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DIFFUSION OF WASTE TECHNOLOGIES AND ITS 
P O T E N T I A L  IMPACT ON RESEARCH AND DEVELOPHENT 

A .  L. Rivera 

ABSTRACT 

The concept of waste technology d i f f u s i o n  as a d r i v i n g  
f o r c e  i n  r e sea rch  and development (R&D) planning i s  
d i scussed .  Technology d i f f u s i o n  i s  presented  as a mechanism 
t h a t  suppor t s  t h e  d e f i n i t i o n  of R&D needs and p r i o r i t i e s .  
The g r e a t e s t  b a r r i e r s  t o  cont inuing  innovat ion  a r e  waste 
technology d i f f u s i o n  and u n c e r t a i n t y  over  performance. 
Consequently,  t h e r e  i s  no s u b s t i t u t e  f o r  r e a l - l i f e  demonstra- 
t i o n s  i n  high-leveraged a p p l i c a t i o n s .  T h i s  technology 
demonstrat ion phase i s  c r i t i c a l  i n  t he  formula t ion  of t h e  
i s s u e s ,  q u e s t i o n s ,  and p r i o r i t i e s  t o  be addressed by tech- 
nology R&D a c t i v i t i e s .  

1. INTRODUCTION 

The r a p i d  expansion of environmental  r e g u l a t i o n s  has s t imu la t ed  a 

growth i n  the  hazardous waste management indus t ry .  Business  oppor- 

t u n i t i e s  e x i s t  f o r  companies t h a t  can provide products  and s e r v i c e s  

which a s s u r e  g e n e r a t o r s  t h a t  t h e i r  hazardous wastes are proper ly  

managed. Licensed commercial t r ea tmen t ,  s t o r a g e ,  and d i s p o s a l  (TSD) 

f a c i l i t i e s  o f f e r i n g  s e r v i c e s  t h a t  provide o f f - s i t e  management have 

emerged. I n  a d d i t i o n ,  waste management s e r v i c e s  such as t r a n s p o r t e r s  

and brokers  have emerged t o  complement the  s e r v i c e s  provided by TSI) 

f a c i l i t i e s .  

Generators  of hazardous waste, p a r t i c u l a r l y  the  small q u a n t i t y  

g e n e r a t o r s ,  w i l l  be t u r n i n g  i n c r e a s i n g l y  t o  o u t s i d e  s p e c i a l i s t s  fo r  TSD 

s e r v i c e s  as they a t tempt  t o  comply wi th  the  i n c r e a s i n g  requirements  of 

f e d e r a l  and s ta te  r e g u l a t i o n s .  The management of hazardous waste 

genera ted  $ 1 . 3  b i l l i o n  t o  $2 b i l l i o n  i n  1983 and w a s  p ro j ec t ed  t o  reach  

$ 5  b i l l i o n  i n  1988.l 

suppor t  the  i n c r e a s e  i n  the  d i f f u s i o n  of waste technologies .  

This  growth i n  t h e  waste management i n d u s t r y  could 

Most of the  technology p o r t f o l i o  of t h e  hazardous waste i n d u s t r y  

t h a t  i s  presented  i n  Table 1 has evolved under d i f f e r e n t  i n d u s t r i a l  

con tex t s .  The development of technology has been c h a r a c t e r i z e d  by 

1 
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Table 1. Waste technology codes used t o  r e p o r t  t h e  handl ing  of 
hazardous wastes in a f a c i l i t y  which has i n t e r i m  s t a t u s  o r  a permi t .  

SO 1 
so2 
SO3 
SO4 
SO5 

Treatment methods 
('TD codes) 

- Disposal methods Storage methods 
('S" codes) Thermal Chemical Physicat Physical' Biological ("D" codes) 

Container (barrel, drum, etc3 TO6 
lank  TO7 
Waste pile TO8 
Surface impoundment TO9 
Other (specify details) T I 0  

T11 
T12 
T13 
114 
T15 
T16 
T17 
T18 

Liquid injection incinerator 
Rotary kiln incinerator 
Fluidized bed incinerator 
Multiple hearth incinerator 
Infrared furnace incinerator 
Motten salt destructor 
Pyrolysis 
Wet air oxidation 
Calcination 
Microwave discharge 
Cement kiin 
Lime k ih  
Other (specify details) 

1 1 9  
T20 
T2 1 
T22 
T23 
T24 
T25 
T26 
T2 7 
T28 
T29 
1 3 0  
13 1 
T32 
T33 
1 3 4  

Absorption mount 
Absorption field 
Chemic a I fix a tfo n 
Chemic el ox id a tion 
Chemic a I prec ipit a t ion 
Chemical reduction 
C h lor In a t ion 
C h iorino iy 8 is 
Cy anid e d e8 tru c tion 
Degradation 
Detoxification 
Ion exchange 
Ne u tralit a tion 
Ozone t Ion 
Photolysis 
Other (specify details) 

T35 
T36 
T37 
T38 
T39 
140  
T4 1 
T42 
T43 
T44 
T45 
T46 
147 

C en t rif ug a t ion T48 Absorption - molecular sieve T67 Activated sludge 079 Underground iniectbn 
Clarification T49 Activated carbon T08 Aerobic lagoon D80 LandfWl 

T6O Aeroblc tank 081 Land treatment Coeguiation 
0 ec anting 15 1 Catalysis. T70 Anaerobic lagoon 082  Ocean dispose1 
Encapsulatbn T52 CrystaWatbn 1 7  1 Cornposting D83 Surface impoundment (to 

be cbsed as a IandfY) Flttration T53 Dlalysk T72 Septlc tank 
Floc c uta tion 1 5 4  Distillation 173  Spray krigatbn 084 Other (specify details) 
Flotetbn 
Foaming 
Sedimentation 157 Evaporation 178  Waste etabllkatkn pond 
Thickening 1561 High gradient magnetic T77 Other (specify details) 
U itr a f ittr a t ion 
Other (speclfy details) T59 Leaching 

T50 Blending 

T55 Electrodialysis 1 7 4  Thickening filter 
T56 Electrolysis T75 Trickling fMer 

separation 

T60 Liquid b n  exchange 
16 1 Liqukl-huid extraction 
T82 Reverse osmosis 
TQ3 Solvent recovery 
164  Stripping 
165 Sand (Mer 
T66 Other (rpecify de tab)  

a Separation of components 
b~emova i  of specific components 
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wel l -def ined ,  product-dr iven t e c h n i c a l  requi rements ,  r e s u l t i n g  i n  

d e s i r a b l e  technology performance c h a r a c t e r i s t i c s .  The c u r r e n t  regula-  

t o r y  requirements  are not  expressed i n  terms of performance o b j e c t i v e s  

and c r i t e r i a .  As t he  r e g u l a t i o n s  begin t o  evolve i n t o  performance-based 

s t a n d a r d s  f o r  technology assessment ,  t he  d i f f u s i o n  phase of most waste 

t echno log ie s  i s  expected t o  f u n c t i o n  as a technology demonstrat ion a rena  

f o r  i d e n t i f y i n g  the  ques t ions  and p r i o r i t i e s  f o r  long-term R&D i n  waste 

technology innovat  ion. 

Because the greatest barriers t~ con t inu ing  innova t ion  are waste 

technalagy d i f f u s i o n  and u n c e r t a i n t y  over performance, there is no 

substitute for r e a l - l i f e  demonst ra t ions  Pn high-leveraged a p p l i c a t i o n s .  

Indeed,  un le s s  t he  waste technology promises a great improvement, i t  i s  

u n l i k e l y  t o  even be t r i e d .  

D i l u t i n g  the  e f f o r t  of technology innovat ion  by aiming a t  s e v e r a l  

p o t e n t i a l  a p p l i c a t i o n s ,  o r  seeking  re f inements  of propertr ies  wi t l iout a 

s p e c i f i c  a p p l i c a t i o n  i n  mind, i s  an i n v i t a t i o n  t o  f a i l u r e .  To g e t  t he  

l e a r n i n g  curve io work, we have t o  g e t  on i t .  

This  r e p a r t  d e s c r i b e s  t h e  innovat ion  process  and p r e s e n t s  t h e  

hazardous waste technology d i f f u s i o n  phase as a framework f o r  waste 

technology RdD management. Th i s  d i f f u s i o n  phase provides  the  f i e l d  daLa 

f o r  d e f i n i n g  the  R&D needs and p r i o r i t i e s  t h a t  could r e v i t a l i z e  the  

Lechnology innovat ion  process  i n  waste management. 

2. TECHNOLOGY DIFFUSION AS ,AN ELEMENT OF INNOVATION 

2 .1  OVERVIEW OF THE TECHNOLOGY INNOVATION PROCESS 

It i s  clear t h a t  throughout t h e  1980s compet i t ive  advantage,  new 

product  development, new markets ,  p r o d u c t i v i t y ,  and p r o f i t a b i l i t y  w i l l  

a l l  be t i e d  d i r e c t l y  t o  The i n d u s t r i a l  winners i n  t h i s  

e ra  of economic iuibalance and e s c a l a t i n g  coinpet i t ion w i l l  be those f i  rins 

t h a t  s e i z e  and e x p l o i t  technology as a co rpora t e  s t r a t eg ic  weapon and as 

an  asset t h a t  can be e f f e c t i v e l y  managed i n  suppor t  of bus iness  and cor- 

porate strategy. Waste technology can be viewed as an asset  of t he  

waste i n d u s t r y  i n  p r o t e c t i n g  the environment from the  newly gene ra t ed  



5 
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waste and f o r  the cleanup of the multitude of sites contaminated w i t h  

hazardous and radioactive waste from past practices. Management of  this 

critical asset could result in a competitive waste technology industry 

and the protection of the environment. 

But, what is technology management? To borrow a definition from 

Peter Drucker's book, Technology Management and Society, technology is, 

quite simply, know-how. Innovation, as distinct from an invention or 

technical prototype, refers to the technology actually being used or 

applied for the first time. Waste technology development is aimed at a 

specific component of a waste stream. However, the performance of such 

technology depends on this waste compor?ent of interest as well as on t h e  

other components of the waste stream. Because no two waste streams are 

completely similar, the potential for technology innovation is enhanced. 

This uniqueness of nuclear and chemical waste makes the combination of 

waste technology and waste stream a potential area for innovation and a 

critical factor in technology diffusion. Some of the technologies 

listed in Table 1 could be selected on the basis of performance and 

costs and applied in solving a given waste problem. Some of the tech- 

nologies are complementary in the sense that they are combined to per- 

form as components of waste systems designed to achieve a desirable 

waste management performance objective 

The panorama of technological change that has occurred since the 

turn of the century is characterized by three distinct types of tech- 

nology innovations, as shown in Table 2. For the foreseeable future, 

technology innovation in waste management will be a combination of the 

complex systems and a nuts-and-bolts type of innovation. 

The process of waste technology innovation can be modeled, as 

shown in Fig. 1.5 

conception to implementation within a single organization. Waste 

technology innovation of the waste systems type tends to draw on 

contributions from multiple organizations. 

The nuts-and-bolts innovation can be carried out from 

Successful innovations begin with a new idea that involves the 

recognition of technical feasibility and demand. At this point in time, 

there exists a current state of the art, or inventory of technical 

knowledge, on which the estimate of technical feasibility is based. A t  



Table 2. Three d i s t i n c t  types  o f  waste technology innova t ions  

Innovat ion  type De s c r i p t  i o n  

Waste systems 

Radical  t echno log ica l  
breakthrough 

Thorough, long-range planning t h a t  ensu res  t h a t  t h e  needed tech- 
n o l o g i e s  w i l l  be a v a i l a b l e  and demonstrated and t h a t  they  w i l l  f i t  
t o g e t h e r  when t h e  f i n a l  implementation s t a g e  is reached.  

A major r a d i c a l  breakthrough i n  technology t h a t  t u r n s  o u t  t o  change 
t h e  whole c h a r a c t e r  of t h e  waste i n d u s t r y .  

Nuts-and-bolts Focus-Lng on technology improvement, waste form improvement, cost 
r e d u c t i o n ,  and q u a l i t y  c o n t r o l .  Th i s  sort of i nnova t ion  i s  more 
u l t i m a t e l y  paced by economic f a c t o r s  t han  i s  innova t ion  of t h e  
systems type  or t h e  breakthrough type. 
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TECHNICAL 
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FUSION INTO 
DESIGN CONCEPT 
AND EVALUATION 

IMPLEMENTATION 
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I 

SOLUTION 

DEMAND AVAILABLE ADOPTION 
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POTENTIAL - rrbe READILY I) THROUGH 

, 
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some t ime,  t h e r e  i s  a c u r r e n t  s t a t e  of s o c i a l  and economic u t i l i z a t i o n  

i n  which the  innovator  can recognize an e x i s t i n g  or p o t e n t i a l  demand. 

The next s t a g e  i s  i d e a  fo rmula t ion ,  which c o n s i s t s  of t he  in t eg ra -  

t i o n  of a recognized demand and a recognized t e c h n i c a l  f e a s i b i l i t y  i n t o  

a des ign  concept.  P a r t  of t h e  idea  formula t ion  s t a g e  i s  r e a l l y  

e v a l u a t i o n .  The des ign  concept f u n c t i o n s  as the  mechanism f o r  the 

i d e n t i f i c a t i o n  and fo rmula t ion  of a problem on which i t  i s  worth com- 

m i t t i n g  resources  t o  work. 

The problem-solving s t a g e  then  fo l lows .  In  some i n s t a n c e s ,  the  

in fo rma t ion  necessary  f o r  t he  s o l u t i o n  i s  r e a d i l y  a t  hand i n  t h e  s t a t e  

of t he  a r t ;  i n  o t h e r s ,  R&D and inven t ive  a c t i v i t y  a r e  c a l l e d  f o r .  I f  

problem so lv ing  i s  s u c c e s s f u l ,  a s o l u t i o n ,  o f t e n  i n  the  form of 2~ 

i n v e n t i o n ,  i s  found, and t h i s  knowledge passes  i n t o  the  s t a t e  of the  a r t  

once the pa t en t  p r o t e c t i o n  i s  ensured.  A l t e r n a t i v e l y ,  t he  problem may 

be solved by t h e  adopt ion  of an inven t ion  o r  o the r  input  from t h i s  pool 

of t echn ica l  a r t .  I n  t h i s  c a s e ,  t he  u l t i m a t e  t e c h n i c a l  change becomes, 

s imply,  an innovat ion  by adopt ion .  Some of the t rea tment  technologies  

shown i n  Table 1 f i t  i n t o  t h i s  ca tegory .  

Whether the  s o l u t i o n ,  invented o r  adopted,  v e r i f i e s  t he  t e c h c i c a l  

f e a s i b i l i t y  and demand which were o r i g i n a l l y  recognized o r  focuses  on a 

modified problem wi th  somewhat d i f f e r e n t  o b j e c t i v e s ,  u n c e r t a i n t y  s t i l l  

remains.  A t  t h i s  p o i n t ,  t he  development s t a g e  begins .  The innovator  

a t t empt s  t o  r e so lve  u n c e r t a i n t i e s  wi th  r e s p e c t  t o  market demar,d aEd the 

problems of s c a l i n g  up product ion.  Innovat ion  is never  r e a l l y  achieved 

u n t i l  the technology i s  In t roduced  i n t o  the a c t u a l  t a r k e t ,  the waste 

management system and performance are demonstrated,  o r  cost r educ t ions  

are r e a l i z e d .  

D i f fus ion  i s  the  spreading  of the  innovat ion  throughout a s o c i a l  

system. This f i n a l  s t a g e  i n  the  innovat ion  process  occur s  when the 

s o l u t i o n  i s  f i r s t  u t i l i z e d  and d i f f u s e d  i n t o  the  market p lace .  Some of 

t h e  u n c e r t a i n t i e s  p r e s e n t  a t  t h e  design-concept s t a g e  have been reduced, 

bu t  t he  r i s k s  - i n  terms of investment  - have increased .  I n  the  case  of 

t h e  adopted innova t ion ,  t h e  u n c e r t a i n t i e s  a r e  less and the  r i s k s  can be 

more a c c u r a t e l y  eva lua ted ,  which, of cour se ,  accounts  f o r  t he  p o p u l a r i t y  

of t h i s  form of innovat ion .  
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In g e n e r a l ,  t h e  technology innovat ion  process  a s  descr ibed  i n  t h i s  

s e c t i o n  could take  anywhere from 10 t o  20 y e a r s  ( F i g .  2 ) .  So lu t ion  by 

adopt ion  could sho r t en  t h i s  t i m e .  However, t h e  d i f f u s i o n  s t a g e  appears  

t o  be the  l i m i t i n g  phase.  

2.2 KEY FACTORS AFFECTING THE RATE OF DIFFUSION OF WASTE TECHNOLOGIES 

A s  shown i n  Fig.  3,  t h e  key f a c t o r s  a f f e c t i n g  the r a t e  of d i f f u s i o n  

of waste t echno log ie s  a r e  (1 )  t he  rate of implementation of new regula-  

t i o n s ,  ( 2 )  p u b l i c  acceptance ,  ( 3 )  p r o j e c t  f i nanc ing ,  ( 4 )  t he  n a t u r e  of 

f u t u r e  r e g u l a t i o n s ,  (5 )  mobile t echno log ie s ,  and ( 6 )  i n c e n t i v e s  f o r  

i nnova t ive  t echno log ie s .  In a 1983 s t u d y ,  t h e  Of f i ce  of Technology 

Assessment (OTA) i d e n t i f i e d  t h r e e  f a c t o r s  t h a t  could a f f e c t  the  r a t e  of 

d i f f u s i o n  of waste t echno log ie s  (Table  3 ) . 6  

diminish ing  the i n c e n t i v e s  f o r  technology development and d i f f u s i o n .  

The ban on land d i s p o s a l  of hazardous waste and the  a p p l i c a t i o n  of t he  

b e s t  demonstrated a v a i l a b l e  technology (BDAT) po l i cy  w i l l  induce a move- 

ment f o r  i nnova t ive  t echno log ie s  i n  the  waste t r ea tmen t  area. Table 4 

summarizes some of t h e  op t ions  presented  by t h e  OTA s t u d y  t o  promote 

a l t e r n a t i v e s  t o  land  d i s p o s a l  of hazardous waste a t  the  s t a t e  l e v e l .  

These f a c t o r s  ope ra t e  by 

P u b l i c  acceptance  of waste sys t ems  i s  ano the r  f a c t o r  de l ay ing  the  

d i f f u s i o n  of waste t echno log ie s .  European c o u n t r i e s  have i n t e g r a t e d  

c e n t r a l i z e d  hazardous waste t rea tment  f a c i l i t i e s  i n t o  broad n a t i o n a l  

hazardous waste management systems. The a b i l i t y  of t h e  nor thern  

European c o u n t r i e s  t o  b u i l d  and ope ra t e  such s o p h i s t i c a t e d  f a c i l i t i e s  ir ,  

well-planned waste management systems i s  no t  s imply because they a r e  

more advanced t e c h n i c a l l y .  Rather ,  t h e  development of t h e s e  f a c i l i t i e s  

i s  dependent upon the  broad acceptance  of p u b l i c  ownership and p u b l i c  

i n t e r v e n t i o n .  Pub l i c  i n t e r v e n t i o n  has  been c r i t i ca l  i n  fou r  impor tan t  

areas: (1) amassing the  c a p i t a l  f o r  c o n s t r u c t i o n ,  ( 2 )  planning the  

waste management system, ( 3 )  s u b s i d i z i n g  the  r a t e  s t r u c t u r e  f o r  opera- 

t i o n s ,  and ( 4 )  r e g u l a t i n g  and s t a b i l i z i n g  the  w a s t e  stream market. 

Another concept used by European c o u n t r i e s  i s  t h a t  of c r e a t i n g  

a u t h o r i t i e s  t h a t  a r e  f inanced  by a mix of investments  from l o c a l  

communities, s t a t e  governments,  and p r i v a t e  indus t ry .  This approach 
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C
 

0
 

*
' 
u
 

(d
 

?
 

0
 
c (3 
d

 

h
 

bt 
0
 

0
 

C
 V
 

Q. 

C
 

C
 

7
-4

 

u
 

u
 

V
 

n: P
 

E
 

w
 

w
 

c
 

d
 

T; 
c 
rt 
LL 



W e r t  Vlrginia 
Wlrconrln 
Wyomlna 

X 
X X 

I I I 

1 I 



1 4  

provides  f o r  d i s t r i b u t i n g  r e s p o n s i b i l i t y ,  sha r ing  a u t h o r i t y ,  r a i s i n g  

c a p i t a l ,  and encouraging coopera t ion .  In the  c u r r e n t  p o l i t i - c a l  climate 

of  the  United S t a t e s ,  i t  i s  u n l i k e l y  t h a t  pub l i c  ownership w i l l  be 

r e a d i l y  adopted. An i n c r e a s i n g  l e v e l  of American pub l i c  i n t e r v e n t i o n  

could  provide the b a s i s  f o r  such po l i cy  models i n  the  United S t a t e s .  

Yroj e c t  f i nanc ing  was an innova t ive  technique developed about a 

decade ago t o  meet the  need f o r  large-scale, energy-re la ted  p r o j e c t s  

r e q u i r i n g  v a s t  c a p i t a l  o u t l a y s  and prolonged c o n s t r u c t i o n  per iods .  

Based on t h i s  h i s t o r i c a l  background, i t  i s  p o s s i b l e  t o  env i s ion  the  same 

concepts  app l i ed  t o  high-technology, h igh-capi ta l -cos t  hazardous wasLe 

d i s p o s a l  f a c i l i t i e s . 8  The basic. c r e d i t  c r i t e r i a  inc lude :  

The p r o j e c t  must involve  a proven technology. 

The o p e r a t i o n  must be f l e x t b l e .  

The supply  of hazardous waste must be r e l i - ab le .  

The ope ra to r  must be a b l e  t o  demonstrate  e x p e r t i s e .  

Risk sha r ing  should be d i s t r i b u t e d  among a pool of p r o j e c t  users .  

De ta i l ed ,  c r e d i b l e  cash-f low p r o j e c t i o n s  should be in t roduced .  

A sound c a p i t a l  s t r u c t u r e  n u s t  be e s t a b l i s h e d .  

The u s e r s  should be sponsors  of the  p r o j e c t .  

Conrrac ts  between the  use r  and t h e  p r o j e c t  should s p e l l  out  t he  

u s e r l s  o b l i g a t i o n s  i n  the  event  t h a t  a d d i t i o n a l  c a p i t a l  funds a r e  

needed. 

Pos t c losu re  l i a b i l i t y  should be addressed.  

As a resu l t :  o f  t h e  congres s iona l  mandates conta ined  i n  the  

Hazardous and So l id  Waste Amendments t o  the  Resource Conservat ion and 

Recovery A c t ,  many hazardous wastes w i l l  soon be banned from any type o f  

l and  d i s p o s a l .  Th i s  r e g u l a t o r y  b i a s  a g a i n s t  land d i s p o s a l  and the  ine-  

v i t a b l e  d i f f i c u l t i e s  a s s o c i a t e d  wi th  s i t i n g  new f a c i l i t i e s  may impair  

t h e  a b i l i t y  to respond t o  the  i n c r e a s i n g  demand f o r  d i s p o s a l  capac i ty .  

I f  t h e  w a s t e  i n d u s t r y  f a c e s  a sho r t age  of d i s p o s a l  c a p a c i t y ,  it: i s  

a n t i c i p a t e d  t h a t  the u n i t  c o s t  of d i s p o s a l  w i l l  i n c r e a s e  d rama t i ca l ly .  

Waste minimizat ion could a l s o  r e s u l t  i n  increased  u n i t  c o s t s  of d i sposa l  

as the  waste i n d u s t r y  a t t e m p t s  t o  recover  the  f i x e d  c o s t s  of o p e r a t i o n s  

and t he  p r o f i t  margins. A s  a r e s u l t ,  a l t e r n a t i v e  t rea tment  t echno log ie s  

must be developed t o  s a f e l y  manage and d ispose  o€ those  wastes i n  the  

f u t u r e .  D i f fus ion  of t h e s e  technologies  could be favored due To these  

economic i n c e n t i v e s .  
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The na tu re  of environmental  r e g u l a t i o n s  i s  a n t i c i p a t e d  t o  change i n  

t h e  f u t u r e .  The c u r r e n t  t r end  i n  the development of r e g u l a t i o n s  i s  f a r  

t he  use of r i s k  assessment  methodologies t o  e s t a b l i s h  health-based star,- 

dards .  These s t anda rds  become u l t i m a t e  g o a l s  of t h e  r e g u l a t o r y  system. 

I n  p r a c t i c e ,  a technology-based s tandard  becomes the  o p e r a t i o n a l  l i m i t s .  

Th i s  d i f f e r e n c e  between the heal th-based s t anda rd  and t h e  technology- 

based s tandard  c r e a t e s  a technology gap. This  gap provides  the  incen- 

t i v e  f o r  investments  i n  technology development. The r i s k s  of technology 

inves tments  a r e  reduced i f  t he  r e g u l a t o r y  sys t em i s  w i l l i n g  t o  endorse 

t h e  technology and recommend it  as a BDAT. I n  a d d i t i o n ,  t h i s  gap a l s o  

r e p r e s e n t s  an u n c e r t a i n t y  f o r  investment  i n  f i x e d  f a c i l i t i e s  based on 

t echno log ie s  with a p ro jec t ed  u s e f u l  l i f e  of 20 t o  30 y e a r s .  

Technological  change can i n c r e a s e  the f i n a n c i a l  r i s k  i n  i n v e s t i n g  i n  

t h e s e  f i x e d  f a c i l i t i e s .  

The presence of economies of s c a l e  a s s o c i a t e d  wi th  f i x e d  f a c i l i t i e s  

a l w a y s  l e a d s  t o  a c o s t  advantage f o r  the  l a rge - sca l e  waste management 

f i r m  (o r  f i rms  that: can sha re  a c t i v i t i e s )  over small-scale f i rms .  It i s  

assumed t h a t  l a r g e - s c a l e  waste management f i r m s  have the  most e f f i c i e n t  

f a c i l i t i e s ,  d i s t r i b u t i o n s  s y s t e m s ,  s e r v i c e  o r g a n i z a t i o n s ,  o r  o the r  

f u n c t i o n a l  a c t i v i t i e s  f o r  t h e i r  s i z e .  Technologica l  change may pena l i ze  

these  l a rge - sca l e  f i r m s  i f  f a c i l i t i e s  designed t o  r eap  s c a l e  economies 

are  also more s p e c i a l i z e d  and less f l e x i b l e  i n  adapt ing  t o  new tech- 

no log ie s .  

An expanding c a p a b i l i t y  i n  the  hazardous waste i n d u s t r y ,  wi th  

p o t e n t i a l  f o r  enhancing technology d i f f u s i o n  and  suppor t ing  techcDlogy 

R&D programs, i s  o f f e r e d  by t h e  mobile t reatment  technology. The market 

f o r  t h i s  s e r v i c e  has been i n  p a r t  s t i m u l a t e d  by t h e  demand f o r  remedial  

a c t i o n s  a t  abandoned hazardous w a s t e  s i t e s  and the  r e g u l a t o r y  b i a s  

a g a i n s t  l and  d i s p o s a l .  For example, t he  use of commercial mobile 

i n c i n e r a t o r s  has  t h e  advantages of e l i m i n a t i n g  t h e  use of c a p i t a l  c o s t s  

and reducing the  c o s t s  and r i s k s  a s s o c i a t e d  w i t h  t r a n s p o r t a t i o n  of 

hazardous waste. The mobile technology reduces the  investment  r i s k  

a s s o c i a t e d  wi th  f i x e d  f a c i l i t i e s  as a r e s u l t  of t e c h n o l o g i c a l  change. 
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&.e f a c t o r  de lay ing  the  d i f f u s i o n  of t he  mobile technology i s  the  

t ime de lay  caused by t h e  c u r r e n t  pe rmi t t i ng  process .  A r ecen t  develop- 

mect t o  improve t h i s  process  was made on January 15, 1986, by a p e t i t i o n  

from the  Hazardous Waste Treatment Council (HWTC) t o  EPA t o  e s t a b l i s h  a 

P o r t a b l e  Treatment Permi t t ing  Program under RCRA. The p e t i t i o n  r eques t s  

t h a t  the  agency u t i l i z e  two pe rmi t t i ng  mechanisms f o r  t r ea tmen t  tech- 

no log ie s  which can be brought t o  the  p l a n t  of a hazardous waste 

gene ra to r  o r  any o t h e r  s i t e  which needs cleanup:  ( 1 )  permit  by r u l e  acd  

( 2 )  the  conso l ida t ed  s t a t ewide  permit .  These two op t ions  w i l l  expedi te  

t he  pe rmi t t i ng  process  f o r  p o r t a b l e  t rea tment  technologies  and expand 

n a t i o n a l  t rea tment  c a p a c i t y  a t  the  e a r l i e s t  p o s s i b l e  d a t e s .  

3 .  THE ROLE OF R&D I N  UNCERTAINTY R E D U C T I O N  

The main o b j e c t i v e  of technology R&D i s  t o  provide d a t a  f o r  

reducing the  u n c e r t a i n t i e s  i n  a decision-making process  t o  more 

a c c u r a t e l y  eva lua te  the  b e n e f i t s ,  c o s t s ,  and r i s k s  of implementing a 

proposed t echno log ica l  a l t e r n a t i v e .  The types  of d a t a ,  both numerical 

and nonnumerical,  needed i n  the  management of hazardous waste a r e  sum- 

marized i n  Table 5 . 6  
The r e g u l a t o r s  need d a t a  on f a c i l i t i e s  t o  ( 1 )  e f f e c t i v e l y  regu- 

l a t e  them, ( 2 )  monitor compliance with the  r e g u l a t i o n s ,  ( 3 )  s e l e c t  

f r u i t f u l  areas f o r  U D ,  and ( 4 )  perform a c t i o n s  requi red  under CERCLA. 

The phys ica l  and chemical c h a r a c t e r i s t i c s  of waste s t r o n g l y  

i n f l u e n c e  the  technologies  t h a t  are used f o r  i ts  t rea tment .  Important 

phys i ca l  c h a r a c t e r i s t i c s  i nc lude  i t s  form - s o l u t i o n ,  s o l i d ,  or s ludge.  

Important  chemical c h a r a c t e r i s t i c s  i nc lude  i ts  o r i g i n  - organ ic  o r  

i no rgan ic .  Waste can be f u r t h e r  c h a r a c t e r i z e d  as ac id  o r  a l k a l i n e ,  con- 

c e n t r a t e d  o r  d i l u t e .  Each c h a r a c t e r i s t i c  i n f l u e n c e s  the  combinations y 

s equences ,  c o s t s ,  and performance of t rea tment  and d i s p o s a l  op t ions .  

Because of t he  chemical and phys ica l  d i v e r s i t y  of waste ,  t rea tment  and 

d i s p o s a l  a l t e r n a t i v e s  a r e  d i v e r s e .  N o  s i n g l e  t rea tment  and d i sposa l  

p rocess  can be considered e x c l u s i v e l y  a p p r o p r i a t e  o r  t e c h n i c a l l y  

c o r r e c t .  
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Waste 
(WI 

Table 5. Types of d a t a  needed i n  the  management: of hazardous waste 

Type of da ta  Desc r ip t ion  

E n v i  r onmen t a l  Charac t e r i ze  the  n a t u r e  of t he  envirocment t h a t  is 
( E )  exposed t o  the  waste. The d a t a  inco rpora t e  b i o l o g i c a l ,  

e c o l o g i c a l ,  g e o l o g i c a l ,  me teo ro log ica l ,  and chemical 
c h a r a c t e r i s t i c s ,  as w e l l  as a l l  r e l e v a n t  t r a n s p o r t  
mechanisms. 

F a c i l i t y  
( F )  

Cha rac t e r i ze  a given waste.  It i s  d e s i r a b l e  t h a t  
t h e s e  d a t a  p e r t a i n  t o  i n d i v i d u a l  waste c o n s t i t u e n t s  and 
t o  the  waste as a whole. Two types  of waste charac- 
ter is t ics  a r e  recognized : 
(1)  p h y s i c a l  and chemical c h a r a c t e r i s t i c s :  s t a t e  

( s o l i d ,  l i q u i d ,  gas, s o l u t i o n ,  o r  suspension ir, a 
l i q u i d  such as w a t e r ) ,  v i s c o s i t y ,  d e n s i t y ,  f l a sh -  
p o i n t ,  c o r r o s i v e n e s s ,  o rganic  or  i no rgan ic ,  ele- 
ments ,  compounds, mix tu res ,  c o n c e n t r a t i o n s ,  
chemical  d e g r a d a b i l i t y ,  r e a c t i v i t y  i n  ambiect 
environments ,  r e a c t i v i t y  i n  waste streams; and 

g e n e t i c  e f f e c t s ) ,  n a t u r e  of hazard,  hazard l e v e l ,  
p e r s i s t e n c e ,  d e g r a d a b i l i t y ,  tendency toward bioac- 
cumula t ion ,  f a t e  i n  humans and the  environment.  

( 2 )  b i o l o g i c a l  c h a r a c t e r i s t i c s :  t o x i c i t y  ( i c c l u d i n g  

Charac te r i ze  a s i n g l e  f a c i l i t y  involved i n  the genera- 
t i o n ,  s t o r a g e ,  recovery ,  t r ea tmen t ,  o r  d i s p o s a l  of 
hazardous waste .  These d a t a  inc lude  l o c a t i o n ,  
o p e r a t i n g  c h a r a c t e r i s t i c s ,  input-output  waste charac- 
t e r i s t i c s ,  and the  n a t u r e  of environmental  and human 
exposure t o  hazardous c o n s t i t u e n t s  a s s o c i a t e d  wi th  the  
f a c i l i t y .  

Technology Charac te r i ze  the  t y p i c a l  performance and c o s t s  of 

i n j e c t i o n  w e l l s ,  i n c i n e r a t o r s ) .  
( T I  a v a i l a b l e  management t echno log ie s  (e.g., l a n d f i l l s ,  

S t a t e  Represent  t h e  o v e r a l l  a c t i v i t y  of a l l  f a c i l i t i e s  i n  the  
( S I  s ta te .  

Nat iona l  Represent  t he  o v e r a l l  a c t i v i t y  of a l l  f a c i l i t i e s  i n  t h e  
(NI n a t i o n .  



As a r e s u l t  of t h i s  d e c i s i o n  p rocess ,  waste management 

d e c i s i o n / p o l i c y  makers a r e  beginning t o  r e a l i z e  t h a t  a systems 

eng inee r ing  approach i s  needed i n  the  implementation of c o s t - e f f e c t i v e ,  

regula tor -approved ,  t e c h n i c a l  s o l u t i o n s  t o  waste management problems. A 

systems eng inee r ing  framework for  waste technology management i s  show. 

i n  Fig. 4 .  

Five  fundamental q u e s t i o n s  concerning waste systems are presented  

as b u i l d i n g  blocks f o r  waste technology management us ing  a systems engi- 

nee r ing  approach: 

1. What i s  t h e  worth of a p a r t i c u l a r  waste system? 

2 .  Should i t  be b u i l t  o r  maintained a t  a l l ?  

3 .  How should i t  be s t r u c t u r e d  and organized?  

4 .  How should i t  be c o n t r o l l e d ?  

5. What a r e  the  reasonable  v a l u e s  of c o s t s  and time f o r  producing o r  

main ta in ing  i t ?  

The framework presented  i n  Fig.  4 s u g g e s t s  t h a t  t he  o p e r a t i o n  and 

c o n t r o l  of f u t u r e  waste systems w i l l  be based on t h r e e  c r i t i c a l  PKOCP- 

dupes: ( 1 )  comprehensive waste acceptance  c r i t e r i a ,  ( 2 )  q u a l i t y  

a s s u r a n c e ,  and ( 3 )  waste c e r t i f i c a t i o n .  This  waste system o p e r a t i o n  and 

c o n t r o l  s cena r io  w i l l  provide performance-based requi rements  f o r  waste 

technology management. 

4 .  CONCLUSIONS 

The fo l lowing  concluding obse rva t ions  have been drawn from t h i s  

b r i e f  s tudy  of technology d i f f u s i o n  and i t s  p o t e n t i a l  impact on waste 

technology R&D. 

1. The e v o l u t i o n  of t h e  waste i n d u s t r y  technology p o r t f o l i o  is  being 

d r i v e n  p r i m a r i l y  by technology d i f f u s i o n .  

2. Innovat ion  i s  never r e a l l y  achieved u n t i l  t h e  technology i s  i n t r o -  

duced i n t o  t h e  a c t u a l  market o r  waste system and performance i s  

demonstrated o r  c o s t  r e d u c t i o n s  achieved .  

3 .  The g r e a t e s t  b a r r i e r  t o  con t inu ing  innova t ion  a r e  waste technology 

d i f f u s i o n  and u n c e r t a i n t y  over performance. There is  no s u b s t i t u t e  

f o r  r e a l - l i f e  demonst ra t ions  i n  high-leveraged a p p l i c a t i o n s .  
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4 .  

1. 

2 .  

3 .  

4. 

5. 

6 .  

7. 

8. 

There i s  a need f o r  a systems engineer ing  approach t o  waste tech- 

nology management. This  methodology o f f e r s  a sound framework f o r  

managing the technology innovat ion  process .  
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