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ABSTRACT 

Corporate planning process uses tools that are inadequate for 
present day environment of complexity and rapid change 
~anagements must supplement their intuition and experience with 
planning using corporate planning models. The key to assist 
managements to plan effectively lies in better and greater use 
of computerised corporate planning models. System Dynamics is 
one of the latest modelling innovations that provides a 
flexible framework in which to view the interdependent 
operations of a system in coherent and orderly manner. With this 
in view a modular approach using System Dynamics principles has 
been adopted to model an integrated steel plant. The model so 
developed has been applied to conduct simulation experiments in 
the area of corporate planning. For the purpose of modular 
construction the corporate model has been considered to be 
constituted of three modules of marketing production and 
finance. The production system has been taken for detailed 
investigation in this model. The physical flo~-1 of men, 
materials and machines in various capacity centres of the steel 
plant have been separately modelled and then integrated. The 
financial consequences of these flows have also been considered 
to simulate indicators of corporate performance such as profit 
and return on investment. The model has been applied to study 
the behaviour <)f a large number of \·ariables of interest in 
response to controllable as t.;ell as uncontrollable variables. 
The model has also been used to conduct l-ihat if type 
simulation experiments. It has also been used to identify 
debottlenecking priorities and evaluate modernisation, 
expansion and debottlenecking projects. 

1. INTRODUCTION 

The problem of analysing an enterprise can be approached in two 
different t.·ays, \·iz, analytical and simulation. In analytical 
approach the techniques of control theory are applied to 
analyse a mathematical model. But invariably the mathematics is 
difficult to comprehend and the communicability of results to 
manager is poor. The simulation approach is based on knowledge 
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of, and insight into .system rather than an advanced 
mathematical skill. In this case the interpretation of results 
is generally easier while achievement of most satisfactory 
result is not assured. An integration of the two approaches 
deriving the advantages of both appears to be a promising 
alternative. System Dynamics is claimed to provide this 
alterntive, as it tests prediction about system behaviour, 
which have been produced as result of the analysis of 
underlying feedback loops, by using simulation technique. 

The various applications of system dynamics can be grouped into 
three categories mainly macro level applications, industry 
level applications and unit level applications. At each level 
work has been reported to demonstrate the capability of the 
method in modelling complex systems (Coyle 1979;Fey 
1962;Forrester 1961,1969,1971;Kumar 1988;Meadows 1972;Roberts 
1968; Robinson 1967;Taylor 1976;Wright 1971; Wolstenholme 
1982). However concerted efforts have not been made to perfect 
the method for application at these levels. Moreover While 
discussing the enlargement of the paradigm it has been argued 
that a methodological extension is not needed, instead efforts 
should be made to demonstrate the utility and power of the 
system dynamics moddelling approach by concentrating and 
gaining expertise in a particular substantive arena of 
corporation, hospitals, government agencies etc.(Richmond 
1983). This paper is an effort to exhibit the role of a system 
dynamics model of a complex production system in conducting 
simulation experiments for the purpose of corporate planing. 

2. MODEL OF A STEEL PLANT 

The study of the dynamic behaviour of a production system has 
led to the identification of eight feed back processes. These 
represent the effects of breakdowns, shortages in supply of raw 
materials, lack of demand for finished goods, lack of manpower, 
obsolescence of machines, and phenomenon such as 
expansion/divestment of capacity, recruitment/ retrenchment of 
manpower as well as turnover of employees. The model is limited 
as it takes into account only quantitative aspects of inputs to 
production system, the qualitative aspects have not been 
modelled. These eight feedback processes have been integra ted 
to design a feed back model of a capacity centre, a subsystem 
within the production system. This feed back model of a 
production sub-system is shown in Fig.1. Feedback models of 
various capacity centres are now integrated as per the material 
flow to construct a system dynamics model of a production 
system. 
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Steel plant is a typical example of a complex production system. 
A number of capacity centres constitute a steel plant and 
generally these are grouped in two zones, viz. , melting zone 
and rolling zone. The production system of the steel plant, 
taken up for modelling, comprises of twelve capacity centres. 
For the purpose of modelling these have been arranged in six 
stages as per material flow shown in Fig. 2. The integrated 
model of the production system of a steel plant is comprised of 
models of twelve capacity centres which have been judiciously 
assembled. In the integrated model, the market demand or sales 
programme of eighteen different finished products of steel 
plant have to be exogeneously specified. In addition to these 
the raw material supplies of major raw materials such as coal, 
ore and ore fines have to be exogeneously fed. The integrated 
model of production system of steel plant simulates production 
of the various·saleable steel products on a monthly basis over 
the stipulated period of simulation run. 

3. VALIDATION OF THE MODEL 

The model of the production system of a steel plant has been 
retrospectively validated. The model has been initialised and 
run for a period of thirty six months in the past. The 
simulated and actual behaviour of saleable steel production is 
given in Fig. 3. On visual comparison it can be inferred that 
simulated behaviour represents the his tori cal behaviour. The 
two plots have close resemblance with each other in their 
dynamic behaviour. However, it can also be observed that 
dynamic behaviour represented by model is comparatively more 
sensitive than the real historic~! behaviour of saleable steel 
production. The sensitivity of model over reality is 
justified, because model is based on certain assumptions and 
hence cannot be robust like reality. The 36 values at various 
points in time have also been compared and percentage 
differences between the two series have been computed, It has 
been observed that eighty percent of the time simulated values 
are within ± 10 (ten) percent of historical values. The 
comaprison of annual values of simulated and historical 
production is made in Table 1. The simulated production is 
within two percent of the historical production. The total 
~imulated production over the three years deviates from reality 
by only 0. 58 percent. The appropriate summary statistics have 
been computed to evaluate the historical fit of the model. 
Root mean square error ( RNSE l has also been computed. The 
value of RMSE for simulated and historical values of saleable 
steel production given in Fig. 3 is 6. 66 percent, y.;hich is 
within reasonable limits. 

~ 
:.:: 
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SSI'RD=Simulated Saleable Steel Proauction. --­
ASSPD=Actual Saleable Steel Production.--------
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Fig.3 COMPARISON OF SIMULATED AND ACTUAL SALEABLE STEEL PRODUCTION 
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Table 1. Results of Va~idation run of steel plant model 

Production in 
Year 

Simulated 

1 1550 
2 1586 
3 1600 

TOTAL -!736 

000 tonnes 

Actual 

1537 
1606 
1621 

-!764 

Percentage 
Difference 

+ 0.8 
- 1. 2 
- 1. 3 

+ 0.58 

An interesting feature of the validation results is that the 
model behaviour has a closer resemblance with actual behaviour 
on a larger time horizon (year or more) as compared with month 
to month comparison. This makes it all the more sui table for 
long range planning despite a comparatively higher error on 
month to month basis because on the aggregate level the model 
behaves in a high plausible fashion. 

4. IDENTIFICATION OF BOTTLENECK 

The various capacity centres are the links of a chain. The 
weakest link decides the strength of the chain and this link 
has been termed as the bottleneck capacity centre. During a 
simulation run ,the bottleneck capacity centre may be different 
from one simulation period to the other, depending upon the 
demand, material supply and capacity availability during the 
period. Intensity bottleneck has been defined as the product of 
material and demand constraints of a capacity centre in a 
particular period. The values so obtained for various periods 
are added and averaged to get intensity bottleneck over the 
simulation run. The values for various capacity centres are 
then compared to arrange the various capacity centres in order 
of bottleneck intensity. As the bottleneck intensity 
increases the value approaches one. The capacity centre t,;i fh 
value bottleneck intensity closest to one is the bottleneck 
centre in a production system. Therefore to increase production, 
this centre needs to be debottlenecked first through expansion, 

"modernisation, productivity and rationalization strategies. 
Unless until some success has been achieved in debottlenecking 
this capacity centre, investments made at other capacity 
centres will prove futile. The moment this debottleneck has 
been removed thereby defining a new set of parameters for this 
capacity centre, which when fed to the computer programme and a 
new simulation run made, a new order for debottlenecking 
priority can be generated. 
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5. EXTENSION OF THE MODEL TO INCORPORATE FINANCIAL ASPECTS 

The model of the production system of the steel plant has been 
extended by adding a simplified and aggregated accounting 
structure. This structure translates the flow of materials, 
manpower and machines of the production model into financial 
consequences in terms of expences, sales, assets and eventually 
leading to computation of profit and return on investment. Care 
has been taken to ensure that cost structure of the model is in 
line ;..;ith one being practised by the management of the steel 
plant. This extension was considered adequate to conduct 
meaningful simulation experiments with the model for use in 
corporate planning exercise of the steel plant. The behaviour 
of financial indicators like profit, works cost, return on 
investment, etc. is of specific interest to management. However 
only a limited extension of the production model with financial 
aspects has been attempted due to time and other resource 
constraints. The model of the steel plant so evolved has been 
applied to conduct various corporate simulation experiments. 

6. SIMULATION EXPERIMENTS WITH STEEL PLANT MODEL 

The steel plant model so developed has been applied to study the 
behaviour of a large number of variables of interest including 
production, profit, etc., in response to changes in large numbe~ 
of variables which are either controllable or outside the 
control of management. Scope for conducting a variety of 'what 
if' type of type simulation experiments "ith the model has been 
explored. The model can further be applied to evaluate a 
modernisation, debottlenecking or expansion projects 
contemplated by the management. Three important experiments are 
presented here. In the first two experiments the model has been 
applied to produce scenarios of production, profitability, 
return on assets of the steel plant, based on optimistic and 
pessimistic assumptions about some selected exogenous inputs of 
demand, supply, power etc. The third experiment has been 
conducted with the model to simulate impact of an additional 
sinter plant on corporate performance. The steel plant model 
was reinitialised to conduct these simulation experiments over a 
time horizon of thirty-six months only, as a part of this 
"illustration. 

6.1 Scenario Based on Optimistic Assumptions: 

A scenario has been generated based on a set of optimistic 
assumptions about some of the exogenous influences such as: 
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( i) 

( ii) 
(iii) 
( iv) 

Abundance of demand for the products of steel plant. 
Ore and coal supplies are more than adequate. 
No power shortage. 
Steel prices rise faster than wages. 

In addition, it has been assumed that capacity of steel melting 
shop has been expanded. This was a bottleneck during historical 
validation run and management has already expanded capacity in 
this shop. Summarized version of annual results for a few 
variables of interest is given in Table 2. 

Table 2: Summary of results of scenario based on optimistic 
assumptions 

Year 
S.No. Item Description 1 2 3 

1. Return of gross block (%) 46 51 58 
2. Works Profit (~illion Rs. l 1808 2006 2292 
3. Realisation (Million Rs.) 4918 5552 6301 
4. Works cost (:-·Hllion Rs.) 3110 3546 4010 
5. Saleable steel prod. (000 tonnes) 1707 1696 1728 

It can be seen that the production under this set of assumptions 
is around 1. 71 million tonnes per annum and return on gross 
block is around 50 per cent. This value may appear very high 
because the gross block includes only machine assets. _\lso 
the profit computed is before depreciation and provision has 
not been made for expenses which are not directly related to 
production or works. Therefore, it has been termed as works 
profit. A new order of debottlenecking priority simulated by 
computer is presented in Table 3. 

6.2 Scenario Based on Pessimistic Assumptions: 

A set of pessimistic assumptions have been made about demand, 
supply, power cut, wage rise and prices of finished products 0f 
steel. These could be stated as follows: 

( i) 
( i i) 

(iii) 
(iv) 

Demand grows at a slow pace when compared with the past. 
Ore as well as coal shortages occur. 
Power shortages continue as in the past. 
Wages grow at a faster rate than prices of steel. 

Based on these assumptions the exogenous inputs 
revised. A summarised version of the results 
selected variables is given in Table 4. 

have 
for a 

been 
few 
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Table 3: Debottlenecking priority in Scenario based on 
optimistic assumptions. 

s. ;-.;o. Capacity Centre Intensity of B·Jt tlene_ck 

1. Blast furnaces (1- • 
, C1 I L 

2. Coke Ovens .91)6 
3. Blooming ill .86:3 
L Steel 1-!eting Shops .7:35 
5. Sheet bar & billet mill .109 
6. Plate mill .709 
7. Strip mill .709 
8. Sheet mill .686 
9. Merchant mill .f)76 
10. Wheel tyre and axle plant .658 
11. !!edi um light & stc·uctural mill .638 

Table 4: Summary results of scenario based on pessimistic 
assumptions. 

Year 
S.No. Item Descri;Jti.on 1 2 3 

1. Return on gro~s bl,Jcl~ (%) 35 42 45 
2. Works Profit t'filLion Rs. l 1102 1654 1775 
3. Realisation (~-lillian Rs.) H09 4860 5399 
4. Works cost ('Ell ion Rs.) 2707 3206 3624 
5. Saleable steel pr•Jd. (000 Tonnes) lP 7 1520 1557 

From comparison of the t•,·o scenari<)S it .:can be observed the 
production vide opt i:n is tic assumptions does not sho•; any 
significant gro~th, •:hereas, in the case •Jf the pessimistic 
scenario there is s.ope for gro~th in production over the 
simulation period. But average level of production is higher 
in case of optimistic !'Un as compared to the pessimistic one. 
In case of optimistic scenario the demand of finished products 
'as well as supply -)t' na.ior raw materials bein.g; abundant, the 
capacity is fully utilised and hardly an:.-· scope exists for 
gro~th. In contrast :,,J this, vide pessimistic assumption the 
capacity is not fully utilized during the initial months and a 
gro~th in production ·:an be observed in ~-esponse to groHth i.n 
demand of finished .,;oods and abundant ava i labi lit~,- of raH 
materials. 
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The financial indicators· of works cost and realisation exhibit 
significant increase over simulation run ;.·i th monthly 
fluctuations both in optimistic and pessimistic scenarios. 
The increase can largely be attributed to inflation and partly 
to the growth in production, particularly vide pessimistic 
assumptions. The growth in profit is observed in both t~e 
scenarios, but the average level of profit is on the lower sid~ 

in case of pessimistic scenario, which is also anticipated. 
In both the scenarios .~rowth in profit is c•Jmparatively les3 
than the growth in realisation, which could be due to the growth 
in works cost. The debottlenecking priority under the 
pessimistic assumptions is different when compared t.<i th !:hat 
generated vide the optimistic assumptions. The raw material 
supply assumed during fJessimistic assumptions, has influenced 
the debottlenecking priority. The coke ovens have now received 
the highest priority for debottlenecking as can be seen in 
results given in Table 5. Similarly, the shortage of demand 
assumed during pessimistic run has resulted in low priority for 
debottlenecking the finished mills. The obvious conclusion is 
that bottlenecks now lie in the area of procurement and 
marketing rather than in production capacity. In case 

Table 

S. No. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

5: Debottlenecking Priority in Secario Based on 
Pessimistic Assumptions 

Capacity Centre 

Coke Ovens 
Blast Furnaces 
:.Ierchan t \li ll 
Sheet :'>!ill 
Blooming :--till 
Plate :>!ill 
Strip Yiill 
Medium Light & Structural Mill 
Steel Melting Shop 
Sheet Bar and Billet Mill 
Wheel Tyre and axle plant 

Lntensity of Bottleneck 

0. 841 
0.839 
0.782 
0.775 
0.769 
0.750 
rJ.I-l5 
0.742 
0. 641 
0.630 
0.526 

pessimistic scenario i·3 likely to be realised debottlenecking 
investments in the area of production could be deferred for 
sometime. Hot.;ever, in case the o.ptimistic scenario has high 
probability of being realised, both blast furnaces and coke 
ovens need to be debottlenecked on a priority basis to satisfy 
demand for the finished products. 
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6.3 Impact of Additional Sinter Plant: 

A proposal for putting up an additional facility to produce more 
sinter has been evaluated using the model of the steel plant. 
An additional sinter plant influences the existing set up in a 
numb~r of ways as enumerated. 

1. The coke rate (i.e. consumption of coke per tonne of hot 
metal production) goes down thereby relieving pressure 
on coke ovens for more coke production. 

2. Higher sinter rate results in improvement in quality of 
hot metal leading to longer !inning life of steel 
melting furnaces. 

3. Also, when coke production goes down, the generation of 
coke oven gas is reduced. The coke oven gas is used as 
fuel in many shops of the steel plant. Consequently, 
the consumption of fuel oil will go up if coke oven gas 
genertion gets reduced. 

4. Additional sinter plant will also mean more consumption 
rates,more gross block, more manpower etc. 

The various phenomenon discussed in the light of putting up an 
addi tiona! sinter plant have '::>een incorporated in the model. 
The system dynamics method affords all scope for extension of 
the model, in case new influences are discovered while 
evaluating a specific project. For studying the impact of 
additional sinter plant the optimistic scenario was adopted 
and model was now run with and without the additional sinter 
plant. A summarized version of these results, for a few 
selected variable is given in Table 6. 

Table 6: Summary Results of Optimistic Scenario with 
Additional Sinter Plant 

Year 
S.No. Item Description 

1 2 3 

1. Return of gross block ( %) 46 53 60 
2. Works profit P1illion Rs. 1833 2088 2380 
3. Realisation (Million Rs) 4940 5552 6301 
4. Works cost (Million Rs) 3108 3464 3921 
5. Saleable steel production 1715 1696 1728 

(000 Tonnes) 
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- 13 -

Comparing the results gi\.·en in Table o (t.;ith additional sinter 
plant) and those in Table 5 ( without additional sinter plant) , 
the isolated impact of additional sinter plant fs summarised in 
Table 1 • 

Table 7: Isolated impact of additional sinter plant 

Year 
S.No. Item Description 

1 2 ') 
o.J 

·------------------·--·--

1. Additional profit !>lillian RS. l 25 82 83 
2. Return on additional gross block 

of 700 million rupees (%) 3 12 13 
3. Savings in coking coal 324 294 283 

On comparing the \·alues of saleable steel production given in 
Table 6 and Table 1, it can be inferred that production is 
insensitive to ~xpansion of capacity in sinter plant. This is 
justified because sinter is not an essettt.ial rat,; material. It 
is only a substitute for ore havino; other technical and 
commercial advantages. Hm.;ever, there are noticeable changes 
in works cost, profit and return on gross block. The works cost 
decreases because of reduction in coke rate and improvement in 
furnace lining life. In Table 7, savings in coking coal have 
also been highlighted keeping !.n vieH the limited reserves of 
coking coal. The new order of debottlnecing priority that has 
emerged in the light of improved availability of sinter is 
given in Table 8. Since coke requirement has gone down, due to 
improvement in availability of sinter, coke ovens are no more 
as important a bottleneck as these t,·ere found to be in the 
outcome of previous experiments. ~ow the blast furnaces are 
holding the production at its present level of 1.71 million 
tonnes per annum. There are t1.;o approaches available for 
overcoming this bottleneck, and attaining higher levels of 
production. The capaci t~l 0f blast furnace section could oe 
'increased with an additional blast furnace, or alternatively, 
scrap could be purchased and made available in steel melt in.!S 
shops. The model may n01.,; be applied to evaluate these two 
alternatives or any other one. In this manner the model can 
be applied by the management to conduct di \·erse and even more 
complex experiments in the field of strategic planning. 
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Table 8: Debottlenecking Priority In Optimistic Scenario 

s. )io 

1. 
2. 
3. 
·L 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

8. 

With Additional Sinter Plant. 

Capacity Centre 

Blast furnaces 
Blooming mills 
Coke Ovens 
Steel Melting shops 
Sheet bar and billet mill 
Plate mill 
Strip mill 
Sheet mi 11 
Merchant mill 
Wheel tyre and axle plant 
Medium light & structural mill 

CONCLUSION 

Intensity Bottleneck 

.973 

.875 

.868 

.737 

. i'l 0 

.709 

.708 

.688 

.678 

.663 

.639 

The utility of the simulation model of steel plant designed, 
based on system dynamics principles, has been demonstrated by 
conducting a variety of experiments to ,;; tudy the behaviour of 
the system. The results of three such experiments ha\·e been 
reported in this paper. Two experiments signify the scope for 
generating behaviour of various variables of interest, in 
response to optimistic and pessimistic assumptions about a 
variety of exogenous inputs of. demand, supply, en vi ronmen tal 
and policy parameters of the model. The third experiment has 
been conducted to illustrate its application for evaluating 
capital investment projects. The simulation model proposed is 
a powerful management tool for conducting experiments to study 
the impact of different assumptions above environmental 
influences on the system, as ~-•ell as strategic changes being 
contemplated by the management in the areas of debottlenecking, 
modernisation and expansion. 
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