
UNDERS TANDING 
EMBODIED CARBON



CARBON EMISSIONS

• Our buildings  a re  
re s pons ible  for 
a round 40 % of a ll 
globa l CO2 
e mis s ions . 
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OPERATIONAL CARBON

• Ope ra tiona l ca rbon re fe rs  to 'the  e mis s ions  a s s oc ia te d with 
e ne rgy us e d to ope ra te  the  building or in the  ope ra tion of 
infra s truc ture ’. 

• This  inc lude s  he a ting, hot wa te r, cooling, ve ntila tion, lighting 
s ys te ms , e quipme nt and lifts . 



EMBODIED CARBON

• Embodie d ca rbon re fe rs  to the  e mis s ions  a s s oc ia te d with 
ma te ria ls  and cons truc tion proce s s e s  throughout the  whole  
life cyc le  of a  building or infra s truc ture . 

• This  is  typica lly a s s oc ia te d with any proce s s e s , ma te ria ls  or 
produc ts  us e d to cons truc t, ma inta in, re pa ir, re furbis h and 
re purpos e  a  building.
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EMBODIED CARBON

Ove ra ll, Gre e nhous e  gas  e mis s ions  a re  pre dic te d to follow a  
downward tre nd, la rge ly due  to the  imple me nta tion of e ne rgy 
e ffic ie ncy s tandards  for ne w buildings , but e mbodie d e mis s ions  
a re  fore cas te d to inc re a s e .



CLIMATE CHANGE

• Embodie d ca rbon is  re le as e d upfront, contributing 
imme dia te ly to c lima te  change . 

• Unlike  ope ra tiona l ca rbon which can be  re duce d ove r time , 
e mbodie d ca rbon is  locke d in once  ma te ria ls  a re  produce d 
and ins ta lle d. 

• Re duc ing e mbodie d ca rbon is  e s s e ntia l for achie ving ne t-ze ro 
ca rbon goa ls . 



DECARBONISATION

• The  e xtrac tion and produc tion 
of raw ma te ria lsAvoid

• To low ca rbon e a rth- and bio-
bas e d building ma te ria lsS hift

• Me thods  to de ca rbonis e  
conve ntiona l ma te ria ls . Im prove



RESOURCE DEPLETION

• The  cons truc tion indus try is  
re s pons ible  for 50 % of 
globa l raw mate ria l 
e xtrac tion. 

• Building ma te ria ls  account 
for ha lf of the  s olid was te  
ge ne ra te d e ve ry ye a r 
worldwide . 



CIRCULAR ECONOMY
The  c ircula r e conomy in the  
cons truc tion indus try 
focus e s  on minimis ing 
was te , maximis ing re s ource  
e ffic ie ncy, and promoting 
s us ta inability by de s igning 
buildings  and infra s truc ture  
with ma te ria ls  tha t can be  
re us e d, re cyc le d, or 
re purpos e d. 



REUSE, REFURBISH AND REPURPOSE

Aim : 

Re us ing an e ntire  a s s e t 
or re us ing a  s ignificant 
proportion of the  e xis ting 
a s s e t. 



REUSE, REFURBISH AND REPURPOSE

Aim : 

Incorpora ting re us e  
e le me nts  and ma te ria ls  
tha t have  be e n re cove re d 
from the  e xis ting s ite , or 

from anothe r s ite , into the  
ne w de ve lopme nt



DESIGN BUILDINGS FOR OPTIMISATION

Aim : 

To c re a te  a  built a s s e t with we ll-de fine d long-te rm ne e ds , while  
be ing durable , re s ilie nt or able  to cope  with s oc ie ta l and 
e nvironme nta l change . 

It will re quire  little  modifica tion/ no re place me nt of pa rts , due  to 
its  ‘loos e  fit’, ge ne rous  proportions  and re adine s s  for a lte rna tive  
te chnologie s



DESIGN BUILDINGS FOR OPTIMISATION
Aim : 

To ba lance  the  ne e ds  of 
the  pre s e nt with how thos e  
ne e ds  will change  in the  
future  and to e nable  
change  through fre que nt 
re configuring inc luding 
re configura tion of non-
s truc tura l pa rts



DESIGN BUILDINGS FOR OPTIMISATION

Aim : 

Produc ts  and s e rvice s  
a re  de s igne d to be  
a s s e mble d, 
de cons truc te d and 
re us e d or re cyc le d on 

a  pa rt-by-pa rt bas is .



STANDARDISATION 
Aim : 

De s igning and cons truc ting 
buildings  tha t apply 
s tandardis e d e le me nts  or 
modula r de s igns  for 
ma te ria ls  and produc ts  tha t 
e nable  a  re duc tion in 
cons truc tion was te  and 
e as ie r re us e  in ne xt life



PRODUCTS AS A SERVICE

Aim : 

Es tablis h and promote  a  payme nt s truc ture  through which 
cus tome rs  have  unlimite d acce s s  to re s ource s  but only pay for 
wha t is  us e d, or for the  re s ult linke d to the ir us e . 

This  re pre s e nts  a  trans ition from s e lling produc ts  to s e lling 
s e rvice s



DESIGN AND CONSTRUCT RESPONSIBLY
Aim : 

Any ne w mate ria ls  
s pe c ifie d in the  
de ve lopme nt a re  low 
impac t ma te ria ls  with little  
or no adve rs e  e ffe c t on 
e ithe r the  e nvironme nt or 
on human he a lth 
throughout its  life cyc le .



DESIGN AND CONSTRUCT RESPONSIBLY
Aim : 

To re cognis e  and 
e ncourage  the  us e  of 
re cyc le d conte nt and 
s e condary aggre ga te s , 
the re by  re duc ing the  
de mand for virgin ma te ria l 
and optimis ing ma te ria l 
e ffic ie ncy in cons truc tion.



DESIGN AND CONSTRUCT RESPONSIBLY

Aim : 

To de s ign out was te  ove r 
the  whole  life  cyc le  of the  
building, s o the re  is  
minima l was te  during the  
de s ign, cons truc tion, 
de cons truc tion and ne xt 
life  of the  built a s s e t. 



DESIGN AND CONSTRUCT RESPONSIBLY

Aim : 

Ens ure  cons truc tion s ite s  re duce  on-s ite  was te , inc luding 
packaging.



TIMBER

• The  built e nvironme nt us e s  
38  pe r ce nt of the  world’s  
wood produc ts .



TIMBER

• Incre as ingly, mas s  timbe r is  
be coming an a ttrac tive  
a lte rna tive  to ca rbon-
inte ns ive  concre te  and s te e l 
due  to its  pote ntia l for 
s ca lability, s us ta inability, 
s tre ngth and fle xibility in 
mid-ris e  urban buildings .



TIMBER

• Advance s  in timbe r building 
ma te ria l te chnologie s  a re  
making it pos s ible  to s hift 
towards  la rge -s ca le  
s truc tura l timbe r produc ts , 
provide d tha t the  timbe r 
indus trie s  continue  to 
innova te  and a re  re gula te d 
for s us ta inable  prac tice s .



BAMBOO

• Bamboo is  a  fa s t-growing 
re ne wable  re s ource  tha t has  
witne s s e d s ignificant 
advance s  a s  a  s ca lable  
building ma te ria l in the  la s t 
two de cade s .



BAMBOO

• Progre s s  in e ngine e re d 
bamboo has  de mons tra te d 
s truc tura l pe rformance  like  
tha t of c ros s -lamina te d 
timbe r and s te e l.



BAMBOO

• Howe ve r, the  va riability in 
s pe c ie s  ac ros s  re gions  
re quire s  inve s tme nts  in 
furthe r de ve lopme nt of low-
cos t and low-ca rbon 
cons truc tion me thods , 
s tandards  and ce rtifica tions . 



IMPROVE
• Ce me nt can be  de ca rbonis e d by 

re duc ing the  c linke r-to-ce me nt ra tio, 
inc re as ing the  s ha re  of ce me nt 
a lte rna tive s

• Shifting to e le c tric  kilns  powe re d by a  
de ca rbonis e d e le c tric  grid s upplie d with 
re ne wable  e ne rgy

• Pote ntia lly s tre ngthe ning concre te  
through ca rbon capture  and utilis a tion 
during manufac turing.



IMPROVE
• In primary s te e l produc tion, a  s hift from 

blas t furnace  to dire c t re duce d iron 
te chnology

• Couple d with e le c tric  a rc  furnace s  
powe re d by re ne wable  e ne rgy s ource s , 
offe rs  the  gre a te s t e mis s ion re duc tion 
pote ntia l

• Inc re as ing re cyc ling e ffic ie nc ie s  and 
ca rbon capture  and s torage



IMPROVE
• Plas tic s  a re  us e d in applica tions  from 

plumbing pipe s  to window frame s , 
ins ula tion, lining, building te xtile s  and 
packaging. 

• A s hift towards  improve d me thods  of 
pla s tic s  re cyc ling, comple me nte d by 
nove l bio-bas e d and biode gradable  
pla s tic s  whe re ve r pos s ible , re quire s  
ma jor s upport for advance s  in pla s tic s  
produc tion and re cyc ling.



IMPROVE
• Options  for de ca rbonis ing glas s  

produc tion inc lude  s witching the  
e ne rgy s ource , e le c trifica tion of 
a ll proce s s e s , proce s s  
inte ns ifica tion and was te  he a t 
re cove ry. 

• In re nova tion and de cons truc tion, 
off-s ite  window dis as s e mbly 
avoids  contamina tion and a llows  
for glas s  re cyc ling.



IMPROVE
• High qua lity e a rth-bas e d mas onry has  pote ntia l to 

re place  concre te  in many low-ris e  applica tions  but 
ne e ds  de ve lopme nt and re gula tion.

• Dive rs e  e a rth mas onry ma te ria ls  made  from c lay-
rich s oil and na tura l fibre s , tha t a re  drie d in the  s un 
or fire d, have  be e n us e d for much of human 
his tory and a re  ofte n re -us e d.

• Incre as ingly mas onry bricks  have  adopte d the  us e  
of high ca rbon ce me nt binde rs  and high 
te mpe ra ture  firing to addre s s  me chanica l and 
mois ture  pe rformance . 

• If loca lly made  with low-ca rbon binde rs , additive s  
and proce s s ing me thods , e a rth mas onry can 
re ga in its  role  a s  a  viable  building ma te ria l. 



EMBODIED CARBON CALCULATIONS

• Allows  a  dire c t comparis on be twe e n diffe re nt ma te ria ls  to 
choos e  thos e  with lowe r ca rbon footprints . 

• Highlights  high e mis s ion ma te ria ls , guiding de s igne rs  towards  
more  s us ta inable  a lte rna tive s .

• The  mos t important time  to ca lcula te  e mbodie d ca rbon is  in 
the  e a rly de s ign s tage s .  



EMBODIED CARBON CALCULATIONS

• The  unit us e d to me as ure  the  tota l gre e nhous e  gas  (GHG) 
e mis s ions  of a  pa rticula r ac tivity, produc t or proce s s  in te rms  
of the  amount of CO2 tha t would have  the  s ame  globa l 
warming pote ntia l is  ca lle d kilograms  of ca rbon dioxide  
e quiva le nt (kgCO2e ). 



LIFE CYCLE MODULES 



MINIMUM SCOPE AND FOCUS ON A1–A5 STAGES

S c ope  o f A1–A5  S ta ge s

A1 to A5 s tage s  cove r c radle  to prac tica l comple tion, forming the  minimum s cope  for 
e mbodie d ca rbon ca lcula tions .

Foc us  on P roduc t ion a nd  Cons t ruc t ion

The  a rtic le  focus e s  on ca rbon ca lcula tion for s truc tura l ma te ria ls  during produc tion (A1–A3) 
and cons truc tion (A4–A5) s tage s .

Im porta nc e  o f Addre s s ing  Em bod ie d  Ca rbon

Addre s s ing e mbodie d ca rbon in the s e  s tage s  is  urge nt to re s pond e ffe c tive ly to the  c lima te  
e me rge ncy.



LIFE CYCLE MODULES 



EMBODIED CARBON CALCULATIONS

The  fundame nta l princ iple  of an e mbodie d ca rbon ca lcula tion is  
to multiply the  quantity of e ach ma te ria l by a  ca rbon fac tor for 
the  life  cyc le  module s  be ing cons ide re d: 

m a te ria l qua nt ity (kg) x c a rbon fa c to r (kgCO2e / kg) = e m bod ie d  c a rbon (kgCO2e )





MATERIAL QUANTITIES

• The  firs t s te p is  to de te rmine  the  quantitie s  of ma te ria ls  us e d 
in the  proje c t. 

• This  can be  done  through manua l ca lcula tions , BIM, s truc tura l 
ana lys is  mode ls , bill of quantitie s





LIFE CYCLE MODULES 



EMBODIED CARBON CALCULATIONS

This  is  a  que s tion of ide ntifying the  trans port type s  and the  
a s s oc ia te d a ttributable  e mis s ions  for de live ry to s ite : 

m a te ria l/ s ys te m  m a s s  x t ra ns port  d is ta nc e  x c a rbon fa c to r (kgCO2e / kg)





LIFE CYCLE MODULES 



EMBODIED CARBON CALCULATIONS

• The  ca rbon e mis s ions  from a ll ons ite  ac tivitie s  and plant 
accommoda tion s hould be  cove re d.

• The  ave rage  figure  for cons truc tion s ite  e mis s ions  of 
140 0 kgCO2e / £10 0 k of proje c t va lue . 



EMBODIED CARBON CALCULATIONS

• Appropria te  a llowance s  for s ite  was te  s hould be  made . The  
s ite  was te  ra te s  for diffe re nt ma te ria ls  s hould be  de te rmine d 
bas e d on the  s tandard was tage  ra te s  provide d by
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