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ABSTRACT 

This paper  a t t e m p t s  t o  show t h a t  t h e  ex tens ion  of t h e  u s e - l i f e  of 
goods i s ,  f i r s t ,  a s e n s i b l e  po in t  a t  which t o  s tar t  a g radua l  
t r a n s i t i o n  towards a s u s t a i n a b l e  s o c i e t y  i n  which p rogres s  is  made 
c o n s i s t e n t  w i t h  t h e  wor ld ' s  f i n i t e  r e source  base  and, second, a 
s t r a t e g y  c o n s i s t e n t  wi th  an  ac t ive  arid independent r o l e  f o r  t h e  
p r i v a t e  s e c t o r .  

P roduc t - l i f e ,  o r  t h e  per iod  over  which products  and goods a re  used, 
governs t h e i r  replacement speed and t h u s  t h e  consumption of n a t u r a l  

t h e y  create.  
replacement goods where t h e s e  can be  a f fo rded .  
l i f e  op t imizes  t h e  t o t a l  l i f e - s p a n  of goods and reduces d e p l e t i o n  
of n a t u r a l  r e sources  and consequent ly  waste; it b u i l d s  on and 
i n c r e a s e s  weal th .  Longer u s e  of products  w i l l  t hus  c o n t r i b u t e  t o  
t h e  t r a n s i t i o n  towards a s u s t a i n a b l e  s o c i e t y .  Compared t o  f a s t -  
replacement  , p r o d u c t - l i f e  ex tens ion  is  a s u b s t i t u t i o n  of service 
a c t i v i t i e s  f o r  extract ive and manufactur ing i n d u s t r i e s ,  and a 
replacement  of l a r g e - s c a l e  c a p i t a l - i n t e n s i v e  companies by smaller, 
l abour - in t ens ive ,  l o c a l l y  i n t e g r a t e d  work u n i t s .  

c3 r e s o u r c e s  r e q u i r e d  f o r  t h e i r  manufacture and t h e  amount of waste 
Shor ten ing  p r o d u c t - l i f e  i n c r e a s e s  demand f o r  

Extending product- 

The p r i v a t e  s e c t o r ,  whether R&D, manufactur ing o r  f inance ,  w i l l  
f i n d  innumerable bus iness  o p p o r t u n i t i e s  i n  product - l i f  e ex tens ion  
a c t i v i t i e s  - REUSE, REPAIR,  RECONDITIONING and RECYCLING. Indeed, 
wh i l e  i n c r e a s i n g  t h e  number of s k i l l e d  j o b s  a v a i l a b l e  and reducing 
ou r  dependence on s t r a t e g i c  materials, such a c t i v i t i e s  w i l l  
p rov ide  t h e  p r i v a t e  s e c t o r  w i th  f r e s h  impetus to make cheaper  
goods a v a i l a b l e  as  p a r t  of  a s e l f - r e p l e n i s h i n g  economy b u i l t  on 
a s p i r a l - l o o p  p a t t e r n  which a l lows  a s u b s t i t u t i o n  of manpower 
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f o r  energy. In  t h i s  way, unemployment and poverty which 
c e r t a i n l y  aggrava te  t h e  fundamental  i n s t a b i l i t y  of t h e  world 
economy might be s u b s t a n t i a l l y  reduced. 
moreover, r e s o u r c e s  and s k i l l s  t h a t  uniquely q u a l i f y  it t o  
in i t ia te  th i s  t r a n s i t i o n  towards a s u s t a i n a b l e  s o c i e t y  where 
a balanced use of r e sources  and o t h e r  s o c i e t a l  g o a l s  are achieved. 
P o t e n t i a l  d i s i n c e n t i v e s  and o b s t a c l e s  can,  w e  be l i eve ,  be 
overcome wi th  a p p r o p r i a t e  educa t ion  and f i s c a l  and po l i cy  measures. 

The p r i v a t e  s e c t o r  has ,  

CHAPTER ONE: PRODUCT-LIFE ALTERNATIVES 

Three Basic Approaches 

Today, i n d u s t r i a l  a c t i v i t y  invo lves  a l inear  production- 
consumption system w i t h  i n b u i l t  environmental  d e t e r i o r a t i o n  a t  
bo th  ends: 

FIGURE A: THE FAST-REPLACEMENT SYSTEM 

* waste 
production - use "as i s "  - 

waste 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

product-life equal t o  l i f e  o f  
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depletion o f  
n a t  u r a 1 res ou r ce s 

* h i g h  energy and 
wa t e r cons ump t i on 

(* Appendix 1) 

F a s t  replacement has  been a p e r s i s t e n t  t r end  i n  economic h i s t o r y ,  
and has  gained momentum i n  our  fashion-based consumer s o c i e t y  
( "bigger  -bet t er -f as  t er exc i t  ing  new produc t s") as economist s have 
become preoccupied wi th  product  ion  op t imiza t ion ,  economy of scale 
and f a s t  d e p r e c i a t i o n  and replacement .  The r e s u l t  has  been 
s h o r t - l i f e ,  incompatible  goods and products  c h a r a c t e r i z e d  by 
l a c k  of r e p a i r a b i l i t y .  It has  a l s o  meant t h a t  an ever - increas ing  
p a r t  of our  income has  been devoted t o  t h e  replacement of 
products ,  main ta in ing ,  n o t  adding t o ,  weal th .  

Growth, i .e . ,  h ighe r  product ion volume i n  s t agnan t  domestic and 
expor t  markets ,  can only  be achieved by sho r t en ing  t h e  des ign  
l i f e  of products ,  t h u s  speeding up replacement .  

However, t h e r e  a re  a l t e r n a t i v e s  t o  t h i s  fas t - replacement  system 
t h a t  would h a l f  t h e  use  of raw m a t e r i a l s  and r e sources  and t h e  
amount of waste produced. 
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FIGURE B: THE SLOW-REPLACEMENT SYSTEM (LONG-LIFE PRODUCTS) 
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Doubles t h e  des ign  l i f e  of products  i n  manufacturing, (e .g . ,  c a r s  
t h a t  are designed t o  las t  20 in s t ead  of 10  yea r s  by us ing  
c o r r o s i o n - r e s i s t a n t  materials, a p p r o p r i a t e  assembly methods, and 
p e r i o d i c  maintenance).  

FIGURE C: THE SELF-REPLENISHING SYSTEM (PRODUCT-LIFE EXTENSION) 

b a s i c  manufacturing use 
material  

-- - - 
v i r g i n  
r e sources  r e p l e n i s h i n g  loops 

independence of t h e  life-times of 
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Creates an  economy based on a sp i r a l - loop  system that minimizes 
matter, energy-flow and environmental  d e t e r i o r a t i o n  without  
r e s t r i c t i n g  economic growth o r  s o c i a l  and t e c h n i c a l  progress:  

REUSE ( loop  l ) ,  REPAIR ( loop  2 )  and RECONDITIONING (loop 3) 
u t i l i z e  used products  o r  components as a source  f o r  new ones,  
and RECYCLING ( loop  4) uses  s c r a p  a s  l o c a l l y - a v a i l a b l e  raw 
material.* A s o c i e t y  r e l y i n g  on t h i s  s e l f - r e p l e n i s h i n g  economy 
is bu i ld ing  on e x i s t i n g  weal th  and apply ing  economics t o  
op t imize  t h e  t o t a l  l i f e - span  of goods and products .  
and r e source  management is now aimed a t  reducing t o t a l  long-term 
u t i l i z a t i o n  costs.',' The e f f e c t i v e n e s s  of t h i s  sp i r a l - loop  
system is  g r e a t l y  enhanced by a b u i l t - i n  inertia which keeps t h e  
loops  as small as poss ib l e :  do n o t  r econd i t ion  something t h a t  
can be r e p a i r e d ,  do n o t  r e c y c l e  a product that can be recondi t ioned  
economically.  

F i n a n c i a l  

9 

This  inertia can  i n  t u r n  be app l i ed  

* John Davis c a l l s  t h i s  t h e  "Four 
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systems themselves,  i .e. ,  replace or t r e a t  t h e  smallest p o s s i b l e  
u n i t  only.  

However, t h i s  paper c o n c e n t r a t e s  mainly on a l t e r n a t i v e  C ,  
p r o d u c t - l i f e  ex tens ion ,  because: 

- A l t e r n a t i v e  C is a v a i l a b l e  t o  any entrepreneur  o r  company a b l e  
t o  s e i z e  t h e  oppor tun i ty ,  t h e  necessa ry  cap i t a l  investment 
being modest and emissions minimal, whereas a l t e r n a t i v e  B 
depends on a change i n  e s t a b l i s h e d  economic and bus iness  th ink ing  
t h a t  is u n l i k e l y  t o  happen f a s t ,  as it  w i l l  f u r t h e r  reduce 
t h e  u t i l i z a t i o n  of product ion c a p a c i t y  of t h e  companies 
b e s t ,  q u a l i f i e d  t o  implement i t .  

- The p r i c e  of a r econd i t ioned  product w i l l  be cons ide rab ly  
below t h e  p r i c e  of a brand-new one (up t o  40%) t h u s  f a c i l i t a t i n g  
market e n t r y ,  wh i l e  t h e  i n i t i a l  c o s t  of a l o n g - l i f e  product w i l l  
be s l i g h t l y  h ighe r  t h a n  t h a t  of c u r r e n t  s h o r t - l i f e  products ;  bu t  
long-term l e a s i n g  i n s t e a d  of s e l l i n g  could r e v e r s e  t h i s .  
(Appendix 3) 

- Recondit ioning,  w i t h  t h e  op t ion  t o  up-grade t e c h n o l o g i c a l l y ,  
leaves room f o r  innovat ion,  whereas l o n g - l i f e  products  may 
g i v e  rise t o  concern about hampering t e c h n i c a l  p rog res s .  

- Compared t o  t h e  fast - replacement  system ( A ) ,  a l t e r n a t i v e  C 
is a s u b s t i t u t i o n  of t r ans fo rma t ion  and service a c t i v i t i e s  f o r  
e x t r a c t i v e  i n d u s t r i e s  and base  material product ion and t h u s  
a replacement of l a r g e - s c a l e  c a p i t a l - i n t e n s i v e  companies by 
smaller-scale l abour - in t ens ive ,  independent,  l o c a l l y  i n t e g r a t e d  
work u n i t s ,  i.e., a s h i f t  from t h e  secondary t o  t h e  t e r t i a r y  
s e c t o r .  

Does Product-Life  Extension Sound Too Good t o  be True? 

L e t  u s  g l a n c e  a t  some b a s i c  f i g u r e s :  roughly t h r e e  q u a r t e r s  of 
a l l  i n d u s t r i a l  energy consumption is a s s o c i a t e d  w i t h  t h e  
e x t r a c t i o n  o r  product ion of b a s i c  m a t e r i a l s  l i k e  steel  and cement, 
wh i l e  on ly  abou t  one q u a r t e r  is  used i n  t h e  t r ans fo rma t ion  of 
materials i n t o  f i n i s h e d  goods such as machines or b u i l d i n g s .  
The converse is t r u e  of l abour ,  about t h r e e  t imes as much b e i n g -  
used i n  t h e  conversion of materials t o  f i n i s h e d  products  as is 
r e q u i r e d  i n  t h e  product ion of materials. 



FIGURE D: ALTERNATIVE LIFE-CYCLES OF AN INDUSTRIAL PRODUCT AND 
INTENSITIES OF LABOUR AND ENERGY INPUTS I N  THE 
PRODUCTION PHASES 
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An i n c r e a s e  in  t ransformation-type i n d u s t r i e s ,  such as r econd i t ion ing ,  
t hus  corresponds t o  a s u b s t i t u t i o n  of labour  f o r  energy. S k i l l e d  
and experienced craf tsmen are needed in r e p a i r  and r econd i t ion ing  
ac t iv i t i e s  which can be undertaken i n  comparatively small workshops 
s c a t t e r e d  widely throughout t h e  coun t ry  wherever t h e r e  are items 
in need of r enova t ion  and customers for them, as is sti l l  t h e  
c a s e  w i t h  c a r - r e p a i r  workshops. 
in any r u r a l  o r  urban area wi th  h igh  unemployment, making 
r e c o n d i t i o n i n g  a doubly a t t r a c t i v e  p r o p o s i t i o n  f o r  j o b  c r e a t i o n  .I* 

These e n t e r p r i s e s  can be l o c a t e d  

A f u r t h e r  energy saving (and r e d u c t i o n  in p o l l u t i o n )  is brought 
about  by t h e  d e c e n t r a l i z e d  s t r u c t u r e  wi th  i t s  reduced t r a n s p o r t  
requirement  . 
"Is It Not Cheaper t o  Produce New Goods?" 

Some examples may h e l p  t o  answer t h i s  ques t ion :  

- "Pa t t en  I n d u s t r i e s  I n c . ,  a Caterpi l lar  d e a l e r  i n  Chicago's 



Elmhurst suburb, has a product ion l i n e  t o  r e b u i l d  C a t e r p i l l a r  
engines  and o t h e r  t r a c t o r  p a r t s .  
p a r t s  t h a t  last  80% as long as  new ones y e t  c o s t  only h a l f  
t h e  p r i c e .  
equipment becomes more economical i n  t h e  long run f o r  t h e  

4 customer.  

Its customers can buy r e b u i l t  

C a t e r p i l l a r  encourages t h e  p r a c t i c e  because i t s  

- The c o s t  of a n  average modernization of a r e s i d e n t i a l  b u i l d i n g  
is  about 42% of new b u i l d i n g  c o s t s .  5 

- The Dutch company Fokker has  developed f o r  t h e  European rocke t  
Ariane a pa rachu te  system t o  recover  f o r  r e u s e  t h e  f i r s t  
module which weighs 16'000g. 
s e v e r a l  m i l l i o n  US d o l l a r s  p e r  take-of f . This  w i l l  r e s u l t  i n  s av ings  of 

But What of Technological  P rogres s?  

The NASA s p a c e - s h u t t l e  program has  f i n a l l y  put  t o  rest t h e  
erroneous n o t i o n  t h a t  r e c o n d i t i o n i n g  a c t i v i t i e s  and r e u s a b l e  
goods are a s s o c i a t e d  w i t h  second-class technology o r  less- than-best  
s o l u t i o n s .  It has ,  on t h e  c o n t r a r y ,  shown t h a t  such procedures 
can p rov ide  f r e s h  t e c h n o l o g i c a l  and R&D impetus. 

Use - l i f e  ex tens ion  w i l l  be  enhanced and made cheaper by s t a n d a r d i z a t i o n  
and componentized product  d e s i g n  ( f u n c t i o n  modules), such as t h e  
new WE motorbike that a l lows  a n  owner t o  "trade-up" by changing 
no t  t h e  whole motorcycle  bu t  t h e  engine only.  The frame is  
made i n  f i v e  r e p l a c e a b l e  p a r t s ,  inf luenced by ae rospace  technology.9 

Moreover, p r o d u c t - l i f e  ex tens ion  w i l l  g r e a t l y  encourage creative 
t h i n k i n g  f o r  new t echno log ie s  and p rocesses ,  such as d u s t - f r e e  
c l e a n i n g  of metal s u r f a c e s ,  material bonding (adding material t o  
worn s u r f a c e s )  and hardening, as w e l l  as b a s i c  r e s e a r c h  on, f o r  
example, component d e s t r u c t i o n  by wear v e r s u s  material f a t i g u e .  10 

"Fashionable P roduc t s  A t  A l l  Costs  ! I 1  

This  is a s t o c k  excuse f o r  i gnor ing  t h e  "cheap and less s t y l i s h "  
alternative.  The dumpy bu t  hardy Lada automobile,  b u i l t  i n  USSR 
and based on t h e  10-year-old F i a t  124 ,  is s e l l i n g  some 40% 
below its cheapes t  r iva l ,  GM's Ope1 Kadet t .  It can  t h u s  b e  
compared image-and-price-wise t o  a r econd i t ioned  c a r .  Lada 
s o l d  141,000 u n i t s  i n  Western Europe i n  1981, 34% more than  t h e  
p rev ious  year .  I n  Belgium, a gateway f o r  r e e x p o r t s  t o  o t h e r  
European Coun t r i e s ,  Lada is  now o u t s e l l i n g  Honda and Mi t sub i sh i .  11 

A s u c c e s s f u l  example of what may be termed " s e l e c t i v e  recondi t ioning",  
--"price b e f o r e  beauty"-- is  t h e  US "Rent-A-Wreck". "Rent-A-Wreck 
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h i r e s  ou t  cars that are up t o  t en  y e a r s  o ld  and look i t .  They 
are mechanically sound and c l e a n ,  though they  may s p o r t  a den t  
o r  two. Dai ly  cha rges  i n  1981 are $12 t o  $15 whi l e  Avis' 
shiny,  new models c a n  c o s t  up t o  $65. Rent-A-Wreck has 150 
f r a n c h i s e d  o u t l e t s  nationwide and is  growing. I l l 2  

1 Recent examples f o r  t echno log ica l  up-grading inc lude  a $1 m 
conversion t o  turboprop power as  w e l l  a s  o t h e r  r e t r o f i t  s e r v i c e s  
f o r  DC-3 a i r c r a f t  of which about  2,500 are s t i l l  f l y ing ! I3  

What About Sa fe ty?  

What could be s a f e r  t han  a per iodical ly-maintained and upgraded 
system, t h e  performance of which is r e g u l a r l y  monitored? "Delta 
and United A i r l i n e s  have converted and modernized t h e i r  f l e e t  
of DC-8 je ts  w i t h  new q u i e t  and fuel-economic engines .  
do l l a r -pe r - sea t  p r i c e  f o r  t h e  modified DC-8 r anges  between 
$45,000 t o  

The 

60,000, compared t o  $100,000 t o  $150,000 f o r  a new 
a i r c r a f t  P 
The US Navy u s e s  SLEP ( a  S e r v i c e  L i f e  Extension Program), a 
complete overhaul  and upgrading procedure l a s t i n g  2 y e a r s ,  t o  
prolong t h e  l i f e  of i ts  major v e s s e l s ,  i nc lud ing  nuc lea r -  
powered a i r c r a f t  carr iers ,  by 10 t o  1 5  years .15 

S e l e c t i o n  Criteria f o r  Product-Life Extension 
I 

1 

i, 3 In  the p a s t ,  many ac t iv i t i e s  were s t a r t e d  by i n s i d e r s ,  such as 

salesmen who were f a m i l i a r  w i t h  p r i c e s ,  c l i e n t s  and t r ade - in  
o f f e r s  f o r  used p roduc t s .  C.L. Schalenbrand w a s  one of t h e s e .  
I n  1975, h e  s t a r t e d  t o  s e l l  r econd i t ioned  I B M  word p rocesso r s  
a t  about  50% of t h e  new p r i c e .  H e  bought i n i t i a l l y  i n  t h e  c i t i e s  
and s o l d  in  smaller communities.16 

Even i f  t h e  l i f e  of a lmost  any product can be extended, t h e  
following p o i n t s  should b e  borne i n  mind: 

- Technical ma tu r i ty :  mature components such as electric engine.s 
o r  r a i l r o a d  ra i ls ,  w i l l  n o t  be made supe r f luous  i n  t h e  short-term 
by innova t ions  ( e l e c t r o n i c s ) ,  and w i l l  be obvious t a r g e t s  f o r  
p r o d u c t - l i f e  ex tens ion .  Complex products  and systems inco rpora t ing  
technical ly-superseded components, such as electro-mechanical 
t e l ephone  exchanges, however, may be i d e a l  f o r  t e c h n o l o g i c a l  
upgrading i n  an e l e c t r o n i c  age.  

F igu re  E shows technology jumps and r e s u l t i n g  p o t e n t i a l  p roduc t - l i f e  

o r i g i n a l  equipment manufacturers  ( i n d u s t r i a l  d i e s e l  eng ines ) ,  or  i 

~ 
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ex tens ion .  
p a r a l l e l  t echno log ie s  is  e s s e n t i a l  t o  p roduc t - l i f e  ex tens ion ,  
as a s u b s t a n t i a l  market f o r  used products  con t inues  t o  e x i s t  
f o r  a long time i n  t h e  case of p a r a l l e l  t echno log ie s .  

A d i f f e r e n t i a t i o n  between s u b s t i t u t i n g  and 

- Product ion ma tu r i ty :  mistakes are o f t e n  made i n  times of 
r a d i c a l  change o r  economic boom. 
f o r  example, may be s t r u c t u r a l l y  less s a f e  than earlier 
t r a d i t i o n a l  c o n s t r u c t i o n  and t e c h n i c a l l y  less s o p h i s t i c a t e d  
t h a n  later b u i l d i n g s .  

Ea r ly  p r e f a b r i c a t e d  b u i l d i n g s ,  

- Life-extension procedures may, i n  t h i s  i n s t a n c e ,  be more 
comprehensive and c o s t l y ,  bu t  owners may p r e f e r  redevelopment 
t o  r e c o n d i t i o n i n g .  

- Assembly f o l l i e s :  i n c r e a s e s  i n  manufacturing p r o d u c t i v i t y  a r e  
o f t e n  t o  t h e  de t r imen t  of u s e - l i f e  q u a l i t y ,  such as t h e  
s u b s t i t u t i o n  of spo t  f o r  seam welding i n  c a r  manufacturing, 
which creates i d e a l  c o r r o s i o n  c o n d i t i o n s  d i f f i c u l t  t o  r e p a i r .  

FIGURE E: TECHNICAL MATURITY VERSUS PRODUCT-LIFE EXTENSION 
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POSSIBLE PRODUCT-LIFE 
EXTENSION PROCEDURES 

manual t y p e w r i t e r s  

r euse  o r  r e c y c l i n g  
of components 

t o  word p rocesso r s  
via  e l e c t r i c  type- 
writers 

telecom copper 
c a b l e s  

away-grading of o ld  
product ,  r e c y c l i n g  of 
components 

TECHNOLOGY JUMP t o  g l a s s f  i b e r  upgrading of system, 
c a b l e s  re-use of components, 

r e c y c l i n g  of components 

SUBSTITUTING TECHNOLOGIES ( f o r  similar needs and p r i c e s ) :  word 
p rocesso r s  w i l l  r e p l a c e  e lectr ic  
t y p e w r i t e r s  i n  t h e  o f f i c e  of t h e  f u t u r e  

PARALLEL TECHNOLOGIES ( f o r  d i f f e r e n t  needs and p r i c e s )  : manual 
t y p e w r i t e r s  w i l l  con t inue  t o  be used i n  
small o f f i c e s ,  a t  home, i n  areas w i t h  
no e l e c t r i c i t y  

SPECIAL CASES 

Hybrid Materials 

Programmed cascading from h a r v e s t i n g  o r  e x t r a c t i o n  t o  f i n a l  
consumption can cons ide rab ly  i n c r e a s e  t h e  use-value of hybrid 
materials, f o r  example o i l  or t imber t h a t  can be used f o r  d i f f e r e n t  
a p p l i c a t i o n s  ( s t r u c t u r a l ,  pharmachemical o r  combustion). These 
p r o p e r t i e s  are h a r d l y  ever f u l l y  e x p l o i t e d :  t h e  same t ree  could . 
c o n s e c u t i v e l y  b e  used as s t r u c t u r a l  t imber ,  planks,  chip-  o r  
f i b e r b o a r d ,  and f u e l .  A l t e r n a t i v e l y ,  i t  could b e  transformed 
i n t o  paper,  r ecyc led  paper,  cardboard,  home i n s u l a t i o n  pane l s ,  
and f u e l .  These o p t i o n s  are normally wasted, however, i n  o r d e r  
t o  f a c i l i t a t e  t r a n s p o r t  (wood c h i p s ) ,  f o r  l a c k  of c a r e  (burning 
of o l d  t imber i n  house demol i t i on ) ,  o r  because of t h e  need f o r  
s u r v i v a l .  (Appendix 4 )  

Uncontrolled consumption of t imber ,  based on t h e  widespread 
misconception r ega rd ing  t h e  economic f e a s i b i l i t y  of t h e  s i n g l e  
u s e ,  has r e s u l t e d  i n  d i s a s t r o u s  s o i l  e ros ion  and d e s e r t i f i c a t i o n .  



THE ROLE OF THE PRIVATE SECTOR* 

What's I n  It f o r  t h e  P r i v a t e  S e c t o r ?  

Most p r o d u c t - l i f e  ex tens ion  ac t iv i t i e s  r e q u i r e  a low c a p i t a l -  
investment c o s t  pe r  worker, are normally f ree  of excess ive  n o i s e  
or p o l l u t i o n ,  and are b e s t  undertaken in small u n i t s  c l o s e  t o  
wherever t h e r e  are items i n  need of r enova t ion  and customers f o r  
them. 
e x i s t i n g  small e n t e r p r i s e s ,  w i th  i n h e r e n t  long-term s t a b i l i t y  as 
b u s i n e s s  depends on e x i s t i n g  s t o c k s  r a t h e r  than "replacement" 
sales, which va ry  between 2% ( f o r  build.ings) and 10% ( f o r  c a r s )  
of s t o c k .  
developing new markets w i t h  low e n t r y  c o s t s  and few compe t i to r s  
(and t h u s  a low r i s k  of f a i l u r e ) ,  where b u s i n e s s  can  develop 
f r e e l y  c o n s i s t e n t  w i t h  t h e  long-term g o a l s  of a s u s t a i n a b l e  
s o c i e t y .  I n  t ime, new commercial and t e c h n i c a l  i d e a s  w i l l  emerge, 
providing improved p r o d u c t / s e r v i c e  m i x e s  f o r  e x p l o i t i n g  t h e  
market p o t e n t i a l ,  which in t u r n  w i l l  make r econd i t ioned  goods 
even more at t ract ive.  

These new ac t iv i t i e s  are t h u s  a c c e s s i b l e  t o  many new or 

We may add t o  t h e s e  advantages t h e  a t t r a c t i o n  of 

I n  c o u n t r i e s  w i t h  a s k i l l e d  l abour  f o r c e ,  t h e  private s e c t o r ,  
through r e c o n d i t i o n i n g  , can: 

- Gain access t o  h ighe r  technology levels: Israeli A i r c r a f t  
I n d u s t r i e s ,  founded by an  American in 1950, s t a r t e d  o f f  w i t h  
ove rhau l s  and r e p a i r s  of m i l i t a r y  a i r c r a f t ,  moved up t o  b u i l d i n g  
components and today is  a manufacturer of a i r p l a n e s ,  r a d a r  
systems and r o c k e t s .  
e x p o r t e r  !I7 

I A I  has become Israel's b i g g e s t  

- Develop high-technology d i v e r s i f i c a t i o n :  Swis sa i r  has  become 
a world l e a d e r  i n  overhaul ing DC 9 engines  and DC 10 a i r c r a f t . 1 8  

- Open up new expor t  markets for process  know-how and secondhand 
products :  used t r u c k s  f o r  r e c o n d i t i o n i n g  l o c a l l y  accounted 
i n  1979 for 25% of Chinese t r u c k  imports  from Japan.19 

The p r i v a t e  s e c t o r  might even b e  a b l e  t o  develop a new market f o r  
used p roduc t s  by c a t e r i n g  t o  a l a r g e  segment of customers who 

* This c h a p t e r  c o n c e n t r a t e s  on t h e  s i t u a t i o n  i n  i n d u s t r i a l i z e d  
Its f i n d i n g s  can  be t r a n s l a t e d  t o  t h e  c o n t e x t  of c o u n t r i e s .  

LDC** m u t a t i s  mutandis t h e  d i f f e r e n c e s  i n  markets,  needs,  and 
p r i o r i t i e s .  Examples of p roduc t - l i f  e ex tens ion  in LDCs can 
be found i n  v a r i o u s  p u b l i c a t i o n s .  23 
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cannot a f f o r d  t o  buy new ones: up t o  20% of t h e  populat ion of 
developed c o u n t r i e s  l i v e  below t h e  poverty l i n e ;  about 20% of 
t h e  popu la t ion  are  people i n  r e t i r e m e n t ;  today, except f o r  t h e  
b a r e  e s s e n t i a l s ,  both groups a re  l a r g e l y  excluded from p a r t i c i p a t i n g  
i n  t h e  consumer s o c i e t y  f o r  l a c k  of money. 

And, l a s t  bu t  no t  l ea s t ,  t h e  p r i v a t e  s e c t o r  can,  w i th  product- 
l i f e  ex tens ion ,  become a c o n s t r u c t i v e  p a r t n e r  of government by 
i n c r e a s i n g  t h e  number of s k i l l e d  j o b s  and reducing t h e  c o u n t r y ' s  
dependence on imports  of s t r a t e g i c  materials. 

(Appendix 5) 

) 

What is  t o  be The Role of The P r i v a t e  Sec to r  i n  The T r a n s i t i o n  t o  
A S u s t a i n a b l e  Soc ie tv?  

Manufacturing has  t r a d i t i o n a l l y  been l o c a t e d  nea r  raw-mater i a l  
e x t r a c t i o n  and product ion,  t y p i c a l l y  c o a l  and i r o n  d e p o s i t s .  
E l e c t r o n i c  i n d u s t r i e s  have p r e f e r r e d  a r e a s  such as  S i l i c o n  Val ley 
where o t h e r  e l e c t r o n i c s  f i r m s  were a l r e a d y  e s t a b l i s h e d .  
c a s e s ,  m o b i l i t y  was t h e  worker 's  problem. 

I n  both 

Today's unemployed are o f t e n  poor,  u n s k i l l e d  and not  mobile. 
P roduc t - l i f  e ex tens ion  ac t iv i t i e s  are l abour - in t ens ive  and h i g h l y  
mobile;  and are  b e s t  undertaken where cheap labour  i s  a v a i l a b l e ,  
i . e . ,  where t h e  people  who were r ep laced  by machines a r e  t o  be 
found, o r ,  a l t e r n a t i v e l y ,  nea r  t h e  u s e r  and t h e  goods he u s e s .  

For an e n t e r p r i s i n g  p r i v a t e  s e c t o r ,  t h e  s i t u a t i o n  c o n s t i t u t e s  
a l a r g e  untapped s e c t o r  of customers f o r  low-priced goods, once 
j o b s  i n  p r o d u c t - l i f e  ex tens ion  a c t i v i t i e s  have c r e a t e d  a d d i t i o n a l  
income. 

But j o b  c r e a t i o n  is  t h e  government's r e s p o n s i b i l i t y ,  one may w e l l  
o b j e c t .  The 1982 annual r e p o r t  of B I S  i n  Basle d e s c r i b e s  ' ' r i s ing  
unemployment i n  t h e  i n d u s t r i a l  c o u n t r i e s  ( f o r  which it  sees no 
e a r l y  improvement) and t h e  alarming worsening of t h e  p o s i t i o n  of 
t h e  developing c o u n t r i e s  as c o n t r i b u t i n g  t o  a state of fundamentally 
u n s t a b l e  equ i l ib r ium i n  t h e  world economy. '922 

This  is a real t h r e a t  t o  ou r  l i b e r t i e s ,  t o  f r e e  t r a d e  and 
e n t e r p r i s e .  The p r i v a t e  s e c t o r  has  r e s o u r c e s  and s k i l l s  t h a t  
un ique ly  q u a l i f y  i t  t o  start  t h e  t r a n s i t i o n  t o  a s u s t a i n a b l e  
s o c i e t y ,  where a balanced use  of a l l  r e s o u r c e s  and o t h e r  
s o c i e t a l  g o a l s  are achieved! 

The fo l lowing  pages a t t empt  t o  i d e n t i f y  some of t h e  many f a c e t s  
of p r o d u c t - l i f e  ex tens ion  a c t i v i t i e s  which o f f e r  innumerable 
b u s i n e s s  o p p o r t u n i t i e s  t c  t h e  p r i v a t e  s e c t o r ,  and lead t o  
s u s t a i n a b l e  s o c i e t i e s .  



Business  Oppor tun i t i e s  i n  Product-Life  Extension 

PRO 

max 

mi n 

Almost any product o r  component can be made t o  las t  longer  than 
it  w a s  o r i g i n a l l y  intended t o .  
p o s s i b l e  a l t e r n a t i v e s ,  a s e l e c t i o n  from among d i f f e r e n t  op t ions  
w i l l  have t o  be made. 
such as t h e  a v a i l a b i l i t y  of cheap r e sources ,  socio-economic 
p r i o r i t i e s ,  and r e g u l a t i o n s  which vary  from one s t a t e  o r  count ry  
t o  t h e  next .  

However, i n  view of t h e  many 

This  s e l e c t i o n  w i l l  depend on l o c a l  f a c t o r s  

The fo l lowing  is, t h e r e f o r e ,  a broad d e s c r i p t i o n  of bus iness  
o p p o r t u n i t i e s  known t o  u s :  

- l i f e  ex tens ion  a c t i v i t i e s  f o r  products  and systems 

- l i f e  ex tens ion  a c t i v i t i e s  f o r  components 

- c u r r e n t  i n d u s t r i a l  and commercial a c t i v i t i e s  

FIGURE F: LIFE EXTENSION ACTIVITIES FOR PRODUCTS AND SYSTEMS 

t 

t 
f -  

USE VALUE 
des i gn 
1 i f e  
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ACTIVITIES PRODUCT-L I FE 
EXTENSION AIM 

PRO product i on  

1 r e u s e  3 

EXAMPLE 

check q u a l i t y ,  c l ean  g l a s s  b o t t l e s ,  t o o l s  

2 repair  & e l i m i n a t e  secondary worn components, den t s  
prevent  i v e  damage 
maintenance 

3 r econd i t ion ing  put  back i n  prime overhauls  of machines, 
c o n d i t i o n  dampproof ing of wal ls  

3" overgrading r econd i t ion  a product r a i l  g r ind ing  
t o  a q u a l i t y  supe r io r  
t o  t h e  o r i g i n a l  

4 cascading o r  m a  i n  t a  i n  o r i g i n a l  ra i lway engine  from express  
p e r i o d i c  performance long-term t o  goods t r a i n  t o  shunt ing 
r econd it ion  ing  

5 t echno log ica l  adapt  product t o  turbocharger  f o r  engines ,  
upgrading newest technology home i n s u l a t i o n  

6 reconvers ion  adapt  product t o  new VLCC t anker  t o  l i f e  s t o c k  
user /market  need car r ie r ,  "jumboizing" 

7 r e b u i l d i n g  ex tens ive  r e p a i r s  engine t h a t  blew up 

8 away-grad ing t r a n s f e r  used goods h igh-qual i ty  ins t ruments ,  
t o  environment of t o o l s  t o  LDCs 
corresponding 
s o p h i s t i c a t i o n  

9 r e s t o r a t i o n  recreate o r  i g  i n a l  a n t i q u e  a r tworks ,  
s t a t e  mac h i n  e r y 

TABLE 2: LIFE EXTENSION ACTIVITIES FOR COMPONENTS 

ACTIVI TIES EXAMPLES of p roduc t - l i f e  ex tens ion  

r econs t i tu t ing  r e t r e a d  t i res ,  add material t o  worn s u r f a c e s  

r e b u i l d i n g  bond new edges t o  t u r b i n e  a i r f o i l s ,  h e a l  
d e f e c t s  i n  c a s t i n g s  

up bu i l d  ing  p reven t ive  r e c o n s t i t u t i n g ,  metal powder 
a d d i t i v e s  i n  engine o i l  t o  reduce wear 



ACTIVITIES 

upgrading 

r econd i t ion ing  

in-  s i t u  

r ec yc 1 ing  

regrading  

r e a c t i v a t e  

EXAMPLES of p roduc t - l i f e  ex tens ion  

p l a s t i c  r e s i n  i n j e c t i o n s  i n t o  wood o r  
conc re t e  components t o  improve o r i g i n a l  
performance ( s t r e n g t h ,  impermeabi l i ty)  

m i l l i n g  of brake-disks  o r  drums t o  e l i m i n a t e  
uneven wear 

renewal of road s u r f a c e s  by m i l l i n g  t h e  top  
l a y e r  and mixing t h e  r e s u l t i n g  aggrega te  
wi th  hot  bitumen t o  provide t h e  new top  l a y e r  

c u t  s anda l s  o r  rope from used tires, c u t  
t i res  i n t o  small cubes t o  be added t o  
aggrega te  f o r  road s u r f a c i n g ,  c u t  decommissioned 
r a i l r o a d  t i e s  i n t o  wood pane l l ing  

c l e a n  cha rcoa l  used i n  f i l t e r  systems f o r  
r euse  

. I  

1 
- i  4 

i 
! 
i 

i 

We might a l s o  add: 

re-envelopping bu i ld ing  a g l a s s  dome over Athen's Acropol is  
t o  p r o t e c t  it a g a i n s t  decay due t o  a i r  
p o l l u t i o n  

c en t r a l  i z  ed 
r ec yc 1 ing  

mel t ing  of s t e e l  s c r a p  i n  h igh  fu rnaces  

Cen t ra l i zed  r e c y c l i n g  h e l p s  t o  reduce waste d i s p o s a l  and the 
d e p l e t i o n  of r a w  materials but  w i th  l i t t l e  sav ings  i n  energy and 
no s u b s t i t u t i o n  of manpower f o r  energy.  

Curren t  I n d u s t r i a l  and Commercial A c t i v i t i e s  i n  Product-Life  Extension 

Most p r i v a t e  s e c t o r  services and a c t i v i t i e s  from R&D through 
manufactur ing t o  banks and insurance  companies can c o n t r i b u t e  
t o  and prof i t  from product - l i f  e ex tens ion  a c t i v i t i e s .  

Many companies are a l r e a d y  a c t i v e l y  r econd i t ion ing  c a p i t a l  goods, 
such as r a i l r o a d s ,  b u i l d i n g s  and engines ,  but  seldom consumer 
du rab le s  such as cars,  r e f r i g e r a t o r s  and those  o t h e r  products  
which w e  a l l  expec t  t o  purchase from time t o  time. For many yea r s ,  
a l ead ing  French car manufacturer  has app l i ed  r econd i t ion ing  wi th  
t echno log ica l  updat ing  t o  h i s  machine-tools but  r e f u s e s  t o  
cons ide r  p r o d u c t - l i f e  ex tens ion  f o r  h i s  products ,  automobiles!  
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This  may be  an  i n d i c a t i o n  of t h e  non-technical  b a r r i e r s  t o  be 
a n t i c i p a t e d  where consumption-oriented bus iness  i s  involved.  

But t o  r e t u r n  t o  t h e  ex tens ion  a c t i v i t i e s  themselves,  a b a s i c  
d i s t i n c t i o n  can  be made i n  terms of t h e  mob i l i t y  of goods. 
Fixed o r  immobile systems such as r a i l r o a d  t r a c k s  o r  sewers, 
w i th  components t h a t  cannot  e a s i l y  b e  exchanged without  a 
d i s r u p t i o n  of t h e  everyday func t ions  a r e  i d e a l  cand ida te s  f o r  
mobile r econd i t ion ing  u n i t s  t h a t  can perform i n  s i t u .  Highly 
mobile  goods such as  s h i p s ,  c a r s  and a i r c r a f t  w i th  e a s i l y  exchangeable 
components are i d e a l l y  s u i t e d  t o  small workshops, which can be 
l o c a t e d  accord ing  t o  p r e v a i l i n g  needs,  cond i t ions ,  and demand. 
Bui ld ings  and o t h e r  immobile systems wi th  exchangeable components 
r e q u i r e  both  on - s i t e  i n t e r v e n t i o n  and workshop a c t i v i t i e s .  

3 

Table 3 shows a t y p i c a l  range of a c t i v i t i e s  needed i n  product-  
l i f e  ex tens ion  t h a t  goes beyond t r e a t i n g  t h e  products  themselves.  
Once systems o r  s tandard ized  components designed f o r  long l i f e  
are a v a i l a b l e ,  a d d i t i o n a l  suppor t ing  products  w i l l  be needed, 
such as a c t i v e  dev ices  which p r o t e c t  goods a g a i n s t  misuse 
(e .g . ,  rpm governors  on c a r  engines)  and self-monitor ing components 
which p r o t e c t  a g a i n s t  premature d e t e r i o r a t i o n  (overhea t ing ,  
l a c k  of o i l ) .  

With t h e  t r a n s i t i o n  t o  a s u s t a i n a b l e  s o c i e t y  based on slow- 
replacement and se l f - rep len ishment ,  a change w i l l  come i n  
d i s t r i b u t i o n  s t r u c t u r e s  and usage pat terns  e s p e c i a l l y  f o r  
consumer du rab le s .  I n  t h e  c a s e  of f inance  and insurance ,  s e r i o u s  
c o n s i d e r a t i o n  w i l l  have t o  be  given t o  r e p l a c i n g  t h e  now a l l - too -  
accepted  f a s t - d e p r e c i a t i o n  system w i t h  a use-value concept ( 2 ) ,  
such as t h e  " rebui ld ing"  v a l u e  which is a l r eady  commonly used 
i n  insurance  of c a p i t a l  goods i n  indus t ry .  Long-term f l o a t i n g - r a t e  
l e a s i n g  c o n t r a c t s  l i nked  t o  performance-ratings rather than  a 
s p e c i f i c  product  could s t i l l  l e a v e  room f o r  t h e  fashion-conscious 
customer.  F inanc ia l  i n s t i t u t i o n s  and l e a s i n g  companies, as  w e l l  
as owners of " f l e e t s "  (e.g. ,  r e n t a l  companies) are  w e l l  p laced 
t o  c o n t r i b u t e  t o  t h e  t r a n s i t i o n  t o  longer  product - l ives  and t h e  
c r e a t i o n  of h igh -qua l i ty  used-goods markets wi th  prices w e l l  
below those  of new products .  Used-goods and components 
Exchanges similar t o  t h e  waste exchange s e r v i c e  o f f e red  by 
some European Chambers of Commerce would inc rease  o p p o r t u n i t i e s  
f o r  a l l  i n t e r e s t e d  p a r t i e s  and f a c i l i t a t e  away-grading, t h e  
purchase of used low-priced intermediate- technology goods i n  
working o rde r ,  o r  i n  need of r econd i t ion ing ,  a c r o s s  f r o n t i e r s .  * 

Innova t ion  and Repairs and Rec ond i t  ion  i n g  

There can be  no doubt that p r o d u c t - l i f e  ex tens ion  w i l l  f o s t e r  
innovat ion  and a new approach t o  t r a d i t i o n a l  assumptions.  
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1 Researchers  and i n v e s t o r s  w i l l  have t o  look  a t  f a m i l i a r  problems 
i n  a new, a b s t r a c t  way, and a cons ide rab le  amount of innovat ion 
w i l l  come from t h e  comparative assessment of a l t e r n a t i v e  s o l u t i o n s .  

F igure  G shows t h e  innovat ion  gap t h a t  w i l l  have t o  be  bridged 
t o  make p roduc t - l i f e  ex tens ion  of modern c a r s ,  and similar goods, 
even more a t t r a c t i v e .  
product ion volume of s h o r t - l i f e  c lones  produced by robo t s  i n  
d i f f e r e n t  c o u n t r i e s ,  where op t imiza t ion  of t h e  manufacturing 
process  is a l l  important ,  and Henry Ford's Model T ,  "Everyman's 
car", whose main components had t o  b e  r e p a i r a b l e  by any l o c a l  
blacksmith,  are  worlds apar t :  

The modern "world car" ,  wi th  a h igh  

FIGURE G :  INNOVATION GAP CREATED BY PRODUCT-LIFE EXTENSION 
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X = growing i n n o v a t i o n  g a p  t o  a d a p t  
short-li f e  p r o d u c t s  t o  
l i f e  p r o l o n g a t i o n  p o t e n t i a l ,  

e.g. s k i n  rep lacement  p a n e l  
t e c h n i q u e  



The p ionee r s  of r e s e a r c h  i n t o  p r o d u c t - l i f e  ex tens ion ,  such as  
t h e  Motor Insurance R e p a i r  Center i n  Thatcham, UK, have been 
motivated by f i n a n c i a l  s av ings  i n  c a r  repairs ,  no t  l i f e  ex tens ion .  
They have come up w i t h  h igh ly  innova t ive  techniques,  such as  
“ s k i n  replacement pane l s” ,  t h a t  g r e a t l y  reduce waste i n  
component exchange and repair  c o s t s  compared t o  t r a d i t i o n a l  
techniques!  Whereas h i t h e r t o  product ion components have been 
used i n  repairs ,  t he  UK c a r  i n d u s t r y  has  now s t a r t e d  t o  produce 
repa i r  components. 

A s  wi th  components, t h e  processes  used i n  manufacturing may no t  
be a p p r o p r i a t e  t o  r e c o n d i t i o n i n g .  Take t h e  r e t r e a d i n g  of t i res :  
The s t anda rd  hot  process  r e q u i r e s  high p r e s s u r e s  ( 1 2  a t u )  and 
temperatures  (160’ C )  and cannot be r epea ted .  A novel process  
u s e s  vacuum and lower temperatures  (90° C ) ,  which a l lows  
r epea ted  r e t r e a d i n g  and b ig  sav ings :  a new t r u c k  t i r e  t h a t  c o s t s  
$500 can  be r e t r e a d e d  with t h e  new method f o r  $ 1 7 5 ,  and w i l l  g i v e  
ano the r  65,000 m i l e s  ! 25 

The US a i r c r a f t  i n d u s t r y  has developed t h e  a c t i v a t e d  d i f f u s i o n  
bonding t echn ique ,  which can bond new edges t o  t h e  worn-out 
s u r f a c e s  of t u r b i n e  a i r f o i l s  and e l i m i n a t e  t h e  need f o r  new 
s p a r e s .  

The second g e n e r a t i o n  of r e s e a r c h e r s  w i l l  a l s o  have t o  t a k e  a 
c l o s e r  l ook  a t  p reven t ive  maintenance f o r  reducing t h e  c o s t  of 
p r o d u c t - l i f e  ex tens ion .  I n  o rde r  t o  make s e l e c t i v e  r e c o n d i t i o n i n g  
of components such as ra i l s ,  w e  need t o  measure and record 
d e f e c t s ,  deformation and hidden d e t e r i o r a t i o n s  a c c u r a t e l y  be fo re  
t h e  r a i l  is  worn beyond repa i r ,  and the reby  avoid r econd i t ion ing  
of unsa fe  components ( c racks ,  material f a t i g u e ) .  The instruments  
r e q u i r e d  f o r  t h i s  purpose need t o  be v e r y  s o p h i s t i c a t e d  and y e t  
more ingenious s t i l l  f o r  monitoring t h e  c o n d i t i o n  of a complex 
system such as an  a i r c r a f t  t u r b i n e ,  o r  a car engine.  

E x i s t i n g  p rocesses  i n  r econd i t ion ing ,  such as  sand-blast ing,  
c a n  be improved t o  e l i m i n a t e  unwanted s i d e - e f f e c t s .  
h a s  developed a n  advanced system t h a t  u s e s  f rozen  pe l l e t s  of 
carbon d i o x i d e  -- d r y  ice -- t o  b l a s t  and c l e a n  metal s u r f a c e s .  
A f t e r  s t r i k i n g  t h e  t a r g e t  s u r f a c e ,  t h e  v o l a t i l e  p e l l e t s  qu ick ly  
vapor i ze ,  and t h e  vapor harmlessly d i s s i p a t e s .  The process  is 
low-cost, can c l e a n  complex machinery without  t h e  disassembly 
needed f o r  s a n d b l a s t i n g ,  and can  be used on anything from s h i p s  
t o  e l e c t r o n i c  a s sembl i e s .  

Lockheed 

I n v e n t o r s  should t h u s  receive f r e s h  impetus t o  f i n d  new s o l u t i o n s  
t o  c l e a r l y - d e f i n e d  problems f o s t e r i n g  t h e  t r a n s i t i o n  towards 
s u s t a i n a b l e  s o c i e t i e s .  

!- 
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Innovat ion and Recycling 

Most product ion t echno log ie s  can process  economically only v i r g i n ,  
n o t  r e c y c l e d ,  materials. 

Important d i s c o v e r i e s  a re ,  t h e r e f o r e ,  p o s s i b l e  i n  new r e c y c l i n g  
procedures  t h a t  are  no longer  i n s p i r e d  by t h e  i n i t i a l  production 
process:  

- Compound goods such as c a r  t i res  have been disposed of by 
p y r o l y s i s ,  which produces h e a t ,  o i l ,  s t e e l  scrap and a sh .  
A new p rocess ,  "debonding", u s e s  l i q u i d  n i t r o g e n  t o  c o o l  c a r  
t i r e s  t o  low temperatures (-80°C) befo re  they p a s s  through 
a shredder  and s e p a r a t i o n  p l a n t .  The r e s u l t  i s  a pure rubber 
powder and s t e e l  s c rap .  Debonding i s  a l s o  s u c c e s s f u l l y  used 
f o r  material s e  a r a t i o n  of c a b l e s ,  computers and similar 
complex goods. 29 

The ImDact of Socio-Economic P r i o r i t i e s  

I n  t h e  long-term, t h e  f u t u r e  of t h e  p r i v a t e  s e c t o r  could be 
s t r o n g l y  inf luenced by c u r r e n t  socio-economic p r i o r i t i e s .  

Some repairs and even t h e  r econd i t ion ing  of c e r t a i n  products  
can be done most cheaply by t h e  owner/user i f  he has  access t o  t h e  
r equ i r ed  t o o l s ,  machines and s k i l l s .  Do-it-yourself o f ,  f o r  
example, housing and v e h i c l e s  may be t h e  on ly  r econd i t ion ing  
many people  can a f f o r d !  

Within t h e  wide range of p o s s i b l e  commercial a c t i v i t i e s  from 
t h e  r e c y c l i n g  of materials t o  t h e  r e s t o r a t i o n  of works of a r t ,  
bus iness  can emphasize any one of t h r e e  f a c t o r s :  

-3 

- labour  

- energy 

- ( s c a r c e )  materials 

The fo l lowing  f i g u r e  shows t h e  i n t e r r e l a t i o n  of t h e s e  f a c t o r s .  
By s h i f t i n g  from l e f t  t o  r i g h t ,  w e  reduce energy consumption 
i n  l i f e - e x t e n s i o n  a c t i o n s  and i n c r e a s e  t h e  amount of s k i l l e d  
l abour  involved, w i th  a c o n s t a n t  saving i n  materials. 

* 



FIGURE H: ENERGY - LABOUR - MATERIAL TRADE-OFFS 

cumul a t i  ve USE OF S K I L L E D  LABOYFi 

f a c t o r s  ENE2GY CONSUMPTION 

( S C A R C E  ) MATERIAL S A V I N G S  

a c t  i ons recycling reconditioning r e p a i r  reuse r e s to ra t ion  

Labour is no t  a Commodity30 

I f  t h e s e  t h r e e  f a c t o r s  are expressed i n  monetary terms, w e  f i n d  
s u b s t a n t i a l  f l u c t u a t i o n s  i n  material and energy p r i c e s  i n  r e c e n t  
y e a r s ,  wh i l e  t h e  c o s t  of labour  has  ha rd ly  a l t e r e d .  

T h i s  s i t u a t i o n  could mislead u s  i n t o  th ink ing  t h a t  t h e  d e p l e t i o n  
of r e s o u r c e s  is no longe r  a problem and t h a t  emphasis should 
be placed on t h e  u s e  of cheap materials and machines r a t h e r  than 
on expensive labour  i n  making b e s t  o v e r a l l  u s e  of r e s o u r c e s .  

However, whereas most r e s o u r c e s  such as o i l  and o r e s  do no t  
d e t e r i o r a t e  when l e f t  ano the r  f i f t y  y e a r s  i n  t h e i r  n a t u r a l  s ta te ,  
w e  cannot waste labour  and d e p r i v e  people  ( inc lud ing  women, 
handicapped and o l d  people  who want t o  c o n t r i b u t e )  of meaningful 
work f o r  such long p e r i o d s .  O r  w e  might f i n d  w e  can no longe r  
t r a i n  them when w e  need them, and be faced w i t h  an  i n c r e a s i n g  
"Fourth world", i .e.,  r e t i r e d  (up t o  30% of t o t a l  popu la t ion  i n  
2020) and younger unemployable people l i v i n g  a t  s u b s i s t e n c e  l e v e l .  
(Appendix 5) Manpower is  t h e  most p e r i s h a b l e  of a l l  r e s o u r c e s ,  
as unused s k i l l s  are e a s i l y  l o s t  o r  ou tda ted  by new techniques,  
and t h e  mental  mo t iva t ion  needed f o r  work, once l o s t ,  may never 
b e  f u l l y  recovered.  

Why Change t o  a S u s t a i n a b l e  Soc ie ty  Now? 

The 1980s might w e l l  prove t o  be t h e  r i g h t  moment f o r  a 
p r o g r e s s i v e  t r a n s i t i o n  from a h igh ly  automated, production- 
o r i e n t e d  economy t o  a more l abour - in t ens ive ,  q u a l i t y  economy 
l e a d i n g  t o  a s u s t a i n a b l e  s o c i e t y  . 

31 

- *  
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- A s u s t a i n a b l e  s o c i e t y  should a l low f o r  s o c i a l  and economic 
p rogres s  c o n s i s t e n t  w i th  t h e  wor ld ' s  f i n i t e  r e source  base .  
Today, however, s o c i a l  s t a b i l i t y  and p r i v a t e  s e c t o r  freedom 
may be  th rea t ened  by an underuse of manpower. 

- The p roduc t - l i f e  ex tens ion  of consumer du rab le s  such as modern 
cars  i n i t i a l l y  r e q u i r e s  a s u b s t a n t i a l  volume of s k i l l e d  l abour .  
Today, most i n d u s t r i a l  and a l l  less-developed c o u n t r i e s  have 
l a r g e  numbers of u n s k i l l e d  young, and a growing number of 
s k i l l e d  a d u l t s ,  ou t  of work, who could be r e t r a i n e d  and employed 
i n  p r o d u c t - l i f e  ex tens ion  a c t i v i t i e s ,  a s  eng inee r s ,  mechanics, 
e lec t r ic ians ,  plumbers and s o  on.  

- Furthermore,  changes i n  environmental  cond i t ions  may in f luence  
consumer a t t i t u d e s  towards longer  product use:  

. General  speed limits of 55 mph i n  t h e  US, and 100 t o  130 km/h 
i n  Europe have taken some of t h e  "spor t"  o u t  of cars .  

. Some obse rve r s  suspec t  t h a t  two o i l - p r i c e  shocks have 
permanently changed t h e  behavior  of c a r  buyers .  Indeed, t h e  
sha rp  r ise i n  t h e  age  of c a r s  on US roads  from 5 . 7  y e a r s  i n  
1 9 7 1  t o  a n  average  of 6 . 9  yea r s  today and t h e  r i s i n g  s h a r e  
of smaller cars (now 37P! of t h e  t o t a l )  were caused not  by 
t h e  r e c e s s i o n  but  by a l a s t i n g  s h i f t  i n  consumer p re fe rence  
f o r  u t i l i t y  r a t h e r  than  glamour. 32  

3 
The pr ivate  s e c t o r ,  through i t s  c a p a c i t y  f o r  innovat ion  and i t s  
freedom of movement,is probably t h e  power-center b e s t  placed t o  
start  t h e  t r a n s i t i o n  towards a s u s t a i n a b l e  s o c i e t y .  

It has a l s o  a ves t ed  i n t e r e s t  i n  main ta in ing  a balanced u s e  of 
r e sources .  A l t e r n a t i v e s ,  such as  a f u l l y  robo t i zed  economy where 
each  i n d i v i d u a l  receives a s t a t e  pension,  w i l l  l e ad  t o  a l i e n a t i o n  
between t h e  i n d i v i d u a l  and bus iness ,  t h e  c r e a t i o n  of  a s i g n i f i c a n t  
hidden economy, and e i t h e r  t o  increased  c o n t r o l  of key i n d u s t r i e s  
by t h e  s ta te ,  or t o  c o n t r o l  of t h e  s ta te  by i n d u s t r y .  

None of t h e s e  i s  compat ib le  w i t h  t h e  i d e a l  of i n d i v i d u a l  l i b e r t y  
and f r e e  e n t e r p r i s e  w i t h i n  a democrat ic  framework. A t r a n s i t i o n  
t o  s u s t a i n a b l e  s o c i e t i e s  i n  which macro-economic aims (good 
husbandry and a balanced u s e  of a l l  r e sources )  a r e  achieved 
through coord ina ted  growth of t hose  c o n t r i b u t i n g  t o  t h e  p r i v a t e  
s e c t o r  (microeconomics) i n  a s t a t e  of soc io-economic and technico-  
e c o l o g i c a l  equ i l ib r ium would thus  b e n e f i t  a l l  par tners  i n  s o c i e t y .  
Such a s o c i e t y ,  however, w i l l  need t o  remain adap tab le  t o  evolv ing  
human needs  and s o c i a l  p r i o r i t i e s  and t o  new a p p l i c a t i o n s  of 
t e c h n i c a l  d i s c o v e r i e s .  
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HOW TO OVERCOME OBSTACLES AND BARRIERS TO PRODUCT-LIFE 

EXTENS I O N  

W e  may sugges t  t h r e e  r easons  as t o  why p r o d u c t - l i f e  l i m i t a t i o n  and 
s h o r t - l i f e  products  a re  s t i l l  s o  widespread: 

- t e c h n i c a l  and economic d i s i n c e n t i v e s  

- psychologica l  o b s t a c l e s  w i t h i n  o u r s e l v e s  

- s e l f  pe rpe tua t ing  v i c i o u s  c i r c l e s  

Many t e c h n i c a l  and economic d i s i n c e n t i v e s  can  be  overcome by 
changes i n  product  des ign ,  t a x a t i o n  and improved s e l e c t i o n  of 
materials.  But overcoming t h e  psychologica l  o b s t a c l e s  w i l l  c a l l  
f o r  changes i n  our  pe rcep t ion  of t h e  i n d i v i d u a l ' s  r o l e  i n  
s o c i e t y ,  and f o r  an  inc reased  understanding of t h e  accumulat ive 
impact of i n d i v i d u a l  behavior  on t h e  s o c i a l  environment.  The only  
way t o  combat v i c i o u s  c i r c l e s  is  t o  d e s t r o y  them a t  t h e  r o o t s  and 
t h e s e  a r e  o f t e n  embedded i n  t h e  consumption p a t t e r n s  of s o c i e t y  
i t se l f .  

L e t  u s  f i r s t  l o o k  a t  some of t h e  technical and economic d i s i n c e n t i v e s  
t o  p r o d u c t - l i f e  ex tens ion :  

- I n - b u i l t  o b s t a c l e s  

A t  t h e  des ign  s t a g e ,  many f r e e  o p t i o n s  f o r  ease of maintenance, 
such as f u n c t i o n a l  modular d i s t i n c t i o n  and out-of-sequence 
d i sman t l ing ,  are ignored.  This l e a d s  t o  the  "Pars-pro-toto" 
syndrome, where sea l ed -un i t  p roducts  such as  h a i r d r y e r s  have 
t o  be  des t royed  f o r  a minor component change. 
overcome by s t a n d a r d i z a t i o n  and componentized des ign  as w i t h  
Motorola and JI Case products .  When t h i s  is done t o  a used 
product ,  w e  have overgrading  (added v a l u e ) .  

This can  b e  

- Economic c o n f i s c a t i o n  

Replacement-part p r i c e s  of mass produced goods are p r o h i b i t i v e  
compared t o  t h e  p r i c e  of t h e  o v e r a l l  p roduct ,  and secondhand . 
s p a r e s  can  b e  d i f f i c u l t  t o  o b t a i n .  A car wi th  a s t i c k e r  p r i c e  
of $6,000 may be worth over  $26 000 i f  t h e  prices of i t s  component 
parts are  t o t t e d  up s e p a r a t e l y .  j 4  This, combined w i t h  f a s t  
d e p r e c i a t i o n ,  means t h a t ,  when an  o ld  car  is involved i n  an  
a c c i d e n t ,  t h e  in su rance  company can  s e i z e  t h e  v e h i c l e  a g a i n s t  
payment of a f r a c t i o n a l  sum ( r e s i d u a l  va lue )  which is  o f t e n  f a r  
below t h e  r e p a i r  c o s t s ,  and which has  no r e l a t i o n  t o  the use-value 
of t h e  car. The r e s u l t  is a c r i m i n a l  b l a c k  market f o r  s p a r e s  
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suppl ied  by was te fu l  t h i e v e s ,  t h e  most va luab le  p a r t s ,  engines  
and t r ansmiss ion  u n i t s ,  being f r e q u e n t l y  dumped i n  the n e a r e s t  
l a k e ,  because they  are numbered, and hence t r a c e a b l e !  35 

- P r o f i t  and overhead s t r u c t u r e s  

P r o f i t  and overhead s t r u c t u r e s  i n  many companies are designed 
t o  promote sales of new products  r a t h e r  than  p roduc t - l i f e  ex tens ion .  
A US car d e a l e r ,  f o r  example, g e t s  a mark-up of 22% on a new 
c a r  sale (36% t o  t h e  assembly p l a n t ,  42% t o  Corporate  headquar t e r s ) .  
I t  would be d i f f i c u l t  f o r  him t o  g e t  t h e  same "return-on-effor t"  
f o r  r e p a i r s  o r  recondi t ion ing!37  

- Taxat ion on d e p r e c i a t i o n  

Reduced d e p r e c i a t i o n  pe r iods  are  a popular method of i nc reas ing  
consumption, and r e s u l t  i n  a u s e - l i f e  f a r  below t h e  des ign - l i f e !  
S ince  d e p r e c i a t i o n  i s  a s ta te  subsidy t o  bus iness ,  prolonged 
use  of goods becomes an  economic pena l ty  f o r  any prof i t - o r i e n t e d  
company. Bottom l i n e  p re s su res  w i l l ,  t h e r e f o r e ,  push consumption. 
"The main t h i n g  is  t o  break  fo reve r  t h e  connect ion between t h e  
t i m e  you use  equipment and t h e  time you write it o f f , "  s ays  
James Lyon of t h e  C a p i t a l  Cost Recovery Act.38 

3 But should n o t  a company's s t r a t e g y  be s o c i a l  i n  des ign?  
provide a s e r v i c e  t o  a group of c l i e n t s ,  create  j o b s ,  he lp  wi th  
t h e  s o l u t i o n  of s o c i a l  problems? These do no t  exclude p r o f i t s  
o r  compet i t iveness  ! 

To 

- Choice of r a w  materials 

We f r e q u e n t l y  know l i t t l e  of t h e  long-term behavior  of new 
materials, e s p e c i a l l y  when used i n  new ways. Materials 
s e l e c t i o n  is o f t e n  inf luenced  by commodity p r i c e s  o r  ease of 
t r ans fo rma t ion  in  manufactur ing.  Basic  r e s e a r c h  i n t o  s u b j e c t s  
such as relat ive f a i l u r e  modes of wear ve r sus  f a t i g u e  f o r  ra i ls  
w i l l  i n  many cases make it p o s s i b l e  t o  opt imize t h e  a p p l i c a t i o n  
of p r o d u c t - l i f e  ex tens ion .  (10) 

These d i s i n c e n t i v e s  can be d iscussed  and researched a t  a s c i e n t i f i c  
l e v e l .  Converting them i n t o  f a c t o r s  f o r  f o s t e r i n g  t h e  t r a n s i t i o n  
t o  s u s t a i n a b l e  s o c i e t i e s  could w e l l  be a p o l i t i c a l  o r  management 
d e c i s i o n  i n  t h e  short- term.  
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Psycho log ica l  Obs tac l e s  Within Ourselves  

The basic problem h e r e  is t h e  "new is b i g g e r - b e t t e r - f a s t e r "  
syndrome. Whereas an  o ld  New England maxim s a i d :  u se  i t  up 

wear i t  out  
make i t  do 
o r  do wi thou t ,  

many people  today b e l i e v e  they can always buy a new one, so  why 
t a k e  care of what w e  a l r e a d y  possess? Caring seems t o  be l i m i t e d  
t o  goods wi th  an a r t i s t i c  o r  emotional va lue .  

Economic p rogres s  m a  have turned many away from t h e  i d e a s  of 
such as Er ich  From4g o r  Abraham M a ~ l o w ~ ~ :  we do no t  want t o  be, 
but  t o  have more, and w e  look f o r  pe r sona l  s a t i s f a c t i o n  and 
s e l f - f u l f i l l m e n t  i n  our s p a r e  time because work does no t  provide 
them. 

But l e t  u s  t a k e  a c l o s e r  look a t  some of t h e s e  o b s t a c l e s :  

- Used o r  r e p a i r e d  goods a r e  no longer  a s i g n  of good husbandry, 
but  of poverty and even second-class s t a t u s :  
mending s t o c k i n g s  i n  t h i s  house! 
Wil ly  i n  Death of a Salesman.42 
"old" and "properly maintained" p roduc t s .  
react i n  t h e  same way. "It i s  worrying t h a t ,  of t h e  new 
work being commissioned, over a t h i r d  i s  f o r  r e h a b i l i t a t i o n  
of e x i s t i n g  b u i l d i n g s .  
( i n  t h e  UK) ,  bu t  most a r c h i t e c t s  regard it as f r u s t r a t i n g . " 4 3  

"I won't have you 

No d i s t i n c t i o n  is made between 
Now throw them ou t ! "  s ays  

Many p r o f e s s i o n a l s  

Rehab may be popular w i t h  t h e  pub l i c  

- P r o d u c t - l i f e  ex tens ion  a c t i v i t i e s  r e q u i r e  s k i l l e d  manual work. 
But manual work and shopf loo r  have become d i r t y  words, and t h e r e  
is  a stigma on t h e  young person who "has t o  t a k e  a manual job". 
Even i n  t imes of h igh  unemployment eng inee r s  are  hard t o  f i n d .  

"The most h i g h l y  i n d u s t r i a l i z e d  n a t i o n  on e a r t h  is  i n  danger 
of becoming a n a t i o n  of i n d u s t r i a l  i l l i t e r a t e s  who do no t  know 
how t o  s t o p  a running t o i l e t ,  o r  i d e n t i f y  anything on a car 
more complicated than  t h e  gas-tank c a p , "  observed Machinis ts '  
Union P r e s i d e n t  W.W. Winpisinger .45 

The s a t i s f a c t i o n  of s k i l l e d  work has  become a non-subject.  Y e t  
r e p a i r  and r e c o n d i t i o n i n g  depend on t r a i n e d ,  s k i l l e d  l abour  
and t h e  p r i v a t e  s e c t o r  is b e s t  q u a l i f i e d  t o  t r a i n  and mot iva t e  
i t .  We need t o  be reminded of t h e  d i g n i t y  and importance of 
s k i l l e d  b l u e - c o l l a r  work!46 

- Marketing has  become a t o o l  f o r  c rea t , i ng  needs which a re  
s u b s t i t u t e s  f o r ,  not  a d d i t i o n s  t o ,  weal th;  f a s h i o n  has  long 
reached consumer d u r a b l e s .  Wealth i s  expressed i n  consumption! 
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How can w e  convey t h e  message of "old is r e s o u r c e f u l "  t o  people? 
It w i l l  need a g r e a t  d e a l  of p a t i e n c e  and educat ion t o  demonetarize 
beauty and d i s t i n c t i o n ,  and t o  persuade people t h a t  a s u s t a i n a b l e  
n a t i o n  t h a t  e x e r c i s e s  consumption r e s t r a i n t s  i s  n o t  a poor n a t i o n .  
P l a y f u l  s e l f - h e l p  t r a i n i n g  f o r  t h e  young could c r e a t e  " i n d u s t r i a l  
boy-scouts", and f a s h i o n  could be r ede f ined  i n  terms of components. 
This would mean keeping your c l a s s  symbols t e c h n o l o g i c a l l y  up t o  
d a t e ,  i n s t a l l i n g  turbo-blowers, May f i r e b a l l  c y l i n d e r  heads and 
e l e c t r o n i c  i g n i t i o n  systems on your used c a r ,  r a t h e r  t han  buying 
a new car equipped w i t h  one of t h e s e  dev ices !  

3 

The r e s t o r a t i o n  of o ld  i n d u s t r i a l  equipment, t e c h n i c a l  museums 
w i t h  o l d  machinery i n  working o r d e r ,  and t h e  teaching of p r a c t i c a l  
i n d u s t r i a l  archeology a re  e x c e l l e n t  ways of r e e s t a b l i s h i n g  a 
r e l a t i o n s h i p  between young people and t h e  anonymous technology 
t h a t  surrounds them. "Vintage-goods Clubs" do no t  have t o  be 
r e s t r i c t e d  t o  expensive makes of c a r s .  

Vicious C i r c l e s  that Limit  Product L i f e  

Some of t h e  b i g g e s t  t h r e a t s  t o  l o n g - l i f e  products  and p r o d u c t - l i f e  
e x t e n s i o n  are t o  be found i n  our b a s i c  assumptions about p rogres s  
i n  a consumer s o c i e t y .  

C e n t r a l i z e d  mass product ion and u n i v e r s a l i z e d  use -pa t t e rns  have 
l e d  t o  a gene ra l i zed  p o l l u t i o n  of a i r  and water, which, combined 
w i t h  growing s o p h i s t i c a t i o n  i n  material a p p l i c a t i o n s ,  has  l e d  
t o  eve r - shor t e r  product l i v e s ,  and thus  t o  a speeding up of -3 f a s t  replacement:  

- i m p u r i t i e s  i n  r ecyc led  material accumulate through p e r i o d i c  
r ecyc 1 ing 

- economics of mass-production demand l ight-weight  c o n s t r u c t i o n ,  
i .e. ,  t h i n  s teel  s h e e t s  and micro-coatings 

- vagabond c u r r e n t s  i n  e lec t r ic  systems cause c o r r o s i o n  of 
steel  s t r u c t u r e s  

- a l l - y e a r  t r a f f i c  s e c u r i t y  r e q u i r e s  d e i c i n g  of roads and runways, 
f o r  v e h i c l e s  and a i r c r a f t ,  u s ing  p o t e n t i a l l y  c o r r o s i v e  a g e n t s  

- t h e  economics of product ion demand minimal a n t i - p o l l u t i o n  
measures t h u s  i n c r e a s i n g  g e n e r a l i z e d  a i r  and water p o l l u t i o n  that 
reduces t h e  "e t e rna l "  product l i f e  of galvanized o r  s t a i n l e s s  
steel  components and produces a c i d  r a i n  t h a t  a t t a c k s  any material. 

I n  p l a c e s  where t h e s e  f a c t o r s  c o i n c i d e ,  t h e  des ign  l i f e  of products  
can  be d r a s t i c a l l y  c u r t a i l e d .  

Few today would c o n t e s t  t h e  a s s e r t i o n  that concern about  r e t u r n -  
on-investment must be married up wi th  commitment t o  t h e  community 
a t  l a r g e .  
b r i n g  t h i s  long-desired "mCnage" w i t h i n  t h e  reach of t h e  P r i v a t e  
S e c t o r .  

P r o d u c t - l i f e  ex tens ion ,  w e  hope w e  have shown, does 

It may prove a v a l u a b l e  ob jec t - l e s son  f o r  t h e  f u t u r e .  
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