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In t roduc t ion  

Trad i t iona l ly  Fuel Science and Engineering has  been regarded,  from an 
educa t iona l  viewpoint,  as something of a hybrid s u b j e c t  which cannot be e a s i l y  ac- 
commodated wi th in  the accepted framework of s e p a r a t e  academic d i s c i p l i n e s .  I n  
gene ra l  f a c u l t i e s  of s c i ence  tend t o  t r e a t  t h e  s u b j e c t  a s  an extension of  Physical  
and Organic Chemistry with cons ide rab le  emphasis on b a s i c  f u e l  p r o p e r t i e s  and the  
chemistry of combustion. 
courses  i n  both Mechanical and Chemical Engineering Departments which concen t r a t e  
on s p e c i f i c  a reas  of f u e l  u t i l i z a t i o n  and processing.  Courses i n  Mechanical 
Engineering Departments d e a l  mainly with only t h e  phys ica l  and thermodynamic a spec t s  
of t h e  combustion of f u e l s  i n  F. C.  engines and gas  t u r b i n e s .  Chemical Engineering 
Departments i n  gene ra l  do n o t  provide s p e c i f i c  courses  on Fuels but  do inc lude  a 
considerable  amount of b a s i c  m a t e r i a l  r e l e v a n t  t o  t h e  Fuel  Processing a r e a  i n  
s e v e r a l  standard Chemical Engineer ing courses .  Consequently it is t h e  except ion 
r a t h e r  than the  r u l e  t o  f i n d  well-balanced schemes of s tudy i n  t h e  a reas  of Fuel 
Science and Engineering. 
educat ion i n  a l l  a spec t s  of f u e l s  ranging from resources  and recovery through t o  
u t i l i z a t i o n  and p o l l u t i o n  c o n t r o l .  

The cu r ren t  wave of i n t e r e s t  and concern i n  all mat te r s  r e l a t i n g  t o  t h e  
n a t i o n a l  energy s i t u a t i o n  provides  s u f f i c i e n t  j u s t i f i c a t i o n  f o r  c l o s e l y  examining 
t h e  educat ional  programs of t h e  s c i e n t i s t s  and engineers  who w i l l  be  needed t o  
meet t h e  demands i n  t h i s  a r e a ,  I t  would be  somewhat i r o n i c  i f  t h e  new technologies  
and i n d u s t r i e s  proposed t o  overcome t h e  nation's f u e l  supply problems were themselves 
subjected t o  a supply problem of adequately t r a ined  personnel .  
whether o r  not our  e d u c a t i o n a l i n s t i t u t i o n s  c u r r e n t l y  provide appropr i a t e  programs 
f o r  t h e  number of personnel  r equ i r ed  i n  t h i s  a r e a ,  s t i l l  remains open, It is 
perhaps worth not ing t h a t  s e v e r a l  l a r g e  American companies a r e  c u r r e n t l y  r e c r u i t i n g  
graduate- level  f u e l  s c i e n t i s t s  and eng inee r s  d i r e c t l y  from U.K. U n i v e r s i t i e s .  Also 
it appears  i n e v i t a b l e  t h a t  as we t u r n  t o  p rogres s ive ly  more d i f f i c u l t  f u e l s ,  t he  
environmentally accep tab le  e x t r a c t i o n ,  processing and u t i l i z a t i o n  w i l l  l e a d  t o  an 
increased requirement f o r  p r o f e s s i o n a l s  a t  a l l  l e v e l s  i n  t h e  f u e l  and energy s e c t o r .  
A s a t i s f a c t o r y  answer t o  t h e  ques t ions  r a i s e d  he re  can of course only be obtained 
byconducting a d e t a i l e d  market survey of bo th  t h e  sources  of supply of and demand 
f o r  f u e l  s c i e n t i s t s  and engineers  at  both graduate  and undergraduate l e v e l s .  It 
is  i n  t h i s  a r ea  t h a t  t h e  p r o f e s s i o n a l  s o c i e t i e s  could p l ay  an important r o l e .  

It i s  not t h e  o b j e c t i v e  of t h i s  paper t o  provide answers t o  these  ques t ions  
of supply and demand, nor  t o  addres s  t h e  more fundamental ques t ions  r e l a t i n g  t o  t h e  
r o l e  of u n i v e r s i t i e s  i n  r e g u l a t i n g  o r  c o n t r o l l i n g  t h e  supply i n  t h e  i n t e r e s t s  of 
p a r t i c u l a r  professions.  
t o  improve e i t h e r  o r  both t h e  q u a l i t y  and quan t i ty  of Fuel  Science and Engineering 
courses,  t h r e e  examples of Un ive r s i ty  Departments c u r r e n t l y  o f f e r i n g  schemes of 
s tudy i n  t h i s  a r e a  are presented which r ep resen t  t h r e e  a l t e r n a t i v e  l e v e l s  of commie 
ment t o  educat ion i n  t h i s  s u b j e c t  a r ea .  
Engineering has  t r a d i t i o n a l l y  maintained a s t rong  graduate  program i n  Fue l  Engineer- 
i n 8  which r ep resen t s  only one s p e c i a l i s t  sub jec t  a r e a  i n  a comprehensive Chemical 
Engineering curriculum. The  Department of Chemical Engineering and Fue l  Technology 
a t  t h e  Universi ty  of  S h e f f i e l d  has  maintained a ve ry  s t r o n g  commitment t o  both 

Engineering f a c u l t i e s  on t h e  o t h e r  hand o f t e n  provide 

Very few academic i n s t i t u t i o n s  provide a broad-based 

The ques t ion  of 

Based on t h e  premise t h a t  some changes may be d e s i r a b l e  

A t  MIT t h e  Department of Chemical 
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s u b j e c t s  at graduate  and undergraduate l e v e l s .  
Combustion Science a t  t h e  Univers i ty  of Leeds o f f e r s  bo th  graduate  and undergraduate 
degree  schemes devoted exc lus ive ly  t o  t h e  sub jec t  of Fue ls .  

Fue l  Engineering Courses a t  MIT 

The Department of Fuel and 

I n  common wi th  many Engineering Schools i n  Departments of Mechanical and 
Nuclear Engineering a t  MIT o f f e r  spec ia l i zed  graduate  courses  which a r e  r e l a t e d  
t o  c e r t a i n  areas of Fuel  Engineering. Courses i n  Combustion, Thermal Power 
System, Energy Conversion and Nuclear Fuels  f a l l  i n t o  t h i s  ca tegory .  The Depart- 
ment of Chemical Engineering i s  one of t h e  few departments i n  t h e  country t o  o f f e r  
a coord ina ted  scheme of study a t  t he  graduate  l e v e l  i n  Fuel Engineering. This scheme 
of s tudy  i s  completely op t iona l  and r ep resen t s  on ly  one poss ib l e  a rea  of graduate  
s p e c i a l i z a t i o n  amongst a t o t a l  of twelve Chemical Engineering top ic s .  An i n t e -  
g ra t ed  program i n  t h i s  area, leading  t o  an  M.Sc, r e q u i r e s  a t o t a l  of 66 c r e d i t  
hours a t  l e a s t  42 of which must normally be obta ined  from t h e  fo l lowing  l i s t  of 
courses  s u b j e c t s :  

Subjec t  Cred i t  hours 

Energy Technology 
Chemical Engineering Thermodynamics 
Mechanics of F lu ids  
Ca ta lys i s  and C a t a l y t i c  Processes  
Absorption and Ca ta lys i s  
Chemical Reaction Engineering 
P r i n c i p l e s  of Combustion 
Seminar i n  A i r  P o l l u t i o n  Cont ro l  
Seminar i n  Fuel  Conversion and U t i l i z a t i o n  
Radia t ive  Transfer  
Nuclear Chemical Engineering 

9 
12 

9 
9 
9 
9 
9 
9 
9 
9 

12 

In a d d i t i o n , a  r e sea rch  t h e s i s  i s  requi red  and t h e  Department Fuels  Research Labora- 
t o r y  toge the r  wi th  the  MIT Energy Laboratory provide  exce l l en t  f a c i l i t i e s  f o r  
r e sea rch  on a wide range of f u e l  process ing  and combustion top ic s .  Normally t h e  
gene ra l  requirements f o r  a n  M.Sc. degree can  be m e t  w i th in  one academic yea r .  

t h e  sub jec t  as a spec ia l i zed  area of Chemical Engineering. Courses a r e  presented  
only  a t  graduate  l e v e l  and r equ i r e  a f i rm  background i n  t h e  gene ra l  p r i n c i p l e s  of 
Chemical Engineering. 
i n  t h e i r  s e n i o r  year  as r e s t r i c t e d  e l e c t i v e s .  
i n  Fuel  Engineering i n e v i t a b l y  l eads  t o  a cons ide rab le  degree  of s p e c i a l i z a t i o n .  
Phe very  n a t u r e  of graduate-course 
i n t e l l e c t u a l l y  demanding q u a l i t a t i v e  m a t e r i a l  a s soc ia t ed  wi th  some of t h e  more 
pragmatic a spec t s  of Fuel Engineering . A t  MIT t h e  a r e a s  of s p e c i a l i z a t i o n  r e f l e c t  
t h e  department 's  s t r o n g  i n t e r e s t  i n  Chemical Engineering a spec t s  of Fuel Process ing  
Combustion and A i r  Po l lu t ion .  Severa l  o t h e r  engineer ing  schools o f f e r  graduate  
courses  which cover o the r  important a spec t s  of Fue l  Engineering such as Resource 
Recovery, Thermal Power Engineering and Energy Management. I n  general, i t  is f e l t  
t h a t  even though very  few graduates  o b t a i n  degrees  s p e c i f i c a l l y  i n  Fuel  Science 
and E n g i n e e r i n g t h e r e  is a s u f f i c i e n t  pool of s p e c i a l i s t  g raduates  t o  m e e t  t h e  
demands of t h e  upper l e v e l  managerial ,  r e s e a t c h  and development areas of t h e  f u e l  
and energy sec to r .  

The gene ra l  philosophy i n  r e spec t  t o  educa t ion  i n  Fuel  Engineering i s  t o  treat 

However,the courses  are a v a i l a b l e  t o  undergraduate s tuden t s  
This  approach t o  graduate  educa t ion  

work usua l ly  prec ludes  much of t h e  less 
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The Department of Chemical Engineering and Fue l  Technology, Univers i ty  of 
She f f i e ld ,  England. 

Before d i scuss ing  t h e  s t r u c t u r e  of t h e  graduate  and undergraduate courses  
o f f e red  by t h e  Department o f  Chemical Engineering and Fuel Technology a t  t h e  
Un ive r s i ty  of Sheffield,  i t  is worthwhile t o  po in t  ou t  t h e  gene ra l  d i f f e rences ,  
p a r t i c u l a r l y  i n  r e spec t  of en t rance  requi rements ,  between U.K. and American 
Un ive r s i t i e s .  
counterpar t s  on en te r ing  a un ive r s i ty .  
t h ree  o r  four s u b j e c t s  appropr i a t e  t o  t h e  a r e a  of u n i v e r s i t y  study they wish t o  
pursue. For ins tance ,most  s tuden t s  wishing t o  e n t e r  Chemical Engineering Schools 
w i l l  have s tud ied  Maths, Phys ics  and Chemistry. Each u n i v e r s i t y  and u n i v e r s i t y  
department is then  free t o  s e t  whatever en t r ance  requirements i t  f e e l s  necessary 
f o r  s p e c i f i c  degree courses .  E l i g i b i l i t y  f o r  en t r ance  i s  then  judged on t h e  b a s i s  
of ind iv idua l  s tuden t s  performance i n  n a t i o n a l  examinations conducted by indepen- 
dent examining bodies .  Ent rance  requirements are consequently somewhat more 
s t r i n g e n t  in t h e  U.K.,and the  s tuden t s  a r e  equipped t o  commence t h e i r  undergraduate 
degree courses a t  
As  a r e s u l t  most Undergraduate courscs  a r c  only  t h r c c  yca r s  i n  dura t iox , lcading  
t o  the  Bachelors degree.  By t h e  t i m e  of en t rance ,  s tuden t s  have a l ready  chosen 
t h e i r  subjec t  a r e a s ,  and s p e c i a l i s t s  courses  i n  t h e  appropr i a t e  sub jec t s  a r e  giben 
during t h e  f i r s t  year .  

The scheme of s tudy  at undergraduate l e v e l ,  o f f e red  by t h e  Department of 
Chemical Engineering and 
of courses  du r ing  t h e  f i r s t  two yea r s  w i th  o p t i o n a l  s u b j e c t s  i n  the  f i n a l  under- 
graduate  year. S tudents  are r equ i r ed  t o  o b t a i n  s a t i s f a c t o r y  r e s u l t s  i n  a l l  pre- 
s c r ibed  sub jec t s  a t  t h e  end of t h e  second yea r  before  being allowed t o  proceed t o  
t h e  f i n a l  year. Progress  i s  monitored e s s e n t i a l l y  by formal w r i t t e n  examination 
a t  the  end of each year .  The r e s u l t s  of t hese  examinations determine whether o r  
not t h e  s tudent  i s  cons idered  f o r  an Ordinary o r  Honours degree. 

gene ra l  engineer ing  cour ses  and in t roductory  courses  t o  Fuel Technology and Chemi- 
cal Engineering which r e p r e s e n t  about 20% of t h e  t o t a l  course load. These courses  
are designed t o  equip t h e  s tuden t  f o r  t h e  more advanced courses  i n  t h e  second 
and f i n a l  year's scheme 
s tuden t s  t o  many of t h e  p r a c t i c a l  a spec t s  of Fue l  Technology inc luding  p r o p e r t i e s  
and t e s t i n g  of s o l i d ,  l i q u i d  and gaseous f u e l s .  During the  second y e a r  t h e  
p re sc r ibed  scheme o f  s tudy  c o n s i s t s  of courses  i n ,  

In gene ra l  U.K. s t uden t s  are a year  o l d e r  than  t h e i r  American 
They w i l l  have spent  two yea r s  s tudying  

a h i g h e r  academic l e v e l  t han  freshmen i n  American Un ive r s i t i e s .  

Fue l  Technology a t  t h e  Univers i ty  of Shef f ie ld ,  c o n s i s t s  

F i r s t  year sub jec t s  a r e  mostly ex tens ion  of Maths, Physics and Chemistry, 

o f  s tudy .  Laboratory classes i n  the  f i r s t  yea r  in t roduce  

Fuel  Technology Mechanical Engineering Maths 
Chemical Engineering Elector-Technology Chemistry 

The Fuel  Technology and Chemical Engineering courses  occupy approximately 50% 
of t h e  course work. At t h i s  s t a g q  Chemical Engineering courses  d e a l  e s s e n t i a l l y  
wi th  t h e  fundamentals of Heat,  Mass and Momentum Trans fe r  a t  q u i t e  an advanced 
l eve l .  
Fuels inc luding  handl ing  and process inr ,and  in t roduc t ion  t o  some o f  t h e  more 
p r a c t i c a l  problems a s soc ia t ed  wi th  t h e  combustion of d i f f e r e n t  types  o f  f u e l s .  
After success fu l ly  completing t h e  f i r s t  two y e a r s  of p re sc r ibed  undergraduate 
courses ,  s tuden t s  then  have the  op t ion  of choosing between f i n a l  year  schemes of s tudy  
i n  e i t h e r  Chemical Engineering and Fuel  Technology o r  Environmental Chemical 
Engineering. 
below; 

The F u e l  Technology courses  d e a l  wi th  some of t h e  gene ra l  a spec t s  of 

The p resc r ibed  courses  of s tudy  f o r  t h e s e  two opt ions  are given 
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E i t h e r  (i) Chemical Engineering and Fuel  Technology 

Chemical Engineering Operations Fuel  Processing 
Control and Instrumentat ion 
Nuclear Reactor Engineering Combustion Theory 
Business Economics Ref rac t ions  Technology 

Di rec t  E l e c t r i c i t y  Generation 

o r  ( i i )  Environmental Chemical Engineering 

Chemical Engineering Operations P ro jec t  Evaluat ion w i t h  r e s p e c t  t o  
Control and Instrumentat ion P o l l u t i o n  Control 
Environmental Chemical 
Engineering of P o l l u t i o n  

Medical and Legal a s p e c t s  

t oge the r  with any t h r e e  of t h e  fol lowing advanced top ic s :  

F lu id  Dynamics 
Advanced Combustion Theory wi th  G a s  Dynamics 
Heat Exchanges 
High Temperature Chemical Engineering 
Process and P ro jec t  Engineering 
Advanced Topics 

I n  add i t ion  during t h e  f i n a l  yea r  s t u d e n t s  a r e  r equ i r ed  t o  undertake e i t h e r  
an experimental  i n v e s t i g a t i o n  
Engineering o r  Fuel Technology. 

be included a s  a major element i n  a Chemical Engineering curr iculum a t  under- 
graduate  l e v e l .  
on f u e l s  is contained i n  t h e  f i n a l  yea r  of s tudy,  and a s  such , the  o v e r a l l  e f f e c t  
is t o  provide b a s i c  co re  of Chemical Engineering courses  around which t h e  s u b j e c t s  
of Fuel  Technology,and i n  par t icular ,Combust ion a r e  handled p r imar i ly  from a 
Chemical Engineering and Processing p o i n t  of view. 

In common wi th  most o t h e r  U.K. Universi ty  Departments, the Department of  
Chemical Engineering 
research programs r equ i r ing  no formal course work. However an advanced course on 
Combustion Science and Po l lu t ion  Control  is a l s o  offered,which l e a d s  t o  t h e  award 
of a Diploma o r  Master's Degree by examination. 
terms of l e c t u r e s ,  seminars and experimental  work on t o p i c s  which inc lude :  

a design s tudy of some problem of Chemical 

These course d e t a i l s  c l e a r l y  show t h a t  t h e  s u b j e c t  of Fuel Technology can 

However,it should be r e a l i z e d  t h a t  much of t h e  course m a t e r i a l  

and Fuel  Technology o f f e r s  ba th  Masterb and Doctorate  

The course c o n s i s t s  of two f u l l  

Physical  Chemistry of Combustion 
Connective Heat Transfer  
Radiat ive Heat T rans fe r  
Theory and Technology of Combustion Process  
Minor Const i tuents  of Flames and Combustion Gases 
Combustion Ndise and O s c i l l a t i o n s  
Flame and Plasma Reactors 
Open Flames, F l a r e s  and I n c i n e r a t o r s ,  Plume Dispersion 
Furnace Ref rac to r i e s  
Measurement and Control  i n  Flames (Experimental  Techniques) 
Mathematical Models of Combustion Systems. 

I n  add i t ion ,  s tuden t s  prepare a d i s s e r t a t i o n  i n  e i t h e r  a design s tudy o r  a 
research p r o j e c t ,  which i s  completed a f t e r  t h e  course work and can s e r v e  a s  an 
in t roduc t ion  t o  a Ph.D. course.  

and mathematics. 
This Master's course i s  open t o  graduates  i n  engineer ing,  phys i c s ,  chemistry 
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E The Department of Fuel  and Combustion Science a t  the Universi ty  of Leeds. 

I n s t r u c t i o n  and r e s e a r c h  i n  f u e l  s c i ence  have been provided by t h e  Un ive r s i ty  
of Leeds s i n c e  1906, and cour ses  are c u r r e n t l y  o f f e r e d  a t  t h e  undergraduate l e v e l  
i n  Fuel  and Energy Engineer ing and i n  Fuel and Combustion Science.  The courses  a r e  
o f f e red  by t h e  Department of Fuel  and Combustion Science which i s  t h e  only Uni- 
v e r s i t y  Department i n  t h e  U.K. t o  o f f e r  undergraduate schemes of s tudy devoted 
exclusively t o  t h e  s u b j e c t  of f u e l s .  The department pov id ing  these  schemes of 
s tudy i s  t h e  founding member of t he  Houldsworth School of Applied Science.  
The school i t s e l f  c o n s i s t s  of f i v e  departments which, a l through independent i n  
themselves, have so much i n  common t h a t  they have e l e c t e d  t o  work toge the r  a s  
a group. These departments  a r e  Fuel  and Combustion Science,  Chemical Engineer ing,  
Metallurgy, Ceramics and Mining and Mineral  Sciences.  The schoo l  o rgan iza t ion  
al lows the va r ious  departments  t o  sha re  l e c t u r e  rooms, t h e  l i b r a r y ,  common rooms, 
workshops and many i tems of c o s t l y  equipment which could not  e a s i l y  b e  provided 
separately.  I n  a d d i t i o n , t h e  departments provide c a r e f u l l y  t a i l o r e d  s e r v i c e  courses  
i n  s p e c i f i c  s u b j e c t  a r e a s  f o r  s t u d e n t s  from o t h e r  departments  w i th in  t h e  school .  

The Department c u r r e n t l y  o f f e r s  f o u r  undergraduate degree programs, 

* B. Sc. Fuel  and Combustion Science - B. Sc. Fuel and Energy Engineering 
* B. Sc.  Chemistry/Fuel and Combustion Science 
* B. Sc. Fuel  and Energy/Management S tud ie s  

The f i r s t  two of t h e s e  schemes involve only t h e  Fuel  and Combustion Science 
Department. 
common but a r e  v a r i e d  t o  c a t e r  t o  t h e  i n d i v i d u a l  a b i l i t y  and i n t e n t i o n s  of t he  s t u -  
den t .  The Fuel  and Combustion Science cour se  con ta ins  r a t h e r  more b a s i c  sc i ence  than 
t h e  Fuel  and Energy Engineer ing course,  which as i t s  name impl i e s ,  is b ia sed  more 
towards engineer ing and t echno log ica l  a spec t s .  Broadly,  but  no t  exc lus ive ly ,  t h e  
former i s  intended t o  equip graduates  f o r  e n t r y  i n t o  the  r e sea rch  and develop- 
ment s e c t o r s  of t h e  i n d u s t r i e s  supplying and using f u e l s  and t h e  l a t t e r  i s  intended 
f o r  fu tu re  des igne r s  and b u i l d e r s  of p l a n t  and equipment f o r  t h e  l a rge - sca l e  
processing o r  use of f u e l s .  

j o i n t l y  with t h e  Departments of Chemistry and Management S tud ie s .  
Fuel  and Combustion Science scheme of s tudy allows t h e  chemistry-minded s tuden t  
t o  c a r r y  t h i s  s u b j e c t  f u r t h e r  while  a t  t h e  same time r ece iv ing  sound t r a i n i n g  i n  
t h e  sc i ence  of  f u e l  and combustion. 
ment s tud ie s  i s  aimed a t  providing both a f i r m  t echno log ica l  and eng inee r ing  
apprec i a t ion  of  f u e l s  and energy f o r  s t u d e n t s  wishing t o  fol low convent ional  
courses  i n  Management S tud ie s .  This  combination of courses  i s  hoped t o  provide 
t h e  co r rec t  blend of t echno log ica l  and managerial  knowledge r equ i r ed  f o r  t h e  new 
generat ion of f u e l  and energy managers. 

Fuel  and Energy Engineer ing a r e  given below. 
F i r s t  Year- cour ses  are e s s e n t i a l l y  common f o r  both degree schemes. 

Both a r e  e s s e n t i a l l y  t h r e e  yea r  courses  and have a b a s i c  theme i n  

The last two undergraduate  degree schemes a r e  combined courses  o f f e r e d  
The Chemistry/ 

The combined course i n  Fuel and Energy/Manage- 

TheHonour's degree schemes of s tudy  f o r  both Fuel  and Combustion Science and 

Fuel  and Energy Sources Maths 
Fuel  and Energy U t i l i z a t i o n  Physics  
M a t e r i a l s  Science Physical  Chemistry 
Computational Techniques 

Second Year- aga in  t h e  ma jo r i ty  of f u e l  courses  a r e  common, t h e  only d i f f e r e n c e s  
being i n  t h e  subs id i a ry  s u b j e c t s .  

I 
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Fuel and Combustion Science Fuel and Energy Engineering 
Combustion Technology * 
Fuel Processing and Flow of Materials * 
Power Generation I * 
Instrumentation and Control * 
Fuel and Energy Economics * 
Applied Physical Chemistry * 
Heat Transfer I * 
Chemical Engineering (Unit Operations) * 

Physics Mathematics 
Chemistry (Organic) Engineering (Mechanical 

(* Common Courses) 
Third Year- all courses are given by the Department. 
Fuel and Combustion Science 

and Electrical). 

Fuel and Energy Engineering 
Combustion Aerodynamics and Heat Transfer * 
The Efficient Use of Energy * 
Management and Organization of the Energy Industries * 

Combustion and Explosion 
Petroleum and National Gas Science Fuel and Combustion Plant Design 
Coal and Carbon Science Power Generation I1 

(* Common Courses) 
conduct an experimental research project on some aspect of fuel and combustion 
science or energy engineering. 

Courses for the combined degree schemes in Chemistry/Fuel and Combustion 
Science and Fuel and Energy/Management Studies consist of combinations of 
some of the above courses with selections of standard courses in the Departments 
of Chemistry and Management StudieS respectively. 

Petroleum and National Gas Engineering 

In addition to the above course$ students are required to 

Schemes of study are also offered at graduate level leading to 

- M. Sc. Combustion and Energy 
* M. Sc. Environmental Pollution Control. 

The latter course is 
though combustion and fuels-related pollution aspects are covered by the depart- 
ment. 
which draws upon the expertise of the Departments of Fuel and Combustion Science, 
Mechanical Engineering and Physical Chemistry. Both of these graduate programs 
take one complete academic year and include both course work and a research ex- 
ercise. 
Discussion 

in the three Departments discussed here are ones of scope and breadth of coverage. 
Treatment at graduate level without any prior introduction to the subject of Fuels 
leads inevitably to a considerable degree of specialization, usually in some area 
amenable to a qualitative and analytical approach, such as combustion. The in- 
clusion of Fuel Science and Engineering courses at undergraduate level can 
readily be integrated into 9 Chemical Engineering curriculum without seriously 
affecting the basic elements essential for education in Chemical Engineering. 
This approach can eliminate the need for specialization in one particular area 
and can lead to a well-rounded appreciation of the engineering significance of 
fuels. 
provide an extremely broad training in all aspects of Fuel Science and Engineering. 
The major advantage of this approach is that it provides sufficient coverage of 
many important qualitative, practical and technological aspects in all areas 

run in conjunction with several other university departments, 

The former course is offered by the Center for Combustion and Energy Studies 

The major differences in approach to education in Fuel Science and Engineering 

Undergraduate schemes of study devoted exclusively to the study of fuels 
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of Fuel  Science and Engineering. 
i n c l i n e d  s tuden t s  a b l e  t o  Pursue ca ree r s  i n  r e sea rch  and development, bu t  t h e  more 
pract ical ly-minded s t u d e n t s  a r e  w e l l  prepared t o  e n t e r  t h e  o p e r a t i o n a l  s i d e  of 
many i n d u s t r i e s  making o r  using f u e l s .  It is  o f t e n  a t  t h i s  l e v e l  where many 
important  dec i s ions  a f f e c t i n g  f u e l  and energy usage a r e  made p a r t i c u l a r l y  i n  t h e  
small t o  medium s i z e  i n d u s t r i e s .  

than t h e  foundation of any p a r t i c u l a r  i n s t i t u t i o n .  Consequently i t  is f e l t  t h a t  
any charges deemed necessary i n  t h e  educat ion of  Fuel  Science and Engineering i n  
t h e  U.S.A. w i l l  t a k e  p l a c e  predominately in graduate  schools  by a l t e r a t i o n  of 
e x i s t i n g  courses  or implementation of new courses .  However, it is f e l t  t h a t  
many of the important  s u b j e c t s ,  p a r t i c u l a r l y  f u e l  and energy u t i l i z a t i o n ,  can 
b e s t  be included at undergraduate  l eve l .  

Engineering curr iculum and t h e  p rov i s ion  of such courses  could c e r t a i n l y  he lp  t o  
provide the t echno log ica l  background s o  o f t e n  missing i n  graduate  l e v e l  courses .  

Hence not  only a r e  t h e  more academically 

It i s  always e a s i e r  and u s u a l l y  s a f e r  t o  a l t e r  t h e  s u p e r s t r u c t u r e  r a t h e r  

Fuel  Science and Engineer ing courses  can e a s i l y  b e  i n t e g r a t e d  i n t o  a Chemical 

296 


