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OVERVIEW & CHALLENGES

A major  g lobal  specia l ty  chemicals  and sur factants  company 's  bus iness  model
revolved around producing h igh-volume fat ty  a lcohol  intermediates  used
across  personal  care ,  household c leaning ,  and industr ia l  appl icat ions .

The c l ient  faced mount ing pressure  f rom downstream brand owners  and
regulators  to  demonstrate  lower-carbon supply  chains ,  requi r ing a  ver i f ied
determinat ion of  which product ion route  across  b io-based,  c i rcular ,  carbon
ut i l i sat ion ,  and foss i l -der ived pathways  carr ied the lowest  carbon footpr int .

Internal ly ,  the c l ient  held  s t rong assumptions  favour ing b io-based feedstocks
over  foss i l -der ived pathways ,  cons is tent  with  prevai l ing industry
susta inabi l i ty  narrat ives .  Without  r igorous  ev idence ,  th is  assumption r isked
dr iv ing a  cost ly  and carbon-counterproduct ive  feedstock t rans i t ion .

PRIMARY OBJECTIVE

Partner ing with  Researchwire ,  the goal  was to  conduct  a  route-speci f ic  L i fe
Cycle  Assessment  (LCA)  to  object ively  determine which fat ty  a lcohol
product ion pathway emits  the lowest  CO₂e on a  cradle-to-gate  bas is .

With  a  r igorous ,  independent ly  calculated compar ison in  hand,  the c l ient
a imed to  make an ev idence-based feedstock st rategy decis ion pr ior i t i s ing
routes  with  genuinely  lower  carbon burdens and ident i fy ing new pathway
opportuni t ies  a l igned with  both susta inabi l i ty  targets  and commerc ia l
v iabi l i ty .

We developed a  f ive-step propr ietary  LCA methodology des igned to  handle  the
complexi ty  of  mult i -pathway ,  mult i - feedstock compar isons :

RESEARCH APPROACHES & SOLUTIONS
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Process  Ident i f icat ion & Decomposi t ion :  Mapped each route 's  fu l l  convers ion
chain  f rom raw feedstock to  f in ished fat ty  a lcohol ,  f i l ter ing by  Technology
Readiness  Level  (TRL ≥  3 ) .  Each pathway was broken into  d iscrete  uni t
operat ions ,  wi th  a l l  mater ia l  inputs ,  energy consumption ,  and waste  s t reams
catalogued at  each step .

Step-Level  LCA Calculat ion :  Calculated CO₂e emiss ions  at  each uni t  operat ion
using ver i f ied emiss ion factors  f rom peer- rev iewed l i terature  and establ ished
LCA databases .  Where publ ished LCA values  were unavai lable ,  emiss ions  were
calculated f rom f i rs t  pr inc iples  us ing mass  and energy balances .

Pathway-Level  Aggregat ion & Scenar io  Model l ing :  Summed step- level
emiss ions  to  produce total  c radle-to-gate  GWP values  per  pathway ,  model led
under  both gr id  e lect r ic i ty  and 100% renewable  e lect r ic i ty  scenar ios .

Comparat ive  Ranking & Sensi t iv i ty  Analys is :  Ranked al l  pathways  and tested
sensi t iv i ty  to  key  var iables  l ike  e lect r ic i ty  source ,  land use change
assumptions ,  b iogas  capture  rates ,  and catalyst  l i fet imes .
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KEY OUTCOMES FROM THE ANALYSIS

The convent ional  foss i l -based route  del ivered one of  the lowest  and most
consistent  carbon footpr ints  across  a l l  pathways ,  s igni f icant ly  outperforming
the commerc ia l ly  dominant  b io-based route ,  but  i t  i s  not  a  susta inable
feedstock .

Upstream agr icul ture ,  not  convers ion chemist ry ,  drove the carbon burden of
bio-based routes ,  pr imar i ly  through land use change,  fer t i l i ser- re lated N₂O
emiss ions ,  and uncaptured methane f rom mil l  e f f luent .

Select  non-deforestat ion- l inked b io-oi ls  and waste  polyethylene v ia  pyrolys is
proved genuinely  compet i t ive  with  foss i l  basel ines .

Captured CO₂ (CCU)  pathways  showed the widest  per formance range f rom
carbon-negat ive  outcomes under  ideal  condit ions  to  s igni f icant ly  worse than
foss i l  under  gr id  e lect r ic i ty .  Energy source proved more impact ful  than
feedstock source for  CCU routes .

RESULT

The engagement  fundamental ly  ref ramed the c l ient 's  feedstock st rategy .  Rather
than a  blanket  t rans i t ion to  b io-based inputs ,  the c l ient  adopted a  pathway-
select ive  approach pr ior i t i s ing routes  that  demonstrably  outperformed the foss i l
basel ine on ver i f ied carbon data ,  whi le  depr ior i t i s ing routes  carry ing h igher
burdens despi te  thei r  ' susta inable '  label l ing .  The LCA model  and screening tool
del ivered by  Researchwire  became a  s tanding internal  resource for  the c l ient 's
R&D and procurement  teams,  enabl ing rapid ,  ev idence-based evaluat ion of  a l l
future  feedstock opt ions .
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