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ABSTRACT

Developed agricultural regions generate substantial quanti-
ties of cellulose residues, which at present are only partially
utilized. The remainder is destroyed, thereby damaging the envi-
ronmental gquality of the region, and leading to additional expen-
ditures for environmental management.

The rise in primary energyv prices has recently stimulated
investigations of the feasibility of converting residues into
secondary energy forms such as biogas and ethanol. This paper
presents an application in the Silistra region, Bulgaria, of a
model for utilizing local residues for energy prcduction. The
model, developed at IIASA, is designed to assist regional decision
makers in their investigations of the effects on the regional
energy balance of introducing new energy-conversicn installations.
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MODELING THE UTILIZATION OF LOCAL RESIDUES
FOR ENERGY PRODUCTION: AN APPLICATION IN
THE SILISTRA REGION, BULGARIA

Todor Balabanov

1. THE PROBLEM

Regions with dewveloped agricultural production, food-proces-
sing, and/or pulp and paper industries generate substantial quan-
tities of cellulose residues. These include crop wastes,”* animal
wastes,; slaughterhouse wastes,i by-products from agriculturally
based industries,§ and from the paper and pulp industry, as well as
other celluslose by-products. At present, some of these residues
are utilized as fertilizer, after a period of intermediate storace.
The remainder is burned or destroved by other means with the effect
of polluting the environment. Thus, additional expenditurss are
required both for storage and environmental manacement.

One methcd of fully utilizing these residues, which aliso has
the benefit of improving the regional energy balance, is to con-
vert them, by means of anaerobic digestion, into biogas and sludge
with a fertilizer wvalue (Albegov and Balabanov 1980b). However, the

overall implications of this technology should carefully be evaluated.

*Thresh, crop stubble, straw, and spoiled fodder.

TBedding, waste feed, poultry litter, and manure.

¥Blood, meat, leather, and wood wastes.

50i1 cakes, waste from fruit and vegetable processing,
pressed mud from sugar refineries, sawdust, tobacco waste and
seeds, and ligneous wastes.



The evaluation should include an examination of two groups
of factors that can be seen to influence the decision to intro-
duce an energy-conversion installation into the given region
significantly. They comprise infrastructural facilities (for

collection/distribution, transportation, and storage) and costs.

Infrastructural facilities are crucial to the siting of the
energy-conversion installation, since residues have to be collected
from farms, food-processing plants, etc. throughout the region and
delivered to the digester. After the conversion process has taken
place, distribution throughout the region is necessary. Distri-
bution is obviously dependent on infrastructural facilities as
much as on the product consumption pattern. Storage is also nec-
essary for both sludge and biogas generated in the conversion pro-
cess, although their requirements differ and they should therefore

be treated separately.

Secondly, there is the gquestion of costs. Costs relating to
the operation and maintenance of the plant and to capital investment
vary in accordance with the scale of biogas production. Aadditional
costs would be incurred if nonconventional energy sources (e.g.
solar heating) were used to accelerate the process of anaerobic
digestion and also if the burners of existing devices were to

require adjustment.

Given the nature of the two groups of factors influencing the
decision, a systems analytical approach would seem an appropriate
way to determine the overall implications of introducing this new
energy-conversion technology. An evaluation based on this approach
was carried out in an agricultural region in Bulgaria--the Silistra
region. For this purpose, a linear programming model, taking into
account all process costs, was constructed by Prof. M. Albegov and Dr
T. Balabanov with the assistance of Dr A. Pitelin from the Central
Economics and Mathematics Institute of the USSR Academy of Sciences
(Albegov and Balabanov 1980a). The model was designed to assist
the user in determining the optimal production and storage levels
under a given set of constraints and supply and demand patterns.
The implemented version of the model and the results of several

initial runs are described in this paper.



The model's objective function is to maximize the substitu-
tion of biogas and fertilizer (produced from sludge) for conven-
tional fuels (oil, gas, or coal) and fertilizers. The production
system assumed is presented in Figure 1. Agricultural residues
are treated as transportable or nontransportable (e.g. animal
dung) and are distributed to several locations (Figure 2). For
each of the locations1-7, seasonal patterns for residue produc-
tion and biogas and fertilizer consumption are assumed. It is
also assumed that the production system could be located in
locations 5, 6, or 7. The products (biogas and fertilizer
sludge) could be transported to each of the locations 1-7.
Several (up to 4) production capacities (for the digester)
are considered in order to reflect different economies of

scale.

2. FORMAL DESCRIPTION OF THE MODEL
2.1. Assumptions

1. t is possible to have several types of raw material
at one point for digesters.

2. Biogas produced can be transported up to one kilometer
without compression and up to 15-20 km with compression.

3. Fertilizers produced can be stored within the four-
month periods under consicderation (see section 2.3.1.).
Additional storage capacity is required for certain
periods of the year to balance supply and demand.

4. A linear combination of different raw materials leads
to a linear combination of outputs (biogas and ferti-
lizer).

5. The level of consumption of biogas and fertilizer is
constrained according to the season.

6. Consumption outside the region under analysis is not
directly considered but can be taken into account as
an additional requirement at some border points of the
region.

7. Biogas can be stored at the points of production.
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Figure 1. The production system under analysis.
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1,2,3,...47 points of residue concentration

6 and 7 possible digester locations, coinciding
with the concentration of nontransportable
residues

1-6; 1~

2 - transportation distances multiplied

by the average specific transportation
cost of raw materials (gas and fertilizers
are d2livered in the opposite direction,
including corresponding costs)

i

~
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Figure 2. Sample points of residue concentration and possible
digester locations and their transportation links
for the region under analysis.



2.2. Exogenous Information

1. Three sets of points are known: places where sources of
raw materials are concentrated, possible sites for
digester construction, and centers where the final pro-
ducts are consumed.

2. It is possible to determine the seasonal availability of
raw materials and the volume of consumption of different
products at corresponding points.

3. The seasonal consumption patterh for different products

in every center is known.

2.3. Classification of Indices, Coefficients, and Variables

2.23.1. Indices

i = installation sites

n technology type

o = type of outputs

p = points of resource and demand concentration
r = tyvpe of input available r € R, v R,

t = time period

where
i=1,2,3
n=1, , 4

0=1,2 = biogas and fertilizer, respectively
p=1,c..,7 (p=1,2,3 € P1 and corresponds to
i=1,2,3)
r=1 € R1 = nontransportable wastes
r=2,3,4 € R2 = transportable wastes

t=1,2,3 = period January-April, period May-August, period
September-December, respectively



2.

3.

2.

Coeffictients

CAP_ .
n,1i

CFr,n

TR
e}

installed capacity of technology type n at

point i (10°m3 biogas/yr)

conversion factor for resource r to unit of
biogas (103t/106m3) for installation n

fertilizer production (o=2) per unit of
biogas production (103t/106m3) for installa-

tion n

capital investment for construction of instal-

3

lation type n at point i (107 leva)

operating and maintenance costs per installa-

3

tion n and time period t'(10 lv/time period)

aggregated purchase price of the products
BEN = PRE + CF + PRF
r,n

’
where

PRE purchase price of conventional

secondary energy (lv/103m3)

PRF = purchase price of 1 ton of ferti-
lizer (lv/t)

operation and maintenance cost of processing

in/out of storage for o=1 biogas (lv/103m3),

0o=2 fertilizer (lv/t)

capital investment for construction of
storage facilities
where
o=1 (INBGST)
o=2 (INFTST)
cost of transportation

3

for biogas (1v/10 m3)
for fertilizer (lv/t)

where
o=1 (TRBH) = for biogas (1v/10°m>/km)
o=2 (TRR) = for fertilizer and residues
(lv/t/km)



transportation distances between points i

and p (km); from i to p it is assumed that
the distance is 0.7 km

production schedule of residue type r in time
period t at point p (103t/time period)
consumption schedule of output o in time

period t at point p

where
o=1 (CSCBC, p) = for biogas (106m3/t)
’
o=2 (CSCF, _ = for fertilizer (10°t/time)
period)
discount rate of capital investment; E=0,...,12

All of the above coefficients are inputs to the model. The

format of the input file is presented in Appendix A.

2.3.

3.

fz

f£C

Variables

t,i,r,p

t,i,o0,p

utilization of technology type n at point i

level of production for technology type n in

time period t at point i

consumption of resource r in time period

t at point 1

guantities of product o EE' stored, and out

of storage at point i in time period t

required storage capacity for product o at
point 1

quantity of resource r to be transported
from point p to point i during time period t
guantity of product o to be transported from
production point 1 to consumption peint »

during time period t



The System of Equations

Utrlization of the installed capacity

rows pi = 1,...,12

. , - .2 11 t,n, and 1
CAPn’i ttn,l 3t:xn’t,l 0, for a ',
rows pi = 1,...,13

g tt, ; €0, for all i

Balance of the inputs
rows pi = 14,15,16

Z tx

-] tyt,i,r > 0, for all t and i
n r

n,1l
Consumption of nontransportable resources

rows pi = 17,21,25

CF “ ty, . _ S PRSCR _,for r € R, and i z Ppand allt
r,n €,1,X% r,t,r

Consumption of transportable resources

rows p = 18,19,20,22,23,24,26,27,28

. - 5y F . > f =]
CFr,n tyt,i,r ) Izt,l,r,p 20, forr sz
P all p,t, and i
rows r, ,irp
¥ . < €
i fzt,l,r,p < PRSCRr't’p,for all p,r R, and t

Production, storage, and consumption of the product
o=1 (biogas)
rows p = 28,...,31

out in

Dty o - 299F  poppin =
r t,i,r t,i,0 t,1i,0 g fct,i,o,p =0,

for all t and p
rows c,...,iop

g fct,i,o,p S CSCBG, o for all t and p

’
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Production, storage, and consumption o
o=2 (fertilizer)
rows p = 38,39,40

] fC = 0,

) FP, . t,i,0,p

< . tyt,i,r
for all t and p

TOWS C,...,10p

<
g fct,i,o,p < CSCFt’p,for all t and p

The seasonal variations in the storage of product o

are simulated by

rows for o=1, p = 32,33,34
for o=2, p = 41,42,43
in st st out
, + , - . - N = =
tzt,l,o tzt,l,o tzt+1,1,o tzt,l,o 0, for t 1,2
.in _ st st _ out = _
t‘t,i,o tzt-2,i,o + tzt,i,o tzt-2,i,o = 0, for t = 3

Storage Balance

rows for o=1, p = 35,36,37

for 0=2, p = 44,45 46
£25t, - tz. < 0, for all o and i
t,1,0 1,0~

The objective is to maximize the profit from biogas and

fertilizer sales.

' 1 n,1i

[E¥ (] INV_ . -ttt 4) ¢ ) I
n,i n,t

in
BEN * ty, . . + ) EXST -tz ', %
t/ler t,i,r t,i,O ° et

out 5
XST . - NST * tZ. +

Z EXS o zt,i,o -z INS o) i,o
t,1,0 i,0

I (TR, TROST; ) * fz. ;o5
t,1,5,P

¢ (TR_ * TRDST., _) - fC ] = min
Q 1

L t,1,0.p
t,i,0,p 'P !



Structure of the Matrix for the Model

[A%)
[¥N]
()

The matrix of the model was based on the system of eguations
described in section 2.3.4. Its structure for a location Pi(i = 1)

without transportation links is shown in Figure 3.

The global matrix (Figure 4) is constructed from three
matrices Pi(i = 1,2,3) with transportation links, resource and
consumption constraints added. A matrix generation program was
written (Appendix B) as input to a standard program for solving
linear-programming problems (e.g. MINOS) in order to present the
above structure in a MPSX format. The output of the program is
presented in Appendix C.

3. DESCRIPTION OF THE MODEL APPLICATION IN THE SILISTRA REGICN

The characteristics of the Silistra region are presented in
detail in Balabanov (1981). The main characteristics represented

in the model are given below.

For the Silistra region, seven points were taken as locations
of residue concentration and product (bicgas/fertilizer) consump-
tion. Out of these seven points, three were chosen as locations
for the digester. The existing transportation network was used
to determine transportation distances and hence costs. The spe-

cific costs of transportation were assumed to be 0.1 lv/tkm .

At each point, four types of residue are generated: agri-
cultural wastes and pig, poultry, and cattle manure. All of the
residues except for cattle manure are transportable. Four produc-
tion capacities were introduced; see Table 1 for consumption and
operating costs. Since residue production varies according to
the seasons, it is defined by three periods: January-April,
May-August, September-December. The seasonal pattern of biogas

and sludge consumption also varies significantly over the year

(Table 2). The conversion coefficients CF(j) and FP(j) were
based on the production of 103m3 biogas (Figure S).
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Table 1. Construction and operating costs.

Annual capacity of digester

Indices Scale (106m3/yr)
100 50 25 12.5
Capital investment 3
per unit of production lv/m 0.0529 0.066 6.076 0.094
Total capital 6
investments 107 1v 5.29 3.3 1.9 1.185

Operating and

6
maintenance cost 10" lv/vr 6.3 5.4 3.6 3.6

Table 2. Seasonal variations in biogas and sludge consumpticn.

. . 6 3
Bicgas (in 107m”) Fertilizer sludge (in 103+)
Location Period Period

1 2 3 1 2 3
1 120.0 32.4 120.0 21.6 7.2 -
2 12. 34 3.3 23.34 18.0 6.0 -
3 16.3 4.35 16.3 14.4 4.8 -
4 - - - 20.0 6.8 -
5 - - - 12.1 4.0 -
6 - - - 16.8 5.6 -




2t 10 m 1.31t  pertilizer
Biogas sludge

Residues

Figure 5. Sample balance of the digester.

Fuel and fertilizer prices influence the design of the
digester and hence its level of efficiency. 1In order to reflect
the level of fuel prices in Bulgaria, the price of substituted
fuel chosen for the model is: 250 lv/t oil (or 111 lv/T,OOOm3
biogas with a calorific value of 4,440 kcal/m3). Subsidies
for producing fertilizer sludge were estimated at 70 lv/t.

All the inputs to the matrix generation program are presented

in Appendix A.

4, ANALYSIS OF THE RESULTS

The solution of the problem described in section 3 (Table 3)
showed that under the given resource availability, consumption
pattern, and set of prices (Appendix A), the appropriate capa-

cities to be built are:
Locations 1 2 3
Capacities (10°m3/yr) 360 75.1 77.7

For location 1, biogas is produced only in time periods
1 and 3. The demand in time period 2 is not satisfied because
of the high level of investment required for storage.

For location 2, biogas storage with a volume of

12.3 x 106m3 enters the solution and the demands ares satisfied

for all three periods. The same occurs at location 3: bio-
gas storage with a volume of 9.6 x 106m3 enters the solution
and demand is satisfied in time periods 1, 2, and 3. The raw
materials from points 1, 4, 5, and 6 are transported to loca-

tion 1 for processing. The demand for raw materials at the
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other two locations is satisfied by their own resources. 1In
order to fulfill the demand for fertilizexrs, storage facilities

are built at locations 1, 2, and 3 with volumes of 56 x 103t,

18.3 x 103t, 14.5 x 103t, respectively.

The fertilizers produced at locations 1, 2, and 3 are trans-
ported to the points of consumption, as presented in Table 3, in
order to satisfy demand.

The solution shows that construction of the digesters is
cost efficient: while the sum of discounted capital investment,
operating, maintenance, and transportation costs does not exceed
1.9 x 106 lv/vyr, the annual benefit is in the order of 2.2 x

106 lv.

APPENDIX A: INPUT FILE. -

capacitias CAP(id,i=1,4 [1C=4 m=3 ia g2s:

133.30 52.3C 234212 12.53
canvartion factars of rasidues ZF(I)I10=3 2on/10%*s nx3 i gass
2.5¢ 2473 2.22 1.39
fartilizaer procduction/rasidue FP{3)C13=x3 t/15x4 w=x3 bis gasl
1.31 1.3 1421 131

investmant fz2r S22 (L)=INV(I)0172=3 lava/instazlationI»£(2.12)
634.3C 374.30 222.87 142.22
32M costs per faur agnts pgar CA2(iY=24C(1)2123+«3 lv/pers
ZIL' 1.3 1'.2 1.1

. banafit=233IN=( PRIC14/10x3 axIl + C{E()I4/10x3 ax3lPR7I1lv/tl )
203203 =203.23 =233.23 =233.9
_-2&M. cast_far hia=gas_zrocas.in/aut 2f the star.=ST35C1v/10%3 m*3]
0.10
_S2M_cast for fartilizer pracese.in/aut of tha stor.STE [lv/+]
320
. dinuestment _fer Lia g2s 5%23r259~IN235T Z1lv/12+3 =231x2(3.122
9.80
~dinvestment_for fartilizar_ s13raga=INFST Liv/tl=x2(C.12)
5.0C
_.cost.af transpertatian of bio.536-TRIG.[1w/10*3..2x3,.kml .
2.00
—_cast af transportatisn of rasiduas~TIR{Iuw/tekaml - - . o ..
J.10
__*ransportatian .aistances batwaan_ the pciHE-T?:ST_Cka.-
point 1 2 3 o S 4 7
o1 - QaZ.1442 13451222 1123 2.2 19.2
2 1643 J.7 1322 2143 20.3 12.3 2.2
3 158343 1300 2.7.27.0. 22401145 10056 o .
production scedule of tha residues~P2SCR [10+3 <+/tinme zeriocl
_paint_ =1 ___ 2.3 1_ 2 __3 S o2 O3 1 2 3
1 3305 0.2 335 2.8 Ced Qa8 TeS JeS G5 4.4 S1.5 1.4
B 2749 2.2 2747 045 Qa3 Q.3 Ce4  Deb 244 29,7 29,3 Z29.3
3 22.2 040 22.2 G4 J.4 Ne4 T3 0.3 3.3 37.5 3743 27.5
Cow - Qaf. 040 0al 2.0 CaC. 2420 240 3.3 3.0 31.7 2.2 3107
S Jed 0.3 0.3 2.0 2.2 3J.0 2.3 2.2 3.0 15.5 0.2 18.%
& s Qaedl 3.2 0 3.2 S0l 0.2 2.3 Cad 2.0 0.0 2641 Q42 2%.1
7 CeC T30 Cu2 2.0 C.2 2.7 Cel D47 0.C 241 0.7 25.1



consumpticn sceaula.
pairt t=1
Ll 12050 3
12.32
. 2 18,30
0.3
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2.9
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14.40
2303
12.1C
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APPENDIX B: MATRIX GENERATION PROGRAM .

< matrix ga2narstor far the

sudroutine rinptdinf)

integaer 1
r2ai inf(s)

rasd(1,38)(inf(i),4i=1,4)
writ2(s8,23)inf (L) ,231,4)

—s

continua
73 format(/4f2
andg

subroutine rinzc(inf?)

_ . resl infl __

.2)

2nargy from rasicduazs modal

reac(1,58)inf1
. _owrite(4,98)infl_ .. _. e - .
S formzt(/f38.2)

N - ¥ o - 2 ——— - e L __ e =

e suhroutine_eingldlint3eimsimdl o L L L . .. ..
intager im,Jm,k,31,]

e— e real inf3(iMeim) . _ _ . __ . .- Ll
r2ad(1,97)

i oo _reaa(l1.,927) —_—— —— e e
do 2 j=1,}m

— _reaal,.37)k, (4dnf3(3,1),i=1,im) . el -

writa(5,97)k,(inf23(3,1),14=1,5im)

2. ____san%*inue__ _._ .

37 format(i2,3x,12f35.1)
-_ __ang e
- suhrouting rinpe(infé) _. . ..

integar k/,i

e raal int4(Z.3) L

read{(1,72)

73

e rgacllaFE)

ds 3 j=1,7

e r2ad1, 9k LinfL (i1, 121,3)

4rite (8,93, {infa(j,1),1i=1,23)

93 format(il,6x,3f2.2)

- _@nd_

C10=6 n*3/%ime

seriodl

tilis2r=CSCF [10#3 */time pariod]



e __malia prograa. ... _ e e o S
integer 11<1t1F1D10'1

__gharacter*]l _na(3),rous(3),cal (22,1382, 3r 4 ,ip(2),10(2),4c(22
character=2 11(wé),2c(L3)

_r2al ynerunemtrestosestfeinngst.infst o . - _
real trbgs%rr
real cap(elecfla),fplllrinvelslrexc{élsaen(al,trdst(3.7) .
real prscr(7,12),csc935(?7,3)s¢c5¢f(7,3),ctrbc(2,7),ctrrs(3,7)

e . _daxa. . . ____

un=1,.90
emunE=Y e o el

mtr==3 3

. . _. .. .data ne/';',fl'z'e'/___ L o . e
data rouws/‘'2°,°'Fr°,°c”’
—_—_ data col/‘t,°f°,°u"/ R
data 1ii/°1°,°2°,°3°/
data 10/ °1°,°2°,°3°,°4°/
data ip/°1°,°2°,°3°,°4°,°5°,"5°,°7°/
data 1it/°1°,°2°.°3°7
data is/°1°,°2°/
o data L1/°Q1°,°C2°,723°,°24",°35°,°28°,°27°,°C23°,°C3°,°13°,°11°
‘K.‘ ,'12','13','14','15"'15','17','18',‘10"'23','21','22','23',
2 124°,°25°,°28°,°27°,°83%,°23°,°322°,°21°,°32°,°33°,°34°,°35°,
3 37,033,036, 780,081,062 ,°4T" L4057 ,7447 )
cem - oogata 1e/l 031,22, 32,76 028, 08,007,020 ,0C97,12°,711°
@ 212,712,046 015,018,017 718,019,287 ,%21°,°22°,°23°,
_ & 267,725 z26°,°27 7,728 ,°29°,°32°,°31°,°22",°33"°,°34°,°35"°,
L 38,037,333 ,033 .78 081,020,763, 004,457 ,745°,°L7°,
$ ‘L5
¢ fila definition
- ---—2pen(I,file=tsilemat’) .- - o R
epan(1,file="insil”)
< reaad ‘he anuts
e — 3l rilnpl (e m il e
call ringt(cf)
e ALY rinpt (2 o o IR
call rinpl(inve)
—.eall-rimptlaxe) oo o - & —— e m ; .
call rinp1(oen)
- O i W I 2 X I 8 3. 3 B sy
call rinesl(stf)
e G&1d rirmplfinBgst) - e - - BT
call ringd(infsz)
ceiiicei o gall riapldltrog) - - - o -
call rinc2(trr)
cemie-—call . rincl3ltrdst,7,3) - - o e - R L
cali rinpl{zrsecr,12, 7) :
e i zall orinpb(eseds) . - — o o oo e : .
call rinpé(cscf)
< form tha matrix
e e write (2,133 o L L S .
c rous
e e P italS 200 — oo oo o ool o - - - BRI
arite{?,253)
- e GO -6 121 e e e e e e - e e mmmm e e e e e e ——

do 5 k=1,16
- = if(keeg.13) then - - -
arite (7, 7),)ne(2)zrow=(1)/~1(')r;l(k)
@l o e e - S :
write(S, 255)ne(1),rous<1);11(-),1 (k)
e e—e@ndXf L Ll



5 continue
arit3(5,2553)na(2) rrausCl),iiCid il C1?)
do 7 k=135,223
_. e~ writa(®,253208(3)srcus (12,11 (1),11(k)
? continue
o werit2(9,253)ne(2),raus(1),1i0C2),22€21)
do 2 k=22,24
writa(9,25%)ne(3),rous{1),ii(i),1i](k)
3 continue
erite(7,25%)nae(23,rcus(1),11i¢1i),11(29%)
do 10 k=24,28
urita(9,2553ne () ,rouws(1),iiCi),il(k)
10 continue
do 11 k=29.,34
write(?, 2;.)ne(g),roas(1),1.(;);xl(k)
49 continue
do 12 k=35,37
writa(?,255)na(2) ,rouws(1),i1(id,4i1(%)
12 continue
do 13 k=33,43
write(?, 753)ﬁe<3),rQUa(1)111(1),11(‘)
- 13 --- - coentinue - - - -- : - e
do 14 k=be,46
e e writa(9,233)na(2) s raws (1), 1iC1) L 11(K) .
14 continua
s cantinue
ds 15 t=1,3
de 186 r=2,4 . - e o -
do 17 p=1.,7

drita(%,23483n2(2Y,r0us(2),1 (t),-r(r}z-ata)
17 continue

16 .. eontinua. . . oL . . e
do 13 9231,2 )
aa_19 p=1.7 .- . L o
wurite(9,2532n2a(2),rous(3),it(t),i0(2),ip(p)

19 csatinue . ... _
15 continua
D 05 U - ¥ . 1 O 15 o 1 1 J RS

form _tne CRLUMNS . o . e e e e
write(9,3C3)
. d0 23 1i=1,32
dz 21 k=1,4
. urite(9,357)esl ) S LiCiY i) sinvalk])
if(k.2q.1)%n2n
L _urite(P,4632)cal{ 1) iiilsicikdsrcus (1) 03iC2) 1l (*)153”(1)/
& rows(1),11iC¢1),11C¢2),can (12
e - P ita (9,620l 1Y 1) sy sraas 1) i) L3 22¢1),
& rows{1),1iiCi),12C13),=-1.2
e e 3lsa 1f(k.aq.d)then. . . .. -
arlte(9,~53)csl<1),11(1),1'(k),rcgs(1)111(1),1‘(4),can(7),
e % rouws{1),43C3) £31(52,c20(C2). e
write(9, 450)col(1),L;(l),xc(k),roas(1),‘1( )Il’(é)lc :(2),
IS -1 3G O PSS UC DDA SN E I D IR b e R
else if(k.23.3)than
___~“___“~mniie(91éi&lcol(llLLL(i)zic(kl,rQWSCIJziiiilzil(Z)zcan(S);
3 rows(1),1iiCi),11(32),cac(3)
e ___urite (9143"):Ql&3)11¢(11z-c(klzra.s 1) ,3i1(8),114(3) r2a32(2),
3 rows(1),1i(i),1i1¢13),-1.

e else O S .
mr1t=(?;423)cox(1),Ll(z),xc(k),r045(1)le(z);b.(1 Yrzan(3) .,
2 rousl{l1l.i3C3) i1t ecanla) e e




write(?;LSG)col(1),ii(i),ic(k);roms(1)zii(i)zil(12);cao(é),
& __rouws(1),1i1(1),120C0133,-100

enagif
_21_  __esntiaue. _ . o B
do 23 x=5,1¢ B
e if(k.eq.5)tnen . _ - o
p=1
USRI o I S - N .
0=1 B
o _elsa if(k.eq.2)then
p=é
R X S .
0=2
else if(k.23.7)than
p=7
R of e I
0=3
_ . .— . alse . if(ke23.3)tnan
p=1G
- r=l4 .
0=4
e, ..@lse if(k.2g.%)then
p=2
e r=15. -
¢=1
e alse. . if(k.23.1dlthen .
g=5
e =15 - -
e=2
e alse Lif(kae23411)tn2n
=3
______________ =13 e e Lo _
9=3
_ e _—@lse if(keas.12)%han . . .
P=11
.. r=1S
o=4
3ls2 1flke.23.13)%tran
»=2
r=is
0=1
et e — B ws3a—Lif(Keagel&)tnan oo
P=4
——.rz1é -
0=2
3lsa if(xke23.13)tn2n
P=9
e r=1e. I _
0=1
i — @188 e o R
p=12
e e . =13 - - - _
o=4
ieeim = - @ndift - <

write(?,353)¢cal (1), ,1i{i),ie(k),raxc(a)
i - write(F.4650)esl (1) aii (L) sic () srows (1), 14(1) 12(2Y),=23.33,
& rows(1),1i1(i),1i2(mr),1.323
23 0 L eanTINU@ . mn e i e e o
do 2% k=17,23
= . if(keaqel7lthan
1=1
[N X B/



p=29
=33
alse if(ke2g.12)%hen
1=
rz14
- p=29 - - - . — . _
0=33
alse if(k.23.17)than
1=3
r=le
p=29
a=38
glse 1f(k.29.20)tnzn
1=4
r=14
p=23
0=3§
.alss if(k.ag.21)then . .-
1=1
r=15
=30
- - =33 L oL
alse if(k.a3.22)then
- - 1= o oL
r=15
-p=30 - e e -
0=39
-~ alse 1if(keage.23)than .
1=2
[ e O [
p=3C
- 1 1 L. -
eise if(k.2g.24)%than
. l=4 . -
r=13
p=32 . - . -
=39
else if(ke23.25)tr2n
1=1
r=1s - R :
=11
Q=40 - ..
2lse if(k.25.2%8)tnan
1=2
r=1¢
S . . T AR - _ -
¢=40
o else 1f(ka23.27)%h23n . _ ..
1=3
.o rE16 L .
p=31
e . @=4&Q -
else
e Y=L L L
r=1%
————ee =3 ol
0=4Q
—_——  __andif e e e e

write(9,33M)col(1),1iCi),ic(k)r52an(l)

——— e writ2(9,430)calil) i) sicthklerous ), (L e il(r) £ =1 .0,

3 rows{1),1ii(i),1illk),cf(l)
—writal(9,433)c0l(1)s2i(idsiclkYsraws (1), 24iCiYri2¢p)21.2,
& rows(1),i1(i),11¢Ca),fpo(l)



28... ._.cantinua o -
p=Q
e 280 29 k=29.,31 . - . _.
0=2%9+p
- - 1=32¢%p.. L
urzte(?;BSu)c:l(1),.1(1),Lc(k),st:g
Cmeee - writa(9,430)e0l (1) ii (i) sie(k)rrcusC1) iiCi) L i1C0) =100,
d rows(1),ii(i),11(1),1.0
p=p+l
29 continue
write(?,450)ccl{1),1i(i) 2e(32)rraual{ 1), 1i(L),3i0(32),1.2,
& FOWS(j)Iii(i)/il(34)1'1.0
writ2(9,422)¢ccl(1),11Ci),1¢(32)srous(12,34€Ci),41C¢35),1.2
writ2(?,45)c0l (M) ii(L),3i2(33)srous{1),11¢1),11(32),-1.0,
... 4% rows(1).id(i),i1(33).1.8
urite(9,43 )col(n)z-1(1)11c<3’),r0u=(1),11(1)1-1(36),1..
e write(%,4520cecl(13,13iC1) ,1ic(328)srouws (1), 14C¢1),10C33),-1.0,
Y rows(1),11¢i),11(¢(34),1.0
e write(9,4030)22101),11C1) (346 erows (13,1101 ,11(373,1.0
p=J-
—_— 40 30 k=35,
0=2%+p
e 1=324%0 . o
wrxte(Q:ZS“)col(1)rzz(z)zxc(k),stag
e writa(P,4630) el M) ALY ik seows (1) L L1CEY 421 C0) 4.2
& rowus(1),ii(i),1i1C(l),=-1.3
- e ____p=p*1
30 continue

201),11iK3)Y, 1c(%),enf
LM ,iiCid)sicl)rrouws (1) 25iCi) i () =1,
L1100

P~
—~ 00
~ 0(1

-
——_% . rows(1),1i(
p=p+1
31, _ eantinua . . :
writ°(9,&33)col(1),11(1),1c( Vsrows(1),1408),101041) 0.2,
- :;_4, l‘uula_(u)l._.[ )I--\'QJ)I"1 1
drita(?,433)c0l (1), i1i(d )1-C(~1)1P0ﬂ5(1)/‘1\‘)/-l\bv)/ .2
o owrite(P,480)C3 i (M) il /1204 2),roas (1) sl L) illal)r=1.2,
& rous(1),34i(1),11(32),1.3
Cwelta(9,4630)ec0l (1) i) i (b2)rouws (1) i1iCi) 2004
writ2(9,492)col (1), ,120(i),ic(é3)prous (1), 25CL) 020(4
rows{1),1iiC2),41¢483),1.3
writa(9,43)cal (1), 2iCi) sic(L3)reus(T) iiCi) i1C82),1.3
p=a -
ao 32 k= 44,5:
DT - €. - - YV
1=41+p
e - weita(9,35)cal(1),11iCi) ettt
arite(9,4530)¢col (1), idiCi)sic()rrous (1) i), i1C0),1.32,
o & rows(1idi (i) 1ilCL)=1.3 . - .- - -

‘\o

p=p+1

32 . continue - — - - — - - — —_
mrxte(?;SSO)col(1),11(1),1c(47),1ﬂ5gs’

e WPt (P A5l (M) LI (D) AL (eT) srows (1) L11Ci3 110 C3S),~1. 20

4 rows(1),1ii€¢i),411¢38),-1.2
- Gritea(5,4C020)ccl(12,iiCi)sic(47)rraus(1l,40CL),11(37),-1.5
write(?,33M)col (), ii(id)sric(i),infst
Cowrite(9,433)col (M) 1i(id)sicl{ed)rrous(1),iiCi)rilCes) =10,
2 rows(1),1ii(i),11045),=1.0
writa(9,48)col M) ,idi(i)ricl(e3)rrows(1),14Ci),110¢68),=1.0
20 continue
de 32 i=1.,3 -
de 34 p=1.,7
ctrog(ispl=trdst(i,pl)=trn;
ctrrs(ispl=trdst(isp)*etrr



T4 c~ntinug
write(d,93)(trdst(i,e),p=1,7)
write(s,92)(ctrbglise),2=1,7)
writa(s5,98)(ctrrs(ise)se=1,7)
33 cantinue
< transportation gart of thne 7odal
de 35 t=1.,3
do 36 1i=1,3
de 37 r=2,4%
do 38 p=1,7
writa(9,355)zcl(2),12( ), ii(i)sir(r) ip(p)setrrs(isp)
if(r.aq.2)than
e o128 .. Lo
elsa if(r.ea.3)then
. .o 1=19 . [
ealsa
1220 e e e o
endif
e writel9.5330)col ) it i) sir(r) i (R srous (1) LY 12CL)
& s=1e00srous (2),it(t)sir(r) sia(e)s1.32C
.28 - —..eantinua. e e e
37 cantinua
- 80-37 ;o=1.2 . C e
ag 40 p=1.,7
c.if(cedzqel)tn2n
write(S,335)ec0l(3i itit) 1i(i)sinls)rinlel)rectragli, )
if(te23.1)tnan
write(9,553)col{3),i%(%),ii(i),ia(o) i) rews (1), ii(i),
L& 1129, =130, r0us ()it (%) i) rinle) .00
else if(%te23.2)%han
e writ2(9,3552)c01 (231
¥ 11(3C),=1.20,r0us(3),
.. Relse
wr1tea(3,352)ecz2l ) an( ) iiCid i) rinla)rraus(), 201D,
3 L1331 ,=1 lCsrcuws(3) 2t () sia(2) i) 1022
andif
alse .. . .
writedl9,353)c21(3),1%(t) i) s22(2)sip(n)rctrrs(isg)
if(t.29.1)tnen , L
UrLt2(5,553)22l(3) i ), ii(i)si0(2) sin(p)rraus(1) ,21(i),
A1023),=1.30/sr2us(3) % () ra0(e)sinlpl 1.C2
@lse if(t.23.2)%than
Wwrited(3,553)cal() it ) riddid)ricie)ric(a)rraus(1), i5i04),
& 11(3%),=1.2C,rrous(3),it(),ris(2)r12(),1.350
_ ...elsa ) . L L .
write(?:iii)col(S);j.t(t)zJ.i(i),io(o)zi;(p)rrcusﬁ)/ii(i);
SRR A, 1 W V) R B s PY-F-EE- Y S SR X6 DIFEN-RE-D IS §- ¥ ¢-1 R FFs o R -

t)sio(e)sizle) .02

’
A
i

-

)sai(iYsislalsin(aisreas i) 00i)s o -
%(

(XY

endif
U - ¥ o < B S O
3] continuag
33 continue . _. e
36 continue
35 . .. _.centinue . . _
c write R4S

urita(?,5%33)
de 41 i1=1,2
. write(?,72000r2us(1),1i1CL),220C123),-1.32
drit2 (3,73 rous(1),14C1),11C17),prsecr (i 1)
e - write(S,7C)rows (1) L11CL)L12C2T)serser (i, 2)
writea(9,73V)rows(1),1i¢1),i1(25)/prscr(1,3)



41

rontinuae

do 62 t=1,3
do 43 r=2,4%
de 44 p=1,7

.~ 1f(reazed)then

b4
43

1=¢+3
_elsa if(r.e3.3)then

I=t+4
- else . _

1=¢+9

_endif _

ar1t=(9,753)raus(’),Lt(t),xr(r),xp(a),orscr(c,l)
—eontinue . ___ ol et e

continuea

do_&5 o0=1,2_ . ___

48

42

<
w7

do 46 p=1,7

_iflg.2q.1)then e
urite(9, ?SGJrous(S)zzt(t),xo(:);xp(pJ,cgcbg(ﬂzt)

@l s e o e
mrlte(9/?>’)rows(’),1t(‘),xc(o),xp(a),cs’f(ozt)

ancif e e e e el .
continue .

eSS __ eontinuge o e e

cortinue
_writ2(%,952)

stap

formats to 9He wusz24g

format(12f35.1)

93 .. _format(7€2.2) -

2203

[V VARV |

133

233

AV IR AV ]
W an
o \n

©
pr Qw0

wr
(U RV NGRVINYIN ¥

(V1]
w
(@]

format(énname,13x,%5005s1l)
_ format{enrows). . .
format(1Z2h n obj..rouw)
___format(lh sal,2x,231/4%¢eeral)
forn3t(1ln ,21,exs21s2Reevalstnesetisthes2t)
fermat(7rcolumns)
farmat(éx,221 /480 00eers22s2%x75P00 30 e~cwsexrst1242,3x)
~fermatiexs2alsnesal s tneraisines2ls2xs 00 car3usr2x, f12.52
formatlex,2a31 /4N ceeerd2,2xs237 /8P caaard3dr2x,f12.5,3%x)
o tormat(4ex,231,60000ars22,2%2202210784 N cnaer32,2%,¥12.3,34))
format(éx,2als1nesa1,170r231,1rer23102%231 727 er21 7190731 ,10 0y
& 31,2x,f12.5,3x)
forﬂat(kx/_=1/1ﬂczd111“.13117“.13117X12E7/-F..../=7/-x/’12.3/

% 3xs31s2ncerel s lAcsdlelnesat, ixs$12.3)

53373
702
752

_ggj“

95¢C

format(3nhrns)

farmat(bxseinrnss30eeesr 31 72%x2221 24P ceeerz2,2x,t12.32

format(4éx,3nrns,30eear’'01°,2xr31,2Reerats1narz2t, irnasal,
3. 21/f12s5). B e

format(dhbounds)

903 - _ . format(x,32,x,8NbNndeesd1rix,f12.5

format(édnandata)
end -
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MATRIX GENERATION PROGRaM .

APPENDIX C: RESULTS
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