e T, -
“ 'ICOLiN)tlltLOIOOOOOO ) ‘
: CALL ENY’(3'5NEN(IS(1162)02)oSNEN(IS(ll.Z)03),SNEN(IS(12-Zup3)oE?O
. 1 CSNEN(IS(12+2)e2)) - - e
. "CALL NTHlSvSNEN(ISJIIoZD*Z)oSNPN(IS(llgB)‘3);El)
. ‘ RDAT (N)l-(El*EZ)OEFfTB(SNtN(IE!lfﬁuJ)OZ)oSNFN(ISJ!le Yol

- ‘ > " 5NEN(IS!1192J03))¢0 293
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Table 4.2 Types of Generator Turbines and Drivers

1. Extractive back-pressure turbine (HPS to MPS and LPS)

-8

3 2. Back-pressure turbine (HPS to MPé)

J

3. Back-pressure (HPS to LPS)

4. Back-pressure turbine (MPS to LPS)

i

, ’ 5 Extractive condensing turbine (HPS to MPS and vacuum)
6. Extractive condensing turbine (HPS to LPS and vacuum)
7. Condensing turbine (MPS to vacuum)
L >
} * 8. . Motor (for driver selection only)
» « v @

Pl




CHAPTER 4
A

OPTIMAL SYNTHESIS OF —
STEAM AND POWEK PLANTS
v,

4.1 Introduction

>

’Stud}es concerned with the syhthesis of chemical
processes Qere reviewed by Hendry et al. (1973). It seems
thus far that four basic approaches have been used as 8olu-,
tion techniques\for a synthesis problem; i.e., decomposition,

although there also exist rather 1nefficient approache

heuristlc, algorithmic (or optimization) and _evolutio ry'
Euch

.

B as the trlal and error approach (Umeda, 1972). Combinations

of these basic techniques seem to be.often used for the
4

treatment of large systems:

‘ ‘In this chapter, ,the combination of three basic approaches

¢ o 2

i. e..ﬁdeco-position, heuristic “and optinization is used as a
solution technique for an optimal synthesis of steam and K
power b;ant fo; a chenical compiex which is a large system witﬁ
A heterogeneous structure. The solut;on?:efhod as a whole

is generalized by the develdpment of two computer eucotive‘
systems, OSES and ODES. | o~ |

“ First, the synthesis problem is defined. ~ Second, the .
basic procedure is introduced for choosing an°o§t1-a1/
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configuration. - Third, the program system and data structure
to support‘the compntér’exegutive system OSES are defined.
Fourth and finally, unit modeling by a modular approach

is described as a general method to formulate the sub-systems

" which make up large enérgy systems.

4.2 Problem Statement ' ' p

A steam and power plant for a chemical complex is a_
type of multi-prodﬁct proces;. The produéf demands are
EiVen in terms of steam demands with differe?t pressure
levels, and electric power demands includin§~electricity for
lighting, instrumentation etc. fTEble 4.1 is an illustrative |
set of steam and power ‘demands. It should be noted that
not only are there many demands but theré are two types of
power demands, i.e., the internal demands needed in the steam
and power . plant so that the plant can:Sé.operated, and the
‘external demands which are required outside of the plant.
The :internal p&wer Aemaqd depends entirely upon the configura-
tion of the plant which has to be synth2sized. " And also
this congideration of internal demands is b;sed on a set of
oheuristié; for the synthesis of thehgtéam:and power plant fof
a chemical complex. o | .

=P




Table 4.1 Steam and Power Demands-for the Synthesis Problem

. Stream
Demand Items Number. Demands
Electricity 71 26140kwu
High Pressure ‘Steam 25 75.6M1b/H
Medium Pressure Steam 74 1100”11)/H Q
Low Pressure Steam. 94 139.3’411.’/H
Ccondensate 81 26.3M1b/n
M
By-pass steam 26 410 o/H
Mlb
80 10 /B
Internal
pawer demand 4 {pump eq.2)
» o 4 (Pump eq. 4)
- : ¥
- " - 4 (Boiler eq.8)
e A
" " 4 (Pump eg.26) " .
External i
~ s X
power demand 4 184 i
" o 4 ' 1258"H
L 4 257,500
L] L] ‘ 225 m
I T 456 8
Kl
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In genéral, in a steam and power,p}ant fof a chemical

complex, the bdsic structure of the piant*@ap e proposed

easily according to "external" steam and powex deman

and
_ _ _ LIRS
the ‘circumstances of the situation. For instance, there

is no'question that boiler facilities, deaerator .ard -water

treatment facilities are q;l necessary'at appropfiaxéfjuxfa_
positions. Also, a boiler-feed-water (BFW) pump ig a v
reqguisite to pump th treatea‘water up to boiler feed
conditions. In addition, some drivers, types of which are
unknown at first, must be provided for power supplies to
boiler draft fan, BFW pump and water supply pump to deaerator.

A flash drum may be needed for the recovery of blow-down

‘boiler water.

Thus, by making‘ﬁse of heuristics derived from the "
pérticular conditions of the situation, the basic configura-
tion of steam and power plant can be quite clearly structured.
For example, the baéic structure for demands given in Table
4.1 is shown in Figure 4.1,where the imaginary network for

driver selection is represented only for a single'po#er demand

although many power demands actually exist. This will be

treated properly by a networkfprocessing technique at a later

-stage of model formulationm. .

\\\Thgn, the practical questions to be answered are as

fo}l&%gi\
o <

AN
\

- \
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For large number of motive power demands,
should motor-driven or turbine-driven schemes
be employed? If turbines are used, what type
of turbine should be selected, i.e., a back-
pressurep turbine, extractive turbine or
condensing turbine? Fo? electric power demand
including electricity for lighting and ins,ﬂ-
tation etc., what is an electric poﬁer geﬁerat ng
syéfeh like, in other words, a gas turbine ’
generator or steam turbine generator or
o COmMbination between them? In the case of steam
N turbine use; what type of turbine should be
selected? What is an optimum energy balan@e
to satisfy power and steam demands of different

pressure levels?

To summarize the problem statement, under the energy
demands given En Table 4.1, the problem of optimal synthesis

is to determine in Figure 4.1 the arrangement and type

 selection of generators and drivers listed in'Tablg;f.Z in

order to minimize the vgnture ¢bst (including the fixed cost
and operating cost) which will~be well-defined in Appendix 1.
The above determination should be made under the condition
of-optimal'désign conditions whicl make an optimum energy
balance pogsiblé. o . ' . : -

57
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-

Table 4.2 Types of Generator Turbines and Drivers

1. Extractive back-pressure turbine (HPS to MPS and LPS)

- B

N 2. Back-pressure turbine (HPS to HPé)

J

3. Back-pressure (HPS to LPS)

4. Back-pressure turbine (MPS to LPS)
§
) /\
: / 5 Extractive condensing turbine (HPS to MPS and vacuum)
6. Extractive condensing turbine (HPS to LPS and vacuum)
7. Condensing turbine (MPS to vacuum)
|
y -
* 8. . Motor (fox driver selection only)
» . « &

/\\,,/

B
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R
4.3 Choice .of .an Optimal Coﬁfiguration

€ - TN
As described in the preceding section, the

éetermipation of an optimal configuration is hot

'i (j= independent from that of optimal design.conditions which

~ make an optimum energy balance attainable;' They are

cibsely related in the sense that the determination of .
optimal configuration i% made with optimum parameters .
assumed and the determination of optimum design conditions
is made under the gizgn éonfig%fiaion assumed to be optimal.
While these items should be déaf%.ﬁith simultangously, the
problem offarranqement and seleétion of equipment differs
in solut?on technique from that of parameter optimization.
Therefore, a two-lzfgz approach is used in this work as a

solution method. .

‘
The computational procedure to implement a two-level

-approach is shown in Figure 4.2. Namely, an optimal 'y
configuration is determined at the upper level by solving

a linear programming (LP) problem and parameter‘adjustméhts
are made at the lower 1ével'b§ using a parameter optimization
technique. The co-ordination between two leyels is carried

out by iteration since decisions concerning the upper level

affect the decisions for the lower level and vice versa.

-
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(Pagtc System Structurs, Memands etr.)

1

matrty feneration for
Linsar Proncarwing (LP) by 'OSES'
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Figure 4.2 Computational Procedure for an Optimal
Synthesis of a Steam ‘and Power Plant
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Convergence is not guaranteed in this method, but

there was no difficulty encountered in all of the cases

tested, for the tolerances set.

' ¥
/ Although the upper level should be formulated theo-
. L} - .
retically in terms of a mixed integer program, it has been
determined in this study through numerical tests ‘that the

formulation gy LP is satisfaqtofy from the viewpoint of

computati?nal efficiency and accuracy required.

) //AwThe solution methda proposed above is éeneralized

_Mithin two computer executive systems OSES and ODES as

described in the following section.

4.4 Computer Executive,Systéms "OSES" and "ODES"

It would normally be a aifficult task io‘set up an
LP probleﬁ at the upper level every time renewal of the
céeffic;ent matrix for the LP is required or studies on
different cases are needed. Similarly'it is not practical
either to wiite a specific program for parameter optimization
at the lower level every time a new configuration has to be
evaluatgd. Therefore, the LP formulation at-the upper level
is automated by the general computer exécﬁtive system called
"OSES", and;ihe parameter optimization at thehlower level

is" aufomatea in another computer executive-called "ODES".

v
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A computational procedure for the LP formulation is
3

shown in Figure 4.3, and Figure 4.4 represents the program . a

system structure of "OSES" which is the same as that of £he
"OPES" program system fqr—éxpansion problems which'was )
described in Chapter 3. The program data structure is
basically the same as thatfigf "OPES™ except the differént
indication for information code J, i.e., the period expanded
in Table 3.2 was replaced by the ¥dentification number for

.

driver selection as shown in Table 4.3.

The "ODES" progr \éystem for parameter optimization o

implements the automaF'on ?o: the lower part of the computa-
tional procedure ;howr ig Figure\4.2. Thé.system has a
similar structure to "OSES" and is beliévéd flexible enough
to evaiuate any configuration. = Energy and material balaﬁpes o ;
are formulatgq into a set of homogeneous linear equations and
efficiently éolyed b§ a txiangulafion method. The complex
method is employed as an optimization‘téchnique.’ The details
for “ODEé” have been described in‘Ch;ptér 2.

e .

4.5 Unit ﬁodeling by a Modular Approach

- Again, "a modular approacﬁ is used to build LP models .in
the- upper level. The unit modeling by @ modular approaqh .

is exactly the same as that for the expansion problem.which'
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e (. sTart ) . .
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Tyeee s

* | Data Input
» : .

. Basic structure of Energy/Systems ' Using Keyword and é

.Stream Conditions. 1nclué&ng Demands Sf*eaw N ers i
required . - e C g\

v N » - ) '%

$

S : - . f 3

Set-up Stream Condltlons and speczfy . By 'DEMAND' $

Demand ‘required o g . ;

' »
i ' Data Input

Equipment data inéluaing Caﬁécity X
of 'Existing Plant (if necessary) X T

-
-
. Formulate the Relation linking between - By 'CAPACITY' N
demand and capacity . .
N )
\, .
Formulate LP models for Units (i.e. . By 'MODULE'
Energy Balances) . . ‘ -t )
i T, {
Formulate Models relating to Objective _ By 'OBJECT' - . .
, Function . . . o .
: ) i
»
ﬂ)ata Output . E
. Generate Input Data for LP program By 'QUTPUT' )
Of Mpsx . . N , ' %
D . — . N « ’
N . , . — i
, . .
h END - . -
- ) " ’ 1
FIGURE 4.3 A COMPUTATIONAL PROCEDURE FOR . .o o

MATRIX GENERATION FOR LP
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Attribute tity ¥o. zha-mt ¥ for LP fo:-uuticn “’ . >
. . XROW (M) ] moeer0? . cx-m ) + .monzqo‘ 4
ICOL (M), I or x + L"102 + g_.:rqo ) moqztm'a ] R ] {
RDATA (1) | Real Data .. R . ' é

o
-

o Batity Mo.
Attribute

Sequence number MEQ for LP equation

. NEQ (MED) . - M + L*10° + .(tflo‘) + Joope*10° )
c - ’ -
" where | Sequunoe n“fr ‘of equation K : .

; Stream ideﬁti_ficat‘l.on ng'ﬂaet .
N ntju':l.p-ent identification nuaber °

-3 Information for row'identification

—

9;
P . . g
. - r JTROM.
\ . r
ICOL
& ° N
DR Rt
NEQ

* -+

Qe

L

. J

] 1c0DE
s ¢ .

formation foi colmn idehtification .. i
s - as IROW, fox spec;ificaéion @ )
"Identificatidn n;ﬂnt for drinrsel‘ecticn . ’
1 Variable for e’nergy balnce ’ (x} - i
2.’. : .H’I‘ntiihro fc;r éupacity demand ) '(*) . L
3+ vaflable for capacity supply ¥ b
RN 2

/4 = Var:hble for capacity “

5 3 Va:rtahld'for %o-t‘
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Table 4.3

e

”

7

Variablé for RHS (right hand side) (R)

Variable for enet;;y balance

. Variable for capacity demand

Variable for capacity

.

Rquation for energy balance

Equation for demand-capacity

squltion for cost evaluation
. 2 . .

L]

’ 2
3
g
4 : Lower!| bound
N Q
S : Upper bound
e |
6 : Objective function
¢
&
L3
L]
&
4
» ) N
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L)
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Basic Data for:‘LP Pormalation of the Synthesis Proble-v
" (continueq)
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i | was described in Chapter 3. . Theréfore,

g © . particular to the synthesis problem will_bé'désc;ibed heck.

d . “ One module which is unique for the synthesis problem.

of steam and p&wer plants is for driver selection and having

the keyword identifier 'SELECT*. As’sggn in Figure 4.1

an& Table l.ﬁ, all tyées of drivers are connectéﬁ with

equipment ’éBLECT'. ThiS';pec%ai'ﬁod;le creates all

L t;quationi nééeasafy for the 'connected'driver candidates

‘ for each poQér demand. From a strﬁc;ﬁralfpoint of view,
an imaginary network: is made up! for driver selection,
according to the number of power demands required. A

' . , =
flow chart for processing the netwdrk for driver selection

is shown in Figure 4.5.

L4
13

Wherpas the module 'CAPCTY' in the expansion problem

e

sets up the relatioﬂlbetween'Hemands,and, existing and
. expansion capacities, .here in ﬁhe synthesiﬁ problem it
fq;mulﬁFes the relation between demand and newly installed

capacity which is expréssed as followsz

Be2Wiy Go= Loem 4.1)

where . ./

+

the number tdentifying a unit

~
[

. capacity of unit‘k to be installed
Wi x ° demdhd to‘unﬂt | 3 fequifed~ét period j

’ ™ A.o. R . L
e s - " . B « . ' L. N ‘, - M
. Where -seasonal variation of demands is la;ge}'several;

—
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periods, e.g., summer and winter terms, can be taken into

consideration.

\\\ Qroéram listings for modules are shown in Appendi* fb.

~

4°6 Summary

The synthésis-problem of steam and power plants was
defihed and a twgilevel approach, where optimal configq;a-
tizn is a*:é;miﬂed at the'uéper-level by solving a linear
programming problem ané parameter adjustments made at the
"lower level by using a pafametef optimization tecﬁniéue,

. was basically used as a solution techniqﬁe. Generalization

of methodology is supported by twd‘bcmputer executive

systems*"ODES“.and "OSES". a .7

o




CHAPTER 5
. APPLICATIONS FOR COMPUTER.

EXECUTIVE SYSTEM "ODES"

5.1 NEconomic Evaluation of Gas Turbine Plus Medium

a o

'Pressure Steam Cycle
’

The first exsmple of the use of "ODES" is an
economic evaluation for a gas turﬁiné Plus hmedium pressure
steam cycle for _an ethylene plant. The system is given
in Flgure 5.1, w1th atility requlrements lxsted in Table
5.1. Flgure 5.1 is one of four power Cycles whAch were
evaluated by Arstein and O' Connellv(1968) to select the
opglmum heat cycle under requlrements from 500 000,000
-1bs/yr ethylene plant, However, the selectlon of the
- optimum heat cycle is not a goal in thxs sectlon although

a case study comparing alternate cases can be easlly done
]

by the use of “QDES? as the paper by Arstein and 0 ConnelI\\_

did. Igstead:'the aim here is to illustrate how usefully
the computer executive sfstem "ODES" .can be utilized

. to evaluate asiarbitrary system. -

3

- . .
. “ '
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1. DRIVER HORSEPOWERS -

A) PROCESS GAS COMPRESSOR. 4 +vvvvvvvsvnsevvsnsvessnnens 17,000 He
B) PROPYLENE REFRIGERATION COMPRESSOR..vsievesrveressnss 17.200 wp
C) ETHYLENE REFR!GERAT;QN COMPRESSOR »4vsvnnsinsionsans 4,530 wp
. D) PROCESS PUMPS +iuvvqvssss. Ve IR 1.530 wp
E) COOLING WATER PUMPS .j;,....................... ..... 930 Hp

F) BOILER FEEDWATER PUMPS - SET BY STEAM BALANCE
G) MISC, SMALL DRIVERS (PUMPs, FANS, ETC.)vavvavanvenes 200 HP

. [4
+ @ »t

2. - PROCESS HEATING REQUFREFENTS (COVDEISATE RETURNED)
A) 600 PS1G STEAM ETTTETTTR T RITRU vivenes 9,000 LBS./HR,
B) 125 PSIG STEAM wvuvvvvivvinnvosneininiiinesnns, 4,000 1BS./HR,
€) 35 PSI6 STEAM +1vvuvsuvensrnnrsnsinesnsrveenss 41,000 LBS./HR,
TOTAL HEATING STEAM .uyvevv.ivs. 50,000 LBS./HR:
5. PROCESS STEAt REQUIREMENTS ({0 CONDEWSATE RETURHED) .
A). STEAM TO PYROLYSIS FURNACES (125 psre) ..., +.°55.000 LBs./HR, °
B Yo L. . '
4, " HEAT AVAILABLE FROM PROCESS _
A) HIGH LEVEL FROM FURNACE, PROCESS EFFLUENT ,.... 163 MM BTU/HR.
. B) WASTE HEAT FROM FURNACE FLUE GASES vierseraas 150 MM BTU/HR.
OVER-ALL FURNACE EFFICIENCY = - 85 PERCENT (LHY)
C) LOW LEVEL Hsi; veinrtasrssasyavarisaimessiease 14 MM BTU/HR,

#

© TABLE 2.l  UTILITY REQUIREMENTS FOR A~500,000,900 LBS/YR
ETHYLENE PLANT




First of all Figure 5.1 has to be converted into

the information flow diagram shown in Figure 5.2 which

involves 69 streams and 38 units, for the preparation, of

¢ v

the input to the‘compdter executive systéﬁ "ODES".

Figure's.z‘bécomeévg "design" information flOW'QEagrhm
using the.library @oduies of "ODES' and with the

calculational modules’and streams'numbered. . This

¢onversion of figure is necessary for a consistent -

treatment of design information including the sY¥stem

configuration. '

-. i
A

Then' the next step ls to make up the input data to
~ "ODES" based on the information’flow diagraﬁ Figure 5.2
and utility.requifemenfs listed in Table 5.1. Tﬁe inpﬁt
form for."éDES' shdwingxcqmplete data format is presented
in Appendix 6. The print-out of an input data set is
'spown‘iﬁ E}sting 5.1 wherg basié input informatiog

consists of a network repreéenta%ion by £he aid of ‘

) °
keyword identifiers and stream numbers, stream properties

and equipment parameters.

- For example, the first line in the data set of network

kd

repsesentation in Listing 5.1 reads as‘fplléws: . Coh

The keyword is 'MIXER1'

'Equipment’'number is 1

Data length .of quuipment"MIXERl is 1 - s -
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'MIX'ERI' has three input streams (stream
numbers 1, 2 and 3) and

One output-stream°(stream‘ﬁumber 4)
| i ,
! ’

As.for stream data, the first ldine reads as ‘fgllows:
Q .
Stream numbero4 has a temperature of >
230°F as the second attribute

LY

. ¢
¥y . -
. Although this data preparation appears cumbersome,_

it is not énly straight forward once one gets used to. 1t

-

but also helpful to grasp ba81c conditions c}early,

because of the clear daﬁh input system relating o the 2

program data strfucture. ‘ L g‘,

® . . ’

e Once the necessary information is gathered, the E (}
‘ s o

next step'is the execution of/computation which includes

- 3

‘ balance,formulatlon, equipment sizing and cost estlma-

{f;n accorﬂlng to the simulation level.

. ’ ot ' . K]

. “ ' ‘ ‘. T ’
* Computational results aré shown in Listing 5.2.

”

. It should be ngted that in the'baper by Arstein and
O'Connell the constructlon of the balances was dpne by“a
tr1a1 .and errqr fashion whereby certdin quantltles are
assumed and theu'corrected in subseduent calcuké??bns by )
- hand, whereas.ln thé use of ”ODES' engxneers have no need
" to worry abcut the, balance calculatlon because it can be
automatlcally done by the systenatic way wh;ch was

described in’ Chapter 2. e /
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v
. . v . .
Computation time for this sirmulation was about 0.1

minutes on-a CDC CQBER 73.° ?

‘w

As seen in Listing 5.2, all basic info:mationﬁfqr‘the
case evaluation is listed'as fina&.;esdlts,;e.g.‘étream
properties, equipmené parameters and agqreéage htility.u‘
costs. -1It is qﬁite easy to see which-item is signifigant
in an ecbﬁomic evaluation. It is also.a great advantaéé
that once a ba;ip case is set up, an evaluation of an
élternate ;ase such as modifying a basic configuration,
qf cﬁangingqiarametegs’can'be achieﬁgé, proﬁptly ahd with

" little effort.,

5.2 Optimal Design of a Steam and Power Plant

- (\\ The second example is an optimal design of a steam-

and powex. or a chemical complex for which the ‘&
informat ow diagram is shown in Figure 5.3, which

involves 70 streams and 32 units.
. Vd /

Again -this section is to demomstrate how "ODES" can

be utilized to perform an optimal design of an arbitrary

»

-«

energy system.

Tabxé 5.2 shows the demands required for the energy
syst;m;gi;en in Figﬁre 5.3 and the vénture cost including
tpemfixed cost an§ operating cost is dlken as a criterion
fé?,the opéimal desigé. »

.
.
v . . .
) .o . ES
.
[} . . ’
s
3
.




, STREA
DEMAND ITEM - | HUMBER | DEMANDS
ELECTRICITY 61 26140 KWH
HIGH PRESSURE STEAM 25 . 75.6 ALB/HR
; MEDIUM PRESSURE STEAM | 63 100 ¢
LON PRESSURE STEAM 69 1393 "
CONDERSATE 6 | %3 -
BY-PASS STEAM - 26 >o4g '
. IS . j
BY-PASS STEAN. _. 65 > 10 * |
| INTERNAL PONER DEMAND , N o}
! - 1 'y 10 BE CALCULATED .FOR PUIP 2
| . " 2 " 16 " PUP 4
. 3 w6 | . "BOILER 3
~ EXTERNAL POWER DEMAND |
1 42 456 KWH
" 2 T 368 “
" 3 | w | 184
" Y 50 1288 *
" 5 | 52 257.5
" v 6 54 225 *

TABLE 5.2 STEAM AND POHER DEMANDSS_
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ingormation Plow Diagram For a Steam

and Power Plant

_pigure 5.3
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AN

‘I\\'ODES" the " users" ch01sp of independent variabies

for t&}:arameter optimization is important. Although
N\

engineers can choose independent design variables making

use -of their experience,~they must make a final choice of
- \
. Ay o . \
independent variables taking care to satisfy - ¢ertain.
. ’ ‘\\ - . 1]
computational needs. For instance, in this prob em,
N\

-

ch01ces of by-pass flqw rates and M.P. steam loss as

_ independent variables hhye the advantage of. avoiding a
nEgative energy balance whieh will happen frequently, ' ,\

. otherw1se. Table 5.3 shows a final ChOlCe of independent\\\

\

variables and constraints. In\choosing desrgn variables,

\
N

one of the very helpful features qf "ODES"™" 1s determir.
tion of the degree of freedom in the design system.
' In other words, since the balancing of the variables with

. the equations- representing the system takes place in 'ODES“‘

™

itis clearly dlagnpsed whether extra variables were

&

specified or not enough veriables wexe specified.

The program Ainput data can be prepared easily based
on the inﬁprmation féﬁﬁ diagram and the demands nequired,

"referring to the input format instructions in the aame

way as the preceding example.

\\Q , cOnputational results for this example are summarized
" in Lihting 5.3 and Table 5.4. 'In particular the ooet
summary is shown in Table 5 4 uhere,thetc@*&nnd!ﬁise 1

{ i
—-——is compared with two non-optimal cases, i.e., case 2,




“

- \VI\RIABLE DESCRIPTIOY | LOWER BOUND

AN

1 FPERATURE' OF STREAM 11 " 260°F
2 TEPRERATURE OF STRENT 18 . | 350°F
| 3 ] TENPERATURE OF STREAM i3 Sl soocr
4 . PRESSURE FSTREMI 1S | 450 PSIA
( ‘5| BY-Prss FLORATE OF STREAM | 410 MLB/WR
6 | . - PASS FLO 10 KLB/HR
7 P, STEAR Loss OEM 9 | 0 NCB/HR
COASTRALATS
0, | | .
1 | TenperaTuRe oF STREAM 13 > TERPERATURE OF - STREAY 14
> 2  TEFPERATURE OF STREAM 14>y | TEMPERATURE OF STREAN 11
3 PRESSURE OF STREAN 18 = . | PRESSURE OF STRENM 9-25.3 J :
..u ' PRESSURE OF STREWM 16 = | ‘PRESSURE OF STREAN 20410.0 |
E "TENPERATURE OF STREAP 18 = | TEFPERNTUE OF STREAN 24 |

- 7

N \
-~ TABLE 5.3. INDEPENDENT VARIABLES AND CONSTRAINTS
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COST, SUMMARY x $1000

,,

R

| oeasen

) CASE 2

\

CASE 3

OBJECTIVE FURCTION

OPERATIHG COST

| FUEL 6As

FUEL O1L

COOLING, WATER

ELECTRIC]TY

} stmIAL HATER
Kumm» $ supenwsxot

TOTAL ERECTED COST .

-52787.1
37228.5
32497.6

*0.0

32289:1 -

0.0

5.8

62.6

79.0

0.0
$5243.7
0.0
40
62.6

70.0 ’

| -5379.4
| 37468.0
. 33376.3

- .35152.0°

+ 35019.3 -

—5732q39.~
40684.3

o

0.0

0.0

0
62,6
- 79.0

> .

LR S

<
)

|

1

\

NOTE >~ MAJOR DIFFERE.&CES OF COMDITIOHS mo.m

. THREE CASES

1]

oase 2{oase §

. | OPTIMAL CASE

TEWERATURE AT BOILER émrm 603.0 -

Passsune ‘AT 8 /uﬂ ounzr

{850 ) 750 R

485.5 | 474.7 574 7 PS!A

Y od

TABLE ﬁbthﬂST'SUHHARY FOR EVERY STEP OF THE' TWO LEVE[ COORDINATIGN




)

grbitrarily taken within the possible variable raﬁgésf

computation time for re-éolvingf;he simultaneous equation. ’

"sét was reduced to dne-thirtieth by éxtracting the

.and dn optimal design of steam and pbwer p&!ﬂ% for a

- - .
- »

o . . “' o. . . ‘
.where the conditions were estimated.from those of a similar

~ -

existing plant, and casé 3, where the conditions were

@
» - .

The convergence of major variables in the optimization

. ‘
is shown in Figure 5.4. ' The stopping criterion for
converdence is ba®®d on the relative éhange of objective y

funégions in ¢he complex which will be described in

*

Apﬁendix 6, and the toIerahcé of 0.001 was used for-;he_

criterion in this case. . ]

Computation time was about a half minute on a CDC

AC}(BE‘R 73 for th:',e problem. It is noteworthy that the

L3

essential operations and computing them after the first

[ ' R4

step of iteration in the optimization.

5.3 Summary

.

» . : ) »

The computer executive system “ODES" was §$sted'for
an, economic evaluation of gas turbine plus medihp,pressure
steam cycle for an ethylene plant (38 units and 69 streams)

L)
petrochemical complex (32 units and 70 streams) with 7

independent variable; and 16 inequaTity coénstraints.

i : ' . , a
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The system "ODES" also can be applied to an T
evaluation of a system‘ gther ‘than' a steam and power plant,
e.g. heat recovery systems, refrigeration systems and so

on.




e v onee - : e A R TR . . TSRS -

CHAPTER 6 :

APPLICATIONS FOR OPTIMAL -
\ “ : B EXPANSION OF A STEAM

N A\
AND POWER PLANT

" . 6.1 Introduction

N

In chapter 3, an expansion problem of a steam and
power plant was defined as a synthesis préblem with
constraints, a linear prégramming technighe was proposed
as a solution technique for a synthesis problem and the
computer.executive system "OPES" ﬁas developed for

formulating the LP problem automatically.

In this chapter, the‘methodology developed in chapter
3 is applied to two examples, i.e., simble and complex
cases. . Again the practical answers to be expected by
solving the LP problem are: What units should be

expanded? When? What is the optimal energy balance?

6.2 Simple Example

. ) ~
Energy demands for three periods,existing plant,

capacities and operating conditions are given directlyy
in Figure 6.1 for a simple steam and power plant. This

information is transformed into input’ data to the computer

T ' executive system "OPES" by.referring to the input format
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'iﬂstiuctions attachea in Appendix 8. The print-out of the
‘input data set was shown in Listing 3.1 Qhere baeic infor-
matiqnfcopprise a network representation efran.existing
"plant bylthe aid of keyword identifiere'and stream

nﬁmbers, stream properties including demand specifications,

‘and equipment. parameters including plant capacity.-
. . ‘
Kfter LP formulatlon by "OPES" the problem was solved

by u91ng<MPSX on an IBM 3170. Computatlon time was 0.1 min.

Fm-%

for LP formulation by CDC CYBER 73 and 0.1 min. for LP

- solving by the IBM 370/165.

Numerical results for a standard case are summarized
in Figure 6 2.\\-The optimal -energy balance for current
demands and the result for the case with a high price of
L] B y) -

purchased electricity are presented in Figures 6.3 and 6.4

.for the purpose of comparison with the standard case.

The results show that for current demand requirements,
existing facilities have enough capac1ty, except for the
deaerator and the boiler feedwater (BFW% pump as seen in

o

Flgure 6.3.

For future predicted demand, "the suggested expansions
. are as follows and as can be seen in Figure 6.2 (although X
more care would have to be taken in actual practice for a

»

final choice of an expansion plan, as described in the

-

following case, with longer periods considered):
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- -

The deaeratof and the BFW pump Q%st be expdndgddl

- durlné the flrst perlod and. further" expanded
' L

P

&

in qucceedlng ‘periods. s .

-f'
Bogler. and generator-turbine. unlts must be added

P -

- -

during the second and third period expansion.

Motors for the b01ler draft fan and the power
system capac1ty m st be increased in power in

the third period.

Moreover, for the case witﬁ a high: price of purchased
’eléctricify seen in Figure 6.4; more exbansioﬁ of generated -
elepiricity‘should be planned (with no further purcHase

\
of oq}side electricity).

Y

o The same example was solved for energytdemands over
13 periods. Computation time was 0.2 min. for LP
formuiatiqn and 1 rin. for LP solving. Results are

summarized in Table 6.1.

From a practical point ef view, too small an expansiop
. rate and conseeutive&expansioﬂ, such as eeen‘in‘mable 6.1
would not be desirable. Therefore, the eriginél‘solution
nust be modified by allowine early installation of larger
bapacities and \the propriety of th.e modification should be

. . confirmed by .running the case where additional constraints

e

ere imposed for the minimum capacity which may be installed.
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6.3 Complex Example

. \
A realistic steam and power ﬁlant given in Figure 6.5

was taken as the second example, although only one period
‘was taken 1nto consideration for demonstratlon, and . :
different cases were ccmpared as possible situations.

The results of parametric studies are shown in part in
Tables 6.2 and 6.3. Case 1.is where basic cost data was;

used. Case 2 is where high pressure steam was purchased///”“‘

from outside instead of generaﬁing steam b& existing inﬁ

plant facilities when the fuel cost was relatively expensive

Case 3 is where exlstlng conden81ng turbines (equlpment nos_
\ .
‘14 -and 25) were fully operatéd and it was recommended that

®

one unit be added to meet tﬂg.increased electrlclty demand \
when the demand for medium-pressure steam decreased. In A
addition, the price of purchaged electricity'&as considerably

more expensive when compared with case 1.

The LP problem for this example contalns 143 . equatlons
- and 454 coeff1c1ents Just for one time period The problem
is too hugé to solve when the tlme periods become long. )

However, the total ﬁroblem need not be solved at one time,

as described below.
. . ) ”

. The relation linking multi-time periods is not very strong,'
) « .

. 3
. €specially because it is merely the relation between exist-

ing qapacify and new capacity to be installed and only the -

. qapaéity to be expended is involved in the objective

L]
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SERVICES

— -
Make-up water
L.P.S. to WTREAT
M.P.S. to DEAER
Condensate to DEAER
L.P.S. to BEATR
M.P.S. to HEATR
Condensate to Procesg
B.F.W. to BOILR
B.F.W. to BOILR
Fuel to BOILR

Fuel to BOILR

Blow down to FDRUM
H.P.S. to GTURB1
H.P.S. to GTURBC
H.P.S. to TURBB
Bypass H.P.S.
H.P.S. Demand -

Extractive Steam of GTURB1

égbling Water to COND
M.P.S.
' M.P.S.
M.P.S.

Header

to GTURBC

to TURBB
M.7.S. to TURBB
M.P.S. to TURBB
Bypass M.P.S.

M.P.S. Demand
Cooling watexr to COND
. L.P.S. Demand

Blectricity purchased
Condensate return
Fuel tp‘BOILi

B.F.W. to BOILR
Electricity Demand
H.P.S. purchasgd
H.P.S. Header

STREAM NUMBER

CASE 1 | CASE 2

CASE 3

N\ . / Mlb/hx
] 1418.1

113.4
114.9
: 272.0
‘lb 13 90.8
16 174.5

20 “ 1.0
21 947.4:

25 36.

30 : 24,
33 90.2

28 393.2

39 0.

40  52.2

42 410.0

43 128.4

47. 302.4
53 0. _

56 1579.7

58 0.

59 45.7

60 23.3

61 1.5

62 | 245.6

63 ''1083.0

66 L. ol

76 92.0

- KWH
77 5116.6
79 "0,
85 N
88 1 226.0
92 28700.0
96 «0.

97 11714.7

22 631.6 |
. N

0.
0.
0.
0.
0.
0.

0.
0.
" o.
0.
b.
143.8
'q~0.
0.
410.0
128.4
143.5
0.
1178.0

0.

0.
0.
0.

91.7

+1083.0!
0..

92.0,

12818.1
L0,

0.. L

»

. 0.

28700.0
1302.1
1307.9

874.8
70.0
36.6

[ 683.1

80.2
157.6
1.0
447.4 |
631.6
50.4
33.6
79.7
128.9
92.8
62.7
410.0
128.4
48.7

1507.3

1288.8
353.4

47.7

24.3

Y
120.5
583.0

5873.0

92.0
0.0
0.
0.8

15.3

38700.0 |

0.

1500.0

TABLE 6.2 FLOWRATE OF HAJOR.STREAMS FOR THE

SECOND EXAMPLE-




J S B

_ - 106
B
/
| SERVICES FACILITY NUMBER| CASE 1 CASE 2 | cASE 3
| water purification | 1. . |°1418.1 Mib/he| 0. |° 874.6
Deaerator pump . 2 ©1418.1 " 0. © g74.6
-! Deaerator 3 " 205.9 - 0. [®1594.2 | —
{ B.F.W. Pump 4 - " 205.9 = 0. [®1594.2
! stage Heater 1 6 ™ 113.9 £e? 0. |[®1425.4
' Stage Heater 2 ‘ 7 ‘" s09.8 - o. |™ 268.0
C- ' Boiler 1 . . 9 i° 900.0 Mlb/hJ 0. |© 900.0
. Boiler 2 10 ,° 600.0 " .0. |© e00.0
Generator turbine 1| ~ 13 1 "7609.1 Kw ©2608.1 | ©4000.0
_Generator turbine 2 14 E o. " 0. |®s700.0 |
' Back turbine 15 Ioy125.4 = |- o. |° 994.0 ;
i "Génerator turbine 3 16 4°13280.0 " ©13280.0| "1446.8
;rCondenser 1c 18 1) ftz =~ 0. o3327.0 |
: Generat;or turbine 4 25 . o 0 . Xw 0."‘ :5487.5 '
I Back turbine 26 1191. e~ 0. 1191.
: | Back turbine - .27 ©44a1. - 0. |© 441, |
", .! Back turbine o 28 © 28,2 " ; o. |° 40.6 .,
" . " condenser 2 . ' 30 °© o ft2s5  ~b. |°12962.8
d ¢ C.W. Pump : 33 1® 0o Mib/hr < 0. © 7380.3
' Power receiver _ 4 3¢ _ | ©30005.7 xw :§°2s7os.ﬁ Ng914.4 |
 Motor for C.W. Pump s °\\ho - 0> | © 247.6
Motor for B.F.W. Pump 36 © o o 0. 0.
, Motor for T.D.P. 37, |®s8s.0 * o. | ° s88.0
i Motor for F.D.F. 38 ©294.0 = ' o. |© 204.9
. ! Boiler 3 . 39 © 214.7 Mlb/hr o. |° 14.5
! Motor, for I.D.F. 43 - 19 251.2 kw o. }° 17.0 .
| Motor for F.D.P. 4 1o josi2 = 0. |° 7a
o e 2L
- - ‘ . - ) NO'I'&%.' : - Operating Capacity
j n -;New Expansiop Capacity
/ . o
* Table 6.3 °. Expansion and Operatifé Capacities of Maijor

Facilities for the Second, Example
A
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function to be minimiied. Furthermore, both tﬁe
senéitivity dnd the absolute value of the installed cost
are low enough to neglect the interaction among multi-

time periods in the objective function. In fact,
.numerical studies confirmed that the operating cost
dominates the fixgd cost enough to use only operating cost
as ‘an objective function, as noted in Figure 6.2 of the

first example. . v

Thus, a desirable strategy to determine an expansion

policy over multi-time periods is outlined as follows:

.
1) The entire problem is broken down to sub-
problems for each period, which are solved
independently. This is a very efficient
approach to .camputation.
2) Some adjustments are made/for size and time of (
expansion overall. For instance, too small \;
. an expansion rate or consecutive expaqsion Ehat3
are obtained as an original solution should

be adjusted by early insEallapion of larger

capacities etc. -

3) The problem is solved sequentially again
congidering the constraints imposed from an
overall expansion policy. Namely, the

confirmation of optimality is made under the

]
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. constraints based on an overall expansion

policy.

6.4 Summary

éxpansion problems of a steam and power plant were
solvéd’for two cases, i.e.; with a simple system and with a
complicated system. Numerical results found that the
sensitivity and absolute value of the fixed cost are low

-

enéqgh to neglect the interaction among multi-time periods

.in the objective function. Then, a desirable strategy to

determine an expansion policy over multi-time periods was

outlined.

)

‘(—"
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CHAPTER 7 - -
APPLICATIONS TO THE OPTIMAL SYNTHESIS
OF STEAM AND POWER PLANTS

AN

7.1 Prdblem Descr%g;ion

The synthesis problem is to crea¥e a steam and
power ‘complex with an optimal c®nfiguration, designed -
to operate opéimally to satisfy a set of internal ana
external demands.

”
L L]

Table 7.1 shows } set of steam and power demands for
an information flow di%éram given in Figure 7.1 where the
b;sic structure of a steam and power plant is shown. This
network is to be extended to a result that repreSents a
selection, arrangement and set of optimum design conditions

that will minimize venture cost including capital and

operating cost.

As described in Chhpter 4, the problem is solved by a
two-level approach where an LP problem is solved at the
upper level and a paramétér optimization problem is

solved at the lower level.

108
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Table 7.1 Steam and Power Demands for the Synthesis Problem

' ) Stream
Demand Items Number Demands
Electricity —- 71 26140K%
High Pressure Steam 25 75.6M1é/ﬂ
Medium Pressure Steam 74 1100M3b/H
Low Pressure Steam 94 139 3M1b/H
Condensate 1 81 26 3M1P/H
By-pass steam 26 410 Mlb/H
. 80 10 Mlb/ﬂ
Internal -
power demand i (pump eq. 2)

" " 4 (Pump eq.4)

) ) 4 (Boiler eq.8)

) - 4 (Pump eq.26)
External )

power demand 4 184""H

y - 4 1288 H

) " 4 257, 5%H

" . 4 325 KB

" - a ase 8

" " 4 368 FH

ei\—‘,"
U

xS

&éiw

K0l
7
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- 26140 KW

Al

I 23 __ 74 . 75.6 MLB/HR
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Figure 7.1 Information Plow Diagram of a Steam and Power Plant
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7.2 Computational Results

Three steps were taken to attain the final optimal

-configuration for which parameters weré also optimal.

. " Table 7:2 presents thé‘cost summary for every step of

| two-level coordination. IT%Ple 7.3 shéﬁs the parameter
valﬁes assumed to obtain an optimal configuration for
every step of coordingtion getween two levéls. Figurés O
7.2, 7.3 and 7.4 are optimal configurations which were
obtained by using the parameter values éssumed for every

step of coordination between the two levels.

"It should be noted that the parameter values assumed
for every step are optimal for the éonfiguration determined
in every step except the initial values. In other words,
basiéally a d;rect iteration me;hog was e@plgzpd for two;

level coordination.

i

'The computational time was about 0.3 minutes on a CDC
CYBER 73 for LP formulation, 0.1 minutes by usinngPsxibn
an IBM 370/165 for the determination of an optimal
configuration and 1 minute on the CDC CYBER 73 fdi
ho . parameter optimizatibp.'

f

N 7.3 Discussions

As seen from the results shown in Tablgg;?.z and 7.3, the
. / -

the compound effect of temperature and préssure at the boiler
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Table 7.2 Cost Summary for Every Step of the Two-level

, Coordination .
- OPTIMAL SOLUTION ' STEP-1 STEP-2 '  STEP-3
’ ORJECTIVE FUNCTION * | 55284.7 52993.4 -52635:5
TOTAL ERECTED COST 36925.7 . 34703.9 37152.3
- OPERATING COST(/YEAR) 35160.2 ° 34077.1 32387.6 \
| FUEL GAS ‘ Q.ow_ 0.0 . 0.0 |
FUEL OIL . | 35029.3 32419.7 32105.9
COOLING WATER L . 0.0 - 0.0 " 0.0
ELECTRICITY - 8.2 _1524.é 149.0 : .
INDUSTRIAL WATER 62.6 . 62.6 62.6 -7
) | LABOR & SUPERVISION 70.0 70.0  70.0 | . '
\ , , Lo - :

e F

(Thousand Dollars)

* Based on venture cost that is i .

vV = ?p +dar + L (T + Iw)/(l—t)

where: Q@ = 20%, i.m = 15%, t = 50%

and I = 15% of I
w
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Table 7.3 Parameters Assumed to Obtain an Optimal . "
' Configuration . ‘
,
l N
DESCRIPTION STEP-1 STEP-2 STEP-3
Temperature of stream 11 290 290 290 °p
Temperature of stream 14 “1'-350 - 350 350 °F
. 1\ . ,
Temperature of stream 18 750 605.9 ., 601.3 of
" Pressure of stream 18 574.7 452.7 538.9 psia
Dy
CONSTRAINTS :
Pressure of stream 18 = Pressure of stream 9 -'25.3 psia
Pressure of stream 18 = Pressure of stream 24 + 40.0 psia
Temperature of stream . .
18 = Temperature of stream 24 F
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Cmfiguration Step 1.”
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Figure 7.4 Information Flow Diagram for
Optimal Configuration Step 3




outlet is the most important factor in determining an

optimal configuration.

At high temperature.and pressure in the initial
step, the preferable configuration with'whicﬁ g;ectricity,r»«f
is generated utilizing steam with high temperature and’A |
pressure is seen in Figure 7.27 Since the paraméter.
optimization for Figure 7.2 finds as an optimal solution:
a boiler ‘condition with low temperature and ﬁréssure
(which conservesfuel and is a key factor for an optimal
energy system), the configuration‘moveshfrom Figure 7.2
to Figure 7.3 to sazisfy the parameter changes. In the
system of Figure 7.3 the relative amounts of higher ang
lower pressure steam generated are changed.‘ Alt'hough'(a"
gas turbine appeared in the new configufa;ion,'the
capacity is not large enough in practice. So thé
additional run was made by impésing constraints on the
gas turbine and tﬁe LP program but this created Figure
7.4 as a secondary optimal configuration. In the sys£em
of Figure 7.4, the gas turbine has been removed from the
plant. A\slight modificatién such as this is practical

and advantageous, compared to a complete automation of

7 two-level coordination. Optimal parameters for Figure 7.4 ,
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‘are not very much different from those forrFiguré'712 -

~and then the same configuration was confirmed to be optimal

for the LP rup using the. optimal parameters for Figure 7-+4.

Although the convergence of the. dlrect substltUtlon
~'method for the two-level coordlnatlon would be quite good
when optlmal_parameters are close for different configura-

. ©  tions, it would not be guaranteed when optimai'parametérs
, ) ,

'depend~heavi1y upon' the conﬁ}guration chosen. In other
words, the direct iteration method for the two-level co-

T:Eéay? ordination would be good for the.parameter-dominant case which
is seen in a steem and poﬁer plant but it may not be

satisfactory for.the structure-dominant case which 1s often

.". , ' ’

. seen in a chemical process.

7.4 Summary

L

<

The practical synthesis problem for a steam and power

plant was solved by a two—level appréach where an LP problem

S

was solved at the upper level and a paﬁ%;tter optlmlzatlon

-

problem was solved at the lowe; level.  The coordination
between two levels was satisfactorily 'made by a direct sub-.

stitution method. THe use of two .computer e&ecutive

S

systems "ODES" and "OSES" made an eptimal syﬁthesis of

laige system with heterogeneous structure possible within
. . s - . . . o

a short time. I



" CONCLUSIONS AND RECOMMENDATIONS

i

a

hd -

'8.1 Coéputer Executive‘System for Optimal Design of
Arbitrary Energy Systems ‘
. | ‘ » 9 ~
A\q?neral computer program system for the optimal design
for arbltrary energy systems was developed so that a
‘prompt and.efficient,evaluaFion for arbitrary energy
syétems may be possible in accordance with any conditions
-sgt.) 'The prog;ém system "ODES" has the following
:_features: a )
- The progfam system-structure is flexiﬁlé and
open—-ended sovthat any,;ew modules may be added
for an evéluation of -new energy systems.

-~ Unit models are set up by a modular approach and

have a one-to-one relationship to physical equip-

ment in most cases. An enérgy balance for arbitrary

- N

-

energy systems is formulated into a set of homogeneous

llnear equations; these are solved efficiently by

' the triangulation method. 0n1§ essential elements

of calculaiion are stbred‘folliterative calculationé

such as are encountered in optimization.

3 ° -

’ P .
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-. The data structure is succinct. It makes
possible a centralization of dimensioning for
variables and an efficient storage for stream and

equipment data with variable length.

- The format for input data is simple and has a
common interface with that of other relevant

computer program systems 'OSES"'and "OPES" .

- An optimizatibn routine is provided to choose
optimal conditions. The Complex method is chosen..
as an optimization technique whicﬁ is suitable for
a problem with multi-vagiables and stiff inequality
constraints. | |
Numerical exampled demonstrated how useful the program
packagé is for‘analysing and evaluating arbitrary ehergy . -
systems. -Numerical results also indicated the efficiency
’ ~t .

of the simulation method and how much energy saving can be

achieved by seeking an optimum energy untilization.

Another example of a useful application of "ODES" is

given in Appendix 2 that -is a solving technique for heat

exchanger networks.




‘8.2 Optimal Expansion of Steam and Power Plants -

The expansion problem for a steam and power plant
was formulated as a synthesis problem with constraints. -

A preliminary choice of an optimal expansion case was

-

/ . S . . .
achieved by solving a multi-time period linear
programming problem. = The de&elopmént of the "OPES"
computer program system had made it easy to evaluate

alternate expansion cases.

The program structure is flexible and open-ended so
that new modules may be added for the evaluatidn of

arbitrary energy systems.

8.3 Optimal SyntHesis of Steam and Power Plants

A synthesis problem of steam and power plant which is
a complex system with a heterogeneous structure was
defined, formulated and solved by the combination -of

decomposition, heuristics and optimization.

The direct substitution method was used for two-level

coordination in decomposition. L

B )
The solution method for optimal synthesis of steam

and power plant was ¢eneralized by the support of two
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computer executive systems, "OSES" that ‘automatically
formulates an LR probiem at the upper level, and "ODES"
that automatically implements the parameter optimization

at the lowe; level.

Numerical tests confirmed the effectiveness of the
two-level approach and the usefulness of two computer

~

executive systems.

8.4 Recommendations

-

Altﬁough the methodologies which were developed in
this study and their applications were confined to steam
and power plants for chemigal complexes, the following
extensions would be péssible:

- The oftimal design package "ODES" can be utilized
for an optimal operation of energy systems in.
general by creating the appropriate "operation
modules”.

\

- Prpceés'systems can be included in an optimal.
design of energy systems in the case where process
systems interact strongly with energy systems
(Nishio, '1975). The triangulation method can be

extended efficiently to network solving of process

systems (Nishio, 1974).
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The optimal design package "ODES" can be applied
to a heat recovery system (which is described,
briefly in Appendix 2), refrigeration systems

with solar energy utilization, common utility

center and so on. ’

Integrated and interactive design systems for
"ODES", "OPES" and IBM's MPSX, could enhance the
effectiveness and productivity in studying process

energy systems.
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APPENDIX 1

]

CHOICE OF ECONOMIC CRITERION
L4

FOR A SYNTHESIS OF A STEAf! AND

POWER PLANT -

When a s?ntﬁesis of a steam and power plant for a
chemical complex is planned, it is usuall§inot independent
from other systems. . In other words,‘a synthesis of steam
and power plant is considered because a synthesis of process
systems is planned. Then, it can be said that the steam
and power plant is only a sub-system of the total system.

Accordingly, the economic criterion to be chosen for the

sub-system should be consistent with that of the total system.

The use of venture-profit concept (Happel, 1958) seems
to be common in an evaluation of the attractiveness of a 4
venture in a chemical complex, so that basically the same
criterion should be applied to the steam and power plant
which is a sub-system in the complex, from a viewpoint of

the decomposition principle.

V=P-i (I+1I) ‘ 1y -
where: V : venture profit
P : net profit
im : minimum rate of return considered
attractive ‘
- 4

’ 125
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I : investment in facilities

I : Wworking capital

Net profit P can be expressed as follows:

P=R-cel -t (R;dI) | (1.2)
where: R : grosé profit
e : depreciation rate for accouﬁting purpose
t : income tax rate (Federal and Provincial)
d : depreciation rate for tax purposes

It may be'assumed that e and d@ are roughly equal for

approximate purpose. Substituting equation (1.2) into

4

equation (l.1) yields

i (I+41)
¥ ] (1-v) (1.3)

v=IrR-al -

For a steam and power plant, the external energy
demarids are gonsidered to be.COnstant, therefore, only
expenses may be taken into account ip the term R of
equation (1.3) as an objective function to optimize with

respect to independent'variables, namely:

Minimize V = Cop + dI + i (I + iw)/(l—t) (1.4)

where Cop is operating expenses.




.5

’
The same concept may be adapted to an expansion
problem of steam and power plant except for the consider- .
ation over a period of years. Therefore, the venture- . A“*

worth method seems to be reasonable as a criterion of .

attractiveness of venture.

The venturg-wor& flethod judges the profitability of ’
a project by the present value of the venture profit which

is obtained during eacA’year of the project's expected-life.

§imilarly’to equation (1.4) an objective function
to optimize with respect to independent variables for

expansion problem of steam and power plant can be written

as follows:

no Vg .
- Minimize W = % « "~ (1.5)
k=1 (1+1)
where »
_~ i is the rate of earnings of the company on its’ @

/kf///f//// invested capital, n.is the period considered and

vV, =Cop, + 4TI +i (I + Iw,kf/(l't) (1.6)

-
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. _ APPENDIX 2

A 'SOLVING TECHNIQUE FOR HEAT

EXCHANGE NETWORKS

2.1 Introduction

—

/
This appendix introduces a solving technique of

heat exchange networks as an example of a useful applica-
tion of ;ODES" to a system design problem.

In general, large heating and coﬁling duties are
required in chemical processes in order to make final
products. Some fluids that are to be‘cooled~woq1d be
able to exchange their heat with some other fluids that
are to be heated. Each fluid to be cooled or heated has
a different temperature level. One. of the challenges of

synthesis\is to create an optimum heat exchange network .
*'

consisting'of the number of fluids that are to be cooled
\

»

\\ ﬁ.'_ 3
or heated an§l, physically of coolers, heaterg or heat

) . < | .
% exchangers which f; an optimized system.

el o ' “A conventional way of solving heat exchange networks

-~

is to solve each unit sequentially. However, this approach

1

# may not be wise because many of the system outlet temperatures




\

and some of the intermediate temperatures are specified,.

and heat recycle loops may be often included.

On the other hand, Hiraizumi and Nishimura (1966)
T solved a heat exchanger network, which was represented by
a"linear.model" method,,ﬁsing a network processing
technique. Also Ohnishi andigzﬁkaw§r1;35§) solved an oo
optimal design problem for Heaé\exéﬂénge systems by
'\\usiﬁ;/;’;;multaéeous approach. However, both simultaneous
approaches have drawbacks relating to the treatment of
séec;fied intermedi;te témperatures and heterogeneous units,
i.e., coolers, heaters,~ air fin éoolegs and so'on.
Especially, the latter ﬁe£hod is not efficient in-computa-‘
tion time because there is no device to deal with Fhél
sparse matrix in simultaneous eqﬁatibns in case of optimal

design.

In this appendix é.new method which represents the
system heat balance in terms of a set of simultaneous
equations with a homogeneous form is presented.

2.2 Formulation of System Heat Balances

LN

A heat exchange system shown in Figure II.1 is taken -

as an example to show how to formulate system heat balances. -




315T/H
150°¢C -

Figure II.1 . Information Flow Diagram for a
Heat Exchange System

SP§TX 13 . 200T/H
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L Y
In the similar way to the formulation of energy

balances which was described in Chapter 2, the following

- heat balance equations are derived through the examination

of each module: -
\
Q, - 9, - 0, = 0 (SPLTR) (2.1)
Q, - a,0, = 0 (SPLTR) (2.2)
o - (1 - B))Q, £ 0f (HEATEX) (2.3)
I % " F1% - o, = o  (mEATEX) (2.4)
| . -
| Q, - (1-8,)Q = 0 (HEATEX) (2.5)
. Qg - 8,0, -0, =0 (HEATEX) - (2.6)
‘ Qg - Qo =9 =0 (SPLTR) | (2.7) ¢ g
Qs - 3,0, = 0 (SPLTR) C(2.8)
Q37 9, - Qy, = 0 (SPL'.I‘R) (2.9)
Q;3~ 39, = 0 '(SPLTR) | (2.10:)f
Q- (1133)012 - 0 (EEATX) - (2.11)
Q" é3012 - Q; = © (HEATX) {2.12).u
0  (HEATX) o (2.13) |

Q6791879749
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Qg + 9774014799 = 0  (MIXER) | (2.14)
- Q¢ = 917%7%9, = 0  (COOLR) (2.15) -
5 Y Q5" 120/122 on =-0 (COOLR) (2.16)
-, Qy - 024‘025+023 = 0 (COOLR) (2.17)
Q5 i23/i25 0,5 = 0 (COOLR) (2.18)
o |
Q5™ Q377Qyg*2 = 0  (COOLR) (2.19)
< QZ_B- i26/128 026 = 0 (COOLR) - (2.20) . “’(
Q157 Q3070370 = O (COOLR) : (2.21) )
- 031-i29/i31 Qg 0 (COOLR) (2.22) . : .
where the unit model for a heat exchangér is as fol%gws,.
based on a schematic diagramLcFigure II.2) and signal flow’
diagram (Figure II.3). '
. | Q0ue| _ [T T8 O 19 ia| (2.23)
T Q,, out B 1) 19,in
;; N Equations (2.31) to {2.22) can be expressed in the compact
- forms . - . . -
Q' A.= 0 (2.24)

{0 ‘
where A is defined in Table II.1,
= ’ + P ’

%
®




vy e TR EEEETEE O R e

133

- 'Q
s
" rs
Figure II.2 Symbolic Figure of a
. S Heat Exchanger Unit .
. 1 - 8 v
- Q,1n —>(0 9, 0ut
et
‘Ql,IN (O Q2,OUT

Figure II.3 Signal Flow Diagram of a
Heat Exchanger Unit
3
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2.3 Discussion

A set of simultaneous equations (2.24) includes

22 unknown variables and 9 kn&wn variables. Q As it is

obvious in Tab}e 1I.1, the equation set has a sparse

coefficient matrix with density less than 10%x£ Accord-

ingly the deviceé ‘4o deal with a sparse matrix is quite

important from the computational péint of view in the '
- case, where the equation; are repeatedly solved, such

as case study or oﬁtimization. Thus, the solution

method that was developed in Chapter 2 can be applied to
« this probleéi’ Above all, an entire problem, e.g. am

optimal design of heat exchanger networks can be achieved

within the framework of the "ODES"” computer executive

syst;;fTNishio, 1975a).




" APPENDIX 3
>

COMPARISON OF ENERGY BALANCE FORMULATION

BY HOMOGENEOUS AND HETEROGENEOUS FORMS

To show the difference” in formulation by heterogeneous
(]
and homogeneous forms, a simple steam and power system

given in Figure:III.l is taken up as an energy system.

* In an ordinary formylation of simultaneous équatibns by
- the heterogeneous form, the unknown variables are on the
left-hand side and the known variables or constants are

brought into the right hand side.

Table III.1l shows a formulation by heterogeneous form

-

based on this ordinary way, where thhse variables which are

known had to be designated a priori.

However, since this arrangement is not easy in the
general case, it can be avoided by introducing extra equations
as shown in Table III.2. Both formulations are expressed

using a matrix form, respectively in Tables III.3 and III.A4.

On the other hand, the formulation by a homegeneous

form corresponds ‘to an original equation set seen in Table

II1.2 before introducing extra equations. The equation set

136
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HEAT , 13

DEAER Pure Water !

..L;T__J

Figure.XI1.1 Information Flow Diagram of a Simple z

. Steam and Power System
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Equation
Number

10
11
12
13

14

15
16

17

Equations for Energy

i

vwhere each coefficient was simplified as a

s

xl + x2 + x3 + x4 = 0
al + a2x2 + a3x3 - a4x4= 0
x4 - st = 0
X137 % =0

a5x3 - 36)(4 + a7x5 - a8x13 =
x8 - a9x5 = 0

x - alox5 = 0

a1%s * 212% T 213% T 214%
Xg ~ 215 %5 = 0

X9 "X ~ 0

X0 ¥19 " %0 T °

*12 7 *14 =0

RV IR = s

Xg FXpg t Xy =0

16 7 *17 = 0.

216 *16 = %

12 F %3 " %0 T *nn

Module

Name

DEAER
DEAER
HEATR
HEATR
HEATR
BOILER
BOILER
BOILER
BOILER
EQUAL
JUNC
EQUAL
SPLTR

SPLTR

GTURBB
GTURBB

SPLTR

i

Table III.1 Formulation of Energy Balance by

Heterogeneous Form -1

[y
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|
Equation . Module
Number : Equations for Energy Balance Name
i x1+x2+x3+x; = 0 DEAER
2. alxl + ax, +ia3x3 + adlx‘1 =" 0 ‘ DEAER |
3 X, - X = 0 HEATR .
4 X3 = Xy = 0 ) HEATR
‘5 a5x3'—a6 x4+a7x5-a8xl3ﬂé 0- HEATR
6 x8 - a9 xs = 0 BOILR
7 %y - 3105‘5 = 0 BOILR
{ 8 211% T 212%7 T %13%8 T %1% = 0 ' BOILR
. ’ ‘9' x6 - alsx5 = OA BOILR
10 xl9 - xlO = 0 EQUAL
11 xlO + xl9 - x20 = 0 JUNC
12 CXp T X, = 0 EQUAL
13 -x14 + x2 + xl5 = 0 ' : SPLTR
14 ~Xg + x16 + X9 = 0 SPLTR
. 15 X6 = %17 = 0 G‘I'URBB'L
16 a16%16 - %18 = 0 GTRUBB L
17 xll + x12 + xl3 - x20 = 0 SPLTR
18 *5. * 217
o 19 *18 - %18 )
. - 20 X9 = ng )
K

Table III.2 Pormulation of Energy Balance
by Heterogeneous Form -2

N ey T VY. A A
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variable No.

!
: ( (
1 1.0 1.0 10 1.0 o o -0 o o0 0 0 o o o o 0 OW xJ ) 7
<
) 2 a a, 13 L 0 ] [ 0 [} 3] [+] 4} o] 0 0 0o 0 x, o
[
t 3 ¢ o o 10-l0 o0 © o ©0 0 0 o o o o o 0O x, o
; .
4 o o -1 o ©o © o o o o0 0 O 10 0 o o0 0O x 0
) 5 o 0 s, -3, 2, o o . o o o o -a 0o © o 0 xg °
3 o o o 0o -ag 0 O Lo o © o ©o o o o o O xg 0
7 o o o o -a 0 0 O 1.0 0 o ©o o ©o o o O x, 0
é 8 o 0 0o 0 a, 0 a,c-a;T3, o o o o o o 0 0O xg |={0
L
§ . " '
2 9 0 o (4} 0 -a, 1.0 © 0 0 0 0 0 [+} o '0 0 0 x 0
o 15 9
3
- :
10 o © o o o o o .0 0 -10 o o o 0,0 © 0 =0l |° |
: !
11 o 6 b o o o o o0 o0 1o 0O o o o0 1.0 0 -1.0]| |x.] {0
, b
¢ 12 o o o ©o o o o o o0 O 1.0 0 -1.0 © o o 0 x5, |° '
- - ]
13 o 1.0 0 ©o ©o © o o o0 O o o0 -10 0 O 0 O x4 X
14 o o ¢ ©o o ©o o0 -0 0 0 ¢ ©o © Lo o0 1.0 © el |°
15 o o o o6 o o o o o © 0 o o0 10-10 06 0 =, le
16 o o o o ©0 o o e o 0 o o o a, O o o 2ol |%ie
T.17 o o o o © o o o ©o 0 10 3.0 6 ®©® o6 ©0 -201}Ix -x
\ / \20/ 11
N/
Table 111.3 Coefficient Macrix g and Vector b for rormulation -1
\ - A




”~
12 3 4 s
/
1 ho 10 1010 0
2 '1 02 13 -u‘ 0
' 3lo o o 1.0-10
4 [+] 0 -1.0 o L]
S +] [} -5 -.6 17
6o o o o -a
7 1] 1] o 0 -.10
8 |o o o o a
9 [\] 0 0 -a
B $ s
[
E o o o o o
o
i é 1mnlo o o o o
.
12le o 0o o o
k
B {o 10 0o o o
4lo o o o o
1
1s e o o o o
: lo o o o o
i 1mlo o o o o
|0 o o o o
wla o o o o
._/‘/
‘ 20 {o 0o o o o

.

Variable no.

I
|
°o 5 o o]
|
|

'
i

10

-1.0

oW o

n

12

1.0

[+]

1

3

0

14

~1.0

0

1.0 1.0 m
)

15

1.0

16 17 18
0 1} ‘0
o -0 [}
0 0 o
o 0 o
Q [} ]
o ] 0
0 0" 1]
0 0 .0
] 0 0
0o o 0
o lo0 0
o ] ]
1] 1] 0

1.0 0 0

1.0 -1.0 ®

e o ]
0 0 [}
] 0 o
] o 1.0
0 [} 1]

Tahle I11.4 Coefficient| Matrix A and Vestor b for Pormulation -2
' L]

19 o
o o)
o [
0 ]
o o
¢ -0
o 0
0 0.
¥
o ]
Q 0

1.0 ©
o -1.0
0 0
0 0

1.0 o
0 ]

!

-l.0 o©
o ~-l.0
] ]
o 0.
[ 0

/
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is transposed to Tablé III.5 so thﬁt the triangulation
method can be applied‘%o solve it as described in Cﬁapter 2.
It should be also noted that there is a need for pre-
treatment in ordet to solve the equation set; this is

‘described in Appendix 4.

o=




. Sqguation
Variable
¥o. -1
/
1 1.0
2 1.0
3 .]1 2.0
4 -1.0
H 0
! [} (]
+ 7 0
s 0
A=
' o ¥l
10 1 0
. 11 0
. 12 6
13 0 ’
14 0
13 0
LI 0
17 | [ ]
1 °
1 )
20 0
~

X'A =-Q'
£a=0
where
X = (x;,  SYRRPRRYS 0
Q ® {0, Osevvencss,0)

3 ¢ s 3 1 ) ’ 10‘:{}/} 12 1
(] 0 0 0 (] o o o o o 0
0 ) ° ° 0 ) 0 0 ) 0 1.0
0 1.0 a 0 0 ° (] 0 0 0 0

10 o -a "o 0 o 0 0 0 0 0

-1.0 0 2, 3y Ca, A, -8, 0 [ 0 0
0 0 0 0 (] o 10 ¢ 0 0 0
0 ° 0 0 o ay, O 0 0 0 0x
) (] © 10 0 wu, o 0 ° [ 0
0 ) o o 1.0 -a, o o o ° 0

:
] ) 0 0.: o (] © -1.0 1.0 O 0
0 o o ° 1 0 0 () ° 0 0
° 0 0 ° o o 0 o o 1.0 0

‘0 1.0 -a, 0 0 (] 0 ° 0 0 0
° o ° ° ° ) ° ) 6 -1.0 -1.0
Q 0 o‘ 0 0 0 0 ° ° o 1.0
0 0 0 ° 0 [} 0 ° 0 0 0
0 ) 0 ¢ ) ° (] °o 1.0 o ®
] ° ° °o- o ° o ° ¢ 0 °
° 0 0 ° 0 (] * 10 O 0 °
° ° . ° 0 ® o e -0 0 °

t

Table I11.5:

Cosfficient Matrix for Nomogconeous Form

4
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«1.0

6 17
0 o\
0 °
o °
0 0
0 0
0 0
0 0
0 0
) 0
0 °
o 1.0
o 1.9
0 1.0
° 0
° °
4 0
0 0
-1.0 0
° 0




APPENDIX 4

PRETREATMENT TO SO%VE A SET OF SIMULTANEOUS EQUATIONS

As pointed out in Appendix 3, when balance equations
are formulated initially they are still not ready to be
solved because unknown variables to be solved are not
distinguishable from known variables and in addition
diagonal elements are not always no;~zero as is required

for solution.

Thus, the first thing to do as a-pretreatment of
solving a set of simultaneous equations is a sérting of
unknown and known variables. This is quite straight
forward.\ Sinq? kﬁown variables have to be placed on the
lower part in the sequence of vg;igbles in the Triangulation
‘method, - the replacement between locations of known and
unknown variables takes places systematically on the lower
part in the séquence of variables. Figurg IV.l shows an

/
/

example of the sorting.

The second thing fo do is a'rearrangement of location
of Variables and ééﬁépiohs. The algorithm for this is to
choose in turn the row or coiumn which has minimum elements.
As for the réws or columns with same ngmber of elements, the *
cqrrespgnding column‘Srurow which has minimum elements is

chosen as a pair. Figure IV.2 illustrates the sequence of

rearrangementy for variables and equations for the example ’
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shown in Table III.5 in AppendixBiJa

l

- R
/

This pretreatment is done in subpregram PREPAR ’ T

ﬁor/which the program listing is given in Appendik,9.
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APPENDIX 5
STORING THE COMPUTATION SEdUENCE
'FOR ENERGY AND MATERIAL BALANCES
» i

€

s . A

The calcuiatiqp of energy and maﬁe}ial balances

ypies a significant part of the total computation
. L4 ) ! [: ‘ o ' . ‘\
ime in an optimal design 'of an energy system. As

»
v

mentioned .in Chapter 2, the simulténeous equation set

'reprasenting energy and material balances has a sbarsé
W RS
matrix,\?p the extraction and repeated calculations of -

-essential elements for solving the equaﬁion set serve to
> ‘ ;

save computation time. This will be described here using’

[

-

3 \
a simple example. -

s

)

.
~
-

- - - » -~ * -
- ' - ~
. . S
B

. Pigute V.1 Hypothetical System’. _

k4 - i . v »

.

’
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For simélfcity, a hypothetical system such as

Figure V.1l is used and it isééfsumed that balancé equations

are obtained from this system a3 follows:

0

xzal - xl ] = 0 ' (5-1)

= x, + x6 - X, =0 .. (5.2)

x; + X, = X, = OJ (5.3)

x4a2 "—.*6 .= 0 (5.4).

f - )
. . . Xy + X - X, = 0 (5.5)
where
S is assumed to be given, , - .7

| A v, ,
These equations are alsg expressed as follows:

’ .

!." é = 9 . ~ (5.6)
/ ) . - ~
A = (-1.0 0 1.0 o0
\ .
a, }.0 -1.0 -0 0
3 o 0 0 1.0 0 1.0 (5.7)
0. ,-1.0° o0 ay -1;0.7
h,jt o ¢ o o 9 1.0 ’
k 0o 1.0 0 =-1.0 -0} :
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These simultaneous equations can be solved as
. . M [ 2

follows:

, k-1 ?
bi,k = ai,k - Z/ bijcj,k, (i=k,...6) . (5.8)
j:]_
(k=1,..5)
k-1 )
ck{i = (ak,i - I bk,jcj,i)/bk,k . (i=k+1,..5) (5.9)
=1 " -
6
j=n-k+2 pmkTLnsked,

Ohly essential components-qf the above computations can
be extracted and stored by decompqsing them into the
computation sequence of-the four rules of Arithmetic such
that:

. - S

1. " E(I) = E(J) + E(K)

2. E(I) - = E(J) - E(K)

3. E(I) = E(J) * E(K)

4. E(I) = EW)/ER .
, 5. E(I) = -E(J)/ E(K) - :
| k’ N 6. E(I) = -E(J)
| 1 R = E@
L

ot




where I,J and K respectively point to each of the direct

addresserswﬁere all Actual values from state variables

to the coefficient matrix are lined up in one dimension
which is sketchgd in Figure V.2 and also matrix Ais
‘overridden afterwards by matrices B and C for the purpose

of saving data space. Final values of B and C are as

=

follows:
/ N
-1.0 u_ -1.0 0.0 0O where
qal 1.0 c2'3- .0 O/J-g c2'3 = -1.0 -al
0 0 | 1.0 0 1.0 b4'3 = 02'3 = _b6.3 ‘
’\/0 -1.0 b4’3 2, | %,5 04’5 = (—1.0-b4"3?'/a2 '
B 0 0 0 0 1.0 bg 5 = ~(bg 3 = 4, 5)
( 0 1.0 b 4 -0 %,

&

‘A set of computation se€quence for the example is given in

Té?le V.l. The numerical operations described above are

done in subprogram TRIAN listed in Appendix 9.

1 2 ..o mbl m2 w3 mn+4 mxnim+2:

. g

X | X J.eeoees w ) A 1 A evnenae \
1| 2f° » 1 21 .1,r 2,1 ‘ Y An.n .
® e, )L B )

s
!

where v, and v, are working areas

¥

Figure V.2 A Physical Structure of , .
. " Variables




L I 3 R calculation ¢ |
1 4 21 21 9 cl'3 fa 31’3/'51'1 -
2 3 7 10 21 W o= b, "c1'3 R .
3 1 22 22 ? €33 32'3‘ + oW ':‘
4 3 7 18 - 22 v, = b“’2 'H c2'3 v .
5 6 24 7 - by 3. = ™ 4 ’
6 7 7 22 — wl B c2'3
7 6 26 7 - by =
. . 8 7 7 24 - wi = by
9 2 7 36 7 wr = a45 -wl
10 4 36 7 30 \ c"5 "1/b4,4
n o1y o7 26 - w = b6"3
12 « 7 8 . 32 36 v = B 4 * 45
13 .1 7 7 |7 8 ) v = wl' +w,
4 6 38 17 - be, 5 ~w, )
15 3 ? 6 38 LWy = xg * b _
16 6 s |7 - xg = =Wy
1 17 3 1 6 32 . ‘ Wy o= X, » b6.4
18 s | 4 7 30 ( xg = W /by,
19 s | 7 ’ 24 I R A
20 N 6 26 _wz‘ = % * Pg.3
' 21 1 U 8 v, = ow bW, '
22 6 3 74 —“_ A xg3 = W,
L 23 T I T I 18 vy o= x b,
Z ':’4 7 ] -6 —_ v, = X
] 25 1 7 7 ) W owy b,
—_— ' 26 6 2 7 - X, =
) 1 27 A3 7 2 10 Wy Ey Y by
| 28 S 3 1 i_; 7 9 ' x) = 'wl/bl.l

Table V.1 A Computation Sequence Set

:
' . N

t
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APPENDIX 6

IMPLEMENTATION OF THE

OPTIMIZATION TECHNIQUE

As described in Chapter 2, the Complex method was
P chosen as a search technique to seek an optimal design
condition set in arbitrary energy systems. This appendix
-gives a brief description for the Complex method and

describes how it was implemented in "ODES" .

* 6.1 dghplex Method @

Box (1965) has given an alternative version of the
Simplex Method which searches for the minimum of an n-

variable function using simplex and takes into account

idequality constraints of the form

o
h
\
~
-

. ' gi < s,

IA

*3 02 8§ (i =1, ..n) (6.1)
\
and Gy %4, (0 2.8y (3 = 1, ..m), y (6.2)
v " . where g, 8, G, and S; are either ‘constants - .
. i, 1,73, j . . .
or functionsof X. L oo

This vafiaﬁt is called the Complex' method.
* \ . v '
4 g ) . 3
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The main features of this method are as follows:

1. It uses a non-regular complex with k>n+l points
instead of k=n+l as in the simplex method. The
complex with k=n+l points (vertices) shows a

" tendency to collapse into subspace! particularly

when it approaches constraints. This variati
especially has important meaning when numbers 3

variables are small.

2. A basic operation used in the Complex method is
an over-reflection defined by;
[ )

X=(1+a) §Q - aXy, (6.3)

where a > 1,
X, is the centroid
and ,iwis the worst poin£ in the complex.
The method works in the following fashion:
(Q) The initial complex are genera#ed by th%
formula: |
Xy =g; +vylsy - gy) (i =1, ..n) (6.4)
where the v, Afe,pseudo-random numbers

‘evenly distributed in the internal [0,1jf
)

(ii) The over-reflection move is applied. If the

trial point again gives the highestfunction

value then it is moved half-way toward the

‘centroid of the remaining points to give a




| u
1 .
ﬁ 155(-

R b
i 4 t P
|

’ new trial point. This procedure is repeated

until a constrFint is violated.

Ay}

(iii) If over-reflection produces a point which o

violates a constraint (1) or (2), then the

point is moved half-way toward the centroid
of the remaining points and ultimateiy a

feasible point is located.

6.2 Implementation of the Complex Method

The subprogram OPTIM was written for seeking an
optimal point using the Complex method. Alsc, the sub-
brogram SETVAL was written for setting up design variables

from independent variables and checking explicit constraints

(6.1). The following shows a basic implementation of the

N optimizdiion routines

10 CALL OPTIM(NV,X,U,RMIN,RMAX,RLI,RUI,G..,ICHECK, ..}
CALL SETVAL (KOUNT,ICHECK, ....)
IF (ICHECK.LT.0) GO TO 10
; CALL OBJECT (U,..)

, IF (II.EQ.0) ( To\io‘

where OPTIM controls qmization-step. ' SETVAL sets up
design variéghes from (Xi i=1,n) generated by optimization.

step and checks explicit constraints (6.1). If ICHECK is

’
.
v 14
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u

defined between calliné of SET‘ and OBJECT as the
Pegative whicy means violation of impliéit constraints
(6.2), the control has to be sent back to the statement
number 10. OBJECT cgfputes thefspjective function U’
* and the control is sent back to OPTIM unless II is 1 which
indicates convergence of optimization. Relative change

of objective functions in the complex is employed as a

stopping criterion.

-

The actual implementation of this routine can be

found in the subprogram "MAIN" listed in Appendix 9. :

.
y { . ¢ -

»*




APPENDIX 7
- DATA ?§QPHISTICATION
in LP FORMULATION
) . . i . q

In formulating an LP problemzaenérally, there are two
items which shguld be taken into consideration, i.e. input
data format for MPSX of IBM and variable identification in
LP. modeling and LP solution. Data sophisticatioh in LP

formulation plays ah important role in taking the above two

items into account.

»

Input data.to MPSX consists of .the following four

parts that can be seen in'thé input example in Appendix 8:

Row speci?ication

- Column specification ) ;

Right hand side (RHS) specification

Upper and lower bquné specification.

-
s

- The formaf'and seduence for these data must be followed

-

. exactly. These limitations require sophlstlcated variable
codes wh;ch were defined in Table 3.1 in Chapter 3 so that

a systematrc sorting of data can be performed making use

L]
»

o " of variable codes.i——~

- -
-

To illastrate-dﬁﬁa éoPhisticatisnvin LP formulation

- ) ,
4

: . J .
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*.,are‘éenerated aééard;ng to thg“following>procedpre3-
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- \___—/"
the flrst eqdatlon that was derlved ‘for a back—pressure 4
turbine un1t in Chapter 3 1s taken up as an example.
-

Namely, the first equation is:

X, - X, =0 ’ /

This equation is actually stored into a data set as

follows:
. IROW(N) =M + L x 100 + K x 10000 -+ JCODE x 10000000
ICOL(N) = I, + L x 100 + ICODE x 10000000
- . : .

RDATA(N) = 1.0
NEQ(MEQ) = IROW (N)

| “ " ~ ¢
IROWEN+X) = IROW(N)
ICOL(N+1) = I, + L x 100 + ICODE x 10000000
RDATA (N+1) = -1.0

‘ where ';"\

JCODE igfl\ﬁnd.ICODE is 1.
The multipliéaﬁioﬁs by powerS‘of ten are fér
u;f:3' "the purpose of packlng 4 pleces of 1nformat10n‘.
R ..  in one machlne 1ocation.:: |

. Q
.\’

After‘éfgg;ing wholebset of data,-inpué‘data to MPSX

L8

o
. . v ;-
‘ - . , N
- " \. - '
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x ) ) "
— .
\\ - - . .
' 1) ~ Data set {NEQ(MEQ)} for Row specification.
e 2) Code ICODE for column,is checked for the

E T number less than 6 and sorted in order for

‘ column specification.

’ ' " 3) Code ICODE for column is checked, for data )

having code 6 and sorted in order for RHS

specification.

., 4) Code ICODE for column is checked for the

-

number greater than 6 and Code JCODE for fowm‘
" is8 c¢hecked for the number having 5 and 6 for

lower and upper bounds specification.

< ~

//,,—~=- Data sets which were created as i?own abqve are
printed out according to the sequence by which thé'equationg
were Qefined, therefore, model checking is“quite‘easy because
variables and equations are clearly identifiable according
to the agreement defined in Tablev3.1 in chapter 3 and
the information flow diagram. Similarly, data cliecking
for MPSX and analysis of results obtained can be -achieved

easily.

~

-—

1

-~

* Sorting of data set and data generation” for MPSX is.

done in subprogram LPSORT and OUTPUT respectively, listed

. | in Appendix 10. ' . .




APPENDIX 8
. PROGRAM INPUT FORMATS -FOR
"ODES", "OPES" AND "OSES" '
C o . T
8.1 Input Format for "ODES" - S '

> iThe input data to "ODES". consist mainly of the

following three groups of,kdata:

1 .t D A ) " ‘.‘
') Stream Codes L

Y

2) Data‘which.represent a4 configuration of
energy systems and comprisé a set of keyword

‘identifier and infowfiation streams.

3) Data.for constant parameters for streams’

and equipments.
e \

'When optimization is involved, the following data is T

added: « ) - : . - o

«

4) Data for designation of independent variables

, . and constrained variables
J. . s o
, b .

. - .

Figure VIII.1 shows the_ format of a set .of inpu£ data.

. . ’
- .. P ' %
. L °

‘ General constant data, that are anothér kind of input

. +*
. data, usually do not huve toAbe entered; however, 1f it is

necessary to change default va!holmf@r general constant L




Description

. N ‘Vuubie Format -
. ISIN (15) 1 : Linear palance’ ¢
= ’ 2 : Nonlinear balance*
oo . 3 : Cost estimattion
r ” “4 : Optimization
) 120 115121 17 Ilé ¢ MAXST (IS)  * Max. stream“number
“ 119 MAXEQ  (IS) Max. squipment number
Y. . INIT  (15) 1, o.9.s. unit
. 2 ; Btu-lb unit
b J 11 (15) Stream code for each stréam
‘ (refer to Table 2.Y)
12 13 113 01 113 01 12 (A10)  Keyword for module )
/zgulp 112 . L 13 (15) ' equipmnt no.  * ’
' = 14 (15) Wo. of equipment dath . .-
: 19 11 111 D 111 D) ] 1 (315) - . Mo. of input stream
STREAM 18 16 (I5) . Mo. of output stieam
17 ‘ (15) s:rn.- no, -associatsd
: - 18 (15) No. of stream data duiquatod
) v 19 (A1Q) Identification name for stream
“ ‘110 - (1%5) Stream number
3 111 (x5) Attribute no'. of stream .
’ Dl (rio.2) Actual value designated -
T2, - 15 M. o eqiipment data designated
N / ISIN MAXST MAXEQ IINIT 1 (IS)  Attributé no. of equipment -
COMMENT CARD ‘1 na s “of independent variables
S ns aox,15) &m: variahle no.
’ ° ¢ 116 (1) 1.t I.V. is stream parameter
- . ) . 2: 1.V, s .quip-ne paramster
) o - . 117 (15) nquip-p:t "o, Or stream »o.
+ Bequence of these block data BT (15) Attribute'no. of stream or -
’ . doss not matter o t ‘
‘ ' 02 (r10.2) ¥ limit of I.v, tar
. o Y e If procgss system is included ' optimisatidn . . ’ )
‘o - : | BN . n3 (F10.2)  gpper limip of 1.V. for
. . gy . o optimization PR y
- oo 119 (IS) - mamber of eenm:an
. b . : °7 « 120 Q0X,I5) - 01 Equaiity canetraiss - ;
. . \ ‘ . -~ = 1 Leas lneguality
’ . . - X , .. 21 Grester inequalivy
o . L © T . B4 (110D J  Cénstait temp in conetratnt
.o . - 1 {18) 1+ Conatraint is stresm parapeter
I . | T . 23 Constraist is equip. paramster
[ ] ol . L
) ) -uwrovu'tl ‘an uoz’autolmpnz R

e to “oo8s” .




. shown in Listi

.= ) ’ .S
.t - . .
. . . -
. - N Y
- . - - ¢
- . - *
< .
. . .
’ - ’ 1 62
a

B
-« ©
. Y y
.

, ‘ . : r I i
data, for instance, cost data, maximum number of streams.

and units which can be dealt with‘by theﬂ ‘program' ‘systein and
.80 on,; it is possible through the mam program "ODES' as
seen ih Lipting VIII.1 in which vu‘/iable. desgriptions are

s t

given.

-
_ﬂc
L

sinple energy systen shown, isa—-&u;uLVIII i is taken

. u an example for the use of "ODES" package fro- an optinal

duign problem. Table VIII 1 presents steam and pouer '
ﬁe-andl for l'igure VIII 2.4 By prglini!;tary mlysﬁ of
this nyate-, the variab!;e- 1isped in Table VIII.2 are

Jiasle: for the optimization.

thosen Bs indepeny
This informatiog is trangformed into input data tb "ODES"

&

, *
cmputational resultl are given in Listing VIII 3.

pisting VIIi.4 showl iterative values for objective .

- B ?c_ticm and tndependcnt vqriables in optinization.

* -

4

8.2 Input Format for "OPES" and "OSES" | :
. ' The inpui: format to "OPES" are ex&ctly‘the same as‘

¥

that to "OSES". Ai-o, the’ ’irr"put 'dat.a to "OPES" and
"OSES” are not wery much diffgrmt £ron ‘"ODES" q.nd ’npist

> -2
4

minly of the followi'ng '!our different groups of data-

Ve . 0 .
Iy

.
o , « e, * ' %
H T ] : . b ‘ -t
.
4

‘1) Stream e¢odes .. . . ' ..

| ,

N

F
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— Figure VI11.2 Information Flow Diagram of a -
) Simple Steam ‘nd Power System
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N

Data which represent aAbaQic structure of

energy systems and comprise a set of kéyword

identifier and information streams.

-~ -

] ’ ‘ O A
Data for constant parameters for stream and -

equip;nent xnc‘ng energy demandNnd

y
R
AR

existing capac in case of expansion nrﬁb}em, '

?
<
‘. hEY

4) Data for the desxgnatlon of constralnts on . °

flqw rate or capacity to be expanded.l

~

-

Figure VIII.3 shows the format of -a set of input
data. - - . e DR
. . s © -

Features concernlng general constant data are ‘the

+

same as those for "ODES" ; if it 1s ;equlred to change o
default values for general c0nstant data,.lt is pgessible

through the maln program as seen in Lrstlng VIII. 5 in,

~

which varlable descrlptlons are glven.

~
A . . -, -

An input example for an exﬁqnsion problem is taken
. - ’ » T "’,.\:. .
up for the first-erample 'in applications given in Ghapter
6 and shown in Listing VIII. 6.‘\ The program systen‘"OPES'i‘

\

generates LP models and’ the sampie output are glven in

’ .Llstlng VIII 7. ° These models are automatically sorted

»
out in. accordance with “the input format of HPSX on. IBQN\\\

A typical,set of-control cards for MPSX run is seen in
. ‘o . - '

i - [ 3
Listing VI;IVB; - o R
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' »
. Variable Format Description
T . : MAXST (15} +  Max. stream number
MAXEQ  (IS) |  Max, oquipment number
. . . IWNIT  (I5) | 1: c.g.s..unit
. . - i
¢ - * 2: BTU-1b unit
JIPRIOD {I5) ' . Expansion period
o . ‘ 4: , cons.!.detad -
x . ¢15) °, 0: Expansion probl;u
a ' 1: .Synthg#is problem s
n {IS) |  Stream code for each
} . stream (refer to Table  2.1)
Y 4 v
1213 11181 11 D) - 12 (A10} © Keygrd for module
/an, 18 ., - 13 r{15) Bqui nunber’
14 ~ (15) ° No. of equipment data
. 19 1f0 111 b1 111 D1 el {5 (I5) ,  No. of input stream
? /s-numi'ia’nz ] ) ‘Iq © {I5) | No. of output stream g
Y - 0 I7- (1s) Input®s output stream
— S nsoc:lti:ed
18 sy " ¥ - No. of streas data
e specified
19 " (A10) - xdengit{cation name for
. T stream
110 {15) _‘ ~ Stream nuhﬁer
"111  (15) ©  Attribute no. of stream
. or equipment '
D1 {FY0.2) . Real value specified-
112 (1), Period considsred
I13 . (I5) "  MNo. of constraintsy-
. 114 (Is) - 03" Equality con:trliut .
o These sats of Yata are . - p o 1: Less Lmquhu,ty ”
repeated for the period - :
cpnsidered i - 2: Greater Ln-qnanty
) - Y 1158 (IS) ;i Stream of !qui;-nt no.
. , . 116 (181 1: Constraint on flow rate
: ‘ . 2: Constraint ug capacity
. . . « n - - R K
° - - - . ‘ " »
rlguro ViIz.3 aa mle of a‘Set of Input Data to . - « °
« . iy “ogEs"” aad "OPB" ;
‘\ . » R " iy . . - e . .
/ . N .
. A . < . i
, , . " -, n—/ - ¢
1L “ )
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MAXST MAXEQ  IUNIT  IPRIOD . .
’ 24 10 2 3 K
_ STREAM CODE . o
K 10 12 10 10 8 10 13 10 10 4 8 14 13 12 .9 9
9 9 13 13 12 12 12 -0 > '
SYSTEM NETWORK J ( :
DEAER . 1 3 3 1 2 3 4 0 -0 0 -0 -0 -0
PUMP 2 3 2 1 "4 5 6 -0 -0 -0 -0 0 -0 -0 }—"
HEATR 3 4 2 2 7 6 3 ‘8 -0 -0 -0 -0 -0 -0
+ | BOMNR 4 8 3 2 8 11 10 12 9 -0 -0 -0 -0 -0
. GTURSI 5 4 1 3¢ 12 13 14 15 0 0 -0 -0 -0 -0
ERECIV 6 3 2 2 15 16 17 18 -0 -0 -0 -0 -0 -0
MOTOR 7 .3 1 1 18 11 -0 -0 -0 -0 -0 -0 -0 -0
SPLTR 8 1 1 4 13 7-20 19 24 0 -0 -0 -0 -0
TURBSB 9 3 -1 2 20 8§ 2t -9 -0 -0 -0 -0 -0
JUNC 10 1 ¢,2 3 14 21 2 23722 0 -0 -0 -0 -0
STREAM DATA 11 PERIOD- 1 '
STREAM 1 2 122000 -0 <0000 -0 -0000 -0 -0.000
, STREAM 3 2 365000 -0 -0000 -0 . -0.000 -0 ~0.000
STREAM 4 3 29.700 2 250. 0. -0000 -0 -0.000
STREAM 8 3 500000 ¥ 2 260000 -0 -0.000 -0 -0.000 .
STREAM 8 3 474700 2 350000 -0 @-0000 -0 ~0.000 :
STREAM 12 3 474700 2 650000 -0 -0000 -0 -0.000
STREAM 13 3 179.700 2 520000 -0 . -0.000 -0 -0.000
STREAM 14 3 .29.700 2 300000 -0 -0000 -0 -0.000
‘STREAM 17 1 35100000 -0 -0000 -0 -0000 - 20.000
STREAM 19 1. 1284000 -0 -0000 -0 -0.000 -0 -0.000
. STREAM 22 1 91000 -0 -0000 -0 -0000 -0 -0000 |
+ T-EQUIPMENT DATA 8 _ ‘ ’
DEAER , 1 2 1600000 3 4000 1 0030 -0 -0000 -
PUMP 2 2 1600000 3 6000 1 0008 -0 -0.000
. HEATR 3 2 3000000 3 -0000 4 500000 1 0.050
| BOILR .4 2 1900000 3 12000 4 0040 5  19000.000
BOILR 4 8 1471 1 6330 -0 -0000 -0 -0.000 .
GRURB! 5 2 33000000 3 15000 ‘1 0.100 -0 -0.000
ERECIV 6 2 40000000 3 -0000 1 0200 -0 -0.000
i MOTOR 7 2 3320000 3 11000 1 0041 -0 -0.000 .
TURBB 9 2 1640000 3 5000 1 0037 -0 -0.000
STREAM DATA 3 PERIOD- 2 . '
STREAM 417 1 36100000 -0 -0000 -0 -0.000- -0 ~0000 |>
SIREAM 19 1 1430000 -0 -0000 -0 -0000 -0 ~0.000
STREAM 22 9 119000 <0 -0000 -0 -0000 -0 -0.000
, S STREAM DATA 3 PERIOD- 3 - -
STREAM 17 1 41700000 -0 -0000 -0 -0000 -0 -0.000
STREAM 18 1 1563000 -0 -0000 -0 <0000 -0 ~0.000 ‘
STREAM “722 ~ 1 178000° -0 -0000 -0 -0000 -0 -0.000 X
- - "
a8

//’ . y
LISTING VIT1.6 AN EXAMPLE OF INPUT DATA TO “OPes”

i

v
1




v

-

E5V00100
ESV00100
EZulu001l
£2viooul
E2vloool
gcvloooe
£2v10002
E2v10002
F2uloo0o0e

£6v00000
6v00000
E3v]io0us

\ £3v100u%

J E3v10005

s F3uloous
= E3010006
o ‘ E3010007
€3v10007
E3U10008
gE3vloous
E3V10009
E3V10009
E2v20010
£2v2001v
E2v20010
E2v20011
E2v20011
£2v20011
Ezv20011
Ecu20012
E2uv2oe01l2
t2v20012
.E2u20012
E2u20012
E£6V00000
€o6v000ul
E6vU0O00
£3v20013
E3v20013
E3v20014

€5v00100 -

E3viovue

! ]
NUMBEK OF EQUATIUN =

" NBMBEK OF CUEFF, =

X7000117

S XTOU0[1Y

XT00u) s

3020201
000204
VT N
Y301u391
Y30cu3pl

Y3030301 .

X10003n4
Y90006}101
Y90oQuz2ol
Y9000301l
24000141
Y3010101
24000101
Y301lv2pl
4000101
Y3010301
24000201
vy302ugnl
£400u2nl

Y3020301.

24000301
Y303u3p1
Y300901902
Y3010102
Xluvulno
Y300u202
Yy30juzp2
Y302u202

X1090206 .
.Y300030¢

Y30iv3oe
Y302u402
Y303030¢

x10Uuy3n6

Y9uovloée .-

Y900020¢
Y904u3oe

L400010¢
\19010102
40vvlo02

35100.000000
12784,.000000
91,000000
0V00Lo

- .=l.000000
1.000000
l1.000000
1.000000

-10000000
1.000000
1.000000
1.000000
1.0000v0

=1.000000

1600.000000

1600,000000

1600,0U00VVY

~1.000000
1.000000
=1.000000

1.000000
-1.000000°

1.000000
-1,000000
1.000000
=1,000000
1.000000
-1.0000v0
1,000000
1.000000
1.000000
=]1,000000
1.000000
1.000000
1.,000000
-1.,000000
1.000000
1.000000
1.000000
1,000000
=l.000000
1600.,0000v0
1600,000000
. 1600,000000
=1.000000
10000090
~1,000000

r.00u0L0"*

E3v200)4
£3V20015
E3v20015
£E3y200l6
E3u20016
E3v20017
E3v20017
E3020018
£3v20018

E2U30019

E2v30019
E2u30019
E2u30020
E2u30020
E2u30uc0
E2u30020
E2u3p02l}
£E2v300¢21
E2u30021
tE2u3g02l

-62vu3002]

E6v00000
£60V00000
E6V00000
E3v30vel
H3u30022

‘£3v30023

9v30023
E3v3n02s.
E3030024
E3v30025
£3030025

£E3u30026 . °

£3u300¢6
E3v3py2]
€3u3¢ve7
E2v40028"
Ecu40028
Ecv40028
E2u40029
E2060029
E2vu40029
E2040029
Ecvep030
E2040030
E2ve0030
F2u6Q030
E2veDU30
E6U00000
EGVOQULUO

E6V00000

E3ve003]

-

y3olouzge
24000192
Y301u3p2
24000202
'Y30202ne
44000202
Y3020302
24000302
Y303¢302
Y3000103
¥Y3019103
w2000103
Y3000203
Y3014203
Y302v203
w20U0203
Y3000303
Y3010303
_Y3020303,

Y3030303.

w2000303

-¥Y90v0103

Y900u203
Y9O0uu3pd
44000103
Y3010103
24000103
Y301lv203

L400u]n3.

¥Y3010303
24000203

~¥3020203

44000203

Y3020303 -

24000303°

Y3Q303n3 -

Y3400) ne
Y3010]10«
X1000)1312
Y3000204
Y301v204
Y3020204
xlovupie
¥Y3000304
Y301lu3ps
Y302u304
Y3030304
X10003)2
Y9000104
YOUUUZne
Y9000304
24V00]10%

z

1.,000000
'10000000
1.000000
-1,000000
1,000000
=-1,000000
1.000000
-1.000000
1.,000000
1;000000
©1,000000
=-1.000000°
l1.0000v00
1.000000
1,000000
=l.puo0uo
1,000000
t1.000000
1.000000
. 14000000
—100000”0
3000.,000000
3000,000000
3000.,000000
-1,000000
‘1.000000 !
~1,000000 °
1,0000v0
~1.000000
1,000000
‘1.000000
1.000000
-10009000
1.000000
~1.000000
1.0000V00.
1.000000
1,000000
-1.000000
1,000000
1.000000
1,000000
-].000000
1.000000
1.,000000
1.000000
1,000000
-1,000000
L 1900,000000
1900,00000U0
1900,000000
-1.000000




LISTING VIII«7 = CONTINUED

E3va003]
£3040032
€E3u40032
£3V40033
E3u40033
E3V40034
E3va0034
E3v40035
t3040035
F3u400306
£3V40036
E2050037
E2U50037
E2050037
E2u50038
F2v50038

E2u50038

TE20US0038
E2u5003Y

F2u50039

- E2U50039
E2v5003Y
ECLS0U39
E6V00000

- E6U00000 -

E6L00000°
. E3US0040
F3u50040
F3u5004)
E3U5004]
F3uH0042
E3u50042
E3u50043
E3050043
E3un0064
E3U50046
E3u50045
£F3u50045
E2u60046
E2v600606
EcL60046
FRU60067
E2u60047
gEcu60047
E2VU60047
E2VU60048
E2V60048
E2U6U0048
£2060048
E2V60048
E6V00000
E6u000V0
E6U00000
E3ub0049

v3010104
24000104
Y3010204

24000104

Y3010304
24000204
Y3020204%
24000204
Y3020304
L4000304
Y3u30304
¥300010>
y301lu105
;1000115
Y3000209
Y301lv205
3020205
x1000215
Y3000305
Yy301030%
Y302030%
Y303u30Y
x1000315
Y9000105
¥9000205
Y90U0L30%
24000105
v3010105
24000105
Y301l020Y
24000105

¥3010305

£L4000205
Y3020205
24000209
Y302u305
24000305
¥3030305
Y3000106
"Y30l0100
w2ouolo00
¥Y30002006
Y3010206
v3020L200
w2000206
Y3000306
Y3010306
Y3020306
-Y3030306

"W2000306

Y9000106

Y9000206 ,

YS00u3006
24000106

1.000000
=1.000000
" 1.,000000
-1.,000000

1.000000
-1.00000V0

1.000000
-1,000000

1,000000
-1.,000000

1.000000

1.000000

1,000000
-1,000000

1.000000

1.000000

1.,000000
~},000000

1,000000

1,000000

1.000000

1,000000

' =1,000000
33000,000000
33000.000000
33000,000000

=-1,000000
- 1000000
‘1.000000

1,000000
-1,000900

1.000000
’10000000

1.000000
'10000000

1.0000V0
~1.000000

1.000000

1.000000

1,000000
-1.000000

 “a . 1.000000

1.000000
1.000000
’1.000000
1.000000
1.000000
1,000000
1.000000
-1,000000
40000,000000
«0000,000000
40000,000000
-10000000

fE3vsooe7

i
¥

E3v60049
E306005%
E3u60050
£3060051
E3u60051
E3060052
gE3v60052
E3u60053
E3U60053
F3060054
E3060054
ECUTNOSS
E2uT0055
E2UT0055
£2uT0056

~£2070056
E2uT0056

£E20700U6
E2vT0un7?
E2vT0US7
E2uT0057
EEvTouUs?
€2uT0057
E6V0000V0

JEGU00000

E6v00000
E3uT70058
E3u700>8
E3VT0059
F3uT70059
E3v70060
£3u70060
F3070061
E3vT70061
E3vT70062
Ed0T00062
E3070063
£3070063
E2U90064
E2090064
E2U90064
E2090065
F2v90065
E2v90069
E2090065
£2090066
E2vy0066
E2U900VbL
£2v9000b0
£E2u9QU66
F6uQ0000
£6V00000
E6U00000

Y3010196

.24000106°

Y301l0206
24000106
Y3010306
¢4000206
Y3020200
2400020606
Y30¢0306
(64000306
Y30403n6
Yy3000107
Y3010107
x1000111
Y30uuz207
Yy30lvz07
Y30co207
x1000211
Y300u307
Y3010307
Y3020307
Y3030397
Xx100u311:
Y900ul07
Y9000207
Y9uvu3on?
24000107
Y301v107
4000107
¥301v207
24000107
Yy301lu307
Z400ug0?
vy302vu207
2000207
Y30c0307
260003n7
Y3030307
Y3000109
Y301l910Y
x1000105
Y3000209
Y3vulueny
Y3020209
X1000205
Y3000309
Y3010309
Y302030Y
Y303v30Y
X1000305
Y90V0109
Y900u209
Y9000309
24000109

//

" 1.,000000
~1,000000
- 1.000000
-1,000000

1,000000
-1,000000

1.000000

-10000000
1.000000
-1.,000000
1.,000000
1.000000
1.0000V0
-1,000000
1.000000
1.000000
1.000000
-10000000
1.000000
1.000000

* 1,000000
1.000000
-1,000000
3320,000000
_3320,000000
3320,000000
-1,000000
1.,000000
-1.,000000
1.,00000V0
=1.000000
7 1.,000000
-1.,000000
1.000000
-1,000000
1.000000
-1,000000
1.000000
1.000000
15000000
-1,000000

N M.000000

\  1.000000
* 1.000000
‘=1.0000V0
1,000000

. 1000000
1.000000
1.0000U0
~-]1,000000
1640,000000
1640,000000
1640.006000
«14000000

-

i o R R e
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LISTING VIII.T7 -

E3u90067
£3v90008

- E3u90068

E3090069
E3u9D069
E3090V70
E3V90U170
£3u90071
£3U9007]
E3u90072
£E3u90072
Flvulolul
eElulolul
Elvlolol
Elolqlol
Elvlvloe
Elulolou2
Elvlolo2
Eilvioloe
Eluz2olo3
tlv2olu3
Elu20l04
tlu2oloe
Elu30lus
Flu30105
- Elu30106
"elu30lve
tiu3dvlov?
Elv30lo7
tlu3olos
Eluv30l08

tlvivlos:

€lu3ol08
Elvéplo9
Eluvaeploy
tluvaollo
Elvaplio
Elueplll
. Flu4Dlll
EIv40lll
FlgﬁOlll
Elvaglll
Elusoll2
£luS0l13
Elu50113
Elu50113
"TEluSolle

Eludb0lle-

CE1US0114

£Elv60115

Flue0115
Elu60115
Elu60lle
"Flueolle

Y30lulq9
24000109
Y301lv209
£4000109
¥Y3010309
24000209
Y30202¢9
44000209
Y302u309
264000309
Y303u3n9
Xlovuulnl

x100v102;
X10u0103

X10uQ]née
X10001¢gl
Al100vu10¢2
Xlvo0ulo03
X100vu}lo4
X10001né
X100uloe
X10Uu}105
A1u00104
AlOUUlnob
Alouvo)os
xlovolo8
weoooln3d
xioovovio?
x1000103
Xil000)108
A1000) 096
X1000107
1000103
xXloo0r2
Xluoolos
Alovulo9
AIDVO10L
X100v]112
Al000)109
Alo0uloes
xl1000110
AlOvO]131
Al0U0]) 08
X1000113
X1000}11%
xlo0¢112
Xx1000)112
X100Uul14
A1000]115
X1000115
X10040116
w20U00106
X1000137
Alovo))8

CONT INUED

1,000000
-1,000000

2 1,000000
=1.000000
1.%00000
=1.,000000
1.000000
~1,000000

7 14000000
=1,000000
1.000000
1.000000
1.,000000
1,000000
=1.000000
90.139871
1190,766y27
337,251137
-211.,999102
1.000000
 =1,000000
1,000000

¢ -,623531
1,000000
-1,000000
1.0000v0
=-,7035065
1,000000
-1.000000
321.522206
-218,99910u2
71285.700399
337.251137
1.000000
=.960000
1.000000
-,040000
-1333,969169
~462,490886

— 321.,5222v0

17100,000000
1.000000
-1.471900
1,000000
1,000000
‘1.000000

. 21.2090/%
© 32,443611
-1,002989

" 1,000000
1.000000
ﬁ1.000000
1.,000000
1,000000

N

Elue@lle
F1u70117
EluT0117
£E1080118
EluBplls
Eluvs0l18
Elv8olls
Elus80118
Elvooll9
Eluv0119
Elu90120
Elv90l20
Flloolel
€lLiool2l
€ligol2l
£lioolzl
Blioplel
ESv00200
E5000200
E5V00200
tluloceul
Elulocul

Elvloc2ul

Elvioeul
Flvlocue
£lvlo2o2
Elulplue
Elviozoe
£lu20203
klu20c03
Elv2beus
Elu20204
E1v30205
Flu3n2us
Flu30206
Elu30206
Elu30207

. Elu30207

Elv3p20u8
El1v30208
Flv302ls
E1V30208
Elv40209
Eluaoeuy
Eluas0clo
Elvan2lo

Elueg2ll .

Eluaylll

Elusoell

Eluapzll

Elve02l2

Elvé4o2l2
E1v50Q13
Elusoelaf

b

w200ul106
X1000111
Al1000118

X1000107°

x1600129
X1000119
X1000124
A1000113
K1000120
X1000121
X100u105
X1000120
X1000114
X1000121
X1000102
X100v)23
Xlooulee
XT00uv211
XT000219
X7T00up22
K1000201
Xxlpo0v202
X10002039
X100020%
XlovDenl
X10002p2
xluou?oaz
X1000204
Al10U0204
x10002n6
51000205
K1000204
A1000206

+ X1000208

Xl100uz08
wW2000203
x100v207
X100y2n3
X100p208
X1lpvu206
X1000207
X1000203
X10002;2
A10002¢08
X100u209
Xlo0v208
Alovpe 2
X10002¢9
xl0uvuzob

X1000U210

X100v2]1l

“A1009208

X1000213,
A1000214

182

Y

"21,000000
1.000000

-.9500v0.

1,000000
1.000000
1.000000
1.,0000v0
=1.,000000
1.000000
-1.000000

«

-25,582770
1.000000
1.000000

=1,000000
=1.000000
-1.,000000
35%510v.000000
1430,000000

119.000000
1.000000
1.,000000
1,000000

=~1,000000
90.13%811

' 1190.766027

+337.251137

-218,999102 .

. 1.000000
-1.000000
“1.000000
~e623531

-10000000
1.000000Q
-e 703505

1.000000 .
~1.000000

1 321.522¢06
-218,999102
-1285,706599
337.251137
1.000000
~.960000
1.0000u0
-,040000
-1333,969169
~442,490886
321.5222v6
17100,000000
1.0000u0
=1.471000
1.000000
k.000000

1.000000

N
B R ST



9

LISTING VII}e7 = CONTINUED

E1v50213
EluS021e
E1uS0¥14
ElvS02l4
Elu60215
Elu602l15
Elve02ls
Elu6pZle.
glvapeleé

‘Elubip2le

Elvtuel?

. EluT0217

Elv80218
tlusylls
Eludo2lse
FluBgoz2ls
gluBo2is
Elu9021Y
Elvo0219
F1090220
£lu9022V
£1100221

£l100221,

£1100221

E1400221.

Eli00221
E5000300
FHU00300
FOu00300
£lvloaul

"E1ulo0301

Elvl0301

€lvl0301

Elvio3v2
£lvlo3dvg
Elulo3v2
tlvliodve
E1lv20303
Eiv20303
Elu2dsos
£E1v20304
Elu30305
£1030305
Flu3o0306
Elv303ve
elu3op307
Elu30307
Elv3p3v8
Flvu30308
Elv30308
Elv3y3us
Elu40309
EluaQiu9

X1000212
£1000212
X100u214
X1000215
x1000215
x1l:o0uv2)16
w2bouaoe
X1000217
Xx100u218
w200u206
X1000211
x1000218
xlguvoze/
X1000220
x1000219
Xl000224
X1000213
x1o00229
rlovovezl
A1000205
Xl10uvp20
X1000214
Xloov221

Xloup2oe

Alovup23
x1louuzz?2
x700u317
xX7000319
x7000322
X1090301
x1000302
X1000303
X1p00304
A1QUu301l
xloyou3o02

. X100v303

X1000304
X10v0304
Xx1000306
Al00u3nS
Al00L304
21000306
x1000308
Xx10uy308

-w2000303

X1000307
X10003n3
x1000308

xlovu3de.

X1000307
X1000303
A1000312

x100u308

~1,000000
21.209075
32.4430611
-1,002989
1.000000
1.0000V0
-1.006000
1.000000
1.000000
-1.000000
1.000000
'5950000
1,000000
1.000000
1.0000u0
. 1.000000
=1.000000
1.000000
‘10000000

1.000000°

-25.582716
'h.OOOUUO

. 1.000000
=1,000000
'LPOOUOUO

'1.000000‘

41700,000000
1563,000000
1784000000
1.000000

1.000000Q

1.000000
-10000000
"9U,.139871
1190.766027
337.251137

-218,999102

1.000000
-1,000000

1.000000

/

»

E1040310

Elva03lo
Flvao3ll
1040311
EluaQill
Elv4o3ll

- Elu4p3le

" Elus03le

3

-

-0623&317;

.1.000000
-1.,000000
1.000000
-0703555
1,000000
‘'=]1,000080
321.522206
=218.999192
~1285,70659Y
337,251137
1.000000
-.960000

-

F1lub0313
Flubh3l3
Flu50313

"E1us0314

E£1luS0314
Flu§u314
Flu6p3ls
Elu60315
Elue03ls
Elu60316
Elue03leé
Elu603i6
£l 317
E10703)7
EluBp318
€luBp3ls
Flus0318

tluv0dl8,

Flu8u3ls
€luv03ly
Elu9o0dlY
t1luv0320
E1v90320
£1100321

- £1100321

1100321
Ello0321
£1100321
ETV00000
E7V00000
F7u000000
ETVL0000O
£7000000

FTu00000 -

E4u00101l
4000101
E4v00101
E400010)

EeV00101

F4u0ulol
EevQUl0l
E4000101]
E4vo01l01

‘x1000309

x1000308
xlouov3ie-
Xx1000309
x1000308
X10v0310
Xl0wru3ll
X1000308
X1000313
21000314
X100031<2
Xlouvu3dlé
X1000314
X1000315
x1000315
X1000316
W200uU306
X1000317
XxX100u318
w2000300
x1000311
x100u314
xloov307
X10uu320
X10U031Y
X1000324
X1000313
X10uvu3gzv

X10u0321

X10U0305
x1009320
A1000314
1000321
X1o0vo0302
X10003»3
x100u322
cha0o0lo0l
c500v])02
Cc500v201
Co0002n2
C500y301
C5000302
24000101
264000102
24000103

[400U104 .

L4000]05
24000106
L4000107
24000109

C5000103

E4v00102.-~

Eavoylve

c5000103
c50u01nl

-

1.000000

T 4,040000
-1333.969169
-462,690886
321.522206
17100.000000
" 1,000000
-1,471000
1.000000

< 1,000000
-1,000000
21.209075
32.643011
~)1.002989
1.000000
1.000000
-1.000000
1.000000
1.000000
-1,000000
1,000000
-.950000
1.000000
1,000000
1,000000
1.000000
-1,000000
1.000000
-1.,000000
1.000000
-25,582716
1,000000

1.000000 .

-1.000000
-1,000000
-10000000
1.,000000
1,000000
«975610
«9T5nl0
.9%1814
951814

., 030000
+000000

. 050000
6.330000

v «100000
200000
2040500

. 4037300
~1:000000

"

°

«200000

-1,000000



a*

LISTING VIiI1e7 = CONTINUED

 E4u00103

E4u00103
£4v00103
E4v0U)U3

E4v00c04

F4u00204
E4v002U4
E4u002ue
E4v00204

_E4uluc0s

E4u002D4
E4u002V4
E4ud0204
E4v00205
Feu00205
E4v00200

‘E4u00206

E4u0D2V6
E4v00206

Eeu00307

£4v0030L7
t4v00307
F4uv003v7
L4u00307
Feuo03¢7

E4U00307

E4v00307
E4v003u7
E4u00308
E4u00308

‘4000309

E4v00309

E4v00309

E4U00309

O . !

X10001n1
X1000110
'X100v01316
c>0003102
24000201
2400020¢
24000203
24000204
24000205
4000206
Lagloun?
24000209
C5000203
c50vu203
C%00020)

Xlouugnl

x10v0210

C5000202
24000301
24000302
£40U0303

.Z40UU304

24000305
24000306
24000307
24000309
C5000303
C50L0303
C5000301

X10u0301

X1000310
X100U316
C5000302

- ot

2219000

3Y.420000 "

.028470
~1,000000
»0300u0
2000000
050000
6,330000
«100000

« 200000

% '0"0300
« 037300
-1.000000
.200000
—1.000000
« 219000
39.420000
.028470
«»N30000

-« 0006000
N\« 050000
' 0vo

040500
037300
-1,000000
200000
-1,000000
) .219000
39,420000
L0284 10

- =1,000000

]
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Listin? VIII.8 A typical Set of Control Cards ~
for MPSX Run

//UWO3574 JOB (TY,5273,xxx,500,80), 'NISHIO',
CLASS=C, REGION= (200K)

/*PRIORITY 8
'  //EXEC MPSX
-//MPS.SYSIN DD
PROGRAM
" INITIALZ
MOVE (XPBNAME. 'PBFILE')
CONVERT ('SUMMARY')
SETUP ('BOUND','DEMAND')
MOVE (XOBJ, 'E7000000")
MOVE (XRHS, 'R6"')
PRIMAL
SOLUTION
EXIT §
PEND ",
. /* |
//GO. SYSIN DD * | \
DATA GENERATED FROM "OSES". OR "OPES" ,
/$
i ‘ * /*EOF
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. An input éxample for a synthesis problem is for the

application problem that was taken up-in Chapter 7. and

shown in Listing VIZI.9. The program éystem "OSES"

geﬁerétes LP input data to MPSX ‘which are given in Listing'

VIII 10, where only data for the first step in two-level
coordlnatlon necessary fér the example taken up are listed.

The cont;ol cards for MPSX run are exaczfyféhe same as

those for an expansion problem.
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LISTING VIII.)0 INPUT DATA TO MPSX FUK A SYNTHESES PROBLEQ\

' ~ \ : AN
NAME ENERGY € E1200142 E EL200187
E E1200143 € El200188 -
ROWS E. El2)0144 E ElZl0189
N E7000000 E EL1210145 E £4210190
€ El010101 E E1220146 €E E122019)
E E£l010102 E El220147 E E1220192
€ El1020103 E E1230]48 ' E Ei1230193 h
E Ei1020104 E E1230149 E EL1230194 -
€ E1030105 E E1230150 - E “-E1230195
E El1030106 E E1240151 . E E1240196
E EL1040107 E El2401S2 | E E1240197
E £1040108 € E1240153 |, E E1240198
E EI1050109 E E12501% . g E1350199
E €10e60110 E €E1250155 | E E1200200
E E1l0a0111 E Ll1260156 € E1300201
€ Etloe0l12 E El260157 E E1300202
E EL1O0gU113 E El270158 E &1310203
€ t£l070114 E E1280159 E EBE1310204
£ Elorul}s E tl290160 £ E1310205
E Eio701ll6 E El300161 E €l200206
E ELO070117 €E Ei300162 E El200207
E E1080118 E E1310163 E E&l210208
E ElosU119 E E13]0164 E E1210209
E ELl080120 E E1310165 |, E tlz2z0210
E Eilosvl2l E E1320166- E ti220211
‘"€ E1090122 E El1320167 £ El230212
E Elovvl2l E E1330168 £ Ei230213
E Ell00124 E E1330169 £ EBL230214
E ELl00125 E EL1330170 . E tl240215
€E Elll0126 E E1340171 E El240216
€ tll20127 E El360172 E El260217
.E Ell30128 E E1370173 € El1350218
E E£1l140129 E Ei13m0174 E El290219
E E£1150130 E E1390175 € E1300220
"“E E115%0131 . E EL400176 € Ei3p0221
" B Ell60132 E Ela00177 £ EL310222
E tilA0133 E El430178 E Ekl3l0223
‘€ E1170134 E E1350179 E EL1310224
E Ei17013% £ E1350180 . E El200225
E £1180136 E E129018]1 £ Ei1200226
E &1180137 E €E1300182 E Ei2l0227
E Eilgol38 E k1300183 E Elzlo228
E EL1190139 & E1310184 E E1220229
E Ell90ls40 E E1310185 E El220230
E tllvy0ls4} E E1310186 El1230231

g(.‘éi

57
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LISTING VIII1e10 = CONTINUED

E1230232
£1230233
£1240234
£1240235
E1240236
£1350237
£1290238
E1300239
£1300240
e1310241
E13)0242
€1310243
£1200244
£1200245
El210246
£1210247
£1220248

E1220249

£1230250
E1230251
£1230252
E1240253
E1240254
E1240255
E ¥350256
£1290257
£1300258
£1300259
£1310260
£1310261
£1310262
£1200263
E1200264
E1210265
E1210266
£1220267
E122026R
E1230269
E1230270
€1230271

. El240272

E1240273
E1240274

JEL1350275
E1290276

mmMmEMmMmMMmMMMmMMMmmMmMmMMmMMmMmMMMmMMMMMmMMmMMMmMMMMMMMMMMAMMMM MMM

E£1300277
£1300278
£1310279
1310280
t£1310281
El200282
E1200283
El210284
€l210285
El220286
€l22v287
£1230284
£1230289
E1230290
£1240291

E1240292 -

£1240293
E£1350294
£1200295
£1300296
E1300297

E1310298

£1310299
€1310300
£1200301
£1200302
E1210303
E1210304
E12203¢5
€E1220306
E1230307
E1230308
€£1230309
E1240310
£124031}
E1240312
€1350313
E1290314
£1300315
E1300316
£E1310317
E13)10318
€1310319
ti200320
€1200321

£1210322
€i1210323
El220324
€1220325
E1230326
€El230327
£1230328
£1240329
1240330
£ 1240331
£1350332
£1290333
£130033¢
£1300335
E1310336
E1310337
£1310338
£1200339
EI200340
£i2]10361
£1210342
£1220343
E1220344
£1230345

£E1230346 -

E1230347
£1240348
El240349
E1240350
£E4000101

€E4000102

t4000103
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LESTING VIIT.10 = CONTINUED

COLUMNS -
X1000101
X100010}
X100010]
X1000101
x1000102
X1000102
'X1000103
X1000103
X1000103
x1000106
X1000105
x1000105
X1000105
X1000105
X1000106
X4000106
xi000106
x1000107
X1000107
X1000107
X1000108
x1000108
X1000108
xi1000108
X1000108
X1000109
X1000109
X1000109
X1000109
X1000110
x1000110
X1000110
X1000111
X1000111
X1000111

X1000111

X1000L11
x1000112
X1000112
X1000112
X1000113
X1000113
- X1000113
.XK1000114
~X1000114
X1000114
X1000114
X1000114
X1000114
X1000114
X1Q001l1ls
Xi1000115
X1000115
X1000116

E1010101
E1V]10102
E4000101
E4000103
ElV0lo0102
E1370173
£1010101
E1v20103
E1020104
£E4000101
ElV20103
E1030105
E1030}106
E40U0101
E1030105
E1030106
€E1370173
E103010%
E1030106
£1050109
£1030105%
E1V30106
E1040107
E1040108
4000101
1060110
El060113
F1040107
E4000101
El060112
E1060]13
E1370173
ElVe0110
Elusplll
El1000113
E1070114
£1070117
E1060112
E1Ve0113
E10U50109
E1070116
El070117
E1280159
£1070114

- E1070115.

E1070117
E1080]118
El1080119

.E1U80120

El0b0121

E1070116 -

£1070117
£1050109

61250156 

-1190,766027

1.000000
-.060000
«050000
« 043800
1.000000
=1.000000

-1.,000000°

1.000000
e ‘ 04
0.,000000
-1.000000
1.000000

138,3067204

«000000
1.000000
1190,766027
=1.,000000

1.000000°

269,862153
-10000060
=1,000000

-218,999102
1.000000
-,756113

,030000
1,000000
-218,999102

-1.000000"

006000
1.,000000

-1,000000

-1.000000 -

1.000000
259.640208

1.000000.. °

-259,640208
°1.000000
255,559425
1,000000
1,000000

-1274,387900

1.000000
-1,000000
1,000000
321,522206

-0950000'

-,050000
321,522206
-]1.650000
~1,000000
337.251137
1.000000
-1.000000

x1000116
X1000116
x1000117
X1000117
Al1000118
x1000118
xi000118
x1b00118
X1000119
A1000119
X1000119
X1000119
X1000119
X1000120

. X4000120

xi000121
X1000121
x1000121

-X1000121

X1000122
X1000122
Xi000123
X1000124
x1000124
X1000125
xi1000126
x1000126
xiovo0127
x1000127
xi1000127
Xxio000128
xipoovles
AloooOlz2s
X1000129
X100Q129
X1000129
X1000130
X1000130
X1000130
A1000131
1000131
%X1000131
Xi000132
Xi1000132
Xi00013R
A1000)38
X1000139

- X1000139

X1000140
X1000140
X1000140
X1000141
X1000141
X1000141
X1000142

. E1360174

E4000101
E1080120
€139017S
E1080)120
El1ll0126
€1080118
E4000101
E1060120
£1090122
E£1090123
E1vb0119
E4000101

£1090122"

‘E1270158
E1090;23
Ell00124
E1100125
£4000101
Elluo012é
E1370173

E1l00125

E1120127
E11101¢6
€ll2o01e7
Elile0129
E1I20127

£1120127,

E1150130
£1150131
Elle0)32
€1160133
€ll20127
£1120127
E11703134
€1170135
E1120127
.E1180136
£1180137

Baiinhates it

Cw

1893

-1.000000
«006000

17010.000000

-1,000000

=1387,173465 -

=1,000000
1.000000
6.330000

-465,551116

-.950000
-,050000
1.000000
+U50U00
1.000000
1.000000
1.000000
=e950000
-4050000,
4050000
1,000000
1,000000
1.000000
-1.000800
1.,000000
"1.,000000
-1,000000
1,000000
'L.OOUUOO

"1.000000

S

E1120127 -

€1190139
‘£1190140
E1120127
E1130128
E1140129
€1270158
E1150130
Eie70158
E1150131
SELLS0130
El360)172
E1250)54
£1150131
E4000)01
Elle0)32

-

23,026803

-1,000000
23.026803
1,000000
1.000000
-1.000000
50,795122
1.000000
-1,000000
23,026803
1.000000
-1.,000000
50,799122
1.,000000
-1,000000
*1.,000U00
/1.000000
1.000000
1.000000
28.265869
1.000000
1.000000
1.000000
-10020“98
.100000
1.000000
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A1000142
X1000143
X1000143
x4000143
X1000144
X1000144
X1000145
X1000las
X1000145
X1000146
X1000146
X10001la7
X1000147
X10001a8
21000148
X1000148
X1000148
X1000149
X1000149
X1000149
X1000150
X1000150
X1000151
X1000151
X1090152
Xigooul52
X1000152
X1000152
Xi000153
X1000153
X1000153
X1000169
X1000169
X1009170
A1000170
X1000171
X1000172
r1000172
X100v0172
X1000174
X1000177
X1000177
X1000177
Xxi000178
AL000178
X1000178
X1000179
X1000179
X1000180
Xi000180
X1000181
X1000181
xi000187
Xi1000187
X1000188

E1270158
Ell60133
E1250154
£4000101
E1170134
E1l360)72
£1250154
€E1170335
E4000]101
E1180138
E1380174
E1180136
€1270158
€1180136
E1180138
E1050109
E1180137

E1250154.

£1180137
£E4000101
E1190141
E1380174
E1370173
E1190)39
£1190i40
E1190141
E1050109
€1190)39
E1250154
E1190140
£E4000701
E1250154
£4000103
€E1250155%
El4]10178
El1410178
E;2601$6
E1260157
€64000303
ElzB0159
£128¢0)59
€1320)66

E1320167-.

E1280159
€1330168
E1330169
E1270158

E1320166
E1360)72
El820167

1.000000
=-1,020408
1.000000
«090000
1.000000
1.000000
. 14000000

=1.,020408

090000
=-1.,000000
1.000000
1.000000
1.000000
1,000000
16.768144
1.000000
32.,662014
1.,000000
-1,020408
' «150000
-1.000000
1.000090
1.000000
1.000000
5.674947
17.88839¢
1.000000
1.000000
1.000000
-1.,020408

150000/
1.00000

113880
1.000000
=1.000000

1.ogﬁooo
1.000000

S 335‘3'

087600
«000000
/1000000

#~1.,000000-
:280265669

1.000000

+ =1.,000000

65,192830
-1,000000
-1.000000
1.000000
-1.000000
1,000000
1.,000000
1,000000
1.000000
=-]1.0204¢8

/

X1000188

xlooo0lses
X1000189
X1000189
X1000190
X1000190
X1000190

- X1000191.

X1000191
X100019)
X1000192
X1000192
X1000193
X1000193
X1000194
Xioovl95
X100019%
x1000195
X1000196

X1000196'

x1000197
X1000197
X1000198
Xx1000198
X1010104
A1010104
x4010133
/X1010133

/X1010133

Al010134
X1010134
X1010134
X1010135
X1010135
X1030135
A1010136
X1010136
X1010136
X1010137
X1010137
X1010137
X1010154

-X1010154

X1010155
Xx1010156

X1010155°

X1010156
X101015¢
X101015¢
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