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I INTRODUCTION 

The energ y balance-sheet s currentl y publishe d i n th e Communit y ar e o f  th e 

'primar y input 1 typ e usin g coa l  a s a  reference *  The y ar e draw n u p b y 

convertin g th e variou s source s o f  energ y int o thei r  energ y equivalent s a t 

th e primar y inpu t  level •  Thi s syste m mean s tha t  th e quantitie s consume d 

ar e expresse d i n term s o f  th e calorifi c  valu e o f  th e energ y neede d a t  th e 

primar y inpu t  leve l  t o meet  fina l  consumptio n requirements .  Th e resul t  i s 

tha t  whe n on e for m o f  energ y i s transforme d int o another ,  losse s durin g 

transformatio n ar e no t  recorded .  Compilin g th e balance-sheet s i n thi s wa y 

no longe r  seem s t o meet  th e need s o f  economi c analysi s fully .  Recen t  trend s 

i n energ y polic y i n th e wak e o f  th e 197 3 oi l  crisi s cal l  fo r  a  mor e 

detaile d knowledg e o f  th e amoun t  o f  energ y actuall y use d fo r  transformatio n 

and b y fina l  consumers .  Wor k o n energy—savin g an d deman d analyse s an d fore -

cast s ha s made i t  necessar y t o kno w th e exac t  losse s o f  energ y whic h occu r 

durin g th e variou s stage s o f  transformatio n an d consumptio n an d thu s th e 

actua l  energ y consumed ,  i.e .  usefu l  energy 1. 

For  thes e purpose s th e presen t  balance-sheet s -  draw n u p an d vali d purel y 

fro m th e primar y inpu t  standpoin t  -  hav e severa l  drawbacks .  The y tackl e th e 

proble m solel y fro m th e producers '  poin t  o f  view ,  thereb y failin g t o tak e 

accoun t  o f  th e importanc e o f  consumption ,  obscurin g losses ,  favourin g 

certai n form s o f  energ y becaus e o f  th e equivalenc e conversio n metho d an d 

usin g a  uni t  o f  measuremen t  o f  therma l  equivalenc e whic h ha s a  variabl e an d 

non-transitiv e definition . 

An endeavou r  mus t  therefor e b e made t o improv e th e abov e syste m an d t o 

overcom e thes e drawback s i f  th e ne w analysi s requirement s ar e t o b e met 

more effectively .  Th e ai m i s t o calculat e 'usefu l  energy' ,  i.e .  t o recor d 

th e amoun t  o f  energ y actuall y use d b y th e fina l  consume r  t o cove r  hi s 

requirements . 

In order to achieve t h i s, the present primary input balance-sheets must 

f i r s t be converted into 'energy supplied' balance-sheets, i . e. calculate 

£~the exact amount of 
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energ y actuall y delivere d t o th e fina l  consumers'door .  Usefu l 

energ y i s the n calculate d b y multiplyin g thi s quantit y b y th e 

efficienc y o f  th e fina l  apparatu s use d b y th e fina l  consumer . 

Thi s entail s th e observatio n o f  a  numbe r  o f  principles . 

II  PRINCIPLE S 

I t  i s  necessar y t o t 

-  observ e th e Firs t  La w o f  Thermodynamics ,  whic h state s tha t 

th e energ y i n a  close d syste m remain s constant ,  i.e .  th e 

equatio n :  inpu t  =  outpu t  +  losses .  A  consume r  canno t  obtai n 

more energ y tha n tha t  containe d i n th e resource s place d a t 

hi s disposal ; 

-  trea t  al l  source s o f  energ y o n a n equa l  footing ,  whic h mean s 

applyin g precis e equivalent s an d conversio n factor s t o the m 

and usin g th e sam e balanc e syste m fo r  al l  o f  the m i n orde r 

t o mak e i t  possibl e t o ad d th e total s togethe r  an d t o obtai n 

a bette r  pictur e o f  th e effect s o f  substitutions ; 

-  us e a  uni t  o f  measur e whic h i s neutral ,  genera l  an d transiti -

ve ,  an d therefor e suitabl e fo r  th e measuremen t  o f  al l  form s 

of  energ y (heat ,  motion ,  radiation ,  etc. )  an d al l  energ y 

source s (coal ,  oil ,  gas ,  electricity ,  etc. )  i n orde r  t o obtai n 

addabl e figures ; 

-  monito r  al l  energ y flow s fro m creatio n t o fina l  use ,  showin g 

al l  intermediat e operations ; 

-  record ,  i n additio n t o losses ,  th e quantitie s o f  energ y 

require d fo r  al l  operation s throughou t  th e energ y flow ,  i n 

othe r  word s sho w separatel y energ y use d i n th e extraction , 

production ,  preparatio n an d transformatio n o f  energ y source s 

and possibl y thei r  transportatio n t o th e fina l  consumer ; 
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-  conside r  operation s withi n give n limit s o f  tim e an d space . 

Thi s mean s applyin g th e principl e o f  territoriality ,  accor -

din g t o whic h operation s whic h tak e plac e withi n th e geo -

graphica l  limit s o f  th e countr y i n questio n ar e include d i n 

th e balance-sheet s irrespectiv e o f  th e nationalit y o r  objec -

tive s o f  th e economi c agents .  An y los s whic h occur s befor e 

or  afte r  th e frontie r  i s  crosse d i s thu s no t  include d i n th e 

balance-shee t  o f  th e countr y unde r  consideration . 

-  conside r  al l  th e countrie s o n a n equa l  footin g s o tha t  compa -

rison s ca n b e draw n internationall y an d a n overal l  Communit y 

balance-shee t  compiled .  Thi s onc e agai n mean s identica l 

recordin g o f  al l  energ y source s (withou t  whic h comparison s 

betwee n tw o countrie s wit h differen t  energ y sourc e structure s 

woul d b e invalid)an d als o consistenc y i n foreig n trad e (i n 

particular ,  n o chang e i n th e calorifi c  powe r  o f  a n energ y 

sourc e whe n a  frontie r  i s  crossed) ; 

-  obtai n a  se t  o f  statistic s whic h ca n b e computer-processed : 

thi s require s th e consistenc y o f  al l  th e vertica l  an d hori -

zonta l  line s o f  th e balance-shee t  a s wel l  a s th e eliminatio n 

of  non-sequitur s an d loops ,  whic h ar e ofte n rejecte d b y th e 

computer . 

A balance-shee t  base d o n thes e principle s wil l  mak e i t  possibl e 

t o : 

a)  describ e th e actua l  situation ,  withou t  makin g an y a  prior i 

assumptions ; 

b)  procee d fro m productio n t o fina l  us e o f  th e energ y b y th e 

fina l  consumer ,  withou t  gap ,  an d conversel y t o wor k back -

ward s a s fa r  a s primar y input ; 

c)  calculat e th e losse s fo r  eac h o f  th e possibl e sub-flow s 

through t  th e energ y flow ; 

d)  compar e losse s an d efficiencie s a t  an y leve l  an d determin e 

th e value s o f  an y substitutions ; 

e)  presen t  th e result s wit h a  vie w t o rationa l  utilizatio n o f 

energy ; 

f )  incorporat e an y ne w sourc e o f  energ y withou t  destroyin g th e 
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coherenc e o f  th e syste m an d withou t  requirin g an y change s 

othe r  tha n i n presentation ; 

g)  provid e a  sor t  o f  concret e economi c model ,  thu s facilitatin g 

th e observatio n o f  th e effect s produce d b y varyin g on e o r 

more values . 

Il l PRESENTATION 

The genera l  presentatio n o f  thes e balance-sheet s i s modelle d o n 

tha t  o f  double-entr y tables .  Th e column s sho w th e variou s sour -

ces o f  energ y b y typ e o f  product .  Th e row s sho w al l  th e opera -

tion s t o whic h thes e source s ar e subjected ,  an d thu s correspon d 

t o th e balance-shee t  system ,  whic h describe s th e energ y flow . 

The numbe r  o f  column s may var y accordin g t o th e source s o f  energ y 

use d i n a  give n country ,  wherea s th e numbe r  o f  line s i s i n prin -

cipl e constan t  an d correspond s t o th e syste m adopted ,  whic h i s 

th e sam e fo r  al l  th e countries . 

The result s ar e aggregate d i n th e overall-balance-shee t  table , 

expresse d i n a  common uni t  an d addabl e i n bot h directions .  Thi s 

overal l  balance-shee t  i s supplemente d b y table s i n specifi c  unit s 

relatin g t o eac h sourc e o f  energy ,  whic h ca n thu s b e adde d b y 

column s only . 

Transformation s rais e a  proble m o f  presentation ,  because ,  b y 

definition ,  th e product s obtaine d ar e differen t  fro m thos e fe d 

in .  Input s an d output s ar e therefor e show n i n differen t  column s 

of  th e table s and ,  a s severa l  product s may b e show n a s input s 

and/o r  outputs ,  i t  become s difficul t  t o reconstruc t  th e trans -

formatio n process . 

The simples t  solutio n i s t o dra w u p subsidiar y transformatio n 

balance-sheets ,  on e fo r  eac h transforme r  o f  energy .  Thes e 

balance-sheet s show ,  fo r  eac h transformer ,  al l  input s an d out -

puts ,  togethe r  wit h th e losse s occurrin g durin g th e operation . 
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I n addition ,  th e quantitie s o f  energ y neede d fo r  th e transfor -

matio n proces s ar e show n incidentall y (thi s correspond s t o a 

certai n proportio n o f  th e consumptio n o f  th e energ y sector) . 

The transformatio n balance-sheet s ar e expresse d i n specifi c 

unit s an d i n a  common energ y unit * 

The balance-shee t  o f  th e proces s ca n onl y b e ensure d an d checke d 

and losse s calculate d o n th e basi s o f  th e energ y uni t  (thi s agai n 

means usin g a  full y  transitiv e unit) .  I t  thu s become s possibl e 

t o calculat e percentag e losse s an d t o obtai n a  wid e variet y o f 

technica l  coefficients ,  whic h wil l  subsequentl y b e ver y usefu l 

fo r  th e purpose s o f  monitorin g th e variou s branche s i n th e ener -

gy flow ,  togethe r  wit h thei r  respectiv e efficiencies . 

Othe r  table s derive d fro m th e overal l  balance-sheet s ar e presen -

te d separatel y fo r  reason s o f  convenience ,  e.g .  a  crosse d tabl e 

showin g th e consumptio n o f  th e energ y secto r  an d a  tabl e whic h 

give s a  detaile d breakdow n o f  fina l  consumption .  Th e importan t 

thin g i s tha t  al l  thes e table s fi t  togethe r  t o for m a  coheren t 

and practica l  whole . 
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IV BREAKDOWN B Y SOURCE OF ENERGY 

As th e source s o f  energ y hav e an 1 effec t  o n th e results ,  particu -

larl y o n losse s an d usefu l  energy ,  th e breakdow n mus t  b e a s 

complet e an d objectiv e a s possible * 

Initially ,  th e followin g breakdow n i s proposed : 

-  har d coa l  (includin g recoverie s an d low-grad e products ) 

-  paten t  fue l 

-  cok e (har d coke ,  ga s work s cok e an d cok e breeze ) 

-  lignit e (blac k lignit e o r  brow n coal ) 

-brow n coa l  briquette s (includin g lignit e cok e an d drie d brow n 
coal ) 

-  tar ,  pitc h an d benzo l  (cokin g plan t  by-products ) 

-  crud e oi l  (includin g semi-refine d petroleum ) 

-  refiner y ga s 

-  liquefie d petroleu m gase s (propane ,  butane ) 

-  moto r  spirit s (includin g aviatio n spirit ) 

-  kerosine s an d je t  fuel s 

-  naphtha s 

-  ga s dieseloiL « 115 "  Redwood ) 

-  residua l  fue l  oil s (^115 l f  Redwood ) 

-  petroleu m cok e 
-  othe r  refine d petroleu m product s (whit e spirit ,  industria l 

spirits ,  lubricants ,  bitumen ,  waxes ,  paraffins ,  etc. ) 

-  natura l  ga s (includin g methan e an d sewag e gas ) 

-  coke-ove n ga s 

-  blast-furnac e ga s 

-  gaswork s ga s (includin g wate r  gas ) 

-  othe r  fuel s (househol d refus e an d waste ) 

-  hea t 

-  electricity , 

Some o f  thes e energ y source s ar e primar y source s (a s foun d i n 

th e natura l  state) ,  other s ar e secondar y (th e resul t  o f  a  trans -

formation )  . 
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The distinctio n betwee n thes e tw o categorie s i s show n i n th e 

balance-shee t  gri d (rows) .  Some product s may b e bot h primar y 

and secondary ;  fo r  example ,  ther e ar e natura l  spirit s simila r 

t o thos e obtaine d b y refinin g crud e oil *  Hea t  ca n als o b e pri -

mary ,  i f  th e sourc e i s geothermic ,  o r  secondar y i f  stea m o r  ho t 

wate r  i s recovere d i n a  therma l  powe r  station .  Th e breakdow n 

by energ y sourc e i s base d therefor e o n th e natur e o f  th e product , 

irrespectiv e o f  it s  origi n o r  use . 

Othe r  source s o f  energ y may subsequentl y b e adde d t o thi s list , 

depending'o n th e statistica l  possibilities ,  e.g .  : 

-  pea t 

-  woo d an d woo d chip s 

-  radioactiv e ore s o r  nuclea r  fue l 

-  hydroelectri c powe r 

-  geotherma l  powe r 

etc . 

The firs t  fou r  woul d requir e additiona l  columns ,  wherea s geother -

mal  powe r  woul d b e include d a s a  matte r  o f  cours e i n th e 'heat 1 

column .  Th e introductio n o f  th e las t  thre e source s woul d mean 

tha t  al l  electiea l  energ y woul d b e considere d a s a  secondar y 

source ,  whic h i s i n fac t  th e case .  I n thi s study ,  nuclea r 

energ y ha s bee n treate d i n th e followin g wa y 2 

-  th e gros s productio n o f  electricit y fro m nuclea r  reactor s i s 

entere d o n th e appropriat e ro w relatin g t o transformatio n 

outpu t  (  i n th e electricit y column ) 

-  th e hea t  release d b y nuclea r  fissio n i n th e reactor s i s recor -

ded unde r  transformatio n inpu t  (hea t  column ) 

-  thi s sam e quantit y o f  hea t  i s entere d unde r  "resources "  i n th e 

"heat 11 balance-shee t  eithe r  a s a n impor t  o r  a s a  primar y pro -

duct ,  dependin g o n th e origi n o f  th e uraniu m whic h ha s under -

gone fissio n an d fro m whic h thi s energ y productio n i n th e for m 

of  hea t  i s derived . 
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The hea t  thu s entere d i n th e balanc e correspond s t o a  quantit y 

of  availabl e energ y obtaine d fro m th e fissio n o f  uraniu m durin g 

th e yea r  unde r  consideration .  Th e sna g i n thi s procedur e i s 

tha t  i t  disregard s stoc k variations •  Uraniu m whic h ha s bee n 

transforme d int o electricit y vi a hea t  migh t  actuall y hav e bee n 

produce d o r  importe d i n a  previou s yea r  an d kep t  i n stor e unti l 

it s  us e i n a  nuclea r  reactor .  Thi s procedure ,  whic h ha s th e 

advantag e o f  simplicity ,  coul d b e replace d b y a  mor e detaile d 

statistica l  treatmen t  o f  nuclea r  fuel s whe n a  solutio n i s found . 

The inclusio n o f  on e o f  th e ne w type s o f  energ y pose s som e 

problems ,  however ,  namel y hea t  pumps ,  whic h ar e likel y t o b e 

develope d i n th e nea r  future .  A  hea t  pump wit h a  compresso r 

drive n b y a n electri c moto r  ha s a  mechanica l  efficienc y o f  95 % 

fo r  th e moto r  an d 93 % fo r  th e heat-conveyin g flui d system ,  i.e . 

88% overall .  However ,  th e measure d usefu l  energ y produce d b y 

th e apparatu s turn s ou t  t o b e greate r  tha n th e energ y input , 

i.e .  consume d durin g operatio n (Kelvin' s paradox) .  Th e coeffi -

cien t  o f  performanc e i s thu s 200-300 % (1 )  ,  th e principl e bein g 

base d o n a  transfe r  o f  calorie s betwee n a  col d externa l  sourc e 

and a  ho t  interna l  sourc e (thermodynamically ,  th e syste m i s no t 

closed) . 

I n orde r  t o tak e thi s int o account ,  i t  i s  propose d tha t  th e hea t 

transferre d b e entere d unde r  primar y productio n i n th e 'heat 1 

colum n o f  th e balance-sheet ,  sinc e i t  i s  a  calorifi c  energ y 

draw n fro m natura l  sources ,  i.e .  ambien t  wate r  o r  air . 

(1 )  A  consumptio n o f  10 0 k j  fo r  operatio n o f  a  hea t  pump give s 

200-30 0 k j  i n th e for m o f  hea t  whic h ca n b e use d fo r 

heating ,  fo r  example . 
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V TH E BALANCE-SHEET SYSTEM 

As state d above ,  th e ai m o f  th e balance-shee t  syste m i s t o mak e 

i t  possibl e t o describ e energ y flow s b y enumeratin g th e opera -

tion s t o whic h th e energ y source s ar e subjected .  Befor e goin g 

any further ,  fou r  mai n function s may b e distinguishe d i n thi s 

respec t  : 

1)  Extractio n functio n :  creatio n o f  th e primar y energ y source s 
(draw n fro m nature ) 

2)  Transformatio n functio n :  physica l  o r  chemica l  modificatio n 
of  th e energ y source s t o mak e the m 
more suitabl e fo r  transpor t  o r 
consumptio n 

3)  Distributio n f-unctio n :  movemen t  o f  th e energ y source s i n 
tim e an d spac e i n orde r  t o mak e the m 
availabl e fo r  us e (storag e an d 
transport ) 

4)  Utilizatio n functio n :  fina l  transformatio n o f  th e energ y 
source s b y th e fina l  consumer , 

On th e basi s o f  thes e functions ,  th e followin g balance-shee t 

syste m wa s chose n : 

-  primar y productio n 

-  import s (primar y 
(secondar y 

-  export s 

-  stock s movement s * 

-  transformatio n inpu t 

-  transformatio n outpu t 

-  exchange s an d transfer s 

-  losse s durin g distributio n 

-  bunker s 

-  energ y secto r  consumptio n 

-  non-energ y consumptio n 

-  fina l  energ y consumptio n 

(D 
(3 ) 

(3 ) 

(3 ) 
(2 ) 

(2 ) 

(3 ) 
(3 ) 

(3 )  (4 ) 

(4 ) 
(4 ) 
(4 ) 

energ y supplie d 
usefu l  energ y (1)...(4)function s 

*  (+ )  decreas e i n stock ,  (- )  increas e i n stoc k 
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The result s mus t  b e inserte d i n thi s syste m accordin g t o func -

tiona l  o r  technica l  criteri a an d no t  institutiona l  o r  lega l 

criteria .  I t  i s  th e actua l  operatio n conducte d o n th e energ y 

sourc e whic h mus t  serv e a s a  guid e an d no t  th e natur e o f  th e 

operator .  Thi s mean s tha t  an y quantit y o f  primar y sourc e energ y 

extracte d mus t  b e entere d i n th e f, primar y production 11 row ,  eve n 

i f  thi s productio n i s no t  th e wor k o f  a  professiona l  producer . 

I n thi s way ,  al l  cokin g plant s an d electri c powe r  stations ,  fo r 

example ,  mus t  b e considere d a s energ y transformer s (fo r  suc h i s 

thei r  technica l  function) ,  eve n i f  th e plant s themselve s belon g 

t o a n oi l  producer ,  a  branc h o f  th e stee l  industr y o r  t o an y othe r 

privat e o r  publi c undertakin g whos e mai n activit y i s no t  energ y 

transformation . 

I n th e overal l  balance-sheet ,  productio n fro m secondar y source s 

i s entere d "unde r  transformatio n output .  I n th e specifi c 

balance-sheets ,  secondar y productio n ca n tak e th e plac e o f  th e 

firs t  row . 

Fina l  energ y consumptio n i s broke n dow n b y majo r  sector s (indus -

try ,  transport ,  household s an d equivalent )  an d furthe r  broke n 

down b y type s o f  applianc e o r  technologie s i n orde r  t o facilitat e 

calculatio n o f  th e usefu l  energy . 

A variet y o f  intermediat e total s ar e obviousl y possible ,  notabl y 

workin g fro m th e to p t o obtai n "availabilities 11 an d fro m th e 

botto m t o obtai n fl tota l  consumption 11,  an y differenc e betwee n th e 

tw o givin g th e statistica l  difference . 

Losse s ar e show n :  1 )  b y th e differenc e betwee n transformatio n 

input s an d outputs ;  2 )  durin g distribution ;  3 )  b y th e differen -

ce betwee n "energ y supplied "  an d usefu l  energy .  I n addition , 

th e "energ y sector "  ro w show s th e energ y consume d t o produc e 

or  t o transfor m th e energy .  Al l  th e dat a relatin g t o th e energ y 

budge t  ar e thu s available . 

Transformatio n input s an d output s ar e broke n dow n accordin g 

t o th e numbe r  o f  transformer s operatin g i n th e countr y i n 

question . 
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Certai n row s o f  th e balance-shee t  requir e som e explanation . 

Primar y productio n mean s an y extractio n o f  energ y fro m natura l 

source s ;  coal ,  ga s o r  oi l  deposits ,  sensibl e hea t  containe d 

i n th e ground ,  wate r  o r  air ,  radioactiv e ores ,  wate r  o r  tida l 

power ,  wood ,  wind ,  sola r  radiation . 

Provisionally ,  an d b y wa y o f  exceptio n t o th e definitions ,  elec -

trica l  energ y o f  hydraulic ,  nuclea r  an d geotherma l  origi n i s 

regarde d a s primar y energy .  Recovere d wast e (e.g .  househol d 

refuse )  i s classe d a s a  primar y source ,  lik e coa l  o r  crud e oil , 

becaus e i t  appear s i n th e energ y balanc e fo r  th e firs t  time . 

Under  import s an d export s al l  movement s o f  energ y source s acros s 

th e frontier s o f  th e countr y concerned ,  apar t  fro m direc t  transi t 

withou t  transformation ,  ar e t o b e recorded .  Thes e dat a refe r 

therefor e t o genera l  trad e an d no t  t o th e specia l  trad e o f  cus -

toms statistics . 

The "stocks 11 ro w records ,  a s fa r  a s possible ,  th e change s i n 

th e stock s hel d b y producers ,  transformers ,  importers ,  dealer s 

and othe r  agents ,  an d consumers .  "Exchange s an d transfers " 

recor d mixture s o f  energ y source s withou t  transformation .  Th e 

ro w "availabl e fo r  consumption "  i s derive d fro m th e algebrai c 

sum o f  al l  th e abov e rows .  I t  i s  calculate d excludin g distri -

butio n losse s i n th e network .  I t  therefor e give s th e actua l 

energ y made availabl e t o consumers . 

"Bunkers "  refer s t o th e quantitie s store d o n boar d sea-goin g 

vessels ,  whateve r  thei r  flag ,  fo r  consumptio n purposes .  Air -

craf t  tank s ar e include d i n fina l  energ y consumption .  Th e quan -

titie s o f  energ y store d i n ships 1bunker s may ,  dependin g o n th e 

poin t  o f  view ,  b e eithe r  regarde d a s export s o r  classe d a s 

consumption . 

The consumptio n o f  th e energ y secto r  cover s th e energ y consump -

tio n o f  producer s an d transformer s o f  energ y fo r  operatin g thei r 

plants ;  i t  naturall y cover s no t  onl y th e energ y produce d b y 

thes e consumer s themselve s bu t  als o th e energ y the y receive . 
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Non-energ y consumptio n eliminate s fro m th e balanc e shee t  al l  u -

ses o f  a  non-energ y nature ,  e.g .  lubrication ,  roa d surfacin g 

and charge s fo r  chemica l  synthesis ,  th e efficienc y o f  whic h i s 

not  calculate d becaus e i t  i s  regarde d a s bein g outsid e th e energ y 

budge t  a s such .  On th e othe r  hand ,  th e energ y consumptio n o f  th e 

chemica l  industr y i s definitel y par t  o f  th e fina l  energ y consump -

tio n show n i n th e balanc e sheet . 

The ro w "fina l  consumptio n o f  energ y a s supplie d t o th e fina l 

consumer "  record s th e energ y flo w befor e th e fina l  transforma -

tio n a t  fina l  consume r  level .  Th e ro w "fina l  consumptio n i n 

term s o f  usefu l  energy "  record s th e energ y obtaine d afte r  th e 

fina l  transformatio n b y th e fina l  consumer . 

I n tw o case s onl y  ca n ther e b e equilibriu m i n practic e betwee n th e 

energ y supplie d t o th e fina l  consume r  an d usefu l  energy .  Thes e 

relat e firstl y t o natura l  hea t  (e.g .  guothermi c heat )  use d a s 

suc h an d secondl y t o hea t  recovere d i n electri c powe r  station s 

and supplie d a s suc h t o th e consumer . 

Thi s typ e o f  balanc e shee t  syste m respect s th e basi c principle s 

set  ou t  i n chapte r  II . 

VI UNITS OF MEASUREMENT 

The specifi c  balance-sheet s o f  energ y sourc e ar e presente d i n 

th e uni t  o f  measur e currentl y use d fo r  commercia l  transactions , 

thu s facilitatin g statistica l  return s an d checkin g o f  th e vera -

cit y o f  th e results .  Excep t  i n rar e cases ,  thi s shoul d no t  in -

volv e an y conversio n calculation . 

The specifi c  balance-sheet s relatin g t o soli d o r  liqui d fuel s 

ar e thu s presente d in^metri c tonnes ,  regardles s o f  th e qualit y 

of  th e energ y provide d b y th e product .  Electricit y i s recorded : 

i n kw h an d gase s shoul d b e give n i n m3 .  Thi s i s ver y importan t 

fro m a  practica l  poin t  o f  vie w i f  accurat e basi c dat a ar e t o b e 

obtained .  Th e calculation s fo r  conversio n t o th e common uni t  wit h a 

vie w t o constructin g th e overal l  balance-shee t  ca n onl y b e car -

rie d ou t  whe n th e specifi c  uni t  balance-shee t  i s considere d cor -

rec t  an d balanced . 
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Thi s mean s discontinuin g basi c balance-sheet s expresse d i n te e 

or  tpe ,  whic h alread y includ e conversio n calculation s an d whic h 

ar e difficul t  t o chec k an d us e (i n thi s stud y i t  wa s no t  possi -

bl e t o us e th e coa l  balance-sheet s expresse d i n tee) .  Conversio n 

t o th e common uni t  mus t  b e carrie d ou t  fro m thes e soun d bases . 

Accordin g t o th e principle s state d i n chapte r  II ,  th e common 

uni t  o f  energ y mus t  b e neutral ,  genera l  an d transitive .  Th e 

joul e fulfil s  thes e condition s an d als o complie s with'Counci l 

Directiv e N o 71/354/EE C o f  1 8 Octobe r  1971 . 

The kilojoul e is t  define d a s follows : 

th e wor k produce d b y on e sthen e whe n it s poin t  o f  applicatio n 

moves b y 1  m i n th e axi s o f  th e forc e ( 1 sthen e :  forc e whic h 
p 

impart s t o a  mas s o f  1  t  a n acceleratio n o f  1  m/sec^ )  (i.e .  1 
joul e :  1  watt/sec) . 

Fro m thi s th e followin g equivalent s may b e deduced : 

kjoul e 

kca l 

kWh 
1 00 0 kg m 

kjoul e 

1 

4.18 6 

3.60 0 

9.8 1 

kca l 

0.239 0 

1 

860 

2.3 4 

kWh 

0.000277 7 

0.0 0 11 6 

1 

0.0027 2 

1 00 0 kg m 

0.10 2 

0.42 6 

367.2 0 

1 
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VII  CONVERSION COEFFICIENT S 

The foregoin g show s tha t  th e coefficient s o f  conversio n fro m 

specifi c  unit s t o th e common uni t  ar e importan t  fo r  th e succes s 

of  a n overal l  energ y balance-sheet .  A  tabl e o f  conversio n coef -

ficient s i s give n i n th e annex *  The y ar e calculate d i n accor -

danc e wit h method s whic h ar e outline d briefl y below . 

The startin g poin t  wa s th e actua l  calorifi c  valu e o f  eac h energ y 

sourc e a t  th e tim e o f  consumption ,  sinc e th e calorifi c  valu e o f 

a produc t  i s onl y know n a t  th e tim e i t  i s  used ,  eithe r  fo r  trans -

formatio n o r  fo r  fina l  consumption .  Mos t  analyse s ar e carrie d 

out  a t  thi s stage *  Thi s procedur e correspond s t o th e consumer s 

viewpoint ,  whic h i s th e mos t  suitabl e fo r  th e purpose s o f  usefu l 

energy .  Th e calorifi c  value s recorde d reflec t  therefor e th e 

stat e i n whic h th e produc t  i s delivere d t o th e consumer . 

I t  i s  neve r  therefor e a  pur e produc t  bu t  a  commodit y containin g 

water ,  iner t  matte r  an d othe r  impurities .  Thi s i s als o i n lin e 

wit h th e wa y i n whic h quantitie s ar e measure d o r  weighe d i n th e 

basi c statistic s expresse d i n specifi c  units . 

Wit h th e sam e vie w i n mind ,  al l  th e conversio n coefficient s wer e 

calculate d o n th e basi s o f  th e ne t  calorifi c  valu e (NCV) ,  whic h 

i s neare r  t o th e energ y whic h ca n actuall y b e use d tha n th e gros s 

calorifi c  valu e (GCV) .  Th e differenc e betwee n th e tw o may b e a s 

much a s  A0%. I n th e cas e o f  coal ,  th e MNCV a s delivered "  wa s 

used . 

Generall y speaking ,  th e product s hav e a  stabl e chemica l  compo -

sition ,  wit h a  constan t  calorifi c  value .  On th e othe r  hand , 

certai n primar y source s (coal ,  lignite ,  crud e oil )  hav e variabl e 

characteristic s an d therefor e a  fluctuatin g calorifi c  value . 

Thi s proble m wa s solve d i n th e simples t  an d mos t  pragmati c wa y 

possible . 
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60 % o f  coal ,  9 5 % o f  lignit e an d 10 0 % o f  crud e oi l  ar e trans -

forme d an d th e calorifi c  valu e i s alway s monitore d durin g th e 

transformatio n operation ,  eithe r  o n inpu t  o f  th e ra w materia l 

or  o n outpu t  o f  th e derive d products . 

A fe w additiona l  dat a ar e therefor e al l  tha t  i s  neede d t o deter -

mine ,  b y weighte d average ,  th e calorifi c  valu e o f  th e primar y 

source s involved *  Thi s doe s no t  requir e a  specia l  surve y an d 

ensure s th e coherenc e o f  th e balance-sheet s (endogenou s varia -

ble )  .  Th e calorifi c  valu e o f  change s i n stock s i s determine d 

by th e calorifi c  valu e o f  th e produc t  normall y use d b y th e hol -

der *  Thus ,  th e calorifi c  valu e o f  cokin g coa l  i s  applie d t o 

change s i n stock s hel d a t  cokin g plants ,  etc * 

These method s lead ,  withou t  ambiguit y o r  difficulty ,  t o actua l 

calorifi c  value s fo r  eac h produc t  an d fo r  eac h typ e o f  us e i n 

th e cas e o f  a  primar y produc t  o f  variabl e quality ,  an d giv e 

conversio n coefficient s whic h ensur e th e coherenc e o f  th e overal l 

balance-sheet . 

VII I  METHOD OF CONSTRUCTING TH E BALANCE-SHEET 

The balance-sheet s i n specifi c  unit s fo r  eac h energ y sourc e 

constitut e th e startin g point .  Thes e balance-sheet s wer e 

checke d an d considere d correct ,  afte r  th e statistica l  differenc e 

had bee n reduce d t o th e minimum .  I n orde r  t o complet e th e nex t 

stag e (conversio n t o th e common unit) ,  subsidiar y transformatio n 

balance-sheet s mus t  firs t  b e draw n up .  Approximatel y 8 0 % o f  th e 

energ y use d i s transformed .  Th e drawin g u p o f  transformatio n 

balance-sheet s therefor e provide s th e essentia l  ke y t o th e subse -

quent  stages .  Thes e balance-sheet s mak e i t  possibl e t o ensur e 

tha t  input s an d output s tally ,  t o chec k th e calorifi c  value s an d 

therefor e th e conversio n coefficients ,  t o calculat e losse s an d 

chec k thei r  accuracy ,  an d t o trac e th e connectio n betwee n th e 

variou s source s o f  energ y whic h ar e derive d fro m on e another * 
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Thi s wor k i s o f  prim e importanc e an d point s t o a n importan t 

conclusio n regardin g methodology :  a n overal l  energ y balance -

shee t  shoul d no t  b e draw n u p unles s complet e an d accurat e trans -

formatio n balance-sheet s hav e bee n draw n u p first .  I t  i s  eviden t 

tha t  curren t  statistica l  survey s ar e scarcel y conducte d alon g 

thes e lines .  The y favou r  informatio n o n on e sourc e o f  energ y 

withou t  relatin g i t  t o othe r  sources ,  wit h th e resul t  tha t  i t 

i s  ver y difficul t  t o reconstruc t  th e transformatio n operations . 

I n future ,  priorit y shoul d b e give n t o return s relatin g t o trans -

formation .  Balance-sheet s fo r  fina l  consumptio n canno t  b e draw n 

up unti l  al l  th e transformatio n balance-sheet s hav e bee n comple -

ted . 

These balance-sheets ,  draw n u p fo r  eac h transformer ,  ar e show n 

i n tabula r  for m i n th e annex ,  wit h appropriat e explanations . 

By "transformer "  i s mean t  an y -undertakin g whic h effect s a  phy -

sica l  o r  chemica l  chang e o n a n energ y sourc e befor e it s suppl y 

t o th e fina l  consumer .  Transformer s ar e therefor e intermedia -

rie s i n th e energ y flow . 

Consequently ,  th e fina l  energ y transformatio n whic h take s plac e 

at  fina l  consume r  leve l  (coa l  burn t  i n a  boiler ,  petro l  consume d 

i n a  moto r  ca r  etc. )  i s  no t  th e intermediat e activit y o f  a 

"transformer 11.  Thi s result s fro m th e principle s an d genera l  de -

finition s o f  th e balanc e shee t  an d i s compatibl e wit h th e syste m 

describe d i n chapte r  V . 

I n orde r  t o obtai n a  coheren t  result ,  th e followin g procedur e i s 

therefor e followed :  specifi c  balance-sheet s -  transformatio n 

balance-sheet s -  overal l  balance-shee t  i n a  common unit .  Onc e 

th e transformatio n balance-shee t  stag e ha s bee n completed ,  th e 

res t  o f  th e wor k consist s mainl y i n applyin g th e conversio n coef -

ficients ,  a  purel y arithmetica l  tas k whic h doe s no t  presen t  an y 

difficulty . 

As th e conversio n coefficient s ar e base d o n th e actua l  energ y 

conten t  o f  th e product s a s delivere d t o th e consumer ,  thi s give s 

ris e t o th e concep t  o f  "supplie d energy" . 
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Thus ,  fo r  example ,  th e energ y valu e o f  1  t  o f  cok e i s no t  equa l 

t o tha t  o f  1  t  o f  coal ,  th e energ y valu e o f  1  t  o f  fue l  oi l  i s 

not  equa l  t o tha t  o f  1  t  o f  crud e oil ,  th e energ y valu e o f  1  GWh 

of  electricit y i s no t  calculate d o n th e basi s o f  th e calorie s 

burn t  t o produc e 1  GWh,  etc *  I t  i s  o n thi s poin t  tha t  th e 

balance-shee t  diverge s fro m thos e o f  th e primar y inpu t  type , 

whic h equate d th e energ y valu e o f  th e derive d product s wit h tha t 

of  th e primar y inputs . 

Once th e Supplie d energy 1 result s hav e bee n obtained ,  th e nex t 

stag e i s t o recor d operation s involvin g th e fina l  transformatio n 

of  th e energ y b y th e fina l  consumer ,  whic h mean s calculatin g 

consumptio n efficiencies .  Thi s i s a  completel y ne w an d difficul t 

fiel d requirin g highl y develope d methods ,  whic h ar e presente d i n 

th e followin g chapters . 

I X EFFICIENC Y A T TH E FINA L CONSUMER STAGE 

Takin g accoun t  o f  th e precis e bu t  fairl y  restrictiv e definitio n 

give n fo r  usefu l  energy ,  th e efficienc y t o b e calculate d an d 

recorde d i n th e balanc e shee t  wil l  correspon d t o tha t  o f  th e 

fina l  transformatio n o f  th e energ y a t  fina l  consume r  stage . 

Thi s stud y i s limite d b y choic e t o th e energ y flow s an d make s 

no attemp t  t o recor d efficiencie s an d losse s i n al l  th e flow s 

of  non-energ y good s an d services .  I t  i s  clea r  tha t  th e effi -

ciencie s an d losse s whic h occu r  a t  thi s late r  stag e influenc e 

th e deman d an d consumptio n o f  energy .  I t  i s  als o clea r  tha t 

energ y ca n als o b e save d a t  thi s stag e b y improvin g th e system s 

of  production ,  distributio n an d consumptio n o f  th e non-energ y 

goods an d services .  Thi s shoul d b e th e subjec t  o f  supplementar y 

studies ,  th e result s o f  whic h canno t  b e include d i n a  tru e ener -

gy balanc e sheet .  T o cit e a  concret e example ,  thi s stud y take s 

accoun t  o f  th e efficienc y an d therefor e th e losse s o f  heatin g 

boiler s sinc e thes e ar e quit e definitel y energ y appliance s i n 

whic h th e fina l  transformatio n o f  th e energ y take s place . 



On th e othe r  hand ,  i t  doe s no r  tak e accoun t  o f  calorifi c  losse s 

due t o th e poo r  insulatio n o f  dwelling s althoug h suc h losse s 

influenc e th e deman d fo r  energ y an d ca n b e reduce d i n orde r  t o 

economize •  Dwelling s ar e no t  considere d a s energy-transformin g 

energ y appliances .  On th e contrary ,  th e dwellin g i s a  non-ener -

gy produc t  an d servic e whic h consume s energ y b y mean s o f  appli -

ance s suc h a s boilers ,  motors ,  electri c bulb s etc. ,  i n orde r  t o 

fulfi l  it s  functio n o f  housin g th e population . 

As th e objective s o f  th e balance-shee t  ar e economi c an d statis -

tical ,  th e energ y situatio n mus t  alway s b e regarde d fro m a 

practica l  an d realisti c poin t  o f  view .  I t  i s  no t  a  questio n o f 

applyin g theoretica l  efficiencie s bu t  o f  recordin g actua l  effi -

ciencies .  Havin g sai d this ,  th e concep t  o f  efficienc y i s specifi -

call y linke d t o a n f appliance 1 whic h use s energ y fo r  a  certai n 

purpose a 

I t  i s  thu s th e applianc e whic h wil l  hav e a  certai n efficienc y 

and fro m whic h i t  wil l  b e possibl e t o measur e energ y input s 

and outputs .  I f  ther e i s n o appliance ,  th e concep t  o f  effi -

cienc y become s theoretical ,  abstrac t  an d devoi d o f  economi c an d 

statistica l  significance .  Usefu l  energ y i s thu s th e energ y pro -

duce d b y a n appliance ,  recovere d b y th e consume r  an d use d fo r 

th e purpos e fo r  whic h th e applianc e i s designe d an d used . 

I n orde r  t o determin e usefu l  energ y i t  i s  therefor e necessar y 

t o : 

1)  kno w th e mai n appliance s use d b y fina l  consumer s o f 

energ y 

2)  discer n th e quantitie s o f  energ y supplie d t o eac h o f  thes e 

variou s appliance s 

3)  kno w th e efficienc y o f  thes e appliances . 

Initially ,  3 0 o r  s o *  appliances *  may giv e a  goo d approximatio n 

of  th e usefu l  energy ,  withou t  raisin g to o many difficultie s 

fo r  th e statistica l  breakdow n o f  th e quantitie s delivered . 
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The efficiencie s selecte d fo r  thes e appliance s ar e show n i n a 

tabl e i n th e annex .  The y ar e averag e efficiencies ,  vali d fo r 

th e whol e o f  th e range ,  an d therefor e applicabl e t o th e tota l 

figur e fo r  quantitie s delivered .  Th e fac t  tha t  thi s averag e ef -

ficienc y conceal s divergencie s o f  varyin g magnitud e doe s no t 

affec t  th e calculatio n o f  usefu l  energy , 

Thes e efficiencie s allo w fo r  th e fac t  tha t  th e appliance s d o no t 

operat e continuousl y a t  thei r  optimu m rating .  The y ar e therefor e 

workin g efficiencie s observe d durin g us e ove r  a  lon g perio d o f 

tim e an d lowe r  tha n th e maximu m efficiencie s ofte n indicate d b y 

manufacturers .  Thi s mean s tha t  losse s du e t o th e regulatio n o r 

fault y adjustmen t  o f  th e appliance s hav e bee n take n int o account . 

Thes e efficiencie s ar e th e resul t  o f  studie s publishe d recentl y 

by energ y technician s an d engineers .  Sensibl e hea t  (e,g .  o f 

smoke o r  ash )  wa s include d i n th e losses ,  an d therefor e deducte d 

fro m th e efficiency ,  eve n thoug h i t  may b e recovered ,  f Fre e heat 1, 

as i t  i s  frequentl y called ,  wa s no t  include d i n usefu l  energy . 

Fre e hea t  mean s her e th e hea t  unavoidabl y give n of f  b y a n appli -

anc e no t  intende d fo r  heatin g purposes .  Thre e example s wil l  serv e 

t o illustrat e thi s point .  A n electri c bulb ,  th e purpos e o f  whic h 

i s t o provid e light ,  als o give s of f  calories .  A  cooke r  use d fo r 

cookin g foo d help s t o hea t  th e room .  A  refrigerato r  give s of f 

heat  i n orde r  t o b e abl e t o produc e cold . 

I t  i s  stil l  extremel y difficul t  t o calculat e th e rat e o f  recover y o f 

thi s fre e hea t  an d thi s may  lea d t o man y argromeaats.However ,  thi s rat e o f 

recover y seem s low ,  becaus e firstly ,  curren t  model s ar e no t  equip -

ped fo r  recover y o f  thi s type ;  secondly ,  fre e hea t  ofte n lead s 

t o unintentiona l  overheatin g whic h entail s extr a ventilation , 

whic h i n it s tur n cause s a  dro p i n th e efficienc y o f  th e heatin g 

syste m fo r  th e whol e o f  th e building ;  thirdly ,  fre e hea t  ofte n 

arise s a t  th e wron g time ,  e.g .  a  refrigerato r  give s of f  mor e 

heat  i n summer  tha n i n winter . 

I t  i s  considere d therefor e tha t  mos t  fre e hea t  i s give n of f  int o 

th e atmospher e an d thu s regarde d a s los t  fro m th e poin t  o f  vie w 

of  usefu l  energy , 
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To giv e a  fe w example s o f  practica l  efficiency ,  a  figur e o f  65 % 

was selecte d fo r  a  domesti c coal-fire d central-heatin g boile r 

(smal l  boile r  withou t  automati c adjustmen t  o f  charging) ,  th e los ^ 

ses (35% )  comin g from : 

sensibl e hea t  o f  smok e an d as h 10-15 % 

unburn t  residu e approx .  1 % 

radiatio n 2 -  5 % 

pipe s 8-10 % 

incorrec t  adjustmen t  approx .  10 % 

A figur e o f  95 % wa s chose n fo r  a n electri c motor-whic h may appea r 

t o b e rathe r  high-th e losse s comin g fro m th e magneti c field , 

ventilation ,  heatin g o f  th e coils ,  an d frictio n o f  th e movin g 

mechanica l  part s (heatin g o f  bearings) . 

These efficiencie s lea d t o a  calculatio n o f  th e usefu l  energ y 

yielde d b y th e appliance s whic h i n n o wa y prejudge s th e wastag e 

whic h may occu r  subsequently .  Th e balance-sheet s thu s giv e th e 

result s i n term s o f  usefu l  energ y i n th e transpor t  secto r  a s i t 

is ,  althoug h a  certai n amoun t  o f  transportatio n may b e super -

fluous ;  similarly ,  th e balance-sheet s sho w th e usefu l  energ y o f 

domesti c heatin g installation s a s the y ar e used ,  withou t  takin g 

int o accoun t  th e wastag e du e t o poo r  insulatio n o f  th e buildings , 

excessiv e temperature s o r  losse s vi a f therma l  bridges 1 o r  ope n 

windows .  Usefu l  energ y an d wastefu l  us e o f  energ y mus t  no t  the ~ 

refor e b e confused .  The y ar e tw o problem s t o b e studie s separate -

ly .  Th e proble m o f  th e justificatio n o f  consumptio n o r  o f  th e 

ques t  fo r  th e optimu m economi c leve l  o f  consumptio n i s t o a  grea t 

exten t  outsid e th e spher e o f  thermodynamics . 
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X BREAKDOWN OF USEFUL ENERGY 

The wa y i n whic h usefu l  energ y mus t  b e calculate d automaticall y 
i 

give s a  breakdow n b y •appliance 1,  whic h differ s fro m th e break -

down presente d i n th e primar y inpu t  balance-sheets .  Thi s shoul d 

not  b e surprisin g sinc e th e situatio n i s bein g considere d fro m 

a differen t  poin t  o f  vie w an d a  ne w fiel d i s bein g entere d into . 

I t  i s  a n adjustmen t  t o a  ne w situation . 

I n theory ,  usefu l  energ y ca n als o b e broke n dow n : 

-  b y technologica l  procedure s 

-  b y use s 

-  b y sector s o r  branche s o f  economi c activity . 

These breakdowns ,  however ,  presen t  considerabl e difficultie s o f 

practica l  applicatio n whic h hav e no t  ye t  bee n solved .  I t  wa s 

not  possibl e t o giv e a  breakdow n b y technologica l  procedur e sin -

ce thi s concep t  prove d difficul t  t o defin e i n concret e terms . 

Furthermore ,  th e procedure s ca n b e applie d onl y t o a  par t  o f 

industr y an d th e breakdow n woul d no t  hav e bee n homogeneou s wit h 

transpor t  an d domesti c households .  Finally ,  th e procedure s 

ofte n overla p th e sector s an d branche s o f  economi c activit y i n 

industry . 

I t  wa s no t  possibl e t o giv e a  breakdow n b y us e o r  ultimat e in -

tende d purpos e o r  a  breakdow n b y economi c secto r  o r  sub-sector . 

The reason s fo r  an d implication s o f  thi s ar e outline d below . 

The concep t  o f  finalit y i n th e us e made o f  a n applianc e remain s 

to o haz y an d i s o f  n o hel p eithe r  fo r  understandin g usefu l  ener -

gy o r  fo r  th e calculations .  A n electri c moto r  ca n obviousl y b e 

use d fo r  variou s purpose s withou t  an y chang e i n it s ow n effi -

ciency .  T o giv e a  fe w examples ,  a n electri c moto r  ca n b e use d 

t o driv e a  machin e too l  (mechanica l  work) ,  pul l  a  trai n (loco -

motion) ,  tur n a  fa n (displacemen t  o f  ai r  whic h may b e use d fo r 

refrigeration) ,  driv e a  compresso r  (increas e i n th e pressur e o f 

gas wit h simultaneou s productio n o f  heat ,  e.g .  fo r  th e synthesi s 
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of  ammonia) ,  mak e a  refrigerato r  wor k (productio n o f  cold) , 

driv e a  pump whic h may i n tur n fee d a  burne r  (fo r  heating) ,  o r 

make a  crushe r  wor k (wit h 5  % mechanica l  effec t  an d 9 5 % ther -

mal  effect) .  Thes e example s sho w tha t  th e ultimat e use s o f  a n 

applianc e ar e many an d varied ,  difficul t  t o classif y an d some -

time s inextricabl y interlinked . 

I n particular ,  i t  prove s t o b e almos t  impossibl e t o distinguis h 

betwee n th e apparentl y simpl e concept s o f  therma l  us e an d mecha -

nica l  use ,  o n accoun t  o f  th e law s o f  thermodynamics .  Furthermore , 

ther e ar e case s wher e th e sam e applianc e serve s severa l  purpose s 

and conversel y wher e th e sam e jo b i s carrie d ou t  b y variou s appli -

ances :  thi s make s distributio n calculation s somewha t  difficult . 

As th e efficiencie s ar e linke d t o th e appliance s an d th e appli -

ance s ar e scattere d ove r  variou s economi c sectors ,  i t  i s  imme -

diatel y apparen t  tha t  a  breakdow n b y secto r  i s difficul t  an d 

does no t  provid e an y additiona l  informatio n o n th e usefu l  energy . 

I t  i s  obviou s tha t  th e efficienc y o f  motor s o f  th e sam e desig n o r 

of  electri c bulb s remain s th e sam e whethe r  the y ar e installe d i n 

a textil e mill ,  a  foodstuff s factory ,  publi c office s o r  a  privat e 

house .  Th e usefu l  energ y o r  efficienc y o f  a n industria l  secto r 

depend s o n th e degre e o f  integratio n o f  th e installation s an d o n 

th e ofte n ver y variabl e proportio n o f  machine s wit h differen t 

efficiencies .  T o tak e jus t  on e example ,  take n fro m th e best -

known an d mos t  easil y examinabl e sector ,  th e efficienc y o f  th e 

iro n an d stee l  secto r  depend s o n : 

1)  th e leve l  o f  integratio n o f  th e variou s phase s whic h contri -

but e t o productio n :  blas t  furnace ,  foundry ,  meltin g shop , 

hot  -  o r  cold-rollin g mill s  an d possibl y ore-sinterin g plan t 

and eve n powe r  station .  Thes e las t  thre e installation s ar e 

not  par t  o f  th e iro n an d stee l  secto r  accordin g t o th e nornan -

clature s currentl y i n force ,  bu t  thei r  inclusion s i n th e 

productio n proces s wil l  modif y th e overal l  efficienc y o f  th e 

iro n an d stee l  sector .  Thermodynami c system s thu s d o no t 

correspon d t o th e economi c sectors ,  whic h pose s problem s 

whic h canno t  b e solve d a t  th e presen t  time ; 
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2)  th e proportio n o f  th e variou s type s o f  equipmen t  installe d 

and thei r  degre e o f  utilization ,  whe n the y hav e differen t 

efficiencies .  A  steelwork s installatio n producin g cold -

rolle d flat s obviousl y ha s a  fa r  large r  numbe r  o f  high -

powere d electri c motor s tha n a n installatio n whic h produce d 

onl y non-rolle d products .  Sinc e th e efficienc y o f  electri c 

motor s (9 5 %) i s  highe r  tha n tha t  o f  al l  th e othe r  type s o f 

appliance ,  th e forme r  installatio n wil l  hav e a  highe r  useful -

energ y yiel d tha n th e latter ,  althoug h thi s doe s no t  neces -

saril y  mea n greate r  productivity . 

3)  th e arrangemen t  an d combinatio n o f  th e variou s energ y appli -

ances .  Thi s ca n var y i n term s o f  th e technique s an d proce -

dure s use d fo r  manufacturin g a  non-energ y produc t  (e.g . 

stee l  sheet) .  I n concret e terms ,  th e overal l  efficienc y o f 

th e productio n installation s wil l  clearl y diffe r  dependin g 

on whethe r  th e energ y appliance s ar e arrange d i n serie s o r 

i n parallel . 

Thes e observation s sho w tha t  th e overal l  efficienc y o f  th e iro n 

and stee l  secto r  i s obtaine d fro m weighte d average s fo r  al l 

combination s o f  installations ,  takin g accoun t  o f  th e degree s o f 

utilisation ;  thi s involve d complicate d calculation s an d lead s t o 

result s whic h ar e difficul t  t o interpret .  Th e statistica l  appa -

ratu s i s no t  geare d t o dea l  wit h suc h comple x an d detaile d problems . 

The usefu l  energ y calculate d b y applianc e i s thu s a n analytica l 

and no t  a  syntheti c approac h t o th e problem .  Bu t  a t  leas t  i t 

constitute s a  ste p forwar d an d doe s no t  lea d t o a  dea d end .  N o 

breakdow n o f  th e appliance s b y us e an d b y procedur e ha s bee n 

possible * 

However ,  i t  ha s bee n possibl e t o brea k dow n th e usefu l  energ y 

by thre e majo r  consume r  sector s : 

-  industr y 

-  transj .  jr t 

-  household s an d equivalent . 
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These thre e sector s correspon d t o th e quantitie s delivere d t o 

th e consume r  an d for m a  sor t  o f  crossroads *  Fro m thi s point , 

two paralle l  breakdown s ar e possibl e :  on e b y secto r  i n term s 

of  'energ y supplied 1,  th e othe r  b y applianc e i n term s o f 

•usefu l  energy 1. 

The limit s o f  thes e thre e sector s tall y  wit h th e definition s 

currentl y i n force .  •Household s an d equivalent 1 includes ,  apar t 

fro m household s a s such ,  wholesal e an d retai l  trade ,  crafts ,  ge -

nera l  governmen t  an d privat e institutions ,  small-scal e industry , 

agricultur e an d fishing . 

Thi s grouping ,  whic h pose s a  difficult y fo r  analyse s b y economi c 

sector ,  i s  paradoxicall y a n advantag e fo r  th e calculatio n o f  use -

fu l  energy .  Th e appliance s use d i n small-scal e industr y ar e ge -

nerall y differen t  i n size ,  technolog y an d efficienc y fro m thos e 

installe d i n large-scal e industry .  Thei r  efficiencies ,  an d 

therefor e th e usefu l  energ y released ,  see m mor e o r  les s o n a  pa r 

wit h thos e o f  th e appliance s use d i n wholesal e an d retai l  trade , 

craft s an d households .  Thei r  classificatio n i n a  singl e secto r 

therefor e make s th e calculation s easier . 

XI  CALCULATION OF LOSSES AN D ENERGY SECTOR 

One o f  th e advantage s o f  a  useful-energ y balance-shee t  i s tha t 

i t  show s th e losse s throughou t  th e energ y chain .  I n thi s con -

nection ,  i t  mus t  firs t  b e state d tha t  th e presen t  balance-shee t 

does no t  tak e int o consideratio n th e possibl e rat e o f  extractio n 

of  primar y energ y i n relatio n t o th e potentia l  (o r  natura l  re -

sources )  containe d i n th e deposit .  No r  doe s i t  tak e accoun t  o f 

reinjection s int o th e deposit s (crud e oi l  an d natura l  gas) . 

The startin g poin t  fo r  th e balance-shee t  i s gros s actua l  produc -

tion .  I n th e cas e o f  electricit y i t  underestimate s th e losses , 

sinc e hydroelectri c source s ar e regarde d a s primar y sources . 
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Despit e thes e shortcomings ,  whic h ca n b e remedie d i n future , 

th e recordin g o f  losse s i s bette r  tha n i n a  primar y inpu t  ba -

lance-shee t  o r  eve n i n a n •energ y supplied 1 balance-sheet .  A 

fe w word s o f  explanatio n abou t  losse s wil l  facilitat e bette r 

interpretatio n an d utilizatio n o f  th e balance-sheets .  Transfor -

matio n losse s are ,  b y thei r  ver y nature ,  linke d t o th e transfor -

mer  an d no t  t o th e energ y sources ;  thi s may caus e difficultie s 

i f  th e intentio n i s t o ascrib e th e losse s t o a  certai n produc t 

and t o analys e a  particula r  branc h o f  th e energ y flow-chart . 

The solutio n i s t o appl y th e appropriat e percentag e los s a s 

shown i n th e transformatio n balance-shee t  s o a s t o mak e i t  pos -

sibl e t o deduc e correctl y th e successiv e link s i n th e chai n o f 

transformation . 

Anothe r  aspec t  o f  losse s need s t o b e noted ,  namel y th e losse s 

occurrin g durin g th e transportatio n an d distributio n o f  ga s an d 

electricit y i n particular .  Losse s durin g transportatio n (los s 

i n weight ,  leaks ,  evaporation )  o f  th e othe r  energ y source s ar e 

negligibl e an d ar e no t  show n i n th e balance .  However ,  a n energ y 

whic h sustain s heav y losse s durin g transpor t  require s practi -

call y n o expenditur e o f  energ y fo r  transpor t  purposes ,  wherea s 

th e transpor t  o f  coa l  o r  oi l  withou t  los s require s a  certai n 

energ y consumption .  Thi s constitute s a  disparit y i n th e treat -

ment  o f  energ y source s whic h ough t  t o b e corrected .  T o d o thi s 

properly ,  i t  woul d b e necessar y t o includ e i n th e balance-shee t 

energ y use d t o transpor t  energy ,  o n th e sam e basi s a s th e energ y 

used t o extrac t  o r  transfor m energy .  A n attempte d calculatio n 

alon g thes e line s i s give n belo w i n th e analysi s o f  results . 

Apar t  fro m thes e considerations ,  showin g th e losse s a s suc h 

fulfil s  a  dua l  purpos e : 

1)  t o sho w th e relationshi p betwee n usefu l  energ y an d wast e 

energy ,  o f  interes t  fo r  variou s analyses ,  e.g .  compariso n 

and substitutio n o f  differen t  type s o f  energy ,  energ y 

saving ; 

2)  t o provid e a n estimat e o f  pollution . 
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Thi s secon d concer n i s o f  mor e recen t  origin .  Losse s occu r 

most  frequentl y i n th e for m o f  hea t  unintentionall y dissipate d 

int o th e environmen t  (radiation ,  sensibl e hea t  o f  smok e an d 

exhaus t  gases ,  burnin g o f  flares ,  hot-wate r  springs ,  etc*) * 

The onl y exception s t o thes e hea t  losse s ar e losse s b y leakage ,  • 

evaporatio n o r  los s o f  weigh t  (a s wel l  a s magneti c losses) .  I n 

al l  cases ,  th e energ y los t  cause s pollution ,  eithe r  therma l  o r 

chemical .  Th e tota l  loss ,  show n i n th e balance-shee t  a s wast e 

energy ,  ca n thu s provid e a n indicatio n o f  th e pollutio n cause d 

by energ y consumption . 

As wel l  a s losses ,  mentio n mus t  als o b e mad e o f  th e consumptio n 

of  th e energ y sector ,  whic h als o represent s a  reductio n i n th e 

quantitie s o f  energ y whic h reac h th e fina l  consumer .  Th e cros -

sed tabl e give n i n th e anne x make s i t  possibl e t o ascrib e eithe r 

t o eac h energ y sourc e o r  t o eac h transforme r  o r  produce r  o f  energ y th e 

energ y use d t o produc e o r  transfor m energy . 

Thi s ca n als o pla y a  par t  i n th e calculatio n o f  energ y sub-flow s 

and substitution s (choic e betwee n productio n o r  imports ,  fo r 

example) .  Consumptio n fo r  th e transpor t  o f  energ y shoul d b e 

treated ,  fo r  th e purpose s o f  analysis ,  i n th e sam e wa y a s th e 

consumptio n o f  th e energ y sector . 

XII FUTURE IMPROVEMENTS AND CONCLUSION 

Thi s study ,  togethe r  wit h a  tria l  useful-energ y balance-sheet , 

was draw n u p o n th e basi s o f  th e informatio n available ,  withou t 

th e hel p o f  a  specia l  survey .  Progres s may b e achieve d i n 

futur e b y adaptin g th e statistica l  apparatu s t o thi s ne w objec -

tive .  A  fe w guideline s ca n alread y b e lai d dow n wit h a  vie w 

t o improvin g th e useful-energ y balance-sheets . 

I t  ha s alread y bee n stated ,  i n chapte r  VIII ,  tha t  th e statis -

tica l  return s shoul d b e centre d o n transformation s o f  energy ; 

thi s coul d b e don e by ,  fo r  example ,  modifyin g th e questionnai -

re s use d i n th e Communit y alon g thes e lines . 
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A secon d wa y o f  improvin g th e balance-sheet s woul d b e t o obtai n 

more precis e figure s fo r  th e efficiencie s o f  th e appliance s b y 

means o f  technica l  studies .  Anothe r  wa y woul d b e t o obtai n mor e 

informatio n o n an d t o exten d th e classificatio n o f  th e equipmen t 

(o r  technologies )  use d i n industry , 

Obviously ,  a  mor e detaile d classificatio n i s onl y o f  interes t 

i f  th e efficiencie s o f  th e appliance s liste d diffe r  appreciably . 

Stil l  i n th e industria l  sector ,  i t  migh t  prov e useful ,  fo r  th e 

purpose s o f  economi c analysi s an d forecasting ,  t o separat e con -

sumptio n fo r  heatin g premise s fro m consumptio n fo r  manufacturing . 

The functio n *heatin g o f  premises 1 depend s o n th e climate ,  whic h 

i s a n exogenou s rando m variable ,  independen t  o f  th e manufacturin g 

process ,  wherea s th e energ y consume d fo r  manufacturin g purpose s 

i s independen t  o f  th e climat e bu t  i s relate d t o industria l  acti -

vit y (outpu t  o r  hour s worked) .  Thi s woul d requir e a  numbe r  o f 

specia l  surveys ,  usin g th e samplin g metho d whic h seem s mos t  sui -

tabl e fo r  thi s purpose . 

Finally ,  an d thi s i s mos t  important ,  thi s balanc e shee t  mus t  b e 

supplemente d b y studie s whic h furthe r  investigat e th e possibi -

litie s o f  energ y economy ,  a s indicate d i n chapte r  IX . 

I n orde r  t o tr y an d clarif y th e situation ,  fiv e topic s ca n b e 

considere d i n th e analysi s o f  energ y 2 

1)  primar y inpu t  o f  energ y 

2)  transformatio n o f  energ y source s 

3)  consumptio n o f  energ y a s supplie d t o fina l  consume r 

4)  usefu l  energ y obtaine d b y fina l  consume r 

5)  energ y conten t  o f  th e non-energ y good s an d services . 

The presen t  balanc e shee t  cover s onl y th e firs t  fou r  topics, 

deliberatel y excludin g th e last ,  althoug h th e importanc e o f  th e 

latte r  i s  incontestable . 
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I t  i s  clea r  tha t  possibl e energ y saving s ca n com e fro m : 

a)  improvemen t  o f  productivit y i n th e energ y secto r  itself , 

i.e .  b y reducin g th e losse s ,an d ow n consumptio n o f  th e 

enBrg y producers ,  transformer s an d distributors *  I n othe r 

words ,  maximizin g th e amoun t  o f  energ y supplie d t o th e 

fina l  consume r  o n th e basi s o f  a  give n primar y input . 

b)  fro m th e bes t  us e made o f  th e energ y appliance s a t  fina l 

consumer  level .  Thi s mean s tryin g t o obtai n a s muc h usefu l 

energ y a s possible . 

c)  fro m adjustin g consumptio n method s i n orde r  t o reduc e th e 

energ y require d fo r  producing ,  distributin g an d usin g th e 

non-energ y good s an d services .  Thi s mean s minimizin g th e 

energ y conten t  o f  th e non-energ y good s an d services . 

The firs t  tw o point s abov e ca n b e analyze d usin g th e balanc e 

sheet s propose d i n thi s study .  Th e las t  poin t  depend s upo n a n 

analysi s o f  th e specifi c  consumptio n an d input-outpu t  matrixes : 

i t  therefor e goe s beyon d th e framewor k o f  th e energ y balance -

sheets . 

One genera l  conclusio n emerge s fro m thes e variou s guidelines : 

balance-sheet s o f  th e 'energ y supplied 1 typ e constitut e th e 

basi s an d kingpi n o f  th e entir e statistica l  syste m relatin g t o 

energy .  Indeed ,  th e 'energ y supplied 1 balanc e shee t  make s i t 

possibl e eithe r  t o wor k bac k t o productio n an d primar y resour -

ces an d mak e a n exac t  calculatio n o f  requirement s i n term s o f 

primar y input ,  o r  t o procee d i n th e directio n o f  consumption , 

as fa r  a s usefu l  energy ,  o r  t o compil e studie s o n th e diffe -

ren t  level s o f  specifi c  consumption . 

A balance-shee t  o f  th e 'energ y supplied '  type ,  possibl y supple -

mente d b y informatio n o n usefu l  energ y an d specifi c  consumption , 

constitute s th e onl y correc t  basi s fo r  analyzin g energ y consump -

tio n an d thu s th e onl y platfor m o n whic h t o bas e forecas t  cal -

culation s -  fo r  forecast s ar e alway s base d o n th e projectio n o f 

consumptio n i n th e future . 
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I f  n o histori c basi s expresse d a t  'energ y supplied '  leve l  i s 

used ,  th e coefficient s o f  elasticit y wil l  b e biased ,  a s show n 

by pas t  experienc e i n energ y forecasting .  Finally ,  i t  i s  a t 

th e 'energ y supplied '  an d 'usefu l  energy '  level s tha t  vali d 

pric e comparison s ca n b e draw n a t  consume r  leve l  an d valu e 

studie s carrie d out . 

XIII ANALYSI S OF RESULTS - FRANCE-GERMANY 1975 

A firs t  attemp t  a t  a  balance-shee t  base d o n th e ne w method s wa s 

draw n u p fo r  th e Federa l  Republi c o f  German y fo r  th e yea r  1975 . 

A numbe r  o f  comment s may b e mad e o n th e results .  Th e firs t  ana -

lysi s concern s compariso n o f  th e result s betwee n 'primar y input' , 

•energ y supplied '  an d 'useful-energy '  balance-sheets .  A  tabl e 

i n th e anne x show s th e exten t  o f  th e differences ,  bot h b y majo r 

consumer  secto r  an d b y energ y source . 

Compared t o th e 'energ y supplied '  balance-sheet ,  th e primar y 

inpu t  balance-shee t  overestimate s fina l  energ y consumptio n b y 

23 %, industria l  consumptio n b y 3 3 % an d electricit y consumptio n 

by 16 5 %t an d i t  underestmate s th e transpor t  secto r  an d petro -

leu m product s (thi s i s particular y apparen t  i n th e breakdow n o f 

consumption) .  Th e breakdow n b y energ y sourc e i s considerabl y 

modifie d b y this ,  t o th e advantag e o f  petroleu m product s an d 

th e detrimen t  o f  electricity .  Th e differenc e betwee n thes e tw o 

type s o f  balance-shee t  stem s fro m th e losse s du e t o transfor -

mation ,  distributio n an d consumptio n o f  th e energ y sector .  Thi s 

explain s indirectl y th e difference s i n th e breakdow n betwee n 

industr y an d transport .  Th e energ y conten t  o f  deliverie s t o th e 

transpor t  secto r  i s greate r  tha n tha t  o f  deliverie s t o industr y 

(mainl y moto r  spiri t  a s agains t  residua l  fue l  oils) ,  wherea s th e 

primar y inpu t  balance-shee t  equate d th e grade s o f  product s i n 

term s o f  crud e oi l  equivalent . 

The 'useful-energy '  balance-shee t  present s anothe r  angl e b y in -

cludin g losse s occurrin g durin g fina l  consumption .  Thi s give s 

a differen t  pictur e again ,  dependin g o n th e efficiencie s o f  th e 

appliance s use d b y fina l  consumers . 
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I t  i s  n o surprise ,  i n vie w o f  th e lo w efficienc y o f  interna l 

combustio n engines ,  t o not e th e considerabl e reductio n i n usefu l 

energ y i n th e transpor t  sector .  On th e othe r  hand ,  th e hig h 

efficiencie s generall y observe d i n electri c o r  ga s appliance s 

increas e th e proportio n o f  usefu l  energ y produce d b y thes e tw o 

sources . 

However ,  th e excellen t  performanc e o f  mos t  electri c appliance s 

does no t  mak e u p fo r  th e losse s arisin g durin g transformatio n 

i n therma l  powe r  stations *  Thi s show s on e o f  th e fundamenta l 

aspect s o f  th e Germa n economy ,  t o whic h hydro-electri c powe r 

continue s t o mak e a  minima l  contribution .  Losse s durin g fina l 

consumption ,  expresse d a s th e differenc e betwee n the 1energ y sup -

plied 1 an d usefu l  energy ,  ar e a s follows : 

soli d fuel s 29 % 

liqui d fuel s 44 % 

gas 26 % 

electricit y 24 % 

Tota l  fo r  al l  source s o f  energ y 36 % 

These genera l  comparison s brin g ou t  th e exten t  o f  losse s throu -

ghou t  th e energ y chai n fro m extractio n (primar y input )  t o fina l 

consumptio n (usefu l  energy) .  A  grap h show s th e overal l  flo w o f 

energ y i n 197 5 i n th e Federa l  Republi c o f  Germany .  Usefu l  energ y 

accoun t  fo r  47 % an d los t  energ y fo r  53 % o f  availabilities . 

The energ y los t  i s  broke n dow n a s follows : 

50% durin g consumptio n 

36% durin g transformatio n 

13% consumptio n o f  th e energ y secto r 

1% durin g distribution . 

A tabl e i n th e anne x give s a  mor e detaile d breakdow n o f  thes e 

losse s b y energ y source .  Th e mai n losse s occu r  wit h oi l  an d 

electricity ,  th e forme r  becaus e o f  th e considerabl e volum e con -

cerned ,  th e latte r  becaus e o f  th e lo w efficienc y o f  transforma -

tion s i n therma l  powe r  stations . 

A secon d grap h illustrate s th e energ y flo w b y source . 
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I t  show s tha t  th e mor e transformation s o f  energ y ther e are ,  th e 

greate r  th e losse s an d th e mor e th e overal l  efficienc y tend s t o 

decrease .  Thi s highlight s th e advantage s o f  natura l  gas ,  a 

primar y energ y source ,  generall y use d withou t  intermediat e trans -

formation .  Mor e accurat e determinatio n o f  th e losse s throughou t 

th e energ y chai n i s thu s o f  grea t  importanc e fo r  th e purpose s o f 

analysis .  Wher e losse s ar e calculate d i n th e for m o f  percentages , 

i t  i s  possibl e t o appl y variou s type s o f  "technica l  coefficients " 

t o eac h possibl e "sub-flow "  i n th e energ y flow-chart .  Th e per -

centage s o f  intermediat e losse s ar e take n fro m th e subsidiar y 

transformatio n balance-sheets ;  consumptio n o f  th e energ y secto r 

and an y losse s durin g distributio n o f  ga s an d electricit y mus t 

be adde d t o these . 

The "technica l  coefficients "  o f  los t  energ y may b e summarize d a s 
follow s : 

Losse s durin g transformatio n : 

paten t  fue l  plant s 

cokin g plant s 

brow n coa l  briquett e work s 

blas t  furnace s 

therma l  powe r  station s (electricity ) 

power  station s (heat ) 

nuclea r  reactor s 

oi l  refinerie s 

gas work s 

9 % o f  th e inpu t 

1.5 % 

5.6 % 

3.5 % 

62 .6 % 

15 % 

6 5 .8 % 

0.6 % 

3 .3 % 

ft 

I I 

I f 

I I 

f l 

I I 

I I 

I I 

M 
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Consumption s o f  producer s an d transformer s o f  energ y : 

% inpu t % productio n 

coa l  mine s (wit h paten t  fue l  plants ) 

brow n coa l  mine s (wit h briquettin g _ 
works ) 

productio n o f  natura l  ga s 

cokin g plant s 9, 8 

oi l  refinerie s 8, 6 

gaswork s 10, 8 

therma l  powe r  station s 2, 3 

nuclea r  reactor s 1 ,  8 

hydroelectri c powe r  station s 

2, 5 

1, 1 

4, 8 

13, 1 (coke ) 

8, 7 

11 , 2 

6, 3 

5, 4 

1, 5 

Thes e specifi c  consumption s represen t  th e energ y (eithe r  fro m 

own productio n o r  bought )  use d t o extrac t  o r  transfor m th e 

energ y (1) .  Thes e percentage s wer e calculate d directl y fro m 

th e unit s i n Joules ,  a t  f energ y supplied 1 level ,  i.e .  withou t 

goin g bac k t o th e primar y inpu t  leve l  (e.g .  fo r  electrica l 

energy) .  Non-energ y outpu t  (ofte n unavoidable )  wa s no t  inclu -

ded i n th e losses .  I t  leave s th e energ y balance-shee t  a t  th e 

lin e r, non-energ y consumption" .  Thi s i s i n lin e wit h economics , 

sinc e th e non-energ y product s ar e transferre d t o othe r  sector s 

wher e the y ar e used . 

Wit h th e percentag e losse s o r  "technica l  coefficients" ,  i t  i s 

possibl e t o construc t  variou s specia l  sub-flow s i n th e energ y 

flow-char t  an d t o observ e th e progressiv e disappearanc e o f  th e 

energ y u p t o fina l  consumption .  Th e simples t  wa y o f  illustra -

tin g thi s i s i n th e for m o f  a  graph ,  a s give n i n th e annex , 

showin g a  fe w typica l  examples . 

For  th e heatin g o f  domesti c an d simila r  premises ,  th e sub -

flow-chart s sho w tha t  soli d an d liqui d fuel s hav e th e sam e 

overal l  efficiency .  Th e greate r  efficienc y o f  oil-fire d boi -

ler s offset s th e losse s o r  consumptio n o f  energ y durin g refi -

ning . 

(1 )  Thi s means ,  fo r  example ,  tha t  t o produc e 100 0 k j  o f  natu -
ra l  ga s require s a  consumptio n o f  4 8 k j ;  t o refin e 1  00 0 
k j  o f  crud e oi l  require s a  consumptio n o f  8 6 k j ,  etc . 
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The hig h efficienc y o f  natural-gas-fire d heatin g i s als o brought : 

out .  On th e othe r  hand ,  electri c heatin g wit h electricit y fro m 

therma l  source s ha s a n overal l  efficienc y equa l  t o hal f  tha t 

of  soli d o r  liquid-fue l  type s o f  heating . 

As regard s motiv e power ,  i t  doe s no t  matter ,  fro m th e poin t  o f 

vie w o f  th e overal l  yield s o f  usefu l  energy ,  whethe r  a  diese l 

engin e o r  a n electri c moto r  drive n b y electricit y o f  therma l  ori -

gi n i s used .  On th e othe r  hand ,  th e sub-flow-chart s brin g ou t  th e 

hig h efficienc y o f  hydroelectricity ,  bu t  thi s i s th e leas t  com -

mon sourc e o f  energ y i n Germany .  I n al l  cases ,  lightin g ha s th e 

lowes t  efficienc y bu t  technologist s have ,  a s yet ,  foun d n o subs -

titute .  Thes e sub-flow-chart s confir m tha t  transformation s 

reduc e th e overal l  efficiencies ,  sinc e th e increas e i n efficien -

cy durin g us e brough t  abou t  b y a  bette r  develope d for m o f  energ y 

does no t  offse t  th e losse s an d consumptio n o f  energ y durin g th e 

transformatio n operation . 

The volum e o f  therma l  pollutio n cause d b y th e productio n an d us e 

of  energ y ca n b e estimate d o n th e basi s o f  losses .  Thi s give s 

a tota l  o f  th e orde r  o f  4  30 0 00 0 tJoules,no t  includin g distri -

butio n losse s an d th e consumptio n o f  th e energ y sector .  Thi s 

figur e represent s mor e tha n 1  millio n Teal ,  i.e. a sufficien t 

quantit y o f  hea t  t o rais e th e temperatur e o f  a  voliim e o f  1Q Q 00 0 
Q O 

millio n m°-o f  wate r  b y 1 0 C .  Fo r  comparison ,  thi s figur e i s o f 

th e sam e magnitud e a s th e annua l  flo w o f  al l  th e surfac e wate r 

collecte d i n th e Federa l  Republi c o f  Germany . 

Moreover ,  th e balance-shee t  als o make s i t  possibl e t o obtai n a 

breakdow n o f  consumptio n b y mai n type s o f  applianc e an d b y majo r 

sector .  A  tabl e i n th e anne x give s th e percentag e breakdow n o f 

consumption ,  i n term s o f  bot h f energ y supplied 1 an d usefu l  energy . 

A fe w comment s may b e adde d t o this .  Lightin g alway s play s a 

secondary ,  eve n negligible ,  part .  It s poo r  efficienc y ha s there -

for e practicall y n o effec t  o n th e energ y budge t  a s a  whole .  It s 

rol e appear s leas t  negligibl e i n th e tertiar y secto r  (stree t 

lightin g an d lightin g o f  offices ,  governmen t  building s an d shops) . 
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83. 

5. 

4. 

1 . 

6. 

.3% 

.4% 

.2% 

. 1 % 

. 0% 

On th e othe r  hand ,  spac e heating ,  a t  aroun d 80 % o f  consumption , 

constitute s a  majo r  par t  o f  th e household s an d equivalen t  sector , 

whil e th e transpor t  secto r  i s dominate d t o a  grea t  exten t  b y 

internal-combustio n engine s wit h 90 % o f  'energ y supplied 1 con -

sumptio n an d 80 % o f  th e useful-energ y consumption .  I n industry , 

th e rang e o f  appliance s appear s muc h wider ,  althoug h ther e i s a 

preponderanc e o f  furnace s an d boilers .  Th e tabl e als o make s i t 

possibl e t o estimat e th e distributio n o f  appliance s i n household s 

as such .  Out  o f  a  tota l  o f  2  99 0 99 2 tjoul e ('energ y supplied 1) 

i n th e secto r  comprisin g households ,  handicraft ,  public,autho -

rities ,  smal l  industry ,  agricultur e an d fishing ,  th e consumptio n 

of  household s a s suc h may b e pu t  a t  aroun d 1  68 0 00 0 tJoules,a s 

follows : 

1 40 0 00 0 t j  fo r  spac e heatin g 

90 00 0 t j  fo r  cookin g 

70 00 0 t j  fo r  ho t  wate r 

18 00 0 t j  fo r  lightin g 

102 00 0 t j  fo r  variou s electrica l  appliance s 

1 00 % 

These observation s giv e a  clea r  indicatio n o f  th e line s alon g 

whic h futur e studie s an d researc h shoul d proceed ,  wit h a  vie w 

bot h t o energ y savin g an d t o improvin g th e balance-sheet s (bette r 

knowledg e o f  th e equipmen t  use d i n industry ,  fo r  example) . 

A fina l  featur e o f  thi s typ e o f  balance-shee t  concern s primar y 

input ,  th e analysi s o f  whic h ca n b e improve d b y workin g upward s 

fro m 'energ y supplied' .  On th e basi s o f  th e subsidiar y balance -

sheets ,  i.e .  th e variou s transformatio n losse s an d th e consump -

tio n o f  th e energ y sector ,  i t  i s  possibl e t o calculat e th e 

actua l  substitution s betwee n productio n an d import s o n th e on e 

hand an d primar y an d secondar y energ y o n th e other .  Importin g 

a tonn e o f  cok e i s no t  th e sam e a s importin g a  tonn e o f  coal , 

nor  i s producin g electricit y b y therma l  mean s th e sam e a s pro -

ducin g i t  fro m water .  Th e variou s possibl e substitution s hav e 

effect s whic h may b e show n b y th e balance-sheet .  A s i t  stand s 

now,  th e balance-shee t  i s a  sor t  o f  practica l  economi c model , 

on th e basi s o f  whic h i t  i s  possible ,  hypothetically ,  t o modi -

f y certai n value s an d calculat e th e consequence s thereof . 
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The scop e o f  thi s typ e o f  calculatio n i s vast .  A  f Aew example s 

wil l  suffic e t o sho w it s potential .  What  woul d happe n i f  ne t 

productio n o f  hydroelectricit y wer e reduce d b y 3 6 00 0 tjoule s 

( a reductio n o f  1 0 00 0 GWh)  ?  A s consumptio n woul d remai n th e 

same,  productio n o f  electricit y fro m therma l  sources ,  e.g .  base d 

on fue l  oils ,  woul d hav e t o b e increased .  T o obtai n 3 6 00 0 

tjoule s o f  ne t  electricit y i n a  conventiona l  therma l  powe r  sta -

tio n require s a  gros s outpu t  o f  3 8 43 0 tjoules .  Thi s need s a 

charg e o f  10 2 60 0 tj ,  i.e .  approximatel y 2  56 5 00 0 t  o f  heav y 

fue l  oil .  Thi s result s i n a n increas e i n oi l  refining .  Thus , 

t o obtai n 10 2 60 0 t j  o f  a  petroleu m produc t  (fue l  oil )  require s 

an inpu t  o f  10 3 21 5 t j  o f  crud e oil ,  allowin g fo r  losse s durin g 

refining ,  t o whic h mus t  b e adde d th e refineries 1 ow n consumptio n 

at  8  87 0 t j  (8. 6 % o f  th e charge) .  Altogether ,  a  decreas e o f 

36 00 0 tjoule s i n th e outpu t  o f  hydroelectricit y require s appro -

ximatel y 11 2 00 0 tjoule s o f  alternativ e energy .  Thi s i s a n 

exampl e o f  substitutio n a t  th e primar y input . 

Anothe r  exampl e entail s examinatio n o f  th e choic e betwee n impor -

tin g 1  t  o f  cok e o r  th e primar y equivalen t  i n th e for m o f  coal . 

The cokin g plan t  transformatio n balanc e show s that ,  i n term s o f 

specifi c  unit s 1. 3 t  o f  coa l  i s  require d t o produc e 1  t  o f  coke , 

allowin g fo r  losse s an d th e unavoidabl e productio n o f  gas ,  benzol , 

pitc h an d tars .  I n addition ,  cokin g require s a  specifi c  consump -

tio n o f  aroun d 1  % o f  th e charge .  I n term s o f  energy ,  th e 

substitutio n i s thu s a s follow s : 

1 t  o f  cok e 

gas 

othe r  by-product s 

losse s 

charg e 

consumptio n o f  th e cokin g plan t  (T ) 

28 50 0 00 0 kjoule s 

7 22 0 00 0 w 

1 71 0 00 0 M 

570 00 0 M 

38 00 0 00 0 kjoule s 

( = 1. 3 t  o f  coal ) 

380 00 0 kjoule s 

(1 )  Take n fro m th e unavoidabl e productio n o f  coke-ove n ga s 
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A fina l  poin t  t o b e clarifie d concern s th e energ y require d fo r 

th e transportatio n an d distributio n o f  soli d an d liqui d fuels • 

The energ y consume d fo r  thi s purpos e wa s no t  show n separatel y 

i n th e balance-shee t  bu t  i s  include d i n th e fina l  consumptio n 

of  th e transpor t  sector .  Fo r  th e purpose s o f  th e energ y budge t 

i t  i s  useful ,  however ,  t o kno w thi s consumption ,  compare d t o th e 

consumptio n o f  th e energ y secto r  an d losse s durin g distributio n 

of  ga s an d electricity .  Th e transpor t  statistic s provid e a  ba -

si s fo r  calculatio n (tk m o f  traffi c  an d specifi c  consumptions) . 

The followin g estimat e i s obtaine d : 

Consumptio n fo r 
transpor t 

Soli d fuel s 

Liqui d fuel s 

Tota l 

Rai l 

4 17 0 

1 80 0 

5 97 0 

Inlan d 
waterwa y 

870 

930 

1 80 0 j 

' •  Roa d 

1 10 0 

11 30 0 

12 40 0 

Pipelin e 

1 50 0 

1 50 0 

t j 
I  Tota l 

6 14 0 

15 53 0 

21 67 0 

These figure s ar e ver y low ,  eve n negligible ,  compare d t o th e 

quantitie s o f  fuel s transporte d eithe r  t o transformer s (powe r 

stations ,  etc. )  o r  t o fina l  consumers .  Th e consumptio n o f  ener -

gy use d t o powe r  th e lorries ,  boats ,  wagon s an d pipeline s may b e 

estimate d a t  0. 3 % o f  th e quantit y o f  energ y transported .  Thi s 

figur e i s ver y lo w i n compariso n wit h th e distributio n losse s 

fo r  th e electricit y networ k (4* 8 %). 

Fro m th e useful-energ y poin t  o f  vie w i t  therefor e appear s mor e 

economica l  t o transpor t  fuel s i n thei r  natura l  stat e t o th e 

point s o f  consumptio n rathe r  tha n t o conver t  the m o n th e spo t 

t o electricit y an d the n transpor t  th e electrica l  energ y t o th e 

consumers .  Thes e calculation s als o sho w tha t  i t  i s  no t  neces -

sar y t o ente r  th e energ y require d fo r  transpor t  i n th e 
1 distributio n losses 1 lin e o f  th e balance-sheet ,  a s thi s ha s 

no effec t  o n th e overal l  results . 
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XIV ANALYSI S OF RESULTS - FRANCE 1975 

A firs t  attemp t  a t  a n f energ y supplied 1 an d a  useful-energ y 

balance-shee t  wa s draw n u p fo r  Franc e o n th e basi s o f  th e re -

sult s fo r  1975 .  Th e sam e genera l  conclusion s may b e draw n a s 

fo r  Germany . 

I n th e firs t  place ,  th e differenc e i n th e result s obtaine d wit h 

th e thre e type s o f  energ y balance-shee t  -  primar y input ,  energ y 

supplie d an d useful-energ y (se e table )  -  i s  ver y noticeable . 

Compared t o th e f energ y supplied 1 balance-sheet ,  th e primar y 

inpu t  balance-shee t  overestimate s fina l  energ y consumptio n b y 

more tha n 1 8 %. Thi s als o ha s a  considerabl e effec t  o n th e 

breakdow n b y majo r  consume r  sector .  Th e primar y inpu t  balance -

shee t  overestimate s th e fina l  energ y consumptio n o f  industr y b y 

28 % an d tha t  o f  household s b y 2 0 %. On th e othe r  hand ,  i t  un -

derestimate s tha t  o f  th e transpor t  sector .  Th e breakdow n b y 

energ y sourc e als o appear s i n a  differen t  ligh t  whe n th e actua l 

energ y conten t  o f  deliverie s t o consumer s i s take n int o account . 

Electricity 1s shar e i s reduce d b y half ,  wherea s tha t  o f  al l  th e 

othe r  energ y source s i s increase d (ver y considerabl y i n th e cas e 

of  petroleu m products) .  Thes e difference s ar e obviousl y th e re -

sul t  o f  transformatio n an d distributio n losses .  Th e f energ y 

supplied 1 balance-shee t  give s a  bette r  pictur e o f  th e energ y 

valu e whic h ca n b e use d b y th e fina l  consumer ,  an d form s th e 

essentia l  basi s fo r  th e nex t  step ,  whic h i s t o determin e th e 

usefu l  energ y produce d durin g fina l  transformation .  Th e diffe -

ren t  efficiencie s o f  th e appliance s modif y th e result s conside -

rably .  Th e usefu l  energ y produce d i n industr y i s fa r  greate r 

tha n tha t  produce d i n th e secto r  comprisin g households ,  whole -

sal e an d retai l  trade ,  handicraft ,  trade s an d agriculture .  Th e 

usefu l  energ y produce d i n th e transpor t  secto r  appear s extreme -

l y small .  Th e differen t  efficiencie s o f  th e appliance s modif y 

th e result s b y energ y sourc e t o th e advantag e o f  electricit y 

and ga s an d t o th e detrimen t  o f  petroleu m products .  However , 

th e be t  :e r  performanc e o f  electrica l  appliance s doe s no t  mak e 
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up fo r  th e losse s arisin g durin g distributio n an d durin g trans -

formatio n i n therma l  powe r  stations ,  eve n throug h on e thir d o f 

al l  electricit y produce d i n Franc e i s o f  hydroelectri c origin . 

The percentag e losse s occurrin g durin g fina l  consumption ,  expres -

sed a s th e differenc e betwee n energ y delivere d t o th e consume r 

and th e usefu l  energ y yield ,  ar e a s follow s : 

soli d fuel s 3 2 % 

petroleu m product s 4 8 % 

gas 2 9 % 

electricit y 2 8 % 

Tota l  fo r  al l  source s o f  energ y 4 2 % 

I f  al l  th e losse s occurrin g upstrea m o f  consumption ,  durin g dis -

tributio n an d transformation ,  includin g th e consumptio n o f  th e 

energ y sector ,  ar e adde d t o thes e losses ,  a n overal l  pictur e i s 

obtaine d o f  th e energ y losse s throughou t  th e flo w fro m primar y 

extractio n t o fina l  utilization .  Thi s flo w i s illustrate d b y a 

graph ,  whic h show s tha t  usefu l  energ y account s fo r  onl y 46 % an d los t 

or  waste d energ y fo r  5 4 % o f  availabilities . 

The losse s ar e broke n dow n a s follow s : 

61 % durin g fina l  consumptio n 

26 % durin g transformatio n 

11 % fo r  th e energ y sector' s ow n consumptio n 

2 % durin g distributio n 

100% 

A tabl e i n th e anne x give s a  mor e detaile d breakdow n o f  thes e 

losses ,  i n particula r  b y energ y source * 

I t  ca n b e see n that ,  nex t  t o fina l  consumption ,  th e greates t 

volum e o f  losse s occur s a s a  resul t  o f  transformations .  I t 

woul d therefor e b e usefu l  t o analys e thi s aspec t  i n greate r  de -

tai l  an d i n particula r  t o giv e th e percentag e los s o r  'techni -

cal  coefficient '  arisin g wit h eac h transforme r  o f  energy . 
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These percentage s ar e take n fro m th e subsidiar y transformatio n 

balanc e sheets * 

-  Percentag e losse s durin g transformatio n : 

% o f  th e inpu t  % o f  secondar y 
productio n 

paten t  fue l  plant s 

Cokin g plant s 

Blas t  furnace s 

Oi l  refinerie s 

Gaswork s 

Thermal  powe r  station s 

Nuclea r  reactor s 

8, 4 

4, 1 

6. 8 

1. 7 

6.3 5 

60. 3 

71. 2 

9. 2 

4. 3 

7. 3 

1.7 5 

6. 8 

151. 3 

247. 1 

These losse s includ e flar e burn-off ,  leak s an d th e hea t  dissi -

pate d b y radiation ,  i n smok e o r  i n wast e water ,  durin g th e trans -

formatio n process .  The y d o no t  includ e th e unavoidabl e produc -

tio n o f  by-product s use d fo r  non-energ y purposes . 

Added t o thes e losse s i s th e energ y use d t o extrac t  an d trans -

for m th e energ y (energ y sector) .  Thi s to o may b e expresse d i n 

th e for m o f  a  percentag e relate d t o th e charg e o r  th e quantit y 

extracte d o r  produced . 

-  Energ y consume d b y producer s an d transformers^ : 

Coalmine s (wit h paten t  fue l 
plant s ) 

Brown coa l  mine s 

Productio n o f  natura l  ga s 

Cokin g plant s 

Oi l  refinerie s 

Gaswork s 

Thermal  powe r  station s 

Hydroe l  -ctri c powe r  station s 

Nuclea r  reactor s 

% % 
of  th e inpu t 

-

-

-

10. 0 

6. 1 

17. 4 
2. 1 

-

1. 4 

of th e outpu t 

2. 6 

0. 4 

3. 2 

13. 5 (coke ) 

6. 2 

18. 6 

5. 3 

2.2 5 

4. 7 
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These percentage s wer e calculate d o n th e basi s o f  'energ y supplied ' 

expresse d i n Joules.(1)Thi s mean s tha t  t o extrac t  10 0 tjoul e o f 

coa l  require s a n energ y consumptio n o f  2. 6 tj ,  o r  th e produc e 

100 t j  o f  cok e require s 13. 5 t j  o f  energy . 

By an d large ,  thes e percentage s ar e simila r  t o thos e calculate d 

fo r  Germany .  However ,  difference s may aris e a s a  resul t  o f  th e 

typ e o f  processin g (i n th e cas e o f  gasworks ,  fo r  example )  o r  o f 

th e qualit y o f  th e fuel s extracte d (approximatel y th e sam e amoun t 

of  energ y mus t  b e use d t o extrac t  a  tonn e o f  anthracit e o r  a  ton -

ne o f  low-grad e coal) . 

By applyin g th e coefficient s o f  efficienc y o f  th e appliance s use d 

by fina l  consumers ,  th e percentag e losse s durin g distributio n an d 

transformation ,  an d th e rate s o f  consumptio n o f  th e energ y sector , 

i t  i s  thu s possibl e t o wor k upward s fro m usefu l  energ y t o primar y 

inpu t  o r  i n th e opposit e direction ,  tracin g al l  th e possibl e sub -

flows .  Th e variou s sub-flow s calculate d o n th e basi s o f  th e fi -

gure s fo r  Franc e lea d t o th e sam e result s an d conclusion s a s fo r 

Germany. 

Heat  losse s arisin g a s a  resul t  o f  th e us e o f  energ y ca n b e esti -

mated a t  3  00 0 00 0 terajoule s i.e .  les s tha n i n Germany .  Thi s i s 

nonetheles s a n importan t  caus e o f  pollution . 

The balance-shee t  als o give s a  breakdow n o f  consumptio n b y typ e 

of  applianc e an d b y majo r  sector ,  i n term s o f  both'energ y supplied ' 

and usefu l  energy ,  thu s makin g i t  possibl e t o identif y th e impor -

tan t  area s an d t o pinpoin t  losses . 

(1 )  I n term s of ,  fo r  example ,  th e amoun t  o f  electricit y neede d 

fo r  th e transformatio n an d no t  i n term s o f  th e amoun t  o f  pri -

mary inpu t  (coal ,  fuel-oi l  etc )  neede d t o giv e tha t  amoun t  o f 

electricity . 
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Of  tota l  fina l  energ y consumption ,  mor e tha n 3/ 4 o f  th e energ y 

delivere d t o th e consume r  i s absorbe d b y thre e mai n type s o f 

appliances ,  namel y : 

-  spac e heatin g boilers ,  wit h approximatel y 1  50 0 00 0 T J 

-  combustio n engine s (piston-driven) ,  wit h 1  14 3 00 0 T J 

-  industria l  furnace s an d boilers ,  wit h 1  12 0 00 0 T J 

The remainde r  i s sprea d ove r  a  wid e variet y o f  appliance s use d 

fo r  mor e specifi c  purposes .  Overall ,  lightin g an d electri c mo-

tor s appea r  t o pla y a  secondar y part * 

Thi s show s wha t  step s mus t  b e take n i n th e fiel d o f  statistica l 

analysi s t o obtai n a  cleare r  pictur e o f  th e situatio n an d i n 

th e fiel d o f  technologica l  researc h t o ensur e bette r  utiliza -

tio n o f  energy . 

On th e basi s o f  th e statistic s o n th e breakdow n o f  fina l  energ y 

consumptio n i t  i s  als o possibl e t o ad d a  fe w mor e detail s an d 

giv e separat e figure s fo r  household s a s such ,  excludin g whole -

sal e an d retai l  trade ,  publi c authorities ,  handicraft ,  trades , 

agricultur e an d small-scal e industry . 

Approximatel y 1  35 1 00 0 T J (energ y supplied )  may thu s b e attri -

bute d t o household s a s such ,  broke n dow n a s follow s : 

1 00 0 T J  % 

1 100 

107 

57 

38 

49 

1 351 

8 1 .4 

7 .9 

4 .2 

2 .8 

3.6 

100 

(1 )  Miscellaneou s electri c appliance s include :  washin g machi -

nes ,  dis h washers ,  vacuu m cleaners ,  refrigerators ,  freezers , 

hai r  dryers ,  toasters ,  mixers ,  etc . 

Space heatin g 

Cookin g 

Water  heatin g 

Lightin g an d televisio n 

Miscellaneou s electri c appliance s (1 ) 
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I t  ca n b e see n tha t  thi s breakdow n differ s fro m tha t  fo r 

Germany,  wit h heatin g havin g a  smalle r  an d cookin g a  large r 

shar e o f  th e tota l  -  a  reflectio n o f  consume r  habit s an d cli -

mati c factors .  Wit h th e 'energ y supplied 1 balance-sheet ,  i t 

i s  possibl e t o g o bac k a s fa r  a s primar y input .  Ther e ar e se -

vera l  possibl e methods .  Th e percentage s o r  technica l  coeffi -

cient s describe d above ,  relatin g t o losse s an d energ y fo r  pro -

ducer s  f  an d transformers 1 consumption ,  may b e applie d t o eac h 

energ y source .  A n overal l  resul t  may als o b e obtaine d fro m 

th e total s fo r  al l  energ y source s together .  Th e resul t  i s  the n 

give n directl y o n th e overal l  energ y flo w chart . 

6 193  46 7 T J ar e use d fo r  energ y purpose s an d 42 2 99 2 T J fo r 

non-energ y purposes ,  i.e .  a  tota l  o f  6  61 6 45 9 T J fo r  th e pri -

mary inpu t  equivalen t  o f  actua l  energ y consumptio n an d asso -

ciate d non-energ y consumption .  Translate d int o tonne s o f  coa l 

equivalent ,  thi s represent s 22 6 millio n tee .  Thi s figur e i s lo -

wer  tha n give n i n th e primar y inpu t  balance-sheet s currentl y cal -

culate d an d published ,  whic h giv e a  gros s inlan d consumptio n o f 

235 millio n te e fo r  Franc e i n 1975 .  Th e differenc e i s du e t o 

th e basi c approach .  Th e 'energ y supplied 1 balance s describ e 

th e situatio n a s i t  actuall y i s an d therefor e sho w actua l  supply , 

withou t  makin g an y assumption s whic h modif y th e facts ,  wherea s 

th e presen t  primar y inpu t  balance-sheet s ar e base d o n th e assump -

tio n whereb y conventiona l  therma l  powe r  i s substitute d fo r  hy -

droelectri c power .  Th e implie d losse s fro m thi s theoretica l  out -

put  mus t  therefor e b e added . 

The calculatio n i s simpl e s 

transformatio n losse s i n a  conventiona l  therma l  powe r  statio n 

t o produc e th e equivalen t  o f  hydroelectri c powe r 

(15 1 % o f  gros s output )  =  32 9 37 8 T J 

additiona l  consumptio n o f  relate d service s 

(energ y sector )  (5,3 % o f  gros s output )  =  1 1 56 0 T J 

i.e .  a  tota l  o f  34 0 93 8 TJ ,  equivalen t  t o 11. 6 millio n tee , 

i.e .  approximatel y th e sam e differenc e a s note d above . 
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The sligh t  differenc e stil l  remainin g i s th e resul t  o f  mor e 

precis e consideratio n o f  th e energ y value s o f  th e product s i n 

th e 'energ y supplied '  balance-shee t  (particular y i n th e cas e 

of  soli d an d liqui d fuels) /  I t  may b e conclude d tha t  th e pri -

mary inpu t  balance-sheet s greatl y overestimat e energ y losse s 

and d o no t  permi t  correc t  analysi s a t  consume r  level . 

I n France ,  i t  i s  als o possibl e t o estimat e th e quantit y o f  ener -

gy use d t o transpor t  soli d an d liqui d fuels ,  whic h i n principl e 

i s t o b e adde d t o th e consumptio n o f  th e energ y sector ,  a s i s 

th e energ y use d fo r  th e distributio n o f  ga s an d electricity . 

Usin g th e transpor t  statistic s (NST )  i n tonne-kilometre s an d 

specifi c  consumption s a s a  basis ,  th e followin g estimat e i s 

obtaine d : 

Consumptio n fo r 
transpor t  of : 

Soli d fuel s 

Liqui d fuel s 

[  Tota l 

Rai l 

1 56 3 

1 95 8 

3 52 1 

Inlan d 
waterwa y 

287 

853 

1 14 0 

Road 

806 

8 71 9 

,-9_5.25__ J 

Pipelin e 

5 19 6 

5 19 6 

TJ 
Tota l 

2 65 6 

16 72 6 

19 38 2 

Thi s figur e o f  1 9 38 2 T J fo r  th e transpor t  o f  fuel s i s muc h 

lowe r  tha n th e losse s o n th e ga s an d electricit y network s 

(7 7 65 1 TJ) . 

The energ y use d fo r  thi s purpos e represent s 0. 3 % o f  th e tota l 

energ y availabl e o n th e domesti c marke t  an d 0. 4 % o f  tota l 

energ y delivere d t o th e consumer . 

A compariso n o f  th e fuel s i n questio n give s th e followin g 

figure s : 

-  soli d fuel s 2  65 6 T J  =  0  5  % 

491 86 9 T J (1 ) 

-  liqui d fuel s 1 6 72 6 T J  Q % 

3 22 3 55 0 T J (1 ) 

(1 )  energ y supplie d 
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Thes e calculation s sho w tha t  th e quantitie s o f  energ y require d 

fo r  th e transpor t  o f  soli d o r  liqui d fuel s ar e ver y smal l  an d 

negligibl e i n relatio n t o a  country 1s overal l  energ y budget . 

XV COMPARISON OF RESULTS - GERMANY-FRANCE 1975 

The foregoin g analyse s resul t  i n identica l  genera l  conclusion s 

fo r  th e tw o countrie s an d d o no t  revea l  an y inconsistency * 

However ,  ther e ar e a  numbe r  o f  difference s betwee n German y an d 

Franc e whic h nee d t o b e clarifie d an d i f  possibl e explained . 

The firs t  obviou s differenc e i s th e lowe r  efficienc y o f  th e 

energ y budge t  i n France ,  wher e usefu l  energ y account s fo r  a 

slightl y lowe r  percentag e o f  th e tota l  energ y available . 

The level s a t  whic h thi s differenc e occur s ar e show n b y th e 

followin g calculatio n : 

FR o f  German y Franc e 

TJ % T J  % 

100 

6 .7 

1 9 .3 

0.7 

2 6 .4 

4 6 .9 

6 

2 

2 

193 467 

38 3 110 

862 249 

77 656 

030 586 

839 866 

100 

6 .2 

1 3 .9 

1.2 

32.8 

4 5 .9 

Ther e ar e tw o advers e factor s i n Germany ,  namel y th e consumptio n 

of  th e energ y secto r  an d transformatio n losses ,  an d tw o i n France , 

namel y distributio n an d consumptio n losses . 

Energ y availabl e o n th e g  4 6 8 - ]  2 6 
domesti c marke t 

Consumptio n o f  th e ^  ̂ Q gg 
energ y secto r 

Transformatio n losse s 1  82 8 02 7 

Distributio n losse s 6 9 02 3 

Consumptio n losse s 2  49 5 27 8 

Usefu l  energ y 4  44 0 71 0 
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The energ y secto r  i s mor e develope d i n German y owin g t o greate r 

productio n fro m primar y source s o f  fossi l  origi n an d t o th e 

siz e o f  transforme r  installation s (cokin g plant s an d therma l 

power  stations) .  I t  i s  therefor e natura l  that ,  fo r  operatin g 

purposes ,  thi s secto r  consume s a  slightl y highe r  proportio n o f 

th e availabl e energ y tha n i n France . 

The differenc e betwee n th e tw o countrie s regardin g transformatio n 

losse s i s th e resul t  o f  a  numbe r  o f  counteractin g factors . 

Transformatio n losse s i n refinerie s ar e usuall y highe r  i n Franc e 

becaus e thi s countr y refine s o n th e spo t  th e quantitie s o f  crud e 

oi l  require d t o cove r  domesti c requirement s (wit h eve n a  sligh t 

surplu s fo r  export) ,  wherea s Germa n refinerie s ca n cove r  onl y a 

fractio n o f  requirements ,  th e remainde r  bein g importe d i n th e 

for m o f  refine d products . 

Naturally ,  transformatio n losse s durin g refinin g occu r  i n coun -

trie s whic h proces s crud e oi l  o n behal f  o f  German y (mainl y th e 

Netherlands ,  Ital y an d France) .  Losse s i n cokin g plants ,  blas t 

furnace s an d gaswork s appea r  highe r  i n France ,  wher e flar e burn -

of f  i s  apparentl y greater . 

On th e othe r  hand ,  ther e i s a  considerabl e differenc e i n respec t 

of  transformatio n losse s i n powe r  stations ,  t o th e detrimen t  o f 

th e F R o f  German y (losse s almos t  thre e time s greate r  tha n i n 

Franc e :  1  58 3 98 3 T J agains t  58 2 14 3 Tj) .  Almos t  al l  th e elec -

tricit y produce d i n German y i s o f  therma l  origi n -  whic h give s 

ris e t o considerabl e losse s -  wherea s i n Franc e 3 3 % o f  th e 

electricit y i s generate d b y natura l  wate r  power ,  whic h doe s no t 

giv e ris e t o an y transformatio n losses . 

Thi s structura l  differenc e tip s th e scale s i n favou r  o f  Franc e 

and explain s wh y tota l  transformatio n losse s ar e ultimatel y 

highe r  i n Germany ,  i n bot h absolut e an d relativ e terms . 

Distributio n losse s (ga s an d electricity )  ar e highe r  i n France , 

owin g t o th e siz e o f  th e territor y an d th e lowe r  populatio n 

density ,  geographica l  characteristic s whic h necessitat e a  mor e 

extensiv e network .  Fo r  th e sam e reasons ,  mor e energ y ha s t o b e 
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used i n Franc e fo r  th e transpor t  an d deliver y o f  soli d an d li -

qui d fuels *  Th e transpor t  statistic s sho w tha t  th e averag e 

distance s covere d ar e muc h greate r  i n France . 

Finally ,  ther e i s a  considerabl e differenc e i n respec t  o f  con -

sumptio n losse s betwee n energ y supplie d an d usefu l  energy . 

Consumptio n losse s totalle d 4 2 % i n France ,  compare d wit h 3 6 % 

i n Germany .  A  differenc e o f  thi s orde r  warrant s close r  exami -

nation ,  Th e reaso n lie s i n th e actua l  structur e o f  fina l  ener -

gy consumption •  Th e transpor t  secto r  i s highl y develope d i n 

France ,  bu t  i t  ha s th e lowes t  energ y efficiency .  Thi s i s fur -

the r  reinforce d b y th e preponderanc e o f  roa d transpor t  i n Franc e 

ove r  othe r  mode s  o£ transport ,  particularl y railway s an d inlan d 

waterways ;  i t  i s  precisel y roa d transpor t  whic h ha s th e lowes t 

efficiency , 

I n th e househol d an d associate d sectors ,  ther e i s i n Franc e a 

not  inconsiderabl e numbe r  o f  heatin g stoves ,  whic h stil l  hav e 

a poo r  leve l  o f  efficiency ,  wherea s Germa n appliance s -  almos t 

al l  o f  whic h ar e centra l  heatin g installation s -  ar e mor e mo -

dern . 

I n th e industr y sector ,  th e efficienc y o f  th e variou s applian -

ces i s identica l  i n bot h countries ,  bu t  th e breakdow n o f  con -

sumptio n b y typ e o f  applianc e i s different .  Processe s wit h 

low-efficienc y appliance s ar e use d mor e i n France .  Tha t  i s 

cement  kilns ,  glasswork s radiatio n furnace s an d electrolysis . 

Thus ,  electrolysi s absorb s 2 0 % o f  th e electricit y consume d 

i n industr y i n France ,  compare d wit h 1 4 % i n Germany * 

Ther e ar e othe r  factor s i n additio n t o thes e structura l  fac -

tor s o f  energ y demand .  Th e typ e o f  fue l  ca n als o pla y a  part . 

Thus ,  natura l  gas ,  whic h give s ris e t o fe w losse s becaus e i t 

i s  use d withou t  transformation ,  account s fo r  a  greate r  propor -

tio n o f  consumptio n i n German y tha n i n France . 

The 'energ y supplied 1 balance-sheet s als o giv e mor e precis e 

additiona l  informatio n whic h help s t o explai n th e results . 

For  example ,  i n Franc e certai n primar y energ y product s hav e 



-  5 1 -

a lowe r  calorifi c  valu e pe r  uni t  o f  weight .  Overall ,  th e 

coa l  extracte d i n Franc e seem s t o b e o f  poore r  qualit y tha n 

tha t  produce d i n th e F R o f  Germany ;  thi s obviousl y doe s no t 

benefi t  th e efficienc y o f  th e energ y sector .  Th e crud e oi l 

importe d int o Franc e ha s a n averag e calorifi c  valu e o f 

42 10 2 Kj/k g NCV,  compare d wit h 4 2 34 0 Kj/k g NCV i n th e 

FR o f  Germany ,  Thi s tallie s wit h th e grade s o f  crud e oi l  im -

ported ,  a s th e F R o f  German y buy s a  considerabl e numbe r  o f 

ligh t  grade s fro m Africa ,  wherea s Franc e purchase s larg e quan -

titie s o f  heav y oi l  fro m th e Persia n Gul f  whic h hav e a  lowe r 

energ y content .  Althoug h th e differenc e i n calorifi c  valu e 

appear s sligh t  a t  firs t  sight ,  i t  nevertheles s affect s th e 

result s o f  th e balance-sheet s an d th e degre e o f  energ y depen -

dence ,  sinc e th e quantitie s involve d ar e enormous ,  o f  th e 

orde r  o f  a  hundre d millio n tonnes . 

Overall ,  many factor s ar e conduciv e t o greate r  efficienc y o f 

th e energ y budge t  i n th e F R o f  Germany ,  compare d t o France . 

Thi s conclusio n applie s t o th e whol e analysis ,  includin g 

usefu l  energy ,  i.e .  th e quantitie s o f  energ y produce d b y th e 

appliance s durin g th e fina l  stag e o f  transformatio n b y th e 

fina l  consumer .  Thi s analysi s doe s no t  appl y t o th e specifi c 

energ y consumptio n require d t o produc e non-energ y good s an d 

services .  Thi s fiel d i s outsid e th e scop e o f  th e energ y bud -

get  an d it s stud y ca n lea d t o othe r  development s an d othe r 

conclusions . 
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TABLE OF CONVERSION FACTORS 

(Net  calorifi c  value ) 

1 kca l  =  4.18 6 k j 

Energ y sourc e 

Hard coa l  (output ) 

Cokin g coa l 

Coal  fo r  powe r  station s (1 ) 

Coal  fo r  briquettin g 

Industria l  coal s 

Househol d coal s 

Hard cok e 

Gas cok e 

Pitc h an d tar s 

Benzol 

Coal  briquette s 

Brown coa l 

Blac k lignit e 

Brown coa l  briquette s 

Crud e oi l 
Moto r  spirit,whit e spirit , 
industria l  spirits ,  naphtha s 

Kerosine s an d je t  fuel s 

Gas-diese l  oi l  an d lubricant s 

Residua l  fue l  oi l 

Petroleu m cok e 

Bitumen s 

Paraffins ,  waxes ,  etc . 

LPG 

Refiner y ga s 

Natura l  ga s 

Coke-ove n ga s 

Blast-furnac e ga s 

Gaswork s ga s 

Electricit y 

kcal/k g kjA g 

variable 
7 
6 

7 

6 

7 

6 

6 

9 

9 

7 

000 

358 

500 

700 

100 

800 

4 00 

000 

450 

500 

variable 
4 
4 

0 00 

800 

variable 

10 

10 

10 

9 

7 

9 

7 

11 

14 

Teal 

500 

300 

100 

6 00 

000 

000 

200 

0 00 

0 00 

GCV 

1 

1 

1 

1 

GWh 

1 

variable 
29 

26 

31 

28 

29 

28 

26 

37 

39 

31 

300 

615 

4 00 

000 

7 20 

500 

800 

700 

500 

4 00 

variable 
16 

20 

744 

000 

variable 

44 

43 

42 

40 

29 

37 

30 

46 

58 

TJOUlf 

000 

0 00 

300 

000 

900 

700 

000 

000 

000 

SS NCV 

3.76740 

3.76740 

4 .18600 

3.76740 

Tjoul i 

3.< 

3S 

5 

(1 )  recorde d durin g transformatio n i n therma l  powe r  station s 
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TABLE OF THE EFFICIENCIES OF APPLIANCES 

AT THE FINAL CONSUMPTION STAGE 

App l iance Average e f f i c i e n cy % 

C o a l - f i r ed domest ic h e a t i ng b o i l er 65 

C o a l - f i r ed s t o ve 25 

C o a l - f i r ed i n d u s t r i al f u rnaces and 
b o i l e rs 75 

40 

75 

Coal-fire d distric t  heatin g boiler s 7 5 

Cement  kilns ,  dr y pat h 5 0 

Cement  kilns ,  we t  pat h 3 0 

Blas t  furnace s 8 0 

Gas engin e 3 0 

Petro l  engin e 2 0 

Diese l  engin e 3 5 

Turbo-pro p 2 5 

Aircraf t  je t  3 0 

LPG cooke r  3 7 

Oil-fire d domesti c heatin g boile r  6 7 

Glasswork s radiatio n furnac e (fue l  oi l 
or  gas ) 

Oil-fire d industria l  furnace s an d 
boiler s 

Space heatin g wit h LP G 7 2 

Distric t  heatin g boiler s -  fire d wit h 7 5 

heav y fue l  oi l 

Paraffi n burner s 7 5 

Furnaces ,  boiler s an d technica l  therma l 
uses ,  smal l  installations ,  handicraft ,  6 7 
wholesal e an d retai l  trad e an d small -
scal e industr y (fue l  oil ) 

Gas cooke r  3 7 

Gas-fire d wate r  heate r  6 2 

Gas-fire d domesti c heatin g boile r  7 2 

Gas-fire d industria l  furnace s an d g 0 
boiler s 

Electri c cooke r  7 5 

Electri c wate r  heate r  9 0 

Electri c lightin g 4 

Electrolysi s 3 0 
Electri c motor s 9 5 
Electri c rail-haulag e 9 0 
Electri c heatin g 9 5 
Electri c furnace s 9 5 
Stea m powe r  plant s (tapping- )  8 5 
Pip e networ k fo r  distributio n o f  stea m 9 5 
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COMPARISON OF BALANCE-SHEET S 

(  Primar y inpu t 
(  Energ y supplie d 
(  Usefu l  energ y 

F i n al e n e r gy 
c o n s u m p t i on 

Primary input TJ 

I balance—sheet $ 

Energy supp l ied TJ 

"balance-sheet f0\ 

Useful energy TJ 

ba lance-sheet %\ 

I n d u s t ry 

3 388 366 

' 40 

2 5 53 827 

37 

1 936 776 

44 

T r a n s p o r ts 

1 389 061 

16 

1 391 170 

20 

373 984 

8 

H o u s e h o l d s, 
e t c. 

3 736 152 

44 

2 990 992 

43 

2 129 950 

4 8 

TOTAL 

8 5 13 579 

1 00 

6 935 988 

1 00 

4 4 40 710 

100 

J P inal energy 
J consumption 

J Primary input TJ 

J ba lance-sheet fo 

J Energy supp l ied TJ 

balance—sheet f0\ 

Useful energy TJ 

balance—sheet fo\ 

Sol id 
fue ls 

816 705 

10 

776 376 

11 

553 387 

12 

Petroleum 

3 947 272 

46 

4 056 337 

58 j 

2 289 781 

52 I 

Gas 

1 159 422 

14 

1 074 227 

16 I 

799 236 

18 

E l e c t r i c i ty 

2 502 332 

29 

944 780 

14 i 

718 251 

!i_J 

Heat 

87 847 

1 

84 268 

1 

80 055 

2 

TOTAL 

8 513 579 

100 

6 935 988 

100 

4 440 710 

100 
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FR GERMANY 1975 

4 
BREAKDOWN OF WASTED ENERGY 

TJ 

(  consumptio n 2  49 5 27 8 
(  transformatio n 1  82 8 02 8 
(  energ y secto r  6  3 5 08 8 
(  distributio n 6 9 02 3 

100 % TOTAL 5  02 7 41 6 

5, 7 % Soli d fuel s 28 5 53 8 

42, 2 % Oi l  2  12 2 09 8 

9, 1 % Gas 45 7 66 4 

42, 2 % Electricit y 2  12 3 97 9 

0, 8 % Hea t  3 8 13 7 

consumptio n 
energ y secto r 
coa l  briquettin g * 
cok e oven s * 
brow n coa l  * 
briquettin g 

222 
31 
5 

19 
6 

989 
368 
396 
478 
307 

(  consumptio n 1  76 6 55 6 
(  energ y secto r  33 1 8 6 2 
(  refinin g *  2 3 68 0 

consumptio n 
energ y secto r 
distributio n 
blas t  furnace s * 
gaswork s * 

274 99 1 
143 88 2 
15 84 4 
20 654(flared ) 

2 29 3 

(  consumptio n 22 6 52 9 
(  energ y secto r  11 1 78 0 
(  distributio n 5 3 17 9 
(  powe r  station s *  1  73 2 49 1 

(  consumptio n 4  2 1 3 
(  energ y secto r  1 6 19 6 
(  hea t  powe r  stations *  1 7 72 9 

(* )  transformatio n losse s 



FR GERMANY 1975 - 58 -

BREAKDOWN OF CONSUMPTION 
BY TYPE OF APPLIANCES 

INDUSTRY 

Interna l  combustio n engine s 

Cement  kiln s 

Radiatio n furnace s (glassworks ) 

Blas t  furnace s 

Othe r  furnace s an d boiler s (1 ) 

Electri c motor s an d furnace s 

Electrolysi s 

Lightin g 

% 

energ y 
upplie d 

1 

5 

1, 7 
17, 6 

56, 7 

15 

2, 5 

0, 5 

usefu l 
energ y 

0, 4 

2, 5 

0, 9 

18, 5 

57, 9 

18, 8 

1 

0, 0 

100 100 

TRANSPORTS 

Interna l  combustio n engine s 

Turboprop s an d aircraf t  jet s 

Electri c rail-haulag e 

Heatin g 

Lightin g 

89, 3 

7 

2, 3 

1, 4 
0, 0 

80, 9 
7, 6 

7, 6 

3, 8 

0, 0 

100 100 

HOUSEHOLDS,  ETC, 

Cookin g 

Water-heater s 

Space heatin g 

Distric t  heatin g 

Electri c motor s an d appliance s 

Interna l  combustio n engine s 

Technica l  furnace s an d boiler s (2 ) 

Lightin g 

3, 2 

2, 4 

79, 2 

1, 5 

6, 5 
2, 2 

0, 8 

4, 2 

2 
2, 9 

82, 7 

1, 5 
8, 6 

1, 1 
1 

0, 2 

100 100 

(1 )  includin g spac e heatin g 

(2 )  handicraft ,  agricultur e an d small-scal e industr y 
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TRANSFORMATION BALANCE-SHEE T 

COAL BRIQUETTING PLANTS 

6 

INPUT 

1 00 0 t 

Hard coa l  1  70 4 

Coal 
briquettes(1 )  2 2 

Pitc h 11 9 

1 84 5 

LOSSES ( 9 % o f  input ) 

TJ 

53 50 5 

691 

4 48 6 

58 68 2 

OUTPUT 

1 00 0 t 

Coal  briquette s 1  69 7 

1 69 7 

TJ 
53 28 6 j 

53 28 6 

5 39 6 

Calorifi c  value s (NCV ) 

kcal/k g kj/k g 

Hard coa l 

Coal  briquette s 

Pitc h 

7 50 0 

7 50 0 

9 00 0 

31 40 0 
31 40 0 

37 70 0 

Concumptio n fo r  transformatio n 

Coal  briquette s 

Electricit y 

1 00 0 t 
GWh 

(1 )  recycle d 
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TRANSFORMATION BALANCE-SHEE T 

COKING PLANTS 

Cokin g coa l 

Hard cok e 

(D 
Petroleu m 
cok e 

LOSSES (1. 5 

INPUT 

1 00 0 t 

44 55 4 

174 

481 

45 20 9 

TJ 

1 30 5 43 2 

4 95 9 

14 09 3 

1 32 4 48 4 

% o f  input ) 

!  OUTPUT 

1 00 0 t 

Hard cok e 3 4 81 8 

Tar s an d 1  28 0 
pitc h (2 ) 

Benzo l  35 0 

Ammonia an d 
miscellaneou s 24 8 

Coke ove n gas/, ^ 
Generato r  gas ^  ' 

36 69 6 1 

of  whic h flare d 

TJ 

992 31 3 

48 25 6 

13 82 5 

250 61 2 

305 00 6 I 

19 47 8 

3 89 2 

kcal/k g kj/k g 

Calorifi c  value s (NCV ) 

cokin g coa l 

har d cok e 

tar s an d pitc h 

benzo l 

petroleu m cok e 

Consumptio n fo r  transformatio n 

har d cok e 2 4 00 0 t  68 4 T J 

cok e ove n ga s 2 5 47 7 tea l  GCV 9 5 98 1 T J 

blas t  furnac e ga s 3  71 9 tea l  GCV 1 5 56 8 T J 

electricit y 6  3 2 GWh 2  27 5 T J 

7 00 0 
6 80 0 

9 00 0 

9 45 0 

7 00 0 

29 30 0 
28 50 0 

37 70 0 

39 50 0 

29 30 0 

114 50 8 T J 

(1 )  recycle d 
(2 )  o f  whic h 2 7 + 1 6 3 transferre d t o petroleu m balance-shee t 
(3 )  ne t  productio n 
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TRANSFORMATION BALANCE-SHEE T 

BROWN COAL BRIQUETTING PLANTS 

8 

INPUT 

1 00 0 t  T J 

lignit e 1 0 63 0 9 0 08 9 

own con -
sumptio n 

(D 
2 56 5 2 1 7  3 8 

111 82 7 

brow n coa l 
briquette s 

wate r 

OUTPUT 

1 00 0 t  T J 

5 27 6 10 5 52 0 

5 35 4 

10 63 0 10 5 52 0 

LOSSES (5. 6 % o f  input ) 6 30 7 

Calorifi c  value s NCV 

kcal/k g 

brow n coa l 

brow n coa l  briquette s 

+ 6 0 % 

+ 1 8 % 

kj/k g 

brow n coa l 

brow n coa l  briquette s 

Water  co n te n t 

2 02 5 

4 80 0 

8 47 5 

20 00 0 

Consumptio n fo r  transformatio n 

briquette s 6 0 00 0 t 

electricit y •  GWh 

1 20 0 T J 

(1 )  necessar y t o evaporat e wate r 

The reductio n o f  wate r  conten t  fro m 6 0 t o 1 8 % raise s 
th e ne t  calorifi c  valu e b y 2 0 % approx . 
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TRANSFORMATION BALANCE-SHEET 

BLAST FURNACES 

INPUT 

1 00 0 t 

har d cok e 7  03 2 

har d cok e 1 0 953 

I  1 7 98 5 

heav y fue l  -  ft7 , 
oi l  1  8 7 5 

LOSSES =  flare d (3 . 
I 

TJ 

200 413 

312 16 0 

512 5 7 3 

75 00 0 

587 573 

5 % o f  tot a 

OUTPUT 

tea l  GCV 

blas t  2  9  3 

furnac e ga s 

gros s consumptio n o f 
energ y fo r  th e reduc -
tio n o f  iro n or e 

1 input )  4  93 4 

TJ NCV 

179 75 9 

387 16 0 

566 91 9 | 

20 65 4 

Calorifi c  value s 

kcal/k g kj/k g 

har d cok e 

heav y fue l  oi l 

Not e GCV =  NCV 

6 80 0 

9 60 0 

28 50 0 

40 00 0 

Blas t  furnace s ar e considere d a s a n "unavoidable "  transforme r 

of  energy .  Th e onl y los s attache d t o transformatio n i s th e 

blas t  furnac e ga s whic h i s flared .  Th e transformatio n inpu t 

onl y include s har d cok e whic h wa s converte d int o blas t  furnac e 

gas .  Al l  othe r  inpu t  o r  consumptio n i s take n a s a  consumptio n 

of  stee l  industry . 
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TRANSFORMATION BALANCE-SHEE T 

REFINERIES 

10 

INPUT 

1 00 0 t  T J 

Crud e oi l  9 2 37 4 3  91 1 11 5 

Semi  re -
fine d pe -  1  82 5 7 7 27 0 
tro l  fu m -  •  -» • 

94 19 9 3  98 8 38 5 

LOSSES (0. 6 % o f  input ) 

OUTPUT 

1 00 0 t 

Refine d 9 3 74 1 
products(1 ) 

93 74 1 

458 

TJ 

3 96 4 70 5 

3 96 4 70 5 

23 68 0 

Calorifi c  value s 

Crud e oi l  =  sem i  refine d petroleu m =  refine d product s 

= 1 0 11 5 kca l  NCV/k g 

= 4 2 34 0 kj/k g 

These value s resul t  fro m th e weighte d averag e o f  th e variou s 

petroleu m product s obtaine d (variabl e value) . 

Consumptio n fo r  transformatio n 

ligh t  fue l  oi l 

residua l  fue l  oi l 

petroleu m cok e 

refiner y ga s 

of  whic h powe r  station s 

(  heav y fue l  oi l 

(  refiner y ga s 

(  residue s 

32 06 8 t 

3 92 1 64 8 t 

257 46 9 t 

3 12 6 20 2 t 

7 33 7 38 7 t 

389 00 0 t 

8 3 1 tcal/GC V 

51 tcal/GC V 

328 03 2 T J 

afte r  deductin g th e 

power  station s 

electricit y 

Tota l 

1 91 0 GWh 6  87 6 T J 

338 03 2 +  6  87 6 =  34 4 90 8 T J 

(1 )  gros s production ,  includin g 18 3 00 0 t  additives ,  excludin g 
reprocesse d lubricant s an d benzo l 
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TRANSFORMATION BALANCE-SHEE T 

GASWORKS 

Coal 

Naphth a 

residua l 
fue l  oi l 
cok e 

LOSSES = 

refiner y 
gas 

LPG 

LOSSES = 

INPUT 

1 00 0 t  T J 

1 63 8 4 7 99 3 

153 6  73 2 

42 1  68 0 

15 42 8 

(3. 1 % o f  input ) 

1 00 0 t  T J 

26 1  50 8 

220(1 )  1 0 12 0 

246 1 1 62 8 

(4. 8 % o f  input ) 

TOTAL LOSSES (3. 3 % o f  input ) 

OUTPUT 

1 00 0 t 

gas cok e 1  25 0 

benzo l  1 4 

ta r  5 6 

ammonia 1 3 
gaswork s )  tea l  4  52 2 
gas ) 
wate r  )  tea l  5  02 5 
gas ) 

1 33 3 

tea l  GCV 

gaswork s  3 6 6 

gas 
gaswork s 2  57 3 
gas 

2 93 9 

TJ 

33 00 0 

553 

2 11 1 

— I 
NCV (1 8 27 2 

GCV (  65 9 

55 09 5 I 

1 73 8 

TJ 

1 37 9 

9 69 4 

11 0 7 3 

555 

2 29 3 

Calorifi c  value s NCV 

Coal 

naphth a 

residua l  fue l  oi l 

benzo l 

ta r 

gas cok e 

har d cok e 

LPG 

refiner y ga s 
Consumptio n fo r  transformatio n 
gaswork s ga s *" " 
electricit y 
gas cok e 

kcal/k g 

7 00 0 

10 50 0 

9 60 0 

450 

000 

400 

800 

000 

9 

9 

6 

6 

11 

14 00 0 

kj/k g 

29 30 0 

44 00 0 

40 00 0 

39 50 0 

37 70 0 

26 80 0 

28 50 0 

46 00 0 

58 00 0 

T~118 tea l  NCV 4  68 0 T J 
130 GWh 46 8 T J 

84 00 0 t  2  25 1 T J 
^^______ 7  39 9 T J 
(.1 )  dat a fro m Energiebilanze n Arbeitsgemeinschaf t 
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TRANSFORMATION BALANCE-SHEE T 

THERMAL POWER STATIONS 

12 

INPUT 

1 00 0 t  T J 
Coal  (1)2 9 56 6 78 6 88 8 
Coke 2  5 7 

UgSt e 1  18 8 1 9 89 2 

Brown coa l  10 8 25 2 86 7 09 9 
Brown coa l  fi  _  -
briquette s  9 2 6 1 8 6 0 7 

1 69 2 54 3 
heav y fue l  6 8 0 3 2J2 ^Q 

refiner y ga s (249 )  p.m . 

tea l  GCV 

refiner y ga s 3  48 0 1 3 83 9 
natura l  14 2 93 3 53 8 48 7 
gas 
blas t 
furnac e 1 3 01 3 5 4 47 2 
gas 
cok e ove n „  5 ? 3 ^  6 Q 0 
gas 

tea l  NCV 

residue s etc. 8 35 4 3 4 97 0 

2 65 0 03 1 
of  whic h fo r 
hea t  (11 8 193 ) 

LOSSES ELECTRICIT Y (62. 6 % o f  i 

LOSSES HEAT (1 5 % o f  input ) 

OUTPUT 

electricity(2 )  26 3 29 3 

heat  (3 )  2 4 00 0 

nput ) 

TJ 
GWh 94 7 85 5 
tea l  10 0 46 4 

1 04 8 31 9 

1 58 3 98 3 

17 72 9 

f l o s s e s 1  60 1 65 5 

Consumptio n fo r  transformatio n 

Conventiona l  therma l  powe r  station s :  1 6 64 9 GWh =  5 9 93 6 T J 

(i.e .  6, 3 % o f  gros s productio n o f  electricity ) 

(1 )  2 7 31 0 fo r  electricity ,  1  54 0 fo r  heat ,  71 6 fo r  STEAG hea t 
sen t  bac k t o mine s 

(2 )  gros s productio n 

(3 )  o f  whic h 1 6 19 6 T J sen t  bac k t o coa l  mine s 
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13 TRANSFORMATION BALANCE-SHEET 

NUCLEAR REACTORS 

INPUT 

GWh T J 

Heat  fro m 
nuclea r  6 2 65 0 22 5 54 1 
fissio n 

OUTPUT 

GWh 

LOSSES :  65, 8 % o f  inpu t 

TJ 

e l e c t r i c i ty 21 398 77 033 

148 508 

Consumptio n fo r  transformatio n 

Electricit y =  1  15 2 GWh =  4  14 8 T J 
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CONSUMPTION OF ENERGY SECTOR 

Coal  mine s an d 
briquettin g 

Lignit e mine s 
and briquettin g 

Cokin g plant s 

Refinerie s 

Productio n o f 
Natura l  ga s 
Gaswork s 

Power  station s 

Pumped storag e 
Power  station s 

Hard 
Coal 

26 31 8 

26 3 1 8 

Coal 
bri -

|  quet -
\ te s 

31 

31 

Coke 

884 

684 

2 25 1 

3 81 9 

Brown 
|  coa l 
bri -
quet -
te s 

1 20 0 

1 20 0 

Petro -
leu m 
pro -
duct s 

3 83 0 

328 03 2 

331 86 2 

Natu ~ 
ra l 
gas 

27 65 3 

27 65 3 

Coke 
oven 
gas 

95 98 1 

95 98 1 I 

Blas t 
fur -
nac e 
gas 

15 56 8 

15 56 8 

Ga 
|  w o 

ga 

4 6 

4 

(1 )  (conventiona l  therma l  powe r  station s 5 9 93 6 
(nuclea r  reactor s 4  14 8 
(hydroelectri c powe r  station s 92 8 
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a"  S 

FHIMAB3T PROBUOTKU 

2 

3 

4 

5 

6 

61 

62 

63 

64 

65 

66 

67 

7 

71 

72 

73 

74 

75 

76 

77 

IMPORTS -  PRIMARY 

IMPORTS -  DERIVE D 

EXPORTS 

VARIATIONS O P STOCKS 

TRANSFORMATION INPU T 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWER STATION S 

NUCLEAR REACTORS 

TRANSFORMATION OUTPUT 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

I  GASWORKS 

ELECTRICAL POWER STATION S 

1 NUCLEAR REACTORS 

8 EXCHANGES AND TRANSFERS 

9 DISTRIBUTIO N LOSSES 

l o AVAILABL E FOR CONSUMPTION 

12 TOTAL CONSUMPTION 

13 BUNKERS 

14 ENERGY SECTOR CONSUMPTION 

15 NON-ENERGY CONSUMPTION 

16 'TINA L ENERGY CONSUMPTION 

TRANSPORTATIO N 

163 HOUSEHOLDS ETC. 

l o - 12 STATISTICA L DIFFERENCES 

99 85 9 

6 97 6 

14 44 8 

- 7 17 6 

77 46 2 

44 55 4 

1 70 4 

1 63 8 

29 56 6 

7.74 9 

7 55 0 

928 

326 

2 95 7 

•  19 9 

4 

225 

-  2 2 

22 

1 69 7 

1 69 7 

1 29 4 

7 95 9 

- 6 46 5 

. 7 22 3 

174 

7 03 2 

15 

2 

36 06 8 

34 81 8 

9 

+ 2 

121 44 7 

108 25 2 

l  43 2 

l  43 2 

15 71 5 

15 75 3 

139 

647 

14 96 7 

11 79 9 

1 92 3 

1 92 3 

1 92 3 

1 63 2 

-  22 0 

1 18 8 

224 

224 

224 

1 10 2 

475 

-  3 0 

926 

926 

5 27 6 

5 27 6 

4 94 7 

4 86 1 

4 80 1 

530 

4 22 8 

5 74 1 

91 85 0 

14 

- 3 18 6 

94 19 9 

1 70 0 

1 63 0 

70 

-  39 6 

1 18 5 

1 18 5 

1 18 5 

192 

71 

+ 2 

265 

26 

239 

4 05 3 

4 05 3 

3 79 0 

3 78 2 

3 06 6 

236 

236 

254 

267 

+ 1 1 

220 

1 97 8 

1 97 8 

1 76 0 

1 78 6 

778 

653 

4 42 2 

833 

-  9 3 

16 47 3 

16 47 3 

20 17 9 

20 23 4 

170 

20 06 4 

1 23 4 

219 

+ 1 7 

1 30 8 

1 30 8 

2 34 0 J 

2 30 7 



IN SPECIFIC UNITS - 6 9 -
15 

3 M 
O o 
looo t Teal PCSJ Tj 

3 

4 534 

818 

+ 33 

153 

153 

4 698| 

4 

4 688 

19 472 

1 204 

+ 1 917 

36 047 

36 047 

56 259 

56 429 

530 

80 

55 S19 

5 812 

41 363 

170 

4 283 

1 644 

+ 711 

6 845 

42 

6 803 

25 279 

25 279 

+ 163 

21 947 

22 002 

2 283j 

3 578| 

16 14l] 

15 137 

8 644 58 

94fl 

53 

1 41 7 

402 

-  1 2 

481 

481 

799 

799 

1 32 1 

1 31 9 

257 

1 06 2 

JV 

1 62 7 

1 07 4 

+ 1 6 

6 70 2 

6 70 2 

7 47 3 

7 45 9 

54 

7 40 5 

160 06 3 

225 93 3 

74 3 

-  3  17 9 

142 93 3 

A> 

1 1 5 73 13 013 

1 1 5 73 

66 52 1 

66 52 1 

13 01 3 

42 94 3 7 96 4 

-  2  724J-2 1 56 O 

2 40 6 

234 OlO J 

234 010 1 

7 34 0 

7 50 0 

219 17 0 

136 27 6 

33 38 8 

33 38 8 

29 93 0 

29 93 0 

82 89 4 

25 47 7 

329 

7 53 2 

7 5C 2 

7 96 4 

+24 28 4 

1 80 0 

3o 50 4 

30 50 4 

29 26 2 

16 52 7 

12 73 5 

225 54 1 

17 63 0 

9 79 1 

225 54i ; 

100 464 ! 284 69 1 

100 46 4 

-

-
lo e 46 4 

100 46 4 

16 19 6 

84 26 8 

263 29 3 

21 39 8 

14 77 2 

293 46 9 

293 48 9 

31 05 0 

262 43 9 

28 06< H 

56 17 3 

128 11 2 

8 65 7 

125 47 0 

1 

2 

3 

4 

5 

6 

61 

62 

63 

64 

65 

66 

61 

7 

71 

72 

73 

74 

75 

76 

77 

8 

9 

l o 

12 

13 

14 

15 

16 

PRIMARY PRODUCTION 

IMPORTS -  PRIMARY 

IMPORTS -  DERIVE D 

EXPORTS 

VARIATIONS O P STOCKS 

TRANSFORMATION INPU T 

[COKIN G PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWER STATION S 

NUCLEAR REACTORS 

-TRANSFORMATION OUTPUT 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWER STATION S 

NUCLEAR REACTORS 

EXCHANGES AN D TRANSFERS 

DISTRIBUTIO N LOSSES 

AVAILABLE FO R CONSUMPTION 

TOTAL CONSUMPTION 

.  BUNKERS 

ENERGY SECTOR CONSUMPTION 

NON-ENERGY CONSUMPTION 

FINAL ENERGY CONSUMPTION 

TRANSPORTATION 

163 HOUSEHOLDS ETC . 

lo-1 2 STATISTICA L DIFFERENCES 

(l )  regenerate d lubricant s an d additive s j  (2 )  Refus e an d wast e 



FR GERMANY 1975 - 7 0 - OVERALL ENERGY 

1 PRIMARY PRODUCTION 

2 IMPORTS -  PRIMARY 

3 IMPORTS -  DERIVE D 

4 EXPORTS 

5 VARIATION S O P STOCKS 

6 TRANSFORMATION INPU T 

61 

62 

63 

64 

65 

66 

67 

7 T R 

71 

72 

73 

74 

75 

76 

77 

[COKIN G PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWERSTATIONS 

NUCLEAR REACTORS 

ANSFOHMATION OUTPUT 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWERSTATIONS 

NUCLEAR REACTORS 

8 EXCHANGES AN D TRANSFERS 

9 DISTRIBUTIO N LOSSES 

10 AVAILABL E FOR CONSUMPTION 

12 TOTAL CONSUMPTION 

13 BUNKERS 

14 ENERGY SECTOR CONSUMPTION 

15 NON-ENERGY CONSUMPTION 

16 FINAL ENERGY CONSUMPTION 

I ENERGY SUPPLIED 

USEFUL ENERGY 

[CONSUMTION LOSSES 

161 INDUSTRY 

[ENERGY SUPPLIED 

[USEFUL ENERGY 

162 TRANSPORTATION 

ENERGY SUPPLIED 

[USEFUL ENERGY 

163 HOUSEHOLDS ETC. 

ENERGY SUPPLIED 

[USEFUL ENERGY 

10-1 2 STATISTICA L DIFFERENCES 

p 83 2 ooo | 

2o4 39 7 

423 32 6 

202 31 7 

|2 19 3 81 8 

[ L 30 5 43 2 

53 50 5 

47 99 3 

786 88 8 

216 93 6 

216 98 3 

26 31 8 

190 66 5 

127 09 0 

63 57 5 

93 49 2 

67 Oi l 

9 29 1 

6 96 8 

87 88 2 

53 11 1 

47 

126 

7 O6 5 

691 

691 

691 

53 28 6 

53 28 6 

44 96 5 

44 96 5 

44 93 4 

26 89 6 

18 03 8 

126 

95 

44 80 8 

26 80 1 

36 67 9 

225 87 1 

184 18 6 

205 85 7 

4 95 9 

200 41 3 

428 

57 

JL 02 5 81 3 

992 31 3 

994 4 1 

27 326 j 

7 1 

3 66® 

998 8l d 

111 82 7 

886 99 1 

446 77 8 

447 86 3 

3 81 9 

18 44 0 

425 60 4 

321 49 2 

104 11 2 

336 23 4 

267 78 3 

1 45 4 

1 09 0 

87 91 6 

52 61 9 

-  1  O8 5 

22 040 i 

9 50 0 

600 

18 60 7 

18 60 7 

105 52 0 

-1 5 30 0 

19 186 1 9 8 85 3 4 4 95 9 

19 153 1 9 7 22 0 4 4 95 9 

4 48 6 

4 48 6 

243 o74 

[3 88 8 92 9 

593 

| -  134  89 5 

B8 38 5 

B 98 8 38 5 

64 74 5 

62 08 1 

19 15 3 

14 350 [ 

4 803 ; 

19 00 8 

14 25 6 

145 

94 

,  3 3 

96 02 0 

63 55 9 

32 46 1 

10 60 0 

7 95 0 

860 

645 

84 56 0 

54 964 

+ 1  63 3 

8 13 0 

3 00 6 

3 00 6 

+ 11 6 

15 34 7 

1 50 8 

13 83 9 

235 074 

219 84 3 

219 35 6 

177 82 8 

27 84 0 

13 68 8 

9 85 5 

3 83 3 

13 68 8 

9 85 5 

11 684 

12 28 2 

(-  50 6 

10 12 0 

90 < 

90 < 

80 96 0 

82 15 6 

35 78 8 

46 36 8 

27 24 7 

19 12 1 

15 96 2 

11 04 8 

368 

207 

30 03 8 

15 99 2 
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36 65 2 

-  4  09 2 
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724 81 2 

+ 8  13 7 

949 

> 29 6 
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178 05 9 
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7 48 0 

1 49 6 

882 81 6 

176 56 3 

53 06 2 

9 41 7 
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56 244 

56 244 

100 62 0 

99 20 1 

99 20 1 

30 51 8 

68 68 3 

2 666 

2 00 0 

96 53 5 

28 51 8 

+1 41 9 

199 49 6 

35 99 2 

+ 1  45 2 

6 73 2 

6 73 2 

48 48 8 

206 71 2 

206 27 2 

206 27 2 

•  44 0 
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823 66 6 

50 92 9 

I  +  8 1 08 9 

p.  52 4 78 8 

1 52 4 78 8 

171 32C | 

65 76C ] 

+ 2 8 44 0 

273 80 0 

1 68 d 

272 12 q 

2 37 9 63 2 

| 2 38 6 94 7 

22 41 9 

3 38 4 

2 36 1 14 4 
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766 

245 84 8 
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125 28 7 

125 28 7 
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87 775 
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1U-922 
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4 680 

110 242 

79 989 

30 253 

62 262 

49 809 

47 980 

30 180 

34 970 

225 541 

225 541 

225 541 

100 464 

3 
&  e 

56 632 

63 468 

35 248 

100 464 

100 464 

100 464 

16 196 

84 268 

80 055 

4 213 

28 

26 685I 

56 179 

53 370 

f 773 039 

p 197 370| 

|L 673 370 

968 006j 

-430 032 

fe 627 824 

|L 324 484] 
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200 413, 

|j 933 335 

68 46I 

|2 650 031 

225 541 

,1 024 888|6 799 797; 

(L 305 006 
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179 759 

£ 964 705 

66 169 

947.655b. 048 319| 

77 033 

53 179 

1 056 56IIB 348 691 

1 056 560JB' 354 718 

116 023 
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111 78d 
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718 
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461 ; 

383 -

31 

28 564 
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+ / 
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0 

69 023| 
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25S2 
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440 7 iq 

495 2?8 

553 827 

936 776 

391 170J 

373 984 

990 993 

129 95Q 

- 6 027̂  

1 PRIMARY PRODUCTION 

2 IMPORTS -  PRIMARY 

3 IMPORTS -  DERIVE D 

4 EXPORTS 

5 VARIATION S O F STOCKS 

6 TRANSFORMATION INPU T 

61 

62 

63 

64 

65 

66 

67 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWERSTATIONS 

NUCLEAR REACTORS 

7 TRANSFORMATION OUTPUT 

71 ["COKIN G PLANTS 

72 BRIQUETTIN G PLANTS 

73 BLAS T FURNACES 

74 REFINERIE S 

75 GASWORKS 

76 ELECTRICAL POWERSTATIONS 

77 [NUCLEA R REACTORS 

8 EXCHANGES AN D TRANSFERS 

9 DISTRIBUTIO N LOSSES 

10 AVAILABL E FOR CONSUMPTION 

12 TOTAL CONSUMPTION 

13 BUNKERS 

14 ENERGY SECTOR CONSUMPTION 

15 NON-ENERGY CONSUMPTION 

16 FINA L ENERGY CONSUMPTION 

[ENERGY SUPPLIE D 

USEFUL ENERGY 

[CONSUMTION LOSSES 

161 INDUSTRY 

[ ENERGY SUPPLIE D 

USEFUL ENERGY 

162 TRANSPORTATION 

[ ENERGY SUPPLIE D 

USEFUL ENERGY 

163 HOUSEHOLDS ETC . 

[ ENERGY SUPPLIE D 

USEFUL ENERGY 
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FR GERMANY 1975 

PISTON ENGINES 

CEMENT KILN S 

RADIATION FURNACES 

BLAST FURNACES 

FURNACES AND BOILER S 

ELECTRIC MOTORS AND FURNACES 

ELECTROLYSIS 

TRANSPORTATION 

PISTON ENGINES 

AIRCRAFT JE T 

ELECTRIC RAI L HAULAGE 

SPACE HEATIN G 

HOUSEHOLDS ETC. 

WATER HEATERS 

SPACE HEATIN G 

DISTRIC T HEATIN G 

ELECTRIC MOTORS AND APPLIANCES 

PISTON ENGINES (l ) 

FURNACES AND BOILER S (2 ) 

LIGHTIN G 

BREAKDOWN OF 

A = ENERGY SUPPLIED 

93 49 2 

67 Oi l 

8 40 0 

3 19 2 

85 09 2 

63 81 9 

9 29 1 

6 96 8 

3 as 

9 29 1 

6 96 8 

87 88 2 

53 H i 

11 41 2 

2 85 3 

70 94 2 

46 11 2 

5 52 8 

4 14 6 

126 

95 

126 

95 

44 80 8 

26 80 1 

5 60 9 

1 45 2 

38 99 9 

25 34 9 

336 23 4 

267 78 3 

312 16 0 

249 72 8 

24 07 4 

18 05 5 

1 45 4 

1 09 0 

1 45 4 

1 09 0 

67 91 6 

52 61 9 

11 42 4 

2 85 6 

76 O6 4 

49 44 2 

428 

321 

19 00 8 

14 25 6 

19 00 8 

14 25 6 

145 

94 

145 

94 

10 60 0 

7 95 0 

10 60 0 

7 95 0 

860 

645 

645 

84 56 0 

54 96 4 

84 56 0 

54 96 4 

l?68 8 

9 85 5 

13 68 8 

9 85 5 

15 96 2 

11 04 8 

1 05 8 

317 

14 90 4 

10 73 1 

368 

207 

230 

166 

30 03 8 

15 99 2 

16 10 0 

5 95 7 

13 93 8 

10 03 5 

7 48 0 

1 49 6 

7 48 0 

1 49 6 

882 81 6 

176 56 3 

138 88 2 81 6 

41 J  17 6 56 3 

2 666 

2 00 0 

2 666 

2 00 0 

96 53 5 

28 51 8 

9 63 2 

2 40 8 

86 81 7 

26 04 5 

(l )  Agricultur e an d fishin g (2 )  Commerce ,  Handicraft ,  Smal l  industr y 



FINAL ENERGY CONSUMPTION 

B = USEFUL ENERGY 

- 7 3 -
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32 84 7 
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22 75 6 

25 16 2 
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B 

A 

B 

A 

INDUSTRY 

PISTON ENGINES 

CEMENT KILN S 

RADIATION FURNACES 

BLAST FURNACES 

FURNACES AN D BOILER S 

ELECTRIC MOTORS AN D FURNACES 

ELECTROLYSIS 

TRANSPORTATION 

A PISTO N ENGINES 

A TURBO-PROP 

A AIRCRAF T JE T 

B 

A ELECTRI C RAI L HAULAGE 

A SPACE HEATIN G 

A LIGHTIN G 

HOUSEHOLDS ETC . 

B 

A 

B 

A 

WATER HEATERS 

SPACE HEATIN G 

DISTRIC T HEATIN G 

ELECTRIC MOTORS AN D APPLIANCES 

PISTON ENGINES (l ) 

FURNACES AN D BOILER S (2 ) 

LIGHTIN G 



1 8 F.R.GERMANY 1975 - 7 4 -

OVERALL ENERGY FLOW-SHEET 
TJOULES 

NET IMPORTS 

5902734 

PRIMAR Y PRODUCTION 

4773039 

 111111111111111111111111111111IIiiJJLULW.W.W . 

S T O C K S i'.'.'.'.:.|.;.:.'.'

430032 WW& 

ADJUSTMENTS 
\S 6027 

9468126 

I E E E ENERGY SECTOR 
Fz=z=z=z=z=z=z=t 635088 

TRANSFORMATION 

~~~~"~lz^=^E€=z=z^z===z3 1828027 

DISTRIBUTION LOSSES 
69023 

^ Z ^ Z - I ^ - Z ^ Z ^ Z ^ CONSUMPTION LOSSES 
=ZZ=HEZB0EZ7 2495 278 

4440710 



F.R. GERMANY 1975 

ENERGY FLOW-SHEET 

PRIMARY 
PRODUCTION 

FOREIGN TRADE STOCKS 
TRANSFOR-
MATIONS 

NON-ENERGY 
CONSUMPTION 

375067 391462 63399 

COAL 

OIL 

GAS 

ELECTRICITY 

OTHERS 

3826419 
-

$.?Ql* 

ft^rgVO, c / l Y K S ^ ^ n . 
5175722 

251979 

116023 26845 

BUNKERS 

L 
848318 11725 

\:; 4''9. ::^^^j:!i.i.\'.'.i\^:ii-!. :i^^ 

603039 

225541 28220 

56632 

34970 



2 0 A F.R. GERMANY 1975 
- 7 6 -

ENERGY SUB-FLOW S 

FOR SPACE HEATING (HOUSEHOLDS AND SIMILAR) 

EXTRACTION OWN CONSUMPTION 

COAL 

BOILER USEFUL ENERGY 

|!B^ 

I I I I I I I 1 U 1 1 I 1

ijiillii^iliilllii IIIIIIIIHIIII 
.:::::::::::; 

% LOSSES 

EXTRACTION 

2,5 

OWN CONSUMPTION 

35 

BROW N COAL 

AN D BRIQUETTES 

TV , 

TRANSFORMATION 
BRIQUETTING 

m m nil 

BOILER USEFUL ENERGY 

wwfnmwnrm i 

$m 98,9 :93.4i: ;;60,7i ; 

% LOSSES 1,1 5,6 35 

CRUDE OIL 

FUEL OIL 

EXTRACTION 

!l!!l!lî !!!!!!P! 

REFINING 

:::::::::::::::::| 

BOI 

i n n n n n ̂ 0^1 n n n n n n 1 u n n n n 

_ER 

IIBBKMfii 

USEFULE 

% LOSSES 

EXTRACTION 

8,6+0,6 

OWN CONSUMPTION 

33 

DISTRIBUTION BOILER USEFUL ENERGY 

NATURA L GAS 

SHHilHfflBHffl! 

:::::::::U, m-m-rmrr 

IPpH lilHllliHil iHiiiiiEBBSiiiPii 
% LOSSES 4,8 

OWN 
EXTRACTION CONSUMPTION POWER STATIONS 

TRANSFORMATION OWN CONSUMPTION 

28 

DISTRIBUTION HEAT APPLIANCES USEFUL ENERGY 

ELECTRICITY 

FROM COAL 

l l l l l l l l l ::::::::: : :ori  c!::::::::: : ;;i;;;ij;i36f5iiiiiiiii:i ; ; ; ; ; ; ; ; Ĉ  '.rt^tff'.'.".'.'.'.'.'.'.'.'. :::::::::: =32 :::::::::: : o i :::::::::: : 

% LOSSES 2,5 

EXTRACTION REFINING 

62,6 6,3 

POWER STATIONS 

4,8 5 

DISTRIBUTION HEAT APPLIANCES USEFUL ENERGY 

ELECTRICITY 

FROM FUEL OIL 

lllllllll lllllllll ::::::::::::30j4':^ —̂ ^ iii!!;i;i;!2Jliifc::::i::: 
LOSSES 8,6 + 0,6 62,6 6,3 4,8 



F. R. GERMANY 1975 
7 7 -

ENERGY SUB-FLOW S 
FOR MOTIVE POWER (INDUSTRY AND TRANSPORT) 

20B 

MOTOR USEFUL ENERGY 

DIESEL MOTOR 

;;;;!!!;;;;;;;?;;i;;;;;;;;;i;;;!;=;=;;;;;i;;;ii====;==;== | 

::: : : : : : : : : : : : : : : : : : : : : : :^QQ::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :- ^ 
% LOSSES 

EXTRACTION 

8,6+0,6 

REFINING 

65 

MOTOR USEFUL ENERGY 

PETROL ENGINE 

:::::::::::::::::::::::::10G:::::::::::::: " 
% LOSSES 

EXTRACTION REFINING 

ELECTRICAL MOTOR 

ELECTRICITY 
FROM FUEL-OIL 

8,6+0,6 80 

POWER STATIONS DISTRIBUTION 

TRANSFORMATION OWN 
CONSUMPTION 

MOTOR USEFUL ENERGY 

:100: ::9Q,8:: 34 ;;31,9: j 30,4 28,9 

% LOSSES 8 , 6 + 0 , 6 62,6 

PRODUCTION OWN CONSUMPTION 

6,3 

DISTRIBUTION 

ELECTRICA L MOTOR 

IHYDROELICTRJCIT Y 

mu 

4,8 5 

MOTOR USEFUL ENERGY 

m i:98.Si 93,8 iiMil i 

% LOSSES 

PRODUCTION 

1.5 

OWN CONSUMPTION 

4,8 

DISTRIBUTION LIGHTING APPLIANCES USEFUL ENERGY 

LIGHTING 

HYDROELECTRICITY 

100 98,5 93,8 

% LOSSES 1,5 

EXTRACTION OWN CONSUMPTION 

4,8 

COKING PLANTS 

96 

BLAST FURNACES 

3,75 

 i i i i i 

USEFUL ENERGY 

BLAST FURNACES 

COAL 
COKE 

-100- -97,5- 95 76 

% LOSSES 2,5 1,5 + 1 20 
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FRANCE 197 5 -80 -

TABLE OF CONVERSION FACTORS 

(ne t  calorifi c  value ) 

1 kca l  =  4  18 6 k j 

ENERGY SOURCE 

Hardcoa l  (output ) 

Cokin g coa l 

Coal  fo r  powe r  station s (1 ) 

Coal  fo r  briquettin g 

Low grad e coa l  fo r  cemen t  work s 

Industria l  coal s 

Anthracite s 

Househol d coal s 

Har d cok e 

Pitc h an d tar s 

Benzo l 

Coal  briquette s 

Brown coa l 

Blac k lignit e 

Brown coa l  briquette s 

Crud e oi l 

Moto r  spirit ,  whit e spirit , 
industria l  spirits ,  naphtha s 

Kerosine s an d je t  fuel s 

Gas-diese l  oi l  an d lubricant s 

Residua l  fue l  oi l 

Petroleu m cok e 

Bitumen s 

Paraffins ,  waxes ,  etc . 

LPG 

Refiner y ga s 

Natura l  ga s 

Coke-ove n ga s 

Blast-furnac e ga s 

Gaswork s ga s 

Electricit y 

kcal/3c g 

variabl e 

7 00 0 

5 30 6 

7 50 0 

6 00 0 

6 80 0 

7 50 0 

7 00 0 

6 80 0 

9 00 0 

9 45 0 

7 50 0 

1 57 5 

4 40 0 

4 80 0 

variabl e 

10 50 0 

10 30 0 

10 10 0 

9 60 0 

7 00 0 

9 00 0 

7 20 0 

11 00 0 

14 00 0 

Teal  GCV 

1 

1 

1 

1 

GWh 

1 

kj/k g 

variabl e 

29 

22 

31 

25 

28 

31 

29 

28 

37 

39 

31 

6 

18 

20 

300 

179 

400 

120 

500 

400 

300 

500 

700 

500 

400 

580 

400 

000 

variabl e 

44 

43 

42 

40 

29 

37 

30 

46 

58 

TJou ] 

3. 

3. 

4. 

3. 

TJou ] 

3. 

000 

000 

300 

000 

300 

700 

000 

000 

000 

.e s NCV 

838 

838 

1860 0 

8 3 1 

.e s 

6 

(1 )  recorde d durin g transformatio n i n therma l  powe r  station s 
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TABL E OF THE EFFICIENCIES OF APPLIANCES 

AT THE FINAL! CONSUMPTION STAGE 

Applianc e Averag e efficienc y 

Coal-fire d stov e 

Coal-fire d cooke r 

Coal-fire d domesti c heati i i g boile r 

Coal-fire d industria l  furnace s an d boiler s 

Coal-fire d distric t  heati i 

Cement  kiln s (mediu m dr y ] 

i g boiler s 

>ath ,  humid ,  1/ 2 humid ) 

Blas t  furnace s 

Gas engin e 

Petro l  engin e 

Diese l  engin e 

Turb o pro p 

Aircraf t  je t 

LPG cooke r 

Oil-fire d cooke r 

Petrol-fire d stov e 

Oil-fire d domesti c heatin g boile r 

Glasswork s radiatio n furnac e (fue l  oi l  o r 

Oil-fire d industria l  furnace s an d boiler s 

Space heatin g wit h LP G 

Distric t  heatin g boilers-fire d wit h heav y 

Paraffi n an d naphth a burner s 

Gas cooker s 

Gas-fire d wate r  heate r 

Gas-fire d domesti c heatin g boile r 

Gas-fire d industria l  furnace s an d boiler s 

Electri c cooke r 

Electri c wate r  heate r 

Electri c lightin g 

Electrolysi s 

Electri c motor s 

Electri c rai l  locomotio n 

Electri c heatin g 

Electri c furnace s 

gas ) 

fue l  oi l 

50 % 

25 % 

65 % 

75 % 

75 % 

40 % 

80 % 

30 % 

20 % 

35 % 

25 % 

30 % 

37 % 

37 % 

55 % 

67 % 

40 % 

75 % 

72 % 

75 % 

75 % 

37 % 

62 % 

72 % 

80 % 

75 % 

90 % 

4 % 

30 % 

95 % 

90 % 

95 % 

95 % 



FRANCE 1975 - 8 2 -

COMPARISON OF BALANCE-SHEET S 

(Primar y inpu t 
(Energ y supplie d 
(Usefu l  energ y 

F i n al e n e r gy 
c o n s u m p t i on 

Primary input TJ 

balance—sheet $ 

Energy suppl ied TJ 

balance—sheet f0 

Useful energy TJ 

balance—sheet % 

I n d u s t ry 

2 265 865 

39 

1 768 865 

36 

1 298 121 

46 

T r a n s p o r ts 

1 100 905 

19 

1 104 860 

23 

293 284 

10 

H o u s e h o l d s, 
e t c. 

2 388 96 3 

42 

1 996 727 

41 

1 248 461 

44 

TOTAL 

5 755 733 

100 

4 870 452 

100 

2 839 866 

100 
| j 

F i n al e n e r gy 
c o n s u m p t i on 

Primary input TJ 

balance—sheet % 

Energy suppl ied TJ 

balance-sheet % 

Useful energy TJ 

balance—sheet fo 

S o l i d f u e ls 

506 661 

9 

491 869 

10 

332 655 

12 

P e t r o l e um 

3 208 071 

56 

3 223 550 

66 

1 683 576 

59 

Gas 

565 499 

10 

572 031 

12 

404 505 

14 

E l e c t r i -
c i t y 

1 475 473 

25 

582 876 

12 

419 004 

15 

TOTAL 

5 755 704 

100 

4 870 452 
(D 

100 

2 839 866 
(D 

100 

(1 )  o f  whic h hea t  =12 6 (geothermal ) 
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BREAKDOWN O F WASTED ENERGY 24 

TJ 

10 0 % TOTAL 3 19 0 34 1 

5, 8 % Soli d fuel s 19 4 51 4 

56, 4 % Oi l 1 89 2 70 0 

7, 8 % Ga s 262 42 9 

30, 0 % Electri -
cit y 

1 00 3 95 3 

(  consumptio n 
(  transformatio n 
(  energ y secto r 
(  distributio n 

(  consumptio n 
(  energ y secto r 
(  coa l  briquettin g * 
(  cok e oven s * 

(  consumptio n 
(  energ y secto r 
(  refinin g * 

(  consumptio n 
(  energ y secto r 
(  distributio n 

blas t  furnace s * 
gaswork s * 

(  consumptio n 
(  energ y secto r 
(  distributio n 
(  powe r  station s * 

030 
862 
38 3 
77 

159 
8 
8 

18 

539 
27 3 
79 

167 
50 
33 
9 
2 

163 
50 
44 

745 

586 
249 
110 
656 

214 
734 
056 
510 

974 
492 
234 

526 
488 
040 
144 
231 

872 
396 
611 
074 

0, 0 % Hea t (  distributio n 

(* )  transformatio n losse s 
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BREAKDOWN OF CONSUMPTION 

BY TYPE OF APPLIANCES 

INDUSTRY 

Interna l  combustio n engine s 

Cement  kiln s 

Radiatio n furnace s (glassworks ) 

Blas t  furnace s 

Steamcracker s 

Othe r  furnace s an d boiler s (1 ) 

Electri c motor s an d furnace s 

Electrolysi s 

Lightin g 

TRANSPORTS 

Interna l  combustio n engine s 

Turboprop s an d aircraf t  jet s 

Electri c rail-haulag e 

Heatin g 

Lightin g 

HOUSEHOLDS,  ETC, 

Cookin g 

Water-heater s 

Space heatin g 

Electri c motor s an d appliance s 

Interna l  combustio n engine s (2 ) 

Technica l  furnace s an d boiler s (3 ) 
Lightin g 

energy -
supplie d 

1, 6 

7, 2 

2, 4 

12, 3 

2, 6 

57, 2 

12, 7 

3, 3 

0, 6 

% 

usefu l 
energ y 

0, 7 

3, 9 

1, 3 

13, 4 
3, 2 

59, 6 

16, 5 

1, 4 

0, 0 

100 10 0 

89, 9 

7, 3 

2, 0 

0, 8 

0,J) 

83, 2 

8, 1 
6, 8 

1, 9 
0, 0 

100 10 0 

6, 0 

3, 5 

73, 4 

5, 3 

6, 0 

1, 3 

4, 5 

3, 7 

4, 3 

78, 7 

8, 0 

3, 3 

1, 7 

0, 3 

100 10 0 

(1 )  includin g spac e heatin g 

(2 )  agricultur e an d fishin g 

(3 )  handicraft ,  agriculture ,  small-scal e industr y 
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TRANSFORMATION BALANCE-SHEE T 26 

COAL BRIQUETTING PLANTS 

Hard coa l 

Pitc h 

INPUT 

1 00 0 t  T J 

2 75 5 8 6 50 7 

247 9  31 2 

3 00 2 9 5 81 9 

LOSSES (8. 4 % o f  input ) 

Coal 
briquette s 

OUTPUT 

1 00 0 t 

2 79 5 

2 79 5 

TJ 

87 7 6 3 

87 76 3 I 

8 05 6 

Calorifi c  value s NCV 

kcal/k g kj/k g 

Hard coa l 

Coal  briquette s 

Pitc h 

7 50 0 

7 50 0 

9 00 0 

31 40 0 
31 40 0 

37 70 0 

Consumptio n fo r  transformatio n 

Coal  briquette s 2  00 0 t  =  6 3 T J 
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27 TRANSFORMATION BALANCE-SHEE T 

COKING PLANTS 

Cokin g 
coa l 
Coke (1 ) 

Petroleu m 
cok e 

INPUT 

1 00 0 t  T J 

14 83 5 43 4 66 5 

307 8  75 0 

104 3  04 7 

15 24 6 44 6 46 2 

har d cok e 
tars,pitc h 

(2 ) 
benzo l 

cok e ove n 
gas 

OUTPUT 

1 00 0 t  T J 

11 44 5 t  32 6 18 3 

455 1 7 15 4 

94 3  71 3 

Teal 

21 07 7 GCV 

19 32 7 NCV 8 0 90 2 

427 95 2 

LOSSES (4.1 4 % o f  input ) 

of  whic h flare d 

18 51 0 

2 20 7 

Calorifi c  value s NCV 

cokin g coa l 

har d cok e 

petroleu m cok e 

tar s an d pitc h 

benzo l 

kcal/k g kj/k g 

7 00 0 
6 80 0 

7 00 0 

9 00 0 

9 45 0 

29 30 0 
28 50 0 

29 30 0 

37 70 0 

39 50 0 

Consumptio n fo r  transformatio n 

cok e ove n ga s 8  77 7 Tea l  NCV 

cok e 

electricity -

blas t  furnac e ga s 

natura l  ga s (methane ) 

7 98 7 Tea l  NCV = 

15 00 0 t 

467 GWh 

916 Tea l  NCV = 

1 21 9 Tea l  GCV = 

33 43 4 T J NCV 

428 T J 

1 68 1 T J 

3 83 4 T J NCV 

4 64 2 T J NVC 

44 01 9 T J 

(1 )  recycle d 

(2 )  o f  whic h 24 7 00 0 t  ( 9 31 2 TJ )  use d i n th e coa l  briquettin g 
plants . 
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TRANSFORMATION BALANCE-SHEE T 

BLAST FURNACES 

28 

|  INPU T 

1 00 0 t 

har d cok e 4  72 2 

har d cok e 5  95 8 

10 68 0 

heav y fue l 
oi l  1  17 8 

LOSSES =  (flare s ) 

TJ 

134 57 7 

169 80 3 

304 38 0 

47 12 0 

351 50 0 

6, 8 % o f  i n 

blas t  fur -
nac e ga s 

gros s con -
sumptio n o f 
energ y fo r 
th e reduc -
tio n o f 
iro n or e 

put 

OUTPUT 

Teal  NOV T J 

29 96 5 12 5 43 3 

216 92 3 

342 35 6 

2 22 9 9  14 4 

Calorifi c  value s NCV 

kcal/k g kj/k g 

28 50 0 

40 00 0 
har d cok e 6  80 0 

heav y fue l  oi l  9  60 0 

Not e 

For  blas t  furnac e ga s GCV x  0.9 9 =  NCV 

Blas t  furnace s ar e considere d a s a n "unavoidable "  transforme r  o f 

energy .  Th e transformatio n inpu t  onl y include s har d cok e whic h 

matche s th e gros s productio n o f  blas t  furnac e ga s 

(12 5 43 3 +  9  14 4 =  13 4 57 7 TJ) .  Th e onl y los s attache d t o trans -

formatio n i s th e ga s whic h i s flare d ( 9 14 4 Tj) . 

Al l  othe r  operation s ar e considere d a s bein g destine d fo r  th e 

productio n o f  pi g iro n (reductio n o f  iro n ore) . 
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TRANSFORMATION BALANCE-SHEE T 

REFINERIES 

INPUT 

1 000 t TJ 

Crude o i l 109 253 4 599 770 

LOSSES ( 1 .7 % of i n p u t) 

OUTPUT 

1 000 t TJ 

Re f ined 
p r o d u c t s ( l) 107 371 4 520 536 

1 882 79 234 

Calorifi c  value s NCV 

Crud e oi l  =  weighte d averag e o f  th e petroleu m product s obtaine d 
= 1 0 05 8 kcal/k g =  4 2 10 2 kj/k g 

Consumptio n fo r  transformatio n 

refiner y ga s 

LPG 

residua l  fue l  oi l 

electricit y 

1 00 0 t 

2 04 2 

104 

3 62 7 B 

5 77 3 (2 ) 

3 72 2 GWh 

TJ NCV 

118 43 0 

4 78 4 

145 08 0 

268 29 4 

13 39 9 

281 69 3 T J 

(1 )  Gros s production ,  leavin g asid e th e doubl e accountin g o f 
petrochemica l  feedstocks .  Excludin g 9 4 00 0 t  o f  reprocesse d 
lubricants . 

(2 )  Moreove r  6 4 00 0 t  o f  refiner y ga s an d 16 8 000 1 t  o f  residua l 
fue l  oi l  burn t  i n refiner y powe r  stations . 
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TRANSFORMATION BALANCE-SHEE T 

GASWORKS 

INPUT 

1 00 0 t 
teal -  tea l  T J 
GCV NCV NCV 

natura l 
gas 
(cracked ) 

LPG 

naphth a 

gasoi l 
residua l 
fue l  oi l 

292 

109 
1 

4 326 3 969 16 614 

3 212 13 426 

1 145 4 796 
10 42 

58 242 

8 394 35 120 

LOSSES (6.3 5 % o f  input ) 

Mixin g : 
cok e ove n 
gas 865 791 3  31 1 

OUTPUT 

tea l 
GCV 

tea l 
NCV 

TJ 
NCV 

gaswork s 
gas 5 15 3 4  73 2 1 9 80 8 

propane -  3  0 8 0 2  80 3 1 1 73 3 
ai r 
mixtur e 

LPG fo r 
enrichin g 35 3 

(D 

8 23 3 7  5  3 5 3 1 54 1 

322 1  34 8 

8 58 6 7  85 7 3 2 88 9 

537 2  23 1 

mixe d 
cok e ove n 
gas 
LPG fo r 
enrichin g 

(D 

865 

-35 3 

791 

-32 2 

3 31 1 

-1 34 8 

NOTE:  Th e ne t  productio n (afte r  transformatio n losses )  o f  derive d 
gas (gaswork s ga s an d propane-air-mixture )  i s 7  53 5 tea l  NCV, 
31 54 1 TJ . 

Gaswork s consumptio n 

gasworks gas 

p r o p a n e - a i r - m i x t u re 

LPG (113 000 t ) 

e l e c t r i c i ty 

t e al GCV 

58 

27 
1 361 

163 GWh 

t e al NCV 

53 

25 

1 240 

TJ NCV 

222 ) 
) 327 

105 ) 

5 198 
587 TJ 

6 112 TJ 

(1 )  Thi s LP G i s adde d t o enric h natura l  ga s an d therefor e mus t 
be transferre d t o th e natura l  ga s balance-sheet . 
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31 TRANSFORMATION BALANCE-SHEE T 

THERMAL POWER STATIONS 

INPUT 

1 00 0 t 

coa l  1 2 50 8 

brow n coa l  1  64 1 

blac k lignit e 95 6 

gas oi l  5 2 

residua l  fue l  oi l  1 2 09 1 

refiner y ga s 6 4 

TJ 

277 41 5 

10 79 8 

17 59 0 

2 20 0 

48 3  64 0 

3 74 5 

tea l  NCV 

natura l  ga s 2 5 48 0 

cok e ove n ga s 4  17 2 

blas t  furnac e 
gas 1 0 42 7 

garbages ,  refus e 90 3 

Tota l  fo r  electricit y 
productio n = 

LOSSES = 6 0 , 3 % o f  inpu t 

106 65 9 

17 46 4 

43 64 7 

3 77 5 

966 93 3 

OUTPUT 

GWh 

electricit y 10 6 88 6 

TJ 

384 79 0 

384 79 0 

582 14 3 

Consumption for transformation 

Own consumptio n i n therma l  powe r  station s 3  5  71 5 GWh =  2 0 57 4 T J 
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TRANSFORMATION BALANCE-SHEET 

NUCLEAR REACTORS 
32 

INPUT 

Heat  fro m 
nuclea r 
fissio n 

GWh T J 

63 57 7 22 8 87 6 

OUTPUT 

GWh 

Electricit y 1 8 31 8 

LOSSES =  71 1 2  % o f  inpu t 

TJ 

65 94 5 

162 93 1 

Consumptio n fo r  transformatio n 

Electricit y 86 7 GWh =  3  12 1 T J 



FRANCE 197 5 
CONSUMPTION OF ENERGY SECTOR 

Coal  mine s an d 
briquettin g 

Lignit e mine s 
and briquettin g 

Cokin g plant s 

Refinerie s 

Productio n o f 
natura l  ga s 

Gas work s 

Power  station s 

Pumped storag e 
Power  station s 

Hard 
Coal 

8 22 5 

8 22 5 

Coal 
bri -
quette s 

63 

63 

Coke 

428 

428 

Lignit e 

18 

18 

Petro -
leu m 
pro -
duct s 

268 29 4 

5 19 8 

273 49 2 

Natura l 
gas 

4 64 2 

8 25 1 

12 89 3 

Coke 
oven 
gas 

33 43 4 

33 43 4 

Bl a 
furn a 

ga 

3 8 3 

3 8 3 

(1 )  breakdow n (  conventiona l  therma l  powe r  station s 2 0 57 4 
(  nuclea r  reactor s 3  12 1 
(  hydroelectri c powe r  station s 3  28 3 
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1 

2 

3 

4 

5 

6 

61 

62 

63 

64 

,  6 5 

66 

67 

7 

71 

72 

73 

74 

75 

76 

77 

8 

9 

l o 

12 

13 

14 

15 

16 

PRIMARY PRODUCTION 

IMPORTS -  PRIMARY 

IMPORTS -  DERIVE D 

EXPORTS 

VARIATIONS O P STOCKS 

TRANSFORMATION INPU T 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWER STATION S 

NUCLEAR REACTORS 

TRANSFORMATION OUTPUT 

r COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICA L POWER STATION S 

NUCLEA R REACTORS 

EXCHANGE S AND TRANSFERS 

D I S T R I B U T I O N LOSSES 

AVAILABL E FOR CONSUMPTIO N 

TOTA L CONSUMPTIO N 

BUNKER S 

ENERGY SECTOR CONSUMPTIO N 

NON-ENERGY CONSUMPTIO N 

FINA L ENERGY CONSUMPTIO N 

163 

TRANSPORTATION 

HOUSEHOLDS ETC . 

lo-1 2 STATISTICA L DIFFERENCES 

23 64 4 

17 41 0 

502 

-  3  69 0 

30 09 8 

14 83 5 

2 75 5 

12 50 8 

6 77 2 

6 81 2 

393 

52 

6 36 7 

2 69 5 

o = 8 

39 

43 

-  2 0 

2 79 5 

2 79 5 

2 77 1 

2 76 9 

2 77 2 

729 

-  94 4 

5 02 9 

307 

4 72 7 

11 44 5 

11 44 5 

7 51 5 

7 51 2 

15 

154 

7 34 3 

1 64 1 

1 64 1 

1 64 1 

loo o t 

1 54 5 

10 

15 

-  28 6 

956 

956 

290 

289 

182 

180 

180 

247 

247 

1 08 0 

106 08 1 

+ 1  77 0 

109 25 3 

109 25 3 

549 

549 

308 

302 

2 23 8 

2 23 8 

2 04 2 

51 

145 

294 

244 

658 

+ 5 0 

292 

292 

2 76 3 

2 76 3 

350 

1 83 4 

3 

415 

618 

1 72 8 

+ 20 5 

16 31 5 

16 31 5 

2 40 1 I  1 5 82 5 

2 40 1 I  1 5 95 9 

2 18 4 

99 

15 71 8 

142 

57 

866 

-  3 9 

3 55 3 

3 55 3 

2 70 5 

1 91 0 

1 87 6 

795* > 



IN SPECIFIC UNITS - 9 5 - 34 

3 d 
3 o 

loo o 

1 16 2 

144 

+ 11 5 

109 

109 

3 45 0 

4 47 4 

4 54 0 

3 14 2 

1 39 8 

1 39 8 

1 98 9 

3 60 4 

•  3  84 7 

53 

36 95 8 

36 95 8 

66 

39 13 7 

38 85 9 

642 

432 

37 78 5 

5 15 4 

7 26 7 

25 36 4 

3 08 3 

3 19 8 

f  7 9 

12 09 7 

6 

12 09 1 

36 95 2 

36 95 2 

24 81 9 

24 45 4 

4 06 3 

3 62 7 

16 76 4 

278< 1 

2 35 8 

550 

104 

104 

2 

TealPC S 

214 

1 17 2 

+ 4 1 

446 

449 

+ 1  75 9 

32 63 6 

5 07 8 

5 07 8 

4 25 5 

4 29 2 

41 

365 « -  3 

4 32 6 

28 31 0 

+ 35 3 

8 34 2 

134 08 6 

134 08 6 

3 36 1 

16 00 0 

114 72 5 

52 42 2 

84 

62 21 9 

4 63 5 

4 63 5 

21 07 7 

21 07 7 

-  86 5 

15 57 7 

15 57 7 

8 77 7 

1 77 3 

5 02 7 

5 02 7 

29 96 5 

29 96 5 

19 ';3 8 

19 53 8 

916 

18 62 2 

586 

586 

512 

265 

918 

1 91 8 

833 

1 10 5 

7 72 8 

3 77 5 

3 77 5 

Tj 

3 o 

g 6 

114 43 8 

228 87 6 

3 77 5 

228 87 6 

5 

126 

126 

8 78 1 

6 276 | 

125 204 ! 

106 886 | 

18 3l8 | 

12 39 2 

175 909̂ 1 

175 90 9 

13 999 1 

161 910 I 

82 024 1 

6 16 7 

1 

2 

3 

4 

5 

6 

61 

62 

63 

64 

65 

66 

67 

7 

71 

72 

73 

74 

75 

76 

77 

8 

9 

l o 

12 

13 

14 

15 

16 

161 

PRIMARY PRODUCTION 

IMPORTS -  PRIMARY 

IMPORTS -  DERIVE D 

EXPORTS 

VARIATIONS O P STOCKS 

TRANSFORMATION INPU T 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWER STATION S 

NUCLEAR REACTORS 

TRANSFORMATION OUTPUT 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWER STATION S 

NUCLEAR REACTORS 

EXCHANGES AN D TRANSFERS 

DISTRIBUTIO N LOSSES 

AVAILABLE FO R CONSUMPTION 

TOTAL CONSUMPTION 

ENERGY SECTOR CONSUMPTION 

NON-ENERGY CONSUMPTION 

FINAL ENERGY CONSUMPTION 

163 

TRANSPORTATION 

HOUSEHOLDS ETC . 

lo-1 2 STATISTICA L DIFFERENCES 

(l )  incl .  militar y consumptio n (2 )  regenerate d lubricant s (3 )  Refus e an d wast e (4 )  amon g whic h 13 1 T j  geotherma l 
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1 PRIMARY PRODUCTION 

2 IMPORTS -  PRIMARY 

3 IMPORTS -  DERIVE D 

4 EXPORTS 

5 VARIATION S O F STOCKS 

6 TRANSFORMATION INPU T 

61 

62 

63 

64 

65 

66 

67 

COKING PLANTS 

BRIQUETTING PLANTS 

BLAST FURNACES 

REFINERIES 

GASWORKS 

ELECTRICAL POWERSTATIONS 

NUCLEAR REACTORS 

7 TRANSFORMATION OUTPUT 

71.  [COKIN G PLANTS 

72 BRIQUETTIN G PLANTS 

73 BLAS T FURNACES 

74 REFINERIE S 

75 GASWORKS 

76 ELECTRICAL POWERSTATIONS 

77 [NUCLEA R REACTORS 

8 EXCHANGES AN D TRANSFERS 

9 DISTRIBUTIO N LOSSES 

10 AVAILABL E FOR CONSUMPTION 

12 TOTAL CONSUMPTION 

13 BUNKERS 

14 ENERGY SECTOR CONSUMPTION 
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To enable it to improve its service to the Commission on the question of the rational 
use of energy, the Statistical Office has attempted to compile overall energy 
balance-sheets in terms of the amount of energy actually used by the final con-
sumer. 

These balance-sheets are based on the various stages of supply and demand from 
the primary input stage to the 'useful energy' recovered by the consumer in final out-
put and are expressed in terms of real energy content (and not in terms of their sub-
stitute energy equivalence between different sources of energy). They bring out the 
real loss in energy at the various stages of conversion and consumption and provide 
a more accurate picture of the effective consumption of energy. 

This study is first and foremost a model designed to point the way to later refine-
ments. For the moment, it applies only to France and the Federal Republic of Ger-
many, and relates to 1975. 

This document also sets out the methods used, the assumptions made for the prac-
tical application and the conclusions which may be drawn from this initial trial. 
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