
NOT FOR QVOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 

A SYSTEMS ANALYSIS STUDY TO COMPARE 
THE LONGTERM CONSEQUENCES OF INNOVATION 
P O L I C I E S  WITH REGARD TO UNDERGROUND 
COAL MINING 

L u b o m i r  P e t r a s  

N o v e m b e r  1 9 8 0  
WP-80-160 

Working P a p e r s  are i n t e r i m  repor t s  on w o r k  o f  t h e  
I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  S y s t e m s  A n a l y s i s  
a n d  h a v e  received o n l y  l i m i t e d  r e v i e w .  V i e w s  o r  
o p i n i o n s  expressed h e r e i n  do n o t  n e c e s s a r i l y  repre- 
s e n t  t h o s e  of the  I n s t i t u t e  or  of i t s  N a t i o n a l  Member 
O r g a n i z a t i o n s .  

INTERNATIONAL I N S T I T U T E  FOR A P P L I E D  SYSTEMS ANALYSIS 
A - 2 3 6 1  L a x e n b u r g ,  A u s t r i a  



PREFACE 

This paper was prepared on the basis of a research study 
on future underground coal-mining technologies carried out by 
the author. Its main aim is to promote a closer consensus in 
the discussion about future possibilities of coal mining from 
the underground deposits as surface deposits are very quickly 
exhausted. 

In spite of that, investment in the developmet of new 
technologies seems to be very highfqfrom the point-of-view of 
future gains, especially with a decrease in the amount of 
underground labor, it is justified. 

It is now widely accepted that innovation is a powerful 
tool for social and economic growth, but for coal industry 
managers it is not easy to make use of the situation because 
the problem is connected with underground human activity in 
general - see IIASA's PP-80-10 on "On Future Coal Mining and 
Human Underground Activities". Therefore information exchange 
and collaboration in the coalfield on the international level 
will be still more desirable. 
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A SYSTEMS ANALYSIS STUDY TO COMPARE 
THE LONGTERM CONSEQUENCES O F  INNOVATION 
POLICIES WITH REGARD TO UNDERGROUND 
COAL M I N I N G  

INTRODUCTION 

An i n c r e a s e  i n  e x p l o r a t i o n  o f  o i l  and g a s  can h a r d l y  b e  
expec ted  i n  t h e  f u t u r e .  On t h e  c o n t r a r y ,  t h e  f o l l o w i n g  t i t l e s  
a r e  v e r y  w e l l  known today :  The s t r a t e g i c  r o l e  o f  c o a l  i n  f u t u r e  
energy  sys tems ;  A g l o b a l  r e t u r n  t o  c o a l ;  Coal  o v e r  t h e  n e x t  twen- 
t y  y e a r s ;  ( ~ 3 f e l e  1 9 8 0 )  etc.  

T h e r e f o r e t i t  was n e c e s s a r y  t o  b r i n g  t o g e t h e r  s p e c i a l i s t s ,  
b o t h  managers and a n a l y s t s  t o  i d e n t i f y  t h e  main i s s u e s  which t h e  
c o a l  i n d u s t r y  f a c e s  o v e r  t h e  n e x t  20-30 y e a r s ,  t o  i d e n t i f y  t h e  
way and approach  i n  which sys tems a n a l y s i s  can  a s s i s t  i n  ma jo r  
p o l i c i e s  and d e c i s i o n s .  

The open c a s t  mining t e c h n o l o g i e s  have  no s p e c i a l  f u t u r e  
problems b u t  d i f f e r e n t  underground c o a l  mining t e c h n o l o g i e s  need 
c a r e f u l  a n a l y s i s  i n o r d e r  t o  g a i n  a n  i n s i g h t  i n t o  t h e i r  compara- 
t i v e  economies because  t h e i r  i n v e s t m e n t  c o s t s  are c o n t i n u o u s l y  
i n c r e a s i n g  w i t h  d e p t h  o f  mining and human underground l a b o r  i s  
go ing  t o  b e  v e r y  u n a t t r a c t i v e  due  t o  i t s  p h y s i c a l  n a t u r e  and 
h i g h  d e g r e e  o f  haza rd .  Moreover, t h e  underground c o a l  mining 
i n d u s t r y  has  developed o v e r  a  l o n g  p e r i o d  o f  t i m e  under  a  v a r i -  
e t y  of  c o n d i t i o n s  and ,  t h e r e f o r e ,  c o a l  i n d u s t r y  managers need a 
s u i t a b l e  t o o l  which would form p a r t  o f  t h e i r  d e c i s i o n  s u p p o r t  
sys tem.  

The sys tems a n a l y s i s  approach  p r e s e n t e d - - a n a l y s i s  o f  under-  
ground mining t e c h n o l o g i e s - - g i v e s  u s  t h e  p o s s i b i l i t y  o f  s e e i n g  
t h e  a d v a n t a g e s  o f  t h e  e v o l u t i o n  p o t e n t i a l  o f  a  new mining t e c h -  
nology and t o  m a n a g e r s t h e  p o s s i b i l i t y  o f  s e e i n g  l o n g  term re- 
s u l t s  o f  t h e i r  d e c i s i o n s .  



The underground coal mining method-"room and pillarM--was 
not taken into account because, from the point of view of raw 
material and energy conservation its lower recovery factor seeins 
to be more and more problematic especially for the excellent de- 
posits on which this method is being used today. Also, it is 
not suitable for coal mining under the depth of 300 meters (see 
Fettweis 1979 p. 266). Hydraulic coal mining used in the USSR 
is more interesting, but the growth of its productivity during 
recent years has been marked by the low increments. (The re- 
sults are approximately the same as the productivity of the long 
wall mining method.) 

This does not mean that these coal mining methods are un- 
able to develop, rather it seems necessary to compare their 
future possibi.lities with other mining methods. However, until 
clear "discussion rules" about the future underground coal min- 
ing are prepared it is not possible to effectively discuss them, 
therefore, this systems analysis study has been prepared to ex- 
plore the direction of innovation and identify the impacts, long 
term consequences, stimulants, and barriers of this technological 
change. 



RESULTS O F  PARTIAL ANALYSIS 

The r e s u l t s  o f  p a r t i a l  a n a l y s i s  o f  t h e  f u t u r e  p o s s i b i l i t i e s  
o f  underground c o a l  mining can  be  s imply  summed up: i n  s p i t e  o f  
a g r e a t  number o f  p a t e n t s  (even i f  o v e r a l l  p a t e n t  a c t i v i t y  i s  
declining--Thompson 1979) i n  t h e  f i e l d  o f  mining t e c h n o l o g y ,  
methods, equipment ,  e tc . ,  t h e r e  i s ,  as y e t ,  no deep  mining method 
worked o u t  t h a t  would comply w i t h  "a f e a s i b i l i t y  a n a l y s i s "  which 
would a t  t h e  same t i m e  comply w i t h  c r i te r ia  f o r  f u t u r e  mining 
methods (see "Who W i l l  Mine Coal and How W i l l  Coal  be  Mined i n  
t h e  Year 2000?", P e t r a s  1980) . 

I t  i s  q u i t e  p o s s i b l e  t h a t  i f  t h e r e  w e r e  a n o t h e r  g roup  o f  
mining and sys tems s p e c i a l i s t s  ( i . e . ,  coming from a c o u n t r y  o t h e r  
t h a n  Czechos lovak ia )  who w e r e  t o  pe r fo rm p a r t i a l  a n a l y s i s ,  t h e y  
would come t o  d i f f e r e n t  c o n c l u s i o n s .  But it i s  d i f f i c u l t  t o  
a l t e r  t h e  f a c t  t h a t  t h e  m a j o r i t y  o f  t o d a y ' s  t e c h n i c a l  e f f o r t s  a r e  
d i r e c t e d  towards  r e d u c i n g  p r o d u c t i o n  costs of  underground c o a l  
mining mos t ly  a iming a t  improving p a r t i a l  mining a c t i v i t i e s  ( c u t -  
t i n g ,  l o a d i n g ,  t r a n s p o r t i n g ,  e tc . )  and n o t  towards  improving min- 
i n g  methods as a whole (mining methods a r e  a d i f f e r e n t  set o f  
a c t i v i t i e s ) .  T h i s  means ( a f t e r  p a r t i a l  a n a l y s i s )  t h a t  e s s e n t i a l  
c o n c e n t r a t i o n  o f  t h e  r e s e a r c h  e f f o r t  i s  g i v e n  t o  d i s c o v e r i n g  a 
new mining method. T h i s  method s h o u l d  comply w i t h  t h e  b a s i c  con- 
d i t i o n s  o f  " t h e  f e a s i b i l i t y  a n a l y s i s "  and a t  t h e  same t i m e  w i t h  
t h e  above mentioned f u t u r e  c r i t e r i a .  

A t e a m  o f  s p e c i a l i s t s ,  whose l e a d e r  i s  t h e  a u t h o r  o f  t h i s  
p a p e r ,  d i d  a s t u d y  d u r i n g  1978-79, and p a r t l y  i n  1980 a n  i n t r o -  
d u c t o r y  s t u d y  and a d e s c r i p t i o n  o f  t h e  main p r i n c i p l e s  o f  under-  
ground coal mining f u t u r e  t e c h n o l o g i e s  were comple ted  (see "PEEM", 
1 9 8 0 ) .  A l l  t h i s  s c i e n t i f i c  and r e s e a r c h  work w a s  c o m p l i c a t e d  by 
o u r  fo rmer  a n a l y s e s  o f  major  i m p e r f e c t i o n s  i n  underground work 
(Petras 1980) and by p a s t  r e s e a r c h  work ( e s p e c i a l l y  P e t r a s  1 9 7 6 ) .  
The f o l l o w i n g  demands have  a r i s e n ;  because  o f  t h e i r  impor tance  
t h e y  had t o  b e  i n c l u d e d  i n  t h e  f i n a l  mining method p r o p o s a l :  

-- t o  u s e  ( i .e . ,  t o  mine) f r e e l y  e s c a p i n g  CHq (methane)  
which i s  r e l e a s e d  from c o a l  d u r i n g  a mining o p e r a t i o n  
(on average  10 m 3 / t ) ;  

-- t o  remove t o d a y ' s  v e r y  compl ica ted  underground mining 
i n f o r m a t i o n  sys tem by means o f  c o n c e n t r a t i n g  t h e  mining 
a c t i v i t y  i n  t i m e  and s p a c e  ( t o d a y ' s  c o n s i d e r a b l e  number 
o f  d i f f e r e n t  work-places i n  a  mine l e a d  n o t  o n l y  t o  
i n f o r m a t i o n  breakdowns b u t  a l s o  t o  s a f e t y  d e f e c t s ) ;  t h i s  
r equ i rement  a l s o  i n c l u d e s  a n o t h e r  one--to minimize t h e  
number o f  workers  underground,  s i n c e  p e o p l e  are more and 
more becoming less w i l l i n g  t o  work u n d e r g r o u n d - - i l l n e s s ,  
h a z a r d ,  e tc . ;  

-- t o  minimize t h e  mining o f  s t o n e  n e a r  t h e  s u r f a c e  and t h u s  
p r e v e n t  env i ronmenta l  h a z a r d s  (was te  t i p s ,  l a n d  i n  t h e  
a r e a  o f  t h e  mine, w a t e r  s o u r c e s ,  p o l l u t i o n ,  e t c . ) .  



The "PEEM" method c o u l d  comply w i t h  t h e s e  r e q u i r e m e n t s  be- 
c a u s e  i t s  main p r i n c i p l e  rel ies on remote c o n t r o l  o f  a  r o b o t  
mining d e v i c e  from manned underground b a s e s  and a l s o  p a r t l y  from 
t h e  s u r f a c e  (Evans 1977) .  From t h e  s t a n d p o i n t  o f  f e a s i b i l i t y  
( n o t  r e l i a b i l i t y )  a n a l y s i s  s o  f a r ,  we have come t o  t h e s e  p a r t i a l  
c o n c l u s i o n s :  

-- f o r  a  mine w i t h  a n  average  c a p a c i t y  (10 ,000 t / d a y )  two 
work p l a c e s  s h o u l d  be  s u f f i c i e n t ,  i . e . ,  two mining 
modules ( i n  c a s e s  o f  seam t h i c k n e s s  2 m and h i g h e r ) ,  
because  even  t o d a y ' s  mining u n i t  ( c u t t e r  l o a d e r )  and 
t r a n s p o r t a t i o n  equipment  can  produce 150,000 t o f  c o a l  
p e r  month o r  more (see USSR--Karaganda 1 9 7 6 ) ;  t h i s  
means t h a t  c u t t i n g  and t r a n s p o r t a t i o n  o f  c o a l  a r e  n o t  
l i m i t i n g  f a c t o r s ;  

-- e x p e r i e n c e  from o t h e r  i n d u s t r i a l  b r a n c h e s  (burn t -up  
f u e l  s t o r a g e  i n  a n  a tomic  power s t a t i o n ,  e tc . )  show 
t h a t  remote c o n t r o l  and m a n i p u l a t i o n  a r e  n o t  s e r i o u s  
problems,  e s p e c i a l l y  i n  c a s e s  where i n  t h e  f u t u r e  w e  
c a n  h e l p  p e o p l e  by a  computer p r o c e s s ;  

-- p r e d i c t i o n s  o f  g e o l o g i c a l  s t r u c t u r e  ( e n t i r e t y ,  s t r u c -  
t u r e ,  t e c t o n i c s )  o f  c o a l  a r e  a t  t h e  p r e s e n t  t i m e  of  a  
h i g h  s t a n d a r d  and a r e  s t i l l  improving (see Czechos- 
l o v a k i a n  p a t e n t - - i n  t h e  USA, t h e  p a t e n t  h a s  t h e  number 
3 , 8 5 8 , 1 6 7 ) .  

T h i s  c o a l  mining p r o c e s s  o p t i o n  a l l o w s  u s  a  r e g u l a r  main- 
t e n a n c e  s o  t h a t  problems connec ted  w i t h  o p e r a t i o n  r e l i a b i l i t y ,  
e s p e c i a l l y  w i t h  c u t t i n g ,  t r a n s p o r t i n g  and m o n i t o r i n g  equipment  
s h o u l d  n o t  be i n s o l v a b l e .  T h i s  problem s h o u l d  be s e e n  i n  rela- 
t i o n s h i p  t o  t h e  i n i t i a l  c o s t s  of t h e  l a t t e r  whole mining module 
( d e v i c e )  w i t h i n  t h e  framework of  a  " r e l i a b i l i t y  a n a l y s i s 1 *  ( t h e  
r e l i a b i l i t y  is ,  above a l l ,  a q u e s t i o n  of machinery i n v e s t m e n t  
l e v e l )  . 

Thus, t h e  g o a l  which was and c o n t i n u e s  t o  be se t  by "mining 
r e s e a r c h  of  f u t u r e  p o s s i b i l i t i e s  f o r  human a c t i v i t i e s  under- 
ground",  h a s  n o t  y e t  been f u l f i l l e d .  The p r o p o s a l  f o r  new c o a l  
mining methods o n l y  e n a b l e s  u s  t o  c o n s i d e r  t h i s  method a s  a  
b a s i s  f o r  c r e a t i n g  o t h e r  m o d i f i c a t i o n  a l t e r n a t i v e s ;  it i s  neces-  
s a r y  t o  a n a l y z e  them i n  o r d e r  t o  see i f  t h e y  a l l o w  f o r  t h e  de- 
s i r e d  r e d u c t i o n  o f  underground c o a l  mining c o s t s  p o s s i b l e  i n  t h e  
f u t u r e .  S tudy ing  f u t u r e  mining methods r e v e a l s  g r e a t  c h a l l e n g e s .  

PROBLEM FORMULATION 

The working o u t  o f  a  p r o p o s a l  f o r  a  new method o f  under-  
ground c o a l  mining ("PEEM") and t h e  d e f i n i t i o n  of  i t s  main t e c h -  
nico-economic a d v a n t a g e s  h a s  p r e s e n t e d  a  new problem f o r  the 
d e c i s i o n  maker: t o  d i s c o v e r  h i s  " b e s t "  c o u r s e  o f  a c t i o n  g i v e n  
f u t u r e  developments  i n  e l e c t r o n i c  and mechanica l  equipment  f o r  
underground c o a l  mining.  For  a  sys tems a n a l y s t  it answers  t h e  
f i r s t  q u e s t i o n :  "What a r e  t h e  d e c i s i o n  m a k e r ' s  o b j e c t i v e s  i n  
t h e  c o a l  f i e l d s ? " .  



From t h e  above it is e v i d e n t  t h a t  t h e  d e c i s i o n  maker would 
want t o  make such d e c i s i o n s  t h a t  would r e s u l t  i n  t h e  c o n t i n u a t i o n  
o f  c o a l  mining a long  w i t h  reduced t o t a l  p roduc t i on  c o s t s ,  and 
f u r t h e r  p o s i t i v e  impac t s .  A t  t h i s  s t a g e  of sys tems a n a l y s i s  f o r -  
mula t ion  it i s  p o s s i b l e  t o  make a  p r e l i m i n a r y  d e f i n i t i o n  of t h e  
o b j e c t i v e s  and t h e  means of  measuring t h e i r  e f f e c t i v e n e s s :  

-- reduced p roduc t i on  c o s t s  of  c o a l  mining;  

-- excep t  f o r  t h e s e  c o s t s ,  it i s  neces sa ry  t o  measure: 
t h e  p roduc t i on  o f  s t o n e  (environment)  , i n c r e a s e d  work 
s a f e t y  ( m i n e r ' s  i l l n e s s ,  hazard ,  e t c . ) ,  WELMM's f a c t o r s  
(Grenon 1 9 7 6 ) ,  t h e  amount of  CHq (as a  secondary o u t p u t ) .  

P roduc t ion  c o s t s  of  c o a l  mining r e p r e s e n t  a l l  t h e  expenses  
f o r  l a b o r ,  m a t e r i a l s ,  energy ,  and water, i n c l u d i n g  c o s t s  (depre-  
c i a t i o n )  o f  machine equipment o f  a l l  k inds  ( e x c e p t  v e r t i c a l  
t r a n s p o r t a t i o n )  and i n c l u d i n g  s u r f a c e  c o s t s  ( e x c e p t  machine 
equipment f o r  inves tment  c o n s t r u c t i o n ) .  Th i s  means t h a t  produc- 
t i o n  c o s t s  a r e ,  i n  f a c t ,  a l l  d i r e c t  c o s t s  connected w i t h  t h e  c o a l  
mining a c t i v i t y  e x c e p t  t h o s e  c o s t s  of  a  main c o n s t r u c t i o n  i n v e s t -  
ment c h a r a c t e r ,  i . e . ,  s i n k i n g  o f  p i t s  and d r i v i n g  o f  main roads  
( c r o s s c u t s ) ,  c o n s t r u c t i o n  o f  e s s e n t i a l  o b j e c t s  on t h e  s u r f a c e  
(mining machine, s e r v i c e  shops ,  s t o r e h o u s e s ,  e tc . )  which va ry  
f o r  d i f f e r e n t  mining methods. The investment,  of  c o u r s e , c r e a t e s  
a  common comparable ba se :  t o t a l  p roduc t i on  c o s t s  = produc t i on  
c o s t s  and inves tment  c o s t s .  

There i s  a n o t h e r  s i g n i f i c a n t  decision-making q u e s t i o n  f o r  
which an a n a l y s t  must look  f o r  an  answer--"What a r e  h i s  a l t e r n a -  
t i v e s  f o r  a t t a i n i n g  t h e s e  o b j e c t i v e s ? " .  Some l i k e l y  c o u r s e s  o f  
a c t i o n  have a l r e a d y  been i n d i c a t e d  i n  a  p r ev ious  s e c t i o n  and t h e  
two mining methods r e f e r r e d  t o  w i l l  t a k e  i n t o  account  t h e  s tar t -  
i n g  p o i n t  o f  t h e  f i r s t  s t e p  o f  systems a n a l y s i s .  Other  s t e p s  of 
t h e  a n a l y s i s  from v a r i o u s  s t a n d p o i n t s  ( f l e x i b i l i t y ,  r e l i a b i l i t y ,  
e tc . )  of t h e  two b a s i c  a l t e r n a t i v e s  w i l l  have a  c o n s i d e r a b l e  
advantage a s  w e l l  ( t h e y  w i l l  be easier t o  compare) ;  t h e r e f o r e ,  
on ly  t h o s e  two b a s i c  t e c h n o l o g i c a l  a l t e r n a t i v e s  w i l l  be  con- 
s i d e r e d  : 

-- t h e  "PEEM" method, 

-- t o d a y ' s  most wide ly  used mining method " long-wal l"  
mining i n  a  modern ar rangement .  

For a ' m o r e  d e t a i l e d  sys tems a n a l y s i s  of  o t h e r  p o s s i b i l i t i e s  
of  reduc ing  c o a l  mining c o s t s  i n  t h e  f u t u r e ,  w e  can  add t o  t h e s e  
b a s i c  t e c h n o l o g i c a l  a l t e r n a t i v e s  o t h e r  independent  ones ,  o r  w e  
can break them up i n t o  p a r t s ;  t h i s  means modifying t h e  a l t e r n a -  
t i v e s  ( g e n e r a t i n g  and s e l e c t i n g  a l t e r n a t i v e s ) .  For t h i s  p r e s e n t  
l e v e l  o f  systems a n a l y s i s  t h e  two b a s i c  a l t e r n a t i v e s  a r e  s u f f i -  
c i e n t ,  s i n c e  t h e  main t a r g e t  o f  t h e  f i r s t  s t a g e  i s  t o  f i n d  a 
s u i t a b l e  method of comparing t h e s e  t e c h n o l o g i c a l  a l t e r n a t i v e s  of 
c o a l  mining, t a k i n g  i n t o  account  t h e i r  c o n s t r a i n t s ,  impacts  on 
t h e  environment,  e t c . ,  i n s t e a d  o f  ana lyz ing  a r e a l  s i t u a t i o n  
( t h i s  i s  i n  i t s e l f  s u i t a b l e  a s  a  c a s e  s t u d y  w i th  t h e  g o a l  o f  



f i n d i n g  a recommendation f o r  a d e c i s i o n ) .  For  t h i s  r e a s o n  t h e  
a n a l y s i s  s t a g e  c a n  be c o n s i d e r e d  a s  s t u d y i n g  t h e  mechanism o f  
t e c h n o l o g i c a l  s u b s t i t u t i o n  i n  deep c o a l  mining.  

METHODOLOGY 

The i n n o v a t i o n  p r o c e s s  i n  deep c o a l  mining ( d e f i n e d  h e r e  t o  
i n c o r p o r a t e  t h e  f u l l  c y c l e  from i n v e n t i o n  t o  f u l l  commercia l iza-  
t i o n )  i s  s lower  t h a n  i n  o t h e r  s e c t o r s .  I t  c a n n o t  be encompassed 
w i t h  t i m e  h o r i z o n s  o f  less t h a n  approx imate ly  30 y e a r s  and some 
of  them r e q u i r e  more y e a r s  t o  r e a c h  commercial m a t u r i t y .  T h i s  
f a c t  makes t h e  p r o c e s s  d i f f i c u l t  f o r  economis t s  o r  p o l i c y  makers 
t o  u n d e r s t a n d  o r  c o n t r o l .  T y p i c a l l y ,  t h e y  c o n s i d e r  10-15 y e a r s  
a long-term p l a n .  And w e  know how o f t e n  it happens t h a t  10-15 
y e a r s  i s  n o t  enough f o r ,  e . g . ,  remote c o n t r o l  o f  mining equipment  
t o  show a r e s p e c t a b l e  p r o f i t .  Who t h e n  w i l l  i n v e s t ?  And t h i s  i s  
j u s t  t h e  problem o f  t h e s e  two b a s i c  c o a l  mining t e c h n o l o g i c a l  
a l t e r n a t i v e s :  Old and new t echnoZogy  and t h e  t i m e  f a c t o r .  

Perhaps  f o r  t h i s  r e a s o n ,  a sys tem dynamics modeling t ech-  
n i q u e  may be chosen a s  t h e  b e s t ,  because  s t a te  v a r i a b l e s  are 
r e l a t i v e l y  s low chang ing  o v e r  a  g i v e n  i n t e r v a l  and t h e  r a t e s  a t  
which t h e s e  v a r i a b l e s  change are  de te rmined  by t h e i r  v a l u e s  a t  
t h e  s t a r t  o f  t h a t  i n t e r v a l .  B a s i c a l l y ,  t h i s  means t h a t  t h e  sys-  
t e m  b e i n g  modeled i s  a  se t  o f  sys tem s ta te  v a r i a b l e s ,  ra tes  o f  
change which are r e g u l a t e d  by n o n l i n e a r  i n f o r m a t i o n  f l o w s  
( F o r r e s t e r ' s  methodology 1973) . 

Most i m p o r t a n t  i s  t h e  f a c t  t h a t  t h i s  t y p e  o f  modeling p u t s  
more emphasis  on  s t r u c t u r e  and on t h e  r e l a t i o n s h i p s  between 
s t r u c t u r e  and b e h a v i o r  t h a n  on p a r a m e t r i c  p r e c i s i o n .  I t  i s  s u i t -  
a b l e  f o r  a n  i n t r o d u c t o r y  view o f  t h e  development  of  two c o a l  
mining a l t e r n a t i v e s  i n  a g i v e n  i n t e r v a l ,  e . g . ,  1980-2000 ( o r  
2030) ,  t a k i n g  i n t o  a c c o u n t  a t  leas t  t h e s e  f a c t o r s  ( p a r a m e t e r s ) ,  
which are common f o r  b o t h  t e c h n o l o g i c a l  a l t e r n a t i v e s  (see Table  
1 ) .  For  t h e s e  r e a s o n s  t h e  dynamic s i m u l a t i o n  model (so c a l l e d  
t h e  "COMTEMV1--Coal Mining TEchnology Model, see F i g u r e  2  f o r  i t s  
b a s i c  scheme) has been d e s i g n e d  and it i s  s t i l l  b e i n g  deve loped  
( P e t r a s ,  Janeck  1980) because  it w i l l  s e r v e  f o r  modeling new 
s y n f u e l  t echno logy  as  w e l l .  The f i r s t  p a r t  o f  t h e  i n v e s t i g a t i o n s  
have had t h e  f o l l o w i n g  p u r p o s e s :  

o  t o  e n a b l e  t h e  d e c i s i o n  maker a s imple  d i a l o g u e  (gaming) 
w i t h  a computer f o r  t h e  s u b s t i t u t i o n  p r o c e s s  o f  " o l d "  
t echno logy  ( l o n g  w a l l )  and new techno logy  (PEEM) ; 

o t o  t a k e  i n t o  a c c o u n t  s p e c i f i c  c o n d i t i o n s  i n  deep  c o a l  
mining:  
-- i n c r e a s i n g  p r o d u c t i o n  c o s t s  w i t h  t h e  d e p t h  o f  mining 

( e s p e c i a l l y  g r e a t e r  t h a n  700 m)  a s  it i s  a r e l a t i o n  
between c a p a c i t y  and t i m e ;  t h e r e f o r e ,  t h e  e x p o n e n t i a l  
r a t e  (PDR) must be used  f o r  model c a l c u l a t i o n s  (see 
Appendix 1 ,  p o s i t i o n  1 0 7 ) ;  



-- different rates of exponential growth for: 

i) wages of miners (WUR--see Appendix 1, position 
118; the level of corresponding wages--see 
Appendix 2, column WUL) ; 

ii) wages of surface workers (similarly, WSR, posi- 
tion 123 and WSL); 

-- the fact that the old mining technology (long wall) 
in a logistic curve is before its technological 
limits (OTMN = 0,9--see Appendix 1, position 96), 
and that the PEEM technology is just starting (with 
a possibility of being improved twice--NTMN = 0,5-- 
see position 102); 

-- for different coal demand in both basic technologi- 
cal alternatives construction investments are on 
the same level, because mines always have been con- 
structed for a certain given daily production (due 
to problems of ventilation, vertical transportation, 
etc.); therefore the model has been tested under 
constant output, see Appendix 1, simple regulator, 
position 143-147); 

o by using the methodology improve the existing empirical 
descriptive "models" which appear to estimate possibil- 
ities of these mining technologies for a given time 
horizon and to explain that through the dynamics simula- 
tion model various discussions and following decisions 
are made easier (it is the work on a software tool which 
would form part of the decision support system for coal 
mining industry managers) ; 

o to find variants in the framework of each new alterna- 
tive for different parameters MI of the new PEEM mining 
technology and for different concrete mine conditions 
(PDR--see above) for research purposes in other sectors 
(which produce mining equipment, i.e., electronic, 
machinery, chemistry, etc.). 

The COMTEM model is a dynamics model, and because of this 
it was necessary to translate mathematical expressions into 
DYNAMO statements, which is the computer language (Pugh 1970,1977) 
of systems dynamics models (see Appendix 1) and which enables the 
user to solve initial value problems numerically by using either 
EULER, RUNGE KUTTA or ADAMS-BASHFORTH methods as determined by 
an integration option. The Euler integration method has been 
used for the COMTEM model with time steps for each month, for 
the examples of output results for each two years and a time 
horizon of 50 years. 

The main principle of the model is shown in Table 1 (or for 
a concrete illustrative case see Table 2). This table (cost 
parameters) has been transformed into a matrix (for the old tech- 
nology, see Appendix 1, positions 28-51, and for PEEM, positions 
52-75). We can see that the old technology always has the co- 
efficient k = 1 for parameters MI,. ..TI, GL, etc., and for the 
new technology the coefficient kn = 0-100 (e.g., estimated by 



Table 1 Basic table of input data for the "COMTEM" dynamics model** 
- - -- - -  - 

MATERIAL WATER MACHINERY "ELEC- * 
A C T I V I T I E S  LABOR & OTHER AND EQUIPMENT TRONIC UCOST REMARKS 

COSTS ENERGY INVESTMENTS COSTSM 

devel opment DL 
(dr iving)  DM 

t ranspor t  T L  TM T E T I  

service  OL OM OE 0 I 

C 
underground 

surface SL S M SE S I 

extract ion GL 

CH4 
GM 

without 
stone 
impact 

only f o r  
PEEM 
techno1 ogy 

TOTAL U N I T  
COSTS * 

without 
construction 
investment 

sur- 
face % 

r a t e  under- "/, % % 

ground 
% 

per year 

~ ~ 

* Total u n i t  production costs  of coal and "UCOST": mcnetary uni ts / ton coal 

** See t ex t  
*** The fac tor  will be taken in to  account l a t e r .  



e x p e r t s ) .  Accord ing ly ,  t h e r e  i s  a  d i f f e r e n c e  i n  t h e  new and 
t h e  o l d  mining t e c h n o l o g i e s .  

I f  t h e  m a t r i x  ( c o s t  t a b l e )  f o r  t h e  o l d  t echno logy  a lways  
h a s  t h e  c o e f f i c i e n t  k  = 1 it means t h a t  it i s  a r e f e r e n c e  t ech-  
nology ( t h e  d a t a  o f  Tab le  2 a r e  i n  p o s i t i o n  4-27 i n  Appendix 1  
and as  r e f e r e n c e  d a t a  i n  p o s i t i o n  28-51) = New PEEM min ing  t e c h -  
n o l o g y  has  been  r e l a t e d  t o  t h i s  r e f e r e n c e  t e c h n o l o g y  by a m a t r i x  
( c o s t  t a b l e )  o f  r e l a t i v e  c o s t s .  I n  o t h e r  words,  w e  have t h e  
t echno logy  d e s c r i p t i o n s  (by  m a t r i x )  and f o r  f u r t h e r  i n v e s t i g a t i o n  
w e  need a decompos i t ion  o f  t h e  b a s i c  scheme (see F i g u r e  2 )  
a c c o r d i n g l y :  

1 .  T e c h n i c a l  c h a r a c t e r i s t i c s  (mining d e p t h ,  g e o l o g i c a l  
c o n d i t i o n s ,  e t c .  ) , 

2. Economic c h a r a c t e r i s t i c s  ( e x t e r n a l  p r i c e s  o f  material ,  
e n e r g y ,  wages and machinery i n v e s t m e n t s ,  e t c . ) ,  

3.  Other  c h a r a c t e r i s t i c s  ( l o g i s t i c  c u r v e s ,  t i m e  p e r i o d  of 
t h e  i n n o v a t i o n  c y c l e ,  e t c . )  . 

I t e m s  1-3 a c t u a l l y  c r e a t e  s e v e r a l  i n t e r c o n n e c t e d  submodels which 
a r e  i m p o r t a n t  f o r  t h e  COMTEM model and i s  b e s t  shown i n  a n  il- 
l u s t r a t i v e  c a s e .  

ILLUSTRATIVE EXAMPLE 

I n  o r d e r  t o  answer t h e  q u e s t i o n  "How d i f f i c u l t  and e x p e n s i v e  
is  it f o r  t h e  new PEEM mining t e c h n o l o g y  t o  g e t  th rough  t h e  de- 
bugging and s c a l i n g  up s t a g e s ,  a s  w e l l  as u n d e r s t a n d i n g  t h e  model 
b e t t e r ? " ,  it i s  s u i t a b l e  t o  u s e  a n  i l l u s t r a t i v e  example o f  p re -  
s e n t  mining p r a c t i c e .  

I t  i s  a  w e l l  e s t a b l i s h e d  p r a c t i c e  t h a t  t h e  e x p e r i m e n t a l  
t e s t  o f  some new techno logy  i s  performed,  as  f a r  as i s  p o s s i b l e ,  
under  n a t u r a l  c o n d i t i o n s  ( g e o l o g i c a l  and t e c t o n i c )  which would 
be  e a s i l y  comparable and measurab le  and which would be c l o s e l y  
r e l a t e d  t o  t h e  most widespread  a s  w e l l  as  t o  t h e  most c o n v e n i e n t  
t y p e  o f  c o a l  seams. T h i s  means t h a t  s t e e p  seams, seams w i t h  
t e c t o n i c  zoning o r  v e r y  t h i n  ones--under 1  m ,  o r  v e r y  t h i c k  ones-- 
above 5  m would n o t  be c o n s i d e r e d .  For t h e s e  r e a s o n s  such  a 
mining u n i t  i s  s u i t a b l e  f o r  t h e  needs  of  modeling,  hav ing  t h e  
f o l l o w i n g  t e c h n i c a l  and economic c h a r a c t e r i s t i c s :  

( a )  T e c h n i c a l  C h a r a c t e r i s t i c s  ( f o r  t h e  p r o d u c t i v i t y  submodel) 

1 .  Mine l i f e  t i m e  i s  a p p r o x i m a t e l y  150 y e a r s ,  t h e s e  
d a y s ,  t h e  mine i s  i n  t h e  middle  o f  i t s  l i f e  t i m e  
and it h a s  n o t  y e t  r e a c h e d  t h e  c r i t i c a l  mining 
d e p t h s  (above 700 m )  t h e r e f o r e  PDR c a n  b e , e . g . ,  
1  % / y e a r .  

2 .  I t s  c a p a c i t y  h a s  been p lanned  f o r  10,000 t (see 
Appendix 1 ,  p o s i t i o n  78) o f  mining o u t p u t  p e r  day 
u s i n g  a mining f i e l d  a r e a  o f  approx imate ly  700 
h e c t a r e s ;  10% o f  t h i s  amount i s  r e s e r v e d  f o r  w a s t e  





tips (waste disposal); annual capacity of a mine is 
derived from a 5-day working week. In the case of 
PEEM technology, a continuous operation must be 
taken into account (except maintenance of vertical 
mining equipment)--especially in parameters ML, DL, 
MI, DI. 

3. Gas content of mining coal accounts for 10 m3 per 
ton and per 24 hours on average, water consumption 
for 2 m3/t; investment costs for approximately 30 
monetary units per extracted ton of coal and costs 
for reclamation and rehabilitation operations of 
land disturbances will always be included in SL, 
SM, SE and SI (see Table 1 ) . 

4. For this example seams of 2 m average thickness are 
taken into account; this means that for the purpose 
of mining 10,000 t of coal, it is necessary to drive 
out approximately 70 m of entries (drifts)--para- 
meters DL, DM, DE, DI. 

5. All these technical characteristics (or factors, 
parameters) influence the productivity of both 
technologies, it is the actual amount of coal be- 
cause the productivity reduces the amount of coal 
extracted due to the worsening of mining conditions 
over time. In other words the rate for PDR (e.g., 
1%/year--see above) respects only higher temperature 
and pressure, therefore, we are going to complete 
the productive model on influencing the structure 
of resources of a given mine (for micro-economic 
purposes) . 

6. Mine development by means of investment cost (cross- 
cuts, raises, pits, etc.) is supposed to be the 
same for both mining technologies. 

(b) Economic Characteristics (for the costs submodel) 

1. In this phase of systems analysis the same economic 
approach to the selective mining and recovery factor 
is considered. Work underground is classified in 
its risks and health dangers from the standpoint of 
long-term investigation to the same category as 
qualified work. 

2. It follows from the technical characteristics that 
investments are supposed to be at the same level, 
so that the investment output ratio of one ton of 
coal will be assumed to be at the same level. 

3. Except rates of wages underground (WUR) and on the 
surface (WSR) there is, respectively, a rate of the 
non-wage costs (changes in material, energy and 
machinery investment costs) as well (see MCR in 
Appendix 1, position 113, and Appendix 2, column 
MCL) . 

4. It is easy to identify labor productivity accord- 
ing to individual principal activities (extraction, 



t r a n s p o r t ,  e t c . ) ,  from t h e  number of workers recorded  
i n  Table  2 i n  column "Labor Cos t s"  wage u n i t  c o s t s  
and o t h e r  pa ramete rs  f o r  t h e  i l l u s t r a t i v e  example a s  
w e l l  ( a l l  concern ing  10,000 t o u t p u t  p e r  d a y ) .  

5 .  Very s imple  models of  e x p o n e n t i a l  growth have been 
used t o  approximate t h e  i n c r e a s e  o f  e x t e r n a l  p r i c e s  
( s e e  Appendix 1 ,  p o s i t i o n s  109, 114, 1 1 9 ) .  S e p a r a t e  
models can  be d e f i n e d  f o r  o t h e r  decomposed u n i t  
co s t s - - e . g . ,  from t h e  machinery equipment inves tment  
it i s  p o s s i b l e  t o  t a k e  o u t  t h e  " e l e c t r o n i c  c o s t s " ,  
s e e  Table  2 ,  f o r  t h e  purposes  o f  micro-economic 
i n v e s t i g a t i o n s .  

( c )  Other  C h a r a c t e r i s t i c s  ( f o r  t h e  m a t u r i t y  submodel) 

The m a t u r i t y  of t h e  technology i s  hypothes ized  t o  be 
i n c r e a s i n g  due t o  expe r i ence  i n  t h e o r y  and produc- 
t i o n .  For c o n s t r u c t i o n  o f  l o g i s t i c  c u r v e s ,  which 
i l l u s t r a t e  development of technology i n  t i m e ,  a  cur -  
r e n t  mining technology o f  long  w a l l  f a c e  w i th  an  
i nnova t i on  c y c l e  pe r iod  of  50 y e a r s  must be con- 
s i d e r e d  (see Appendix 1 ,  p o s i t i o n s  95, 101 ) , and a t  
t h e  same t i m e  t h e  f a c t  t h a t  t h e  development o f  t h i s  
technology i s  i n  a  s t a g e  of  s a t u r a t i o n  ( s i n c e  f u r -  
t h e r  automat ion of  works i n  a  f ace - - i nc r ea s ing  M I  
b r i n g s  o n l y  very  low sav ings  of labor--ML, and t h e  
rest of  underground a c t i v i t y  w i l l  remain unchanged 
i n  s p i t e  o f  t h e  automat ion o f  mining works ) .  

2 .  From t h e  e q u a t i o n s  (see Appendix 1 ,  p o s i t i o n s  93 and 
99) i t  i s  c l e a r  t h a t  t h e  submodel l a r g e l y  r e s p e c t s  
expe r i ence  i n  p roduc t i on  b u t  t h e  i n c r e a s e  i n  g e n e r a l  
knowled.ge .has n o t  been t aken  i n t o  account .  Both 
t e c h n o l o g i e s  i n  t h e  submodel have been used f o r  t h e  
same m a t u r i t y  model w i t h  d i f f e r e n t .  OTMN and NTMN 
(see above) . 

Coal i s  c u r r e n t l y  mined by t h e  b e s t  and most widespread 
method " long  w a l l "  and i n  t h i s  i l l u s t r a t i v e  c a s e  it i s  o n l y  f o r  
c av ing ,  u s i n g  10 p r o g r e s s i v e  f a c e s ;  i n  t h e  c a s e  o f  t h e  PEEM min- 
i n g  method it cor responds ,  e . g . ,  t o  two mining u n i t s .  For  c a l -  
c u l a t i o n s  by t h e  COMTEP.1 model t h e  amount o f  technology (OTA o r  
NTA) i s  measured i n  u n i t s  of p o t e n t i a l  o u t p u t  p roduc t i on ,  e . g . ,  
p roduc t ion  r e l a t e d  t o  t h e  contemporary mining p r o d u c t i v i t y .  
A c t u a l l y  it i s  t h e  r e l a t i o n  between t h e  inves tment  i n t o  technology 
( inves tment  r a t e  O I N  f o r  t h e  "o ld"  and N I N  f o r  t h e  "neww--see 
F i g u r e  2 )  and t h e  amount o f  technology r e t i r e d  (ODP o r  N D P - - s e e  
F igu re  2 ,  which depends on t h e  average l i f e  t i m e  o f  technology 
OAL o r  NAL--see Appendix 1 ,  p o s i t i o n s  80 and 8 7 ,  f o r  t h e  c a s e  
it i s  5  y e a r s ) .  

One e x i s t i n g  l e v e l  ( t h e y  a r e  d i f f e r e n t  f o r  i n d i v i d u a l  mines) 
o f  p roduc t ion  c o s t s  f o r  v a r i o u s  a c t i v i t i e s  of t h e  o l d  technology 
i n  p r e s e n t  c o n c r e t e  mine e n t e r p r i s e  i s  demonstra ted  i n  Table  2-- 
t h e y  r e f l e c t  t h e  above mentioned t e c h n i c a l ,  economic and o t h e r  
c h a r a c t e r i s t i c s  (it i s  t h e  r e f e r e n c e  ma t r i x ,  t h e r e f o r e ,  f o r  t h e  
purpose  o f  comparison c o s t s  f o r  c o a l  p r e p a r a t i o n  through washing 



T a b l e  2 U n i t  c o s t s  ( u c o s t )  f o r  p r e s e n t  d e e p  c o a l  m i n e  ( c a p a c i t y  1 0 , 0 0 0  t o n s / d a y )  

L a b o r  c o s t  M a t e r i a l  Water M a c h i n e r y  ,,electronic,, 
A c t i v i t y  & o t h e r  a n d  e q u i p m e n t  UCOST Remarks  

Number Money c o s t s  E n e r g y  i n v e s t m e n t  

M i n i n g  

Deve lopment  
( d r i v i n g )  ( 5 0 0 )  11 1 7  

T r a n s p o r t  ( 5 0 0 )  9  2 

S e r v i c e  ( 1 0 0 0 )  39 26 

C U n d e r g r o u n d  ( 2 7 0 0 )  77 5  4 

S u r f a c e  ( 1 3 0 0 )  1 8  22 

CH4 
- - - 

54 o n l y  l o n g -  
w a l l  f a c e s  

T o t a l  ( 4 0 0 0 )  95  76 2 2 , 5  1 4 5  
m o n e t a r y  

33815  u n i t s / t o n  

R a t e  ( e . g . )  p e r  y e a r  

+ = s o  c a l l e d  "nonwage" costs--MCR 



c o a l  i n  a  heavy l i qu id ,wash ing  p l a n t s  on t h e  s u r f a c e  a r e  no t  
i nc luded  i n  t h e  c o s t  matrix--except  c o s t s  of s e p a r a t i n g  c o a l  
from s t o n e )  . 

It i s  n o t  d i f f i c u l t  t o  evo lve  an i l l u s t r a t i v e  example i n  
t h e  c a s e  o f  t h e  o l d  mining technology.  I t  i s  more d i f f i c u l t  t o  
f i n d  a p p r o p r i a t e  t e c h n i c a l ,  economic and o t h e r  c h a r a c t e r i s t i c s  
and d a t a ,  which would be s u f f i c i e n t  even f o r  t h e  fo l l owing  phase-- 
t h i s  means a n  e x p e r t ' s  e s t i m a t i o n  o f  reduc ing  c o e f f i c i e n t s  o f  
t h e  c o s t  m a t r i x  f o r  t h e  new PEEM mining techn logy .  

GENERATING ALTERNATIVES AND VARIANTS , . 

Before  e v e r t h i n g  else, it i s  neces sa ry  t o  r e a l i s e  t h e  f a c t  
t h a t  t h e  COMTEM model ha s  been des igned  f o r  improving t h e  d e c i -  
s i o n  suppo r t  sys tem o f  c o a l  i n d u s t r y  managers and f o r  management 
gaming. For t h e  second purpose ,  it i s  s u i t a b l e  t o  a lways  o b t a i n  
t h e  same c o a l  p roduc t i on  from v a r i o u s  t e c h n o l o g i c a l  a l t e r n a t i v e s .  
The re fo re ,  t h e  model ha s  been t e s t e d  under  a  c o n s t a n t  o u t p u t  
(OUT) s c e n a r i o .  The c o n t r o l  f u n c t i o n  o f  t h e  manager h a s  been 
s u b s t i t u t e d  by a  s imple  r e g u l a t o r  s t r u c t u r e  (see Appendix 1 ,  
p o s i t i o n s  143-147). The requ i rements  of t h e  c o n s t a n t  c o a l  o u t p u t  
i s  r e a l i z a b l e  (see Appendix 2 , 3 , 4 ,  OUT = 99,9 o r  100%) and enab l e  
a  comparison of  t e c h n o l o g i c a l  a l t e r n a t i v e s ,  e s p e c i a l l y  fo l l owing  
t h e  r e s u l t s  o f  t h e  main o b j e c t i v e  f u n c t i o n s  (see Appendix 1  , 
p o s i t i o n s  124-142): 

-- UCOST = t h e  u n i t  c o s t  of  t h e  c o a l  produced 

-- LAUG = t h e  sum o f  t h e  underground l a b o r  

-- LASF = t h e  sum o f  t h e  l a b o r  on t h e  s u r f a c e  

-- LAUG + LASF= LAALL ( o t h e r  acronyms, see Appendix 5 )  

For  t h e  o v e r a l l  s t r u c t u r e  of  t h e  model d e s c r i p t i o n  it i s  
neces sa ry  t o  e x p l a i n  how t h e  manager can c r e a t e  v a r i o u s  s t r a t e g i e s  
f o r  engaging e l i g i b l e  new PEEM techno1ogy; th i s  i s  p o s s i b l e  by 
DEC (see F i g u r e  2 ) .  I n  a c t u a l  f a c t ,  it i s  t h e  p r o p o r t i o n  ( s h a r i n g  
r a t i o )  between t h e  amount o f  t h e  o l d  (OTA) and t h e  new (NTA) work- 
i n g  mining technology .  I f  DEC = 0,O it means t h a t  o n l y  t h e  o l d  
technology i s  working; i f  DEC = 1 , O  i t  means t h a t  100% o f  t h e  
d e p r e c i a t i o n  o f  o l d  technology i s  s u b s t i t u t e d  by t h e  new one.  

I n  Tab le  3  ( o r  see Appendix 1 ,  p o s i t i o n  52-75) w e  have co- 
e f f i c i e n t s  o f  t h e  new PEEM mining technology- - i t  i s  t h e  a c t u a l  
m a t r i x  o f  r e l a t i v e  c o s t s  which have been r e l a t e d  t o  t h e  r e f e r e n c e  
m a t r i x  f o r  t h e  o l d  technology (see above ) .  The d i f f e r e n c e  between 
bo th  t e c h n o l o g i e s  ( f o r  each a c t i v i t y :  mining,  t r a n s p o r t ,  e t c . )  
can  be e s t i m a t e d  by e x p e r t s  o r  i n  a  d i f f e r e n t  way--it  depends on 
t h e  p r a c t i c e  o f  t h e  c o a l  a r e a  of  t h e  coun t ry .  

F i l l i n g  up t h e  t a b l e  w i t h  c o e f f i c i e n t s  ( kn )  means c r e a t i n g  
one s o  c a l l e d  f u n d a m e n t a l  a l t e r n a t i v e  (FA) for  new PEEM technology 
development--a p o s s i b i l i t y  (by Czechoslovakian e x p e r t s )  i s  shown 
i n  Tab le  3 (FA1).  



Table 3 Expert assessment of coefficients k for "n" fundamental alternative of PEEM mining 
technology (for calculation by COMTBM model it is more suitable to take into account 
the median of those spans of different experts) - the table is for FA1 

Material Water Machinery ,,electronicl, 
Activity Labor E other and equipment costs UCOST Remarks 

costs Energi- investment 

Mining 0 , 1  - 0 , 2  1 , O - 2 , O  1,O-2,O 5 ,O - 10 ,O  - 

Development 
(driving) 0 , 2  - 0 , 5  

Service 0 , 1  - 0 , 3  0 , 4 - 0 , 5  0 , 4 - 0 , 5  0 , 4  - 0 , 5  - 

C Underground 

Surface 0 , 3  - 0 , 4  0 , 4 - 0 , 6  0 , 7 - 0 , 8  0 , 7  - 0 , 8  - 

amount of stone 
is decreasing 

sum total is I 
2 

only important in 

for wages I 

Total monetary 
units/ton 

underground 
Rate (e.g.1 4% 2% 2% 2 %  

surface 3% 
per year 



From t h e  t h e o r e t i c a l  p o i n t  o f  view, we c a n  s a y  t h a t  i f  t h e  
t a b l e  i s  changed by o n l y  one  c o e f f i c i e n t - - t h e n  i t  i s  q u i t e  a new 
fundamenta l  a l t e r n a t i v e .  I f  we change:  

-- l a b o r  r a t e s  (WUR o r  WSR f o r  d i f f e r e n t  r a t e s  /$ /yea r )  
o f  i n c r e a s i n g  l a b o r  c o s t ;  

-- m a t e r i a l  r a t e s  (MCR f o r  d i f f e r e n t  ra tes  of  i n c r e a s i n g  
m a t e r i a l  c o s t s  i n c l u d i n g  w a t e r ,  ene rgy  and o t h e r  c o s t s ) ;  

-- OAL o r  NAL f o r  d i f f e r e n t  s e r v i c e  l i f e  o f  mining  machinery 
equipment  ( e . g . ,  3 ,  5 ,  7 ,  10 y e a r s ,  e t c . ) ;  

-- PDR--different  i n f l u e n c e s  on  lower  d e p t h s  o f  mining f o r  
l a b o r  p r o d u c t i v i t y  ( I % ,  2 % ,  e tc . ,  p e r  y e a r ) ,  

we r e c e i v e  v a r i o u s  g e n e r a t i n g  a l t e r n a t i v e s  o f  new PEEM techno logy  
development  i n ,  e .  g .  , 50 y e a r s  t i m e  h o r i z o n .  Depending on t h e  
d e c i s i o n  m a k e r ' s  o b j e c t i v e s ,  t h e  COMTEM model c a n  g i v e  g e n e r a t e d  
a l t e r n a t i v e s  w i t h  v a r i o u s  l o g i s t i c  c u r v e s  (OXP, iiMP o r  OTI%JI NTMTi, 
e t c . )  and w i t h  v a r i o u s  DEC a l s o .  

I n  p r e d i c t i n g  t h e  i m p a c t s  a s s o c i a t e d  w i t h  t h e  g e n e r a t i n g  
a l t e r n a t i v e s ,  t h e  d e c i s i o n  maker h a s  t o  t a k e  i n t o  a c c o u n t  e s p e c i -  
a l l y  a  p r i c e  ( i n  i n v e s t m e n t  c o s t s )  of machine mining  equipment  
( d e v i c e )  f o r  t h e  new PEEM t e c h n o l o g y ,  i . e . ,  c o e f f i c i e n t  ( p a r a -  
meter) M I  ( N M I ) ,  b e c a u s e  it i s  a c o r e  o f  t h e  new i n n o v a t i o n .  
For  t h i s  r e a s o n  it i s  u s e f u l  f o r  e a c h  g e n e r a t e d  a l t e r n a t i v e  t o  
a r r a n g e  t h r o u g h  t h e  model, s e v e r a l  v a r i a n t s  f o r  d i f f e r e n t  l e v e l s  
M I  - 2 ,5 - (5 ,O)  - ( 7 , 5 )  o r  ( 1 0 , 0 ) ,  e tc .  

G e n e r a t i n g  t h e s e  a l t e r n a t i v e s  and v a r i a n t s  by t h e  COMTEM 
model i s  p o s s i b l e  v e r y  q u i c k l y  and d e c i s i o n  maker-computer 
d i a l o g u e  i s  p o s s i b l e  as  w e l l .  T h i s  means o n e  can  s t o p  t h e  model 
a t  a c e r t a i n  t i m e  and change  t h e  i n p u t  d a t a ,  e t c . ,  and  i d e n t i f i c a -  
t i o n  o f  some i n n o v a t i o n  t echno logy  problems i n  t h e  f u t u r e  of  c o a l  
mining  i s  p o s s i b l e  ( o r  t o  minimize o b j e c t i v e  f u n c t i o n s )  . The 
model would form t h e  c o r e  o f  t h e  game, t h e  i n t e r f a c e  between t h e  
p l a y e r  and t h e  model would be c o n s t r u c t e d  a s  a f u r t h e r  s t e p .  It 
i s  however n o t  o u r  p u r p o s e  t o  p u r s u e  t h e s e  a s p e c t s  of t h e  COMTEM 
model i n  g r e a t  d e t a i l  ( t h e r e  w i l l  be v e r y  many o b s t a c l e s  because  
t h e  s o f t w a r e  used  (DYNAMO) is  a v e r y  poor  and c l o s e d  programming 
l anguage  which h a s  no means o f  p e r - p a r t s  s i m u l a t i o n ,  e t c . ) .  

I n s t e a d ,  as w e  have  s a i d ,  t h i s  p a p e r  c o n c e n t r a t e s  on  an  
i n t r o d u c t o r y  d e s c r i p t i o n  o f  "how w e l l  t h e  COMTEM model can  h e l p ,  
f o r  f o l l o w i n g  t h e  s t a g e s  of  sys tems  a n a l y s i s  o f  t h i s  problem". 
Only s i m p l e  computed examples  can  be a  s o u r c e  f o r  s e v e r a l  
s c e n a r i o s  (see F i g u r e  3 )  c r e a t i n g  a l t e r n a t i v e s  and v a r i a n t s  f o r  
t h e  new PEEM t e c h n o l o g y  as shown i n  F i g u r e  3 ( t h i s  d o e s  n o t  mean 
t h a t  one  v a r i a n t  c a n  be  a s o u r c e  f o r  o n l y  o n e  s c e n a r i o  and  v i c e  
v e r s a  c o n v e r s e l y )  . 

Obvious ly ,  many d i f f e r e n t  a l t e r n a t i v e s ,  v a r i a n t s  and 
s c e n a r i o s  can  be  e n v i s a g e d  by such  a model,  b u t  a g a i n  w e  i n t e n -  
t i o n a l l y  choose  t h e  most c a u t i o u s  approach by assuming t h a t  t h e  
d e c i s i o n  makers and  a n a l y s t s  shou ld  make t h e  g r e a t e s t  p o s s i b l e  



I I S T A R T I N G  B A S E  1 1  (SB) 

Table (tnatrix) parameters MI,, MM.. 
GL of the old mining technology fo 
certain mine(s) (coal deposit) in 
various countries (USA, UK, USSR, 
Poland, BRD, Canada, Hungary, 
Czechoslovakig, France, etc.) 

k = l  
(cost reference 
matrix) 

- - 11 11 , but estimated by differ- kn+l 
ent experts or by a different 
method, but for the same 
mine(s) as in box (A) 

1 I 

b 
b 

P 

FUNDAMENTAL ALTERNATIVES (FA) 
+ L 

1 

GENERATING ALTERNATIVES 

k --e.g., average estimates of n experts for the same mine(s) 
as in box (A) but for the 
new PEEM technology 

GENERATING VARIANTS 
i - 

kn = 0  - 1 0 0  

(relative cost 
matrix) 

SCENARIO 

GA 
(For different 
values of 9ECI OAL 
NAL, PDR, MCR, 
WUR, WSR, and 
OMP, NMT and OTMN, 
NTMN ) 

GV 
(For different 
NMI ) 

Figure 3 Progression Scheme of Creating Alternatives and Variants 
of the New PEEM Mining Technology 



use of this part of their decision support system (because the 
model IS this part) which would include not only the innovation 
process but also other future problems of human underground 
activity (Petras 1980). Such a scenario or an alternative, may 
not be always realistic, but it will help us to understand what 
the approach would look like through new mining technologies to 
decision making in the coal industry. 

INTRODUCTION TO RANKING VARIANTS AND THEIR CONSEQUENCES 

Generating alternatives and variants by the COMTEM model or 
their selecting (or tuning) can be explicitly managed by the 
decision maker, i.e., they are defined by a more or less detailed 
enumeration of their specific characteristics. For our purpose, 
it is clear that the many alternatives or variants cannot all be 
investigated in detail (that is a job for a group of specialists!). 
For this reason only some of them have been calculated--like a 
case before a more detailed analysis. 

With the easy ranking of alternatives (GA) and variants (GV) 
in mind, the following outputs of computer calculations for the 
illustrative case (i.e., in Table 2 = SB1 and in Table 3 = FA1) 
have been received: 

for: DEC = 0,O OAL (NAL) = 10,O 

MCR = 2,O PDR = 2,O 

WUR = 4,0 NMI = 7,5 

WSR = 3,o OMP (NMP) = 50,O 

Because DEC = 0,O it is possible to consider this GA1 as an ex- 
treme generated variant (actually it is only a development of 
the old mining technology)--therefore it is useful to show its 
development in a time period (see Tables 4 and 5). These two 
tables show a 50-year simulation run of the COMTEM model for 
some computer outputs which always conform to other alternatives 
and variants: 

-- OCOST = see Table 1 (C MM, DM, TM, OM, SM, GM, ME, DE, 
TE, OE, SE, GE, MI, DI, TI, 01, SI, GI) and NCOST for 
the new PEEM technology; 

-- COSTS = OCOST + NCOST 

-- OLABOR = see Table 1 (C ML, DL, TL, OL, SL, GL) and 
NLABOR for the new PEEM technology; 

-- LABOR = OLABOR + NLABOR 
-- UCOST = LABOR + COSTS 
In Table 5 it may be observed that unit costs (UCOST) of 

coal in the case of old mining technology are increasing over 
the 10-year horizon: 10 years + 4876, 20 years + 22576, 30 years 
+ 36076, and 50 years + 950%!! 



Table 4 Values of outputs for the old mining technology 
(generated alternative GA1) 

OUT 
t.83 

10R.0R 
99.82 
99.90 
9 9 - 6 9  
99.88 
9 9 - 6 7  
99.87 
99.86 
99.85 
99.85 
9 9 - 8 4  
99.83 
99.83 
99.82 
99.81 
99.01 
99 .81  
99.79 
99.76 
99.77 
9 9 - 1 7  
99.76 
99.75 
09.14 
99.73 
99.71 

Table 5 Values of outputs for GA1 
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GA I f o r :  DEC = 0 , 5  and o t h e r  i n p u t s  a s  i n  GAY ; I 2 l  

Behaviors  o f  key v a r i a b l e s  (OTA, NTAl OTM and NTM) o f  t h e  gen- 
e r a t e d  a l t e r n a t i v e  GA1 are obse rved  i n  F i g u r e  4 .  I t  i s  i n t e r e s t -  
i n g  t h a t  f o r  DEC = 0 , 5  o l d  t e c h n o l o g y  c a p a c i t i e s  are  i n c r e a s i n g  
a g a i n  a f t e r  25 y e a r s  (because  t h e  engagement of  e l i g i b l e  new 
PEEM t e c h n o l o g y  i s  n o t  a b l e  t o  c o v e r  o t h e r  n e g a t i v e  i n f l u e n c e s - -  
even f o r  t h e  same o u t p u t  l e v e l ) .  

The UCOST are  f o r  i m p o r t a n t  t ime  h o r i z o n s ,  as  f o l l o w s :  

What i s  f a r  more s i g n i f i c a n t  t h a n  t h e  c u r v e s ,  i s  t h e  f a c t  t h a t  
t h e s e  UCOST are much lower  t h a n  f o r  GA1 i n  s p i t e  o f  t h e  f a c t  
t h a t  i n v e s t m e n t  c o s t s  f o r  machine equipment  of  t h e  new mining 
t echno logy  are 7 , 5  times h i g h e r  (see Tab le  3--the median o f  para-  
meter MI i s  7 , s ) .  

f o r :  DEC = 1,O and o t h e r  i n p u t s  as i n  GA1 and GA2;  

Tab le  6 shows o u t p u t s  i n  d i f f e r e n t  t i m e  h o r i z o n s  which a r e  
i m p o r t a n t .  The t a b l e  a l s o  r e v e a l s  t h a t  t h e  sys tem t e n d s  t o  mani- 
f e s t  improvement i f  t h e  p r o p o r t i o n  o f  new techno logy  i s  i n c r e a s -  
i n g  maximally.  UCOST f o r  GA3 i s  b e t t e r  t h a n  t h e  former  a l t e r -  
n a t i v e s  and i n  s p i t e  of  t h i s  t h e  UCOST is h i g h e r  i n  t h e  f i r s t  
f i v e  y e a r s  t h a n  t h e  UCOST f o r .  t h e  o l d  mining t echno logy  (GA1). 
For t h e  b e h a v i o r s  o f  key v a r i a b l e s  o f  GA3 see c u r v e s  i n  F i g u r e  
c 

The r e s u l t s  o f  GA2 and GA3 are  v e r y  s u r p r i s i n g ,  e s p e c i a l l y  
i f  w e  r e a l i z e  t h a t  t h e  coefficient f o r  pa ramete r  M I  i s  7 , 5 ,  de- 
c r e a s i n g  l a b o r  p r o d u c t i v i t y  (PDR) by worse mining c o n d i t i o n s - -  
2 %  p e r  y e a r  is  t o o  much f o r  p r e s e n t  mines and f o r  t h e  l i f e  t ime  
of  machine equipment--10 y e a r s  ( f o r  OAL and NAL a s  w e l l )  i s  a l s o  
u n r e a l i s t i c  ( b u t  o n l y  from t o d a y ' s  p o i n t  o f  v i e w ) .  

Tab le  6 Outpu t s  f o r  GA3 

TIME OTA NTA OCOST NCOST OLABOR N U B O R  UCOST 
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Figure 5 Behaviors  o f  key v a r i a b l e s  of GA 
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O t h e r  g e n e r a t e d  a l t e r n a t i v e s  i n  t h e  framework FA1 have been 
worked o u t  t h e r e f o r e ,  w i t h  d i f f e r e n t  v a l u e s  of  i n p u t s :  

f o r :  DEC= 0,O OAL (NAL) = 5,O 

MCR = 2 , 0  PDR = 1,O 

WUR = 4 , O  N M I  = 2 t 5  ( 5 , 0 ) , ( 7 r 5 ) , ( 1 0 , 0 )  

WSR = 3,O OMP (NMP) = 50,O 

Again w e  s t a r t  w i t h  DEC = 0 , 0 ,  i . e . ,  GA4 is a n  ex t r eme  
a l t e r n a t i v e  ( o n l y  t h e  o l d  t e c h n o l o g y  i s  d e v e l o p i n g ) ;  t h e  r e s u l t s  
are i n  T a b l e s  7  and  8 .  

Consequences o f  e a c h  i n p u t  t h a t  i s  b e i n g  changed  (OAL, NAL 
and PDR) are d i s t i n c t ,  b e c a u s e  UCOST o f  GAL+ a r e  much b e t t e r  
( p o s i t i v e )  t h a n  t h o s e  o f  GA1 ( f o r  t h e  o l d  t e c h n o l o g y  as  w e l l )  . 
For  example w e  c a n  see f rom T a b l e s  7  and  8 t h a t  a d i f f e r e n c e  f o r  
t h e  t i m e  h o r i z o n  o f  20 y e a r s  is :  

A UCOST20 = 766 ,3  = 630 ,6  136 monetary  u n i t / t o n  

and f o r  t h e  t i m e  h o r i z o n  o f  50 y e a r s  it i s :  

A UCOST,o = 3119,O - 1941 ,9  - 1257 monetary  u n i t / t o n .  

T h i s  means t h a t  t h e  i m p a c t  PDR ( i n c r e a s i n g  1  % )  i s  much s t r o n g e r  
t h a n  impac t  OAL ( d e c r e a s i n g  f rom a 10 y e a r  l i f e  t i m e  t o  5  y e a r s ) .  
I t  i s  p o s s i b l e  t o  c o n s i d e r  t h i s  a l t e r n a t i v e  as a s u i t a b l e  b a s e  
f o r  compar ison  w i t h  s imi la r  a l t e r n a t i v e s  f o r  t h e  new PEEM t e c h -  
no logy .  

f o r :  DEC = 0 , 5  and  o t h e r  i n p u t s  a s  i n  GA4 
h a s :  4 g e n e r a t e d  v a r i a n t s  

f o r  N M I  = 2 , s  

The g e n e r a t e d  v a r i a n t  (GV1)--for t h e  l o w e s t  l e v e l  o f  machine 
equipment  i n v e s t m e n t  costs  h a s  t h e  f o l l o w i n g  c u r v e s  f o r  t h e  
v a r i a b l e s  as  shown i n  F i g u r e  6.  

I t  is i n t e r e s t i n g  t h a t  a s  i n  GA1 t h e  amount o f  o l d  t e c h n o l o g y  
i s  i n c r e a s i n g  ( b e g i n n i n g  a t  y e a r  3 4 ) ,  b e c a u s e  t h e  i n f l u e n c e  o f  
PDR i s  s t i l l  s t r o n g .  The UCOST f o r  some t i m e  h o r i z o n s  is :  
10 y e a r s  = 340,O; 20 y e a r s  = 3 6 7 , l ;  30 y e a r s  = 415 ,3 ;  40 y e a r s  = 
599,O; 50 y e a r s  = 1124 ,8 .  

f o r  N M I  = 5,O 

The c u r v e s  o f  v a r i a b l e s  OTA, NTA, OTM, NTM are i d e n t i c a l  
as  t h o s e  f o r  GV1 (see F i g u r e  6 )  because  it i s  i n  t h e  same frame 
o f  a l t e r n a t i v e  (GA5). W e  c a n  a g a i n  see t h a t  t h e r e  i s  f a v o r a b l e  



Table 7 Computer r e s u l t s  for GA4 

r [ME I ' t v  O ~ A  'IIA a rn scrn pro0  O U T  
E*Oa Ecd3 €*a3  EtO0 €-a3 ' € 4 3  E*03 Eta3  

Table 8 Computer r e s u l t s  for GA4 
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development u n t i l  20 y e a r s  h a s  p a s s e d  because  t h e  amount o f  u n i t s  
o f  o l d  t echno logy  (OTA) i s  d e c r e a s i n g  and NTA i s  i n c r e a s i n g  ( t h e  
c a p a c i t y  i s  a lways  c o n s t a n t ,  i . e . ,  OUT = 100% 2 1 % ) .  See  Tab le  
9 f o r  t h e  UCOST. 

f o r  N M I  = 7 , s  

Th i s  v a r i a n t  b e t t e r  f a c i l i t a t e s  comparing more v a r i a n t s  and 
a l t e r n a t i v e s  among them because  f o r  GA2 and GA3 N M I  = 7 , 5  t o o ,  
t h e r e f o r e  some v a l u e s  o f  o u t p u t s  f o r  s e v e r a l  t i m e  h o r i z o n s  are 
shown i n  T a b l e  9.  

f o r  N M I  = 10,O 

It  is  l o g i c a l  t h a t  t h e  v a r i a n t  is t h e  m o s t  e x p e n s i v e  because  
t echno logy  inves tment  c o s t s  have been e s t i m a t e d  a t  t e n  t i m e s  
h i g h e r  t h a n  f o r  t h e  o l d  t echno logy ,  i n  s p i t e  o f  t h e  f a c t  t h a t  
t h e  UCOST i s  under t h e  l e v e l  o f  UCOST f o r  t h e  o l d  t echno logy  
a l t e r n a t i v e  ( G A q )  . F o r  t h e  t i m e  h o r i z o n  t h e s e  a r e :  10 y e a r s  = 
466,2;  20 y e a r s  = 5 9 4 , l ;  30 y e a r s  = 772,2;  40 y e a r s  = 1030,6;  
50 y e a r s  = 1410,7.  

f o r :  DEC = 1,O and o t h e r  i n p u t s  a s  i n  GA4 
h a s :  4 g e n e r a t e d  v a r i a n t s  (GV) 

f o r  N M I  = 2 , s  

T h i s  g e n e r a t e d  v a r i a n t  of  new PEEM mining t e c h n o l o g y  i s  t h e  
" c h e a p e s t "  o n e ,  s i m i l a r l y ,  GV1 and i t s  UCOST are: 10 y e a r s  = 
259,3;  20 y e a r s  = 269,3;  30 y e a r s  = 328,2;  40 y e a r s  = 429,6;  
50 y e a r s  = 5 8 4 , l .  Curves o f  v a r i a b l e s  as f o r  GAG. 

f o r  N M I  = 5,O 

The UCOST o f  t h i s  v a r i a n t  a r e  i n  Tab le  10 and t h e  c u r v e s  i n  
F i g u r e  7 ( shape  o f  t h e  c u r v e s  f o r  a l l  v a r i a n t s  o f  GAG a r e  
i d e n t i c a l )  . 

Table  9 Values  of o u t p u t s  f o r  GV3 

TIME OTA NTA OCOST NCOST OLABOR NLABOR UCOST 

010 100,O Of0 24 ,3  010 915 010 338 , s  
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Table  10 Values  o f  o u t p u t s  f o r  GV7 

TIME OTA NTA OCOST NCOST OLABOR NLABOR UCOST 

f o r  N M I  = 7 , s  

The c h a r a c t e r  of  t h i s  v a r i a n t  i s  a s  GV3 and t h e r e f o r e  i t  
i s  s u i t a b l e  a g a i n  t o  select some v a l u e s  of  o u t p u t s  a s  i n  Table  
1 0 .  

f o r  N M I  = 10,O 

Some o f  t h e  o u t p u t  r e s u l t s  f o r  t h e  gene ra t ed  v a r i a n t  GV8 
a r e  shown i n  Appendix 2 f o r  a l l  t i m e  ho r i zons  o f  key v a r i a b l e s  
by comparing them w i t h  o t h e r  a l t e r n a t i v e s  o r  v a r i a n t s ,  e . g . ,  
i n  s p i t e  o f  t h e  f a c t  t h a t  GVa i s  more "expensive"  t h a n  GAG: 
a f t e r  25 y e a r s  i t s  UCOST a r e  even under t h e  "cheapes t "  v a r i a n t  
o f  GA6 ( i . e . ,  f o r  DEC = 0 , s ) .  

This  i s  r e a l l y  o n l y  an i n t r o d u c t i o n  t o  t h e  r ank ing  o f  
a l t e r n a t i v e s  o r  v a r i a n t s  and t h e i r  consequences ,  b u t  it i s  neces-  
s a r y  f o r  t h e  unders tand ing  of  t h e  problems and f o r  f u t u r e  inves -  
t i g a t i o n .  A s  a  t e n t a t i v e  conc lu s ion  it would b e  s u i t a b l e  t o  sum 
up a t  least t h e  UCOST f o r  t h e  main t i m e  ho r i zon  (see Table  1 1 ) .  
An i n t e r e s t i n g  f e a t u r e  o f  t h i s  t a b l e  of  v a l u e s  i s ,  f o r  example, 
t h e  f a c t  t h a t  f o r  some v a r i a n t s  i n  c e r t a i n  t i m e  h o r i z o n s ,  v a r i -  
a n t s  o f  new PEEM mining technology  a r e  more expens ive  ( ! )  t h a n  
t h e  o l d  t echnology  a l t e r n a t i v e  ( G A 4 ) .  The v a r i a n t  GVq (DEC = 
0 , s  and NMI = 10) ha s  t h e  "more expens ive  p e r i o d "  approx imate ly  
14 y e a r s  and t h e  GV8 (DEC = 1,O and NMI = 10) 6 y e a r s .  A cumu- 
l a t i v e  o u t p u t  o f  each t i m e  ho r i zon  a r e  n o t  shown i n  Tab le  11, b u t  
it is  q u i t e  c l e a r  t h a t  f o r  a  l o n g e r  t i m e  p e r i o d  t h e s e  v a r i a n t s  
(GV4 and GVg)  a r e  s t i l l  more p r o f i t a b l e .  

W e  can  obse rve  t h e  o p p o s i t e  tendency i n  v a r i a n t s  GV5, GV6 
and GV7 where even t h e  UCOST a r e  s t a r t i n g  under  UCOST l e v e l  = 
338 ,s  i n  p e r i o d  e r a  30, 20,  7 y e a r s  aga in!  Research is r e q u i r e d  
t o  a s c e r t a i n  whether  t h i s  p a t t e r n  i s  r e a l i s t i c .  S i m i l a r  observa- 
t i o n s  can  be made u s i n g  F igu re  8. 
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F igure  8 Comparing UCOST curves  of genera ted  t echno log ica l  
v a r i a n t s  2nd a l t e r n a t i v e s  of FA, 



F i g u r e  8 compares t h e  UCOST c u r v e s  o f  s e v e r a l  g e n e r a t e d  a l -  
t e r n a t i v e s  and v a r i a n t s  by COMTEM model--but o n l y  i n  t h e  frame- 
work of  t h e  fundamenta l  a l t e r n a t i v e  FA1, which i s  c o r r e s p o n d s  t o  
Table  3  ( f o r  kn = k l ) .  Indeed ,  one  c o u l d  g e n e r a t e  a  ve ry  wide 
spect rum o f  a l t e r n a t i v e s  mere ly  by changing v a l u e s  o f  t h e  i n p u t  
p a r a m e t e r s  (box C i n  F i g u r e  3 ) ,  b u t  e a c h  e x p e r t ,  e . g . ,  i n  t h e  
framework o f  t h e  IIASA seminar  c o u l d  o b j e c t  t h a t  t h e  assessment  
o f  t h e  p a r a m e t e r s  (see Tab le  3)  o f  new PEEM mining t echno logy  
a t t r a c t i v e  though it i s ,  i s  i n c o r r e c t  o r  d o e s  n o t  co r respond  t o  
c o a l  d e p o s i t  c o n d i t i o n s  i n  h i s  c o u n t r y .  

H e  would be  r i g h t - - t h e r e f o r e  t h e  COMTEM model would work 
o u t  o t h e r  fundamental  a l t e r n a t i v e s  f o r  him (FA2--e.g., by 50% 
worse a s s e s s m e n t  o f  new techno logy  p a r a m e t e r s  k? ,  see Appendix 3 )  
and t h e  d i s c u s s i o n  would c o n t i n u e .  Analogous discussions w i l l  
be p o s s i b l e  i n  a  framework o f  Dec i s ion  S u p p o r t  Systems f o r  c o a l  
i n d u s t r y  managers ,  b e c a u s e  such a  model must  be one c e r t a i n  p a r t  
o f  them. 

What i s  more i m p o r t a n t  i s  t h e  f a c t  t h a t  t h e r e  a r e  a l s o  ways 
o f  gaming w i t h  t h i s  model (see above)  f o r  managers and a n a l y s t s ,  
i . e . ,  a  s i m u l a t i o n  o f  t h e  f u t u r e  development  o f  t h e  new PEEM 
mining t echno logy  p e r - p a r t e s .  For example, t h e  i n p u t  ( r a t e )  PDR 
w i l l  be i n c r e a s i n g  n o t  ? $ / y e a r ,  b u t  2%/year  a f t e r  25 y e a r s  because  
mining d e p t h  w i l l  b e  o v e r  700 m ( c r i t i c a l  d e p t h  from t h e  tempera-  
t u r e  and r o c k  p r e s s u r e  p o i n t  o f  v iew)--a  computa t ion  f low c a n  b e  
i n t e r r u p t e d  and m o d i f i c a t i o n s  can be  made ( o r  a n  i n f l u e n c e  o f  t h e  
s c a r c i t y  o f  new mining equipment  f o r  PEEM t e c h n o l o g y  o n a t h e  
"manager" i n p u t  DEC, o r  a n  i n f l u e n c e  o f  a  l i m i t a t i o n  o f  c o a l  
r e s o u r c e s  i n  t h e  g iven  c o a l  mine on t h e  i n p u t  PDR, e t c . ) .  

TENTATIVE CONCLUSION 

The above f a c t s  s h o u l d  s e r v e  a s  a  r eminder  t h a t  t h i s  dynamics 
model i s  o n l y  a  rough approx imat ion  o f  r e a l i t y ,  and t h a t  pe r -  
p a r t e s  s i m u l a t i o n  (gaming) i s  a  b e t t e r  a n a l y t i c  t o o l  t o  h e l p  t h e  
a n a l y s t  i n  h i s  computer d i a l o g u e .  

I t  seems, t h e n ,  t o  b e  more u s e f u l  f o r  c o a l  i n d u s t r y  managers 
because  such  a  k i n d  o f  s i m u l a t i o n  f a c i l i t a t e s  working o u t  a 
fundamental  a l t e r n a t i v e  FA, ( f o r  a  SB ) and s e v e r a l  g e n e r a t e d  
a l t e r n a t i v e s  ( o r  v a r i a n t s )  which r e a l l y  would b e t t e r  r e f l e c t  
most c o n c r e t e  mining c o n d i t i o n s  o f  a  c e r t a i n  c o a l  d e p o s i t ,  o r  
group o f  mines o v e r  a  g i v e n  t i m e  p e r i o d .  Fur the rmore ,  t h e  p e r -  
p a r t e s  s i m u l a t i o n  by t h e  COMTEM model f a c i l i t a t e s  t h e  i n c l u s i o n  
i n t o  t h e  model o f  e v e r y  t y p e  o f  change i n  t h e  i n p u t s  (see t h e  
examples a b o v e ) .  What t h i s  does  i s  t o  "buy1' more a c c u r a c y  which 
i s  u s u a l l y  less t h a n  one assumes.  

Bear ing  t h i s  i n  mind, w e  can e x p e c t  t h a t  such f u t u r e  a l t e r -  
n a t i v e s  and v a r i a n t s  w i l l  improve t h e  q u a l i t y  o f  u n d e r s t a n d i n g  
o f  t h e s e  managers a s  w e l l  a s  o t h e r  s p e c i a l i s t s  from v a r i o u s  
s e c t o r s .  I t  w i l l  be  v e r y  i m p o r t a n t  f o r  f u t u r e  comparing and 
r a n k i n g  of a l t e r n a t i v e s  i n  r e a l  p r a c t i c e .  



W e  do n o t  c l a i m  t h a t  a l l  t h e  above d e c i s i o n s  have  t o  be 
f a c e d  a t  once .  But o n e ' s  t h i n k i n g  s h o u l d  be o r g a n i z e d  i n  t h i s  
o r  a s i m i l a r  f a s h i o n .  T h i s  c o u l d  mean t h a t  i n  e a r l y  d e c i s i o n s ,  
one  c o u l d  l o o k  f o r  ways t h a t  keep f u t u r e  mining o p t i o n s  open.  
R e l a t i v e l y  l i t t l e  c a n  be added t o  what  has  been s a i d  h e r e  and 
t h e r e f o r e  o n l y  s e v e r a l  summary remarks may be made: 

o The consequences  o f  t h e s e  b a s i c  a l t e r n a t i v e s ,  i . e . ,  t h e  
o l d  and t h e  new PEEM mining t e c h n o l o g i e s ,  a r e  c l e a r l y  
more p o s i t i v e  i n  t h e  c a s e  o f  t h e  PEEM method f o r :  

(1 ) c o s t s  o f  c o a l  mining 
( 2 )  amount o f  manpower (see F i g u r e  9 )  
( 3 )  e n v i r o n m e n t a l  impact  ( e s p e c i a l l y  s t o n e )  . 
C o s t s  a r e  e x p r e s s e d  a d e q u a t e l y  i n  monetary u n i t s ,  t h e  
manpower o n l y  p a r t l y  because  a q u e s t i o n  arises which 
i s  how c a n  t h e  f a c t  be  e x p r e s s e d  t h a t  p e o p l e  a r e  becoming 
less w i l l i n g  t o  work underground ( o n l y  t h e  p e r c e n t  wage 
r a t e - - s e e  t h e  i n p u t  WUR is  n o t  s u f f i c i e n t )  and t h e  same 
problem o c c u r s  w i t h  t h e  env i ronmenta l  i m p a c t - - t h e r e f o r e ,  
it is  n e c e s s a r y  t h a t  t h e s e  r e s u l t s  be  c o n s i d e r e d  w i t h i n  
t h e  framework o f  a s c e n a r i o  (see b e l o w ) ;  

o The model ' s  s e n s i t i v i t y  t o  mining equipment  i n v e s t m e n t  
cost  ( N M I )  o v e r  a v e r y  wide spec t rum ( 2 , 5  ... 15,0 ,  see 
v a r i a n t s  GV) and f o r  some v a l u e s  of t h e  i n p u t s  MCR, PDR, 
OAL, NAL, e tc . ,  i n c l u d i n g  d i f f e r e n t  i m p a c t s  o f  s t r a t e g i e s  
o f  engaged e l i g i b l e  new PEEM t e c h n o l o g i e s  (DEC) h a s  
s a t i s f i e d  o u r  r e q u i r e m e n t s ;  

o The s t r a t e g i e s  o f  engag ing  t h e  new t e c h n o l o g y  v e r y  
s t r o n g l y  i n f l u e n c e s  t h e  UCOST i n  a l l  t i m e  h o r i z o n s  (see 
above)  i n c l u d i n g  t h e  case, i f  a - new mine s t a r t s  w i t h  
new PEEM techno logy  ( h y p o t h e t i c a l  a l t e r n a t i v e  o f  GA7 o f  
t h e  FA1 , see Appendix 4 )  , t h e r e  a r e  s e v e r a l  e x t r e m e l y  
"cheaper"  v a r i a n t s ;  

o The. s e l e c t i n g ,  comparing,  r a n k i n g ,  e tc . ,  o f  a l t e r n a t i v e s  
(FA, GA) and v a r i a n t s  (GV) m e r i t s  a more d e t a i l e d  a n a l y s i s  
and more c o n c r e t e  c o n d i t i o n s - - i n  t h e  c a s e  o f  t h e  i l l u s -  
t r a t i v e  example,  t h e s e  a l t e r n a t i v e s  s e r v e  a s  a t o o l  t o  
judge a " p r i c e  s p a c e n  which i s  opened up by new mining 
t echno logy  e s p e c i a l l y  f o r :  
-- c o a l  i n d u s t r y  t o p  managers, 
-- d e s i g n e r s  of e l e c t r o n i c s  and machinery,  e n g i n e e r s .  

o The new mining t echno logy  (PEEM method) e n a b l e s  t h o s e  
managers ,  e n g i n e e r s ,  e tc . ,  t o  "spend" ,  e .g . ,  7-10 t i m e s  
(it depends on t h e  t y p e  o f  t e c h n o l o g i c a l  a l t e r n a t i v e  o r  
v a r i a n t s )  more money and t o  keep  UCOST on t h e  same l e v e l  
a s  t h e  o l d  t e c h n o l o g y  (e . g . , i f  t h e  o l d  t e c h n o l o g y  = 
2 0 . 1 0 ~  monetary u n i t s  f o r  a l o n g  w a l l  f a c e ,  t h e n  t h e  new 
one  can  be ( i f  N M I  = 10) 20-107 monetary u n i t s ,  and i f  
t h e  new t e c h n o l o g y  h a s ,  e . g . ,  3 , 5  t i m e s  h i g h e r  perform- 
a n c e  ( lower  t h a n  i n  t h e  Karaganda, USSR) and it works 7 
days/week t h e n  it means t h a t  i t s  performance  p e r  c a l e n d a r  
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Figure 9 Manpower for the old and the new mining technologies 
( G A 4 ,  GAS. GA6 and GA, are generated alternatives of FA1)  



week i s  a p p r o x i m a t e l y  5 t i m e s  h i g h e r .  From t h i s  r e s u l t  
w e  c a n  see t h y  p r i c 5  of  such  a mining d e v i c e  c a n  be 
a b o u t  5.20.10 = 10 monetary u n i t s ! !  I t  i s  lower  t h a n  
e . g . ,  t h e  p r i c e  of a modern c o a l  e x c a v a t o r  f o r  an open 
n i n e  and h i g h e r  t h a n  t h e  p r i c e  o f  a f u l l  d r i v i n g  s h i e l d ) .  

o A s c e n a r i o  must b e  worked o u t  f o l l o w i n g  s t a g e s  o f  t h e  
sys tems a n a l y s i s ,  which i s  able, e .g . ,  t o  say :  i f  t h e  
e x t e r n a l  i n f l u e n c e s  ( b e f o r e  a l l  t h e  p r i c e  o f  c o a l ,  CH4,  
e l e c t r o n i c  equipments  f o r  remote  c o n t r o l  and m o n i t o r i n g ,  
e tc .)  f o l l o w  t h e  s c e n a r i o  no. 1 f o r  t h e  FA1, t h e  r e s u l t s  
o f  t h e  new PEEM mining t echno logy  w i l l  be p o s i t i v e  and 
t h e r e f o r e  t h e y  w i l l  b e  s u i t a b l e  f o r  f u r t h e r  i n v e s t i g a t i o n  
on a n a t i o n a l  o r  i n t e r n a t i o n a l  l e v e l .  

o The p r i c e  o f  e n e r g y  w i l l  i n c r e a s e  (Hdfe le  1980) and 
t h e r e f o r e  it i s  o f  p r imary  impor tance  t o  b e g i n  w i t h  a 
r e s e a r c h  a c t i v i t y .  Such a s c e n a r i o  s h o u l d  t a k e  i n t o  
a c c o u n t  n o t  o n l y  t h e  energy  p r i c e  p r o d u c t i v e  model,  b u t  
a l s o  t h e  f o l l o w i n g  f a c t o r s :  
-- t h e  new PEEM mining t e c h n o l o g y  ( o r  method) is  a b l e  

t o  extract  CHq ( f o r  t h e  i l l u s t r a t i v e  example it i s  
c c a  3 . 1 0 6 m 3 ~ ~ ~ / ~ e a r )  as t h e  second o u t p u t ;  

-- underground c o n s t r u c t i o n  i n v e s t m e n t  w i l l  p r o b a b l y  
be  lower  f o r  t h e  new mining method ( t e c h n o l o g y ) ,  b u t  
we are n o t  a b l e  t o  estimate t h i s  now; 

-- t h e  problem o f  t h e  " recovery"  f a c t o r  which i s  v e r y  
i m p o r t a n t  f o r  t h e  c o a l  d e p o s i t  l i f e  t i m e  w i l l  be 
i n f l u e n c e d  by t h e  new min ing  method p o s i t i v e l y .  

T h i s  means t h a t  n o t  o n l y  t h e  m o d e l ' s  r e s u l t s ,  b u t w e n  the ' se  
f a c t o r s  s u p p o r t  t h e  i d e a  o f  c h e a p e r  c o a l  min ing  i n  t h e  f u t u r e  
by PEEM t echno logy .  A t  t h i s  s t a g e  w e  must p o i n t  o u t  t h a t  sys tems 
a n a l y s i s  o f  t h e  problem is  n o t  y e t  i n  a p o s i t i o n  t o  i n d i c a t e  
whe the r  o r  n o t  t h e  t echno logy  i s  a p a s s a b l e  one.  To t h i s  e x t e n t  
t h e  r e a s o n i n g  i n  t h i s  p a p e r  is  n o t  s t r ic t  enough. However, t h e r e  
i s  good r e a s o n  t o  be concerned  a b o u t  p o s s i b l e  impac t s  of n e g a t i v e  
r e s u l t s  o f  t h e  new t e c h n o l o g y  because  even t h i s  s o r t  o f  r e s u l t  
i s  v e r y  important--nobody w i l l  have t o  go back t o  t h i s  t e c h n o l o g y  
way. 
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APPENDIX 1 - DOCUMENTED PROGRAM LISTING 
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APPENDIX 2 

OUTPUT RESULTS OF G V ~  (GA6) 
( N M I  = 1 0 , O )  
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APPENDIX 3 

OUTPUTS OF FA2 (GA2 for DEC = 1 ) 

(6 variants for NMI 2,s .... 15,O) 

COMTEM - FA2 - GA2 (DEC = 1,O) 

T I t l E  I 11 v O T A  N T  A 0 T H h ? ~  P R O D  . . OUT 
E + J 3  E+J3 E + IJ 3 E+03 E-a 3 E-0 3 E * O B  E * 0 3  
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Ir;.JRd 20.iJQEl 1 s o . i ~  a m  000 9QQ,c30 fOa,BO 1,00fl6 1 0 0 . a ~  
2 , ~ O r l  . . 19,:157 - - b b , B L  .. 33,171 90Q.IlLJ. 536..73 0 .9802  .-_--13@. 38 
4. J O O  17.517 44.43 52.3D6 9q9, d o  571.80 0,9637 100*34 
6,aOd . 16.b72 - -. 29,82. .--65.254 9tiO.aB . _ 6 ~ 1 5 ~ 6 2  . -_  0r941b 100.22 
8. ~ 0 3  16.57q 19.92 69.595 . 98k1.63 638.34 0,9229 180.15 

1 J J C . 1  15,657 13.3 1 72.467 90P.BC3 66Q.86 .. .-am9846 106.11 
12.530 15.355 6.89 74.dbC1 9UO. G)ld 7WQ.ilti d . a B h 7  1Qn.dt3 

- 1 4  ,SJ;] ~5, .102 - s , ~ 4 . ~ 4 , ~ ~ ~ 9 u a ~ ~ ~ ~ ~ c 8 4 a , e a s _ ~ l o a  ,a5 
lb . J02  14,997 3.97 75 a39 9t'j0,88 ?56,03 0.8519 100 04 

- 1t),30:1 -. 14,909 -_-- 2.65 - 7 4 . 9 3 9  _ - 9 f l B . . 3 0  - la55-@~fL35Q--  100,02 
23.200 14,866 1.77 74.747 9 o o . a ~ ~  80s.33 ~ 1 , 9 1 0 5  i a ( ~ , a i  
> ~ . J O U  . la.867 . . 1 .. 74.616 .. 90H1.?10 .- .. 827,33_-0,8922 100.Qa 
24.5Q;j 14.931 0.79 74.509 9~10, an au  7.56 a. 7863 99.99 
2b.Jdkl . 14,qbd 0.53 74,588 908,flO . 866.33- 0 9 7738 99,96 
2 8 ,  Jk!3 ls.;lbd u.35 74,758 90B. 3r71 882.79 9.7555 99.98 
?.,pq 15.187 9 l 2u 75.~141 9gnm Q C ~  8 9 7 . 9 ~  a.  740s 99.97 
2. JQCJ 15.334 !?.I6 75.459 9@@. dU 91 l .ab 9.7259 99.96 

34.3ni.j 15.503 a.11 76.8eZ.. ... 9Un.nn _ -.923.54 9,7115 _ -  ..99,9b 
36, J ~ C J  1 5 . h ~ ~  0.37 76.664 9 0 ~ .  a# 934 -26  a.6970 99.9s 
38.3r10 .. .. 15,983 ~ . Q S  77.438 . q 0 a m 0 8  943mJ1-.- ad836 99-95  
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