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CENTER FOR
INDUSTRIAL

ECOLOGY

o Research group in the multi-disciplinary field of Industrial Ecology,
part of ADAI-Associated Lab for Energy, Transports & Aeronautics.

o Team of faculty, researchers, Doctoral candidates, and visiting
scholars. Research is carried out in collaboration with other
institutions and with international partners.

o The CIE is actively involved in the Energy for Sustainability Initiative at
the Univ. of Coimbra and in the MIT-Portugal program (PhD in
Sustainable Energy Systems).

o Develops and applies tools to enhance the sustainability of products
and systems supported by life-cycle thinking.

o Takes a holistic and systematic approach to promote sustainable
systems and R&D&I with industry, public authorities, organizations...
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CIE team
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(Universty of Goimbra, 2010) She is a researcher in several RED projecis st ADAVLAETA and the Universty of Gaimbra. Her researoh interesis indude Ife oyole

modeing and energy an systems, madaling and et madeing

Research areas: L syeis nd sisctic venits systens; sonsaquential modeing: st modsing. Industis| Ecology:
o

Visitors
Luiz Kulay, Assistant Professor of Chemical Enginesring Department st the Polytechn the University of S Paulo, Brazi
Email iz kulay(atusp br | LV
Lz Kelay e dove b al Enginesring (Maua Institute of Technology. Brazi 1989) MSc in Chenical Engineering (Polytechnic School of the University of

0 Paulo, Brazil ZNIJ\MG.\P'-D-\CWIIEWW (Pobtechic Schud o the Unierly o Sdo Pao, Brzi. 2004) Acdionly. e woked e pate

e o vtanrental Contl Engves ot ha Susans Pup ad Popet o [3PC) o 199 o 1938 urrrdy, b b Awsnant Probossar i the Depurment of
Chemical Engineaing of the Poltechmic & sm.ud.mummny of S3o P, teachingth ollowing undarraciae sufects "Loxs prevedan i he Chemical
Indusry’‘Chamicltpics foEnvionmendal Enginseig | and I nd ‘Complamentsof the Chunical Enginet Traiing | Fundamental Aspects” His teae

o Incices the Posi-Grocuats Program n Chemical Enginearng (PQLEPUSP). n which he 1 responsibe fo the subjoc of The Industy of Chemical

Processes and Sustainablity” Considadng s Capackies I both pofessional nd acadenic spheres, Luiz has dedicated efons and developments siong he environmental e fi neady
ing for biases in both environmental control and pollution prevention Two thirds of thes period were particularly dedicated 1o the research and impiementation of Life Cycle

Assesamentn Brazi He vished th entrfo Incustial Ecclogy (CIEAUC) n 20142016 under sevarl tsssach pofects.

Research areas: Life. LCA}. Poll management i

Roland CIift, Ex o
Email rclifat)surrey ac uk | CY

Protes

Emertus Profes Technology of the Centrs for at the University of Surey. previously Head of the
Dupartvertof ‘Chamical and Process Engreatng st the Univers of Sutey i Syatam Adahysls st Chawars Unvershy. Gt

aden: Adjunct Pofessor in Chemical and Biolegical Engineering a he Uriversity of Bl Columbi, Vancouver Canad: past Presicent nd Executies Director of
e s Sociely forIncttal Ecclogy: past member of the UK Royl Commssion on Emlmmmlll Poluton Ecolbellng B Boms snd Scince Advscry Counch

of the D the Environment. food and Rural Affairs (DEFRA) Prof Clif’ research is concemed with system e industrial ecology
inckeg Mo cycl sseaveman ud enery oystame, He vishedshe Unarsy of Comis en ied Prtosso of i Enery o Sustainoli kst s pek 014 a3 March o
November 2015, and colsborsted  severs eseasch pjects ith CIELC

Research areas: Environmental System Analysis. includng Life Cycle Assessment. Industil Ecology and Sustainatle Energy Systems. Bloanergy, Sustainable Supply Chains. Enginesring
Ethics.

Stuart Batterman.
Emall stuartb(atiumich edu | CY

Stuat Bstran o PrfasacrofEnvironnentlHeakth Sciences fthe Urivery of Michigan (UM)Schoof PubkcHeskh Mo alsc hoids.orhas hekd appo
vkt Ewloomonta Emientin t UM, he Facut o Scince and Techlogy t the Grversy of Combta Ptogal, o the Nelson Mancle SChas of Meckcne
in Kwa-Zolu Natal, Durban, South Affica He has a B S. in Environmental Sciences from Rutgers University, and M5 and P D. in Civil and Environmental Engineering
from the Massachusetts Institute of Tchnology. He has been 8 scerpodonl mnd envionmental tesearch. teaching and service for over 25 years, including
serving as associate editor for the ASCE Jounal of Environmentsl Jourmal of Evvironment and Public Flealth. He is curently the Director of the UM
e o Occuptont ot and Sy Eminsrng. o was Fubrgn Vi Professe 1 e Uriversty of Comers May-August 2012)

16 A Ay Wl i s Gl Woscl S K ST, hoou s, S Cibasass. Paivs Webe i,

Research
environmental epidemiol

Former Researchers and Visitors

Dagress in Fedhroiogical Chermistry Faouly of Soenaes Uniersiy of Lisbon 2W1|..rcM.morEmrwcswm.rchomer\eC.mM|E‘w
G2t RESeanth in HaharDoen s Catahas 2t Insiuld Supaior Taonon, Lisboa | Unerscads Peme: of Mas Cune — Laboraioing oo Redis, Fais
{2001-2002) arl was Serior Redhracal Specialst - Charmical Arakyst b ICK (2002-2012) and researcrer ot S - GO Cimate Charge Impsd, Adsptation &
Iitigadion af Faculty of ‘Sdanaes Lniersity of Lisban (2010-2012|. Sva was & reseanther ot INESC Coimbra on e BoTans projed fllay — Dac 2012 and s
aumenily & PRl shudent in Susiainable Enangy Sysbams ok the Universty of Coimbra.

[Forcaareh areas: Lite Cyoe Aesesamant. Lnosmainty, Mt Obpedie Dptrizsion. Bencing Moo Botadl Syterms

VRTINS i St

"Wy Carla Rodrigues, Ao
Emal cata rooigesialieam Lo ot | Frone - + 351 239 790 708

G in Ahdbet e by Uniarsty of Coimbra (2006 Cumently she .3 MSe St in Erengy for SLestsinandty (Unkersty of Coimbes)| with S0 in By n
Builcings and Wvban Ervdronmant and a PRD student in Sustainabic Energy Systems (University of Coimbra ),

IRescaareh AreaE: SLstainabie QoFSLn S netol, LG Coe faseamart of Dultings o BUloing Comporents, Bl sustainandty SSesament and
ceriification sysbems, Lie Cyoe Cosing. Sreamined ervdnonmental and cost LEA approacdes.

Cariods Faimeina Robcs am MESC i Envdnonmaanital Engindaing (Unkerslty of Combna, 2010) He i cumently 2 PhD stucent in Matharioal Engineaing iUnarsty of
Coimbera, reseandher af CIE on e proged BRM (Ervdonmentaly Responsbe Muniions], and also a Redhnical Team member in e MATD RTO AT 177179 Task
Group. His reseanch inbanests inducke nedycing Syshoms in ammuniion; mulifundional sysbens and erinonmenial impnosement of ammuniion sysiems.

Ressarch areas: Lite opde assessmant. Inclsiial ooy, Dermiltarization. Valorzation of enengedc mateial, management of ammunlion Sysbems. tosooacgcal
R

T Povtugal Progy

Woah: i
Eral engwngeadt el oo Fhore -'.».-1 35 S0 5EE

Chongrpang Do eamed Fer Badheior degres on Endronmantal Soence from Renmin Uniersty of China (Befing, Chinal, and har Master degnes on Ervdronmental
Managamant wih B 200 on Enengy and e Ervronmant fom Duke Univensty (Dusham, USAL Cumendy she s & PhD canciclaia in S Uriversity of Coird
e e MIT Fomunal Program,. Her P Bress subed & inegrating MulbbCritens Decsor A in Lite Cyoe Sustanabilty Sescasment. Chongyeng & by
Intereshed In Susiainabee ceraiopment, e Cpoe moceing, muli-otena deceon analyes, and biofual

Recaareh areat: L Cpte SUstainaindlty SRsessment, mulloiens cecsons analyss, Diofel

Hulana Montelro, B o oy Sysar
Emal hadena morbeiroda idemuuc ek | Phore. « 351 239 790 708

wiclaha i Susiad

bie

ek Mcrbei Mol & S in Enengy for Sustainaility by e Linkersty of Goirbna and an Acrbstus vy e Uiy of PO, She b cmenty & PRD
archdate on Susainabie Enangy Systerms Course from e MM Forugal Program, shi is & neseandher in C.E-‘JC—l..rch.'_.'m-:ﬂ..Mm..r'-" Wi Lo
2t T Buoing Rednin ooy Lalorantry in MIT rdier Fro? Jonm Famanoed 000 00rasnn, Whert: S Was 3 Mamind of Sustainabit T orou and AEHRAE
Borstor Finent chanter e

[RECSAred Sredit: SUSlunatit QoS Bocimalic anthio e, Lt Cpt soteet Of Dulsings 2l Dol cormsonanis., Thamal Srulation of Duloinges.
it ke 150t e SHLChy OF PSiNBEmancs: Scthilics i Buloingds

Joana Bastos, Ao
Emal jribasicslatigmal com

rivearsity of Coimi

Joara Bagins has & degres in Avchibatiune by the Faoulty of Aachidectune, Universty of Lishaon (2008]. Sne is aumently 2 PR candicate in Sustainabie Enaingy
‘Bysbarmes (M Portugal Programil

[RECSAre Aredit: SUSanatie QORI S RefLrbishemert, LG Opte SRseRsmeant of Bultings and Biuloing components, Sustainanie LUrban Deslopiment

Padro Marques, Feseander
Emal padino mangeslafidem we pf | Phone -« 351 238 750 708

Ha hiolds 2 MESe i Ervdnonmenital Engiresendng, Unkersity of Coimbra (2010 Cumently, R 5 & neseandhar of CE working in the "BoHaawy - Bderdad “walio-
whieels” asscaament of bicdiesel for Feany brarapor wehides” projed (FTOCEEN-TRAM 17251020101

[Fecsarch areas: L cpde aaseesmant, weiides

Shiva 2aadatian, =.o
Eral shive saadatandatiomal.aom | Linkechn | 080D

ok i

Graduahed in indusiial Engineserning by AZAD Universiy of Tabvan (2009]. Sha hoics 2 MSC in Enengy for Sustainabdty (Uniersty of Coimbra, 2014} Cumently sha
s & PhiD cancicaha in B Universly of Coimbra wncer B MIT Fortugal Program

Ressarch areas: Susiainabe: consinadion and refubanment, Lie Cpoe Aasesement of Dbulcing compuonants, Duicing sostanabdty assesement, Lite-opce
aralysis o ferestrations.

Vanesga Tavares, Fro abbe Erargy Systers (Uniersiy of C
Emal areeamiacsixtignal om | Fhone. « 351 914 726 852 | ORCD

acizng i Susts

ArribatG Ceyes by Liniversity of Fomo, Poo-gracated in Enengy for Sustainabily by Uniersty of Coimbna.

REEearch areas: SUatainale OOrEaion and MefumsEnmet. e Cplls SEREESMETE OF DUBtings 2 Dulting O0MSOranis. Sy S WashE: Manaeent in
iy, 0 Sha COrStLston (retan anchibetie], SLStsinandlty CTCaon of DukSngs.

DM ﬂﬁ)ﬁ



Research Agenda

Environmental life-cycle assessment (Carbon, water, environmental footprints)

Social LCA, Life-cycle management, LC Costing

Life-cycle sustainability assessment

LCA & multi-objective optimization, LCA & Partial Equilibrium Analysis (LCAA)

LCA & MultiCriteria Decision Analysis

Extended LC approaches: uncertainty, variability, local aspects & spatial different

Eco-design, fleet-based LCA, Dynamics

Urban metabolism & Material Flow Analysis, MFA & LCA




Main Application areas

O Energy | Bioenergy, biofuels, & other renewables, electricity, natural gas,

O Agrifood and Forestry | fruits, vegetables, vegetable oils, animal-derived products,
sustainable diets, wood-based materials, LUC

O Transportation | sustainable mobility, vehicle components and systems (electric
vehicles, trains, fleet analysis, batteries), powertrains

o Buildings and Sustainable Architecture | building components, prefabrication,
sustainable construction and retrofit, thermal insulation, sustainable urban development

o Waste managementl waste cooking oil, demilitarization, wastewater management,
anaerobic digestion, building waste management, beef tallow

o Industrial Systems, Packaging
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Ongoing projects

2016-2019 SABIOS: Sustainability assessment of bioenergy systems: a life cycle multi-criteria
decision-support approach, including land use change

2016-2019 SUSTAINFOR: Sustainability assessment of forest sector management strategies in the
context of a bioeconomy

2016-2019 UrbanWins: Urban metabolism accounts for building waste management innovative
network strategies

2016-2017 BIO2URBAN: Biodiesel blends for road vehicles in urban areas

2018 LCA and Ecodesign of packaging for pharmaceutical products



Concluded projects

Funded by Companies
* ROLLS-ROYCE Environment Advisory Board

2015-16: Lifecycle GHG Analysis of Train Power Systems: Diesel, Hybrid and
LNG

* Portuguese Association of Biofuel Producers — APPB
2014-16: LCA of GHG emissions for rapeseed-based biodiesel in Portugal
2010-11: LCA of GHG emissions for soybean-based biodiesel in Portugal
* CIE Plasfil = Automotive Plastic components producer
2013-15: EDIL - EcoDesign and Impact Labelling

with international partners
e 2010-14: Capturing Uncertainty in Biofuels for Transportation, MIT, USA,
e 2010-14: Economic and Env. Sustainability of Electric Vehicle Syst. USA, MIT
e 2013-15: LC Environmental Sustainability Assessment of Bioenergy USP, Brazil

e 2011-13: BIOACV — Comparative LCA of Biodiesel from Soybean Oil and Animal
Fat, Methylic and Ethylic Routes USP, Brazil

e 2011-15 Environmentally Responsible Munitions, several EU

10



Concluded projects

National projects

July 18,2016

2012-2015: BioHeavy - Extended “well-to-wheels” assessment of biodiesel for
heavy transport vehicles

2013-2015: BioSustain - Sustainable mobility: Perspectives for the future of
biofuel production-Sustainable mobility: Perspectives for the future of biofuel
production

2007-2011: Biofuel systems for transportation in Portugal: A "well-to-wheels"
integrated multi-objective assessment

2012-2015: EMSURE - Energy and Mobility for Sustainable Regions

2011-2013: EcoDeep - Eco-efficiency and Eco-management in Agro-industry

11



Selected Research from

o Agri-food and Forestry
o Biofuels
o Electricity in Portugal



Agrifood&Forestry

Agrifood and Forestry

o Sunflower
o Chestnut
o Olive oil

O



LCA of sunflower cultivation in PT

Biofuels
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Figueiredo, F, Castanheira, E, Freire, F (2016). “Life-cycle assessment of irrigated and rainfed sunflower addressing uncertainty and land use change scenarios”. JCP (final
review).



LCA of fresh and frozen chestnut

o Portugal is the 3rd largest producer of
chestnut in Europe (EU 28)

o Annual production of 27 thousand
tons
o Orchard area of 35 thousand hectares Chasud |
030 kg
o 70-80% of Portuguese chestnut is
exported
Objective: Environmental impacts of fresh
and frozen chestnut produced in Portugal
(for exports and national consumption).

Agrifood&Forestry

System boundanes
PROCESSES
Cultivation Fiekd operations *  sol management
: fertizaton
pruning
pestode treaiments.
Reception, cafibration ant'! separation by dameters
Chestrut (d>30mmj;: Chestnut (d<30mm)
168 kg 2 kg
Specific processes to fresh chastnut F F Specific processes to frozen chestnut
production production Chestnt
| R R : " waske
Packaging (PP net bags) E (0] Packaging (LDPE bags) 1kg
fresh chestnut (keme and peel): S ‘ frozen chestrut (kemel)
1.38kg H E 1kg
Distribution | N |
Refrigerated transport (0/+5°C) C Refrigerated transport (-208-18°C)
Regional distribution H c
center (RDC) | E H |
Storage: chiled store S I Storage: frozen store
: X S .
Retailor t ; T 1
Storage: wak-in cooler U N Storage: wak-in freezer
Display. ambiant T Display: flow T reach-in
Household ' ¥ U :
t T t
Storage: ambient T Sterage: chest freezer
fresh chestnut (i(emeland peel): fmzmchesﬁu(kemd):
138 kg 1kg
Chestnut preparation: bailing
d - dlameter
Consumption of 1 kg edible chestnut kermel e
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Agrifood&Forestry

LC impacts of fresh and frozen chestnut
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Rosa, D., Figueiredo, F., Castanheira E.G., Freire, F. (2016). “Life-cycle assessment of fresh and frozen chestnut”. Journal of Cleaner Production (in press)

[@Cultivation

W Processing
[IDistribution
B ROC & retaller
[ Household

Varlabllity In
total impacts:

Highest cultivation
impacts

|

Lowest cuitivation
impacts
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Agrifood&Forestry

LCA of olive oil addressing
alternative production systems

0,3 % 224 %
o Large variety of cultivation systems (familiar, u%)
traditional, intensive and organic) .
Production

Olive oil & wet pomace

o Two main technologies for olive oil extraction

o To assess the influence of the multifunctionality
approach (allocation vs substitution)

Three-phase

Olive oil, pomace &
wastewater

Olive pomace is recovered to produce olive pomace oil &
extracted pomace (chemical extraction with hexane)

July 18, 2016



Agrifood&Forestry

LC model addressing valorization of pomace

Olive stones & Treated Olive pomace Extracted
i i leaves (0.8 k i
Olive oil (1.0 1) veslDEkelaternay  oil(02kg)  pomace (1.6 kg)
e N e —
I b ettt ettt letetels e telelety |
|
! : Olive I
! : cultivation |
| 1 . |
. Drying & .
| ! Pomace ying |
I —>{  extraction of
- 10 km (3.0 kg) . i
| 1 olive pomace oil |||
b " 100 km !
| ! Traditional | gjives 3-phase extraction Extracted |
i | 1.8that ' pomace (0.1 kg) |
|
o . 2-phase extraction Extracted :
! 1 Intensive P pomace (0.2 kg) I
| 1 10t hat |
- Wet Drying & :
| Organic pomace —| extraction of |
| ! 0.5thal (4.6 kg) olive pomace oil | |
. | .
| 1 I
I |

100 km
e e e e e e e e e, e e, e e, e —m————

v. [ Olive pomace Extracted

18,2016 Olive oil (1.0L) wastewater Olive stones & oil (0.1 ke) pomage (0.8 1¢)
44 (0.51) leaves (0.7 kg)




Agrifood&Forestry

LCA of olive oil

o Cultivation is the LC phase which contributed the most to the overall impacts

o The high olive productivity of the intensive production system leads to
comparatively low impacts.

Impacts of different olive cultivation systems

GHGintensity Terrestrial acidification Freshwater eutrophication Marine eutrophication
(kg CO,eq/kg olive) (g SO,eq/kg olive) (g Peqg/kg olive) (g Neqg/kg olive)

0,6 30,0 0.9 10,0
0,5 W Field emissions

04

25,0
07
y ' y 0  Electricity
5,0
0,5
0,3 15,0 50 m Pesticides production
0,4
4,0
0.2 10,0 0,3 . m Fuels (production and
’ combustion)
02
2,0
01 50 m Fertilizers production
I I DJl JJD
0,0 00 —m— 0,0 . 00 —
o & ) o i & & s s S > r b & > -
s o*"’ﬁo &‘\OQ & & & t_)\-@‘ & & o""?’Q z’s\"‘é@ & ég\@ & & &
5
< & & « & « ¢ & & < ot & &

But: How comparable are the different systems and types of olive oils?
(organic, familiar, intensive)
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Biofuels

o LCA of biodiesel:
* Virgin oils — rapeseed,
palm, soybean, sunflower
* Microalgae
e Waste cooking oils
* Beef tallow

July 18, 2016

Biofuels

o Well-to-Tank & Tank-to-Wheels
analysis

o Land Use Change (LUC)

o Agriculture practices and pathways
o Uncertainty analysis

o Multicriteria decision analysis

o Multi-objective optimization

o Social impacts

o Water footprint

o Multifunctionality

20



Biofuels

LCA of biofuels: sources of uncertainty

Soil
emissions
(LU / LuC)

Assessment
of co-
products

Parameter
uncertainty

LCA approach
(attributional/

I consequential)
Uncertai nty/ METHODOLOGICAL CHALLENGES AFFECTING

variability in THE RESULTS OF BIOFUEL LC STUDIES

‘ biofuel LCAs

Reference
system

Prior land
use

Temporal /
geographical
scale

Capital
goods

System
boundaries
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LCA of EU Rape methyl esther

A Review

Biofuels

o Biofuel LC studies have varying and sometimes contradictory conclusions, even for the same

biofuel type and pathway.

o Significant disagreement and controversy exist regarding the actual benefits of biofuels displacing

fossil fuels.

Group

Key modeling issues addressed

GHG intensity per nonrenewable primary energy
use requirement (2COeq M.l,")
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Malca, J., Freire, F. (2011). "Life-cycle studies of biodiesel in Europe: A review addressing the variability of results and modeling issues". RSER 15 (1), 338—351.



LCA of rapeseed biodiesel

Main contributions to the
environmental impacts of
rapeseed cultivation in
various countries
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o p
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m N fertilizer prod

Global Warming
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CT™
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Field emissions

Seedsdrying 30 A
W Seeds
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Biofuels

Acidification Eutrophication
(kg SO2eq/ha) (kg PO4 3-eg/ha)

o Contribution of substances to GW

(high inputs)

!
|
|
|
|

* LUCscenarios: LUC#1 (low inputs) and LUCH2

* Climates: WTM - warm temperate moist; CTD -

- cool temperate dry; CTM - cool temperate

moist)

* Fertilization scenarios: FS#1 (N as
e NPK+CAN)and FS#2 (N as NPK+U)

Queirds, J., Malga, J., Freire, F. (2015). “Environmental Life-Cycle Assessment of Rapeseed Produced in Central Europe: Addressing Alternative Fertilization and Management

Practices”. JCIP 99, 266-274.

Malga, J., Coelho, A., Freire, F. (2014). “Environmental Life-Cycle Assessment of rapeseed-based biodiesel: alternative cultivation systems and locations”. AppEn 114, 837-844.
Malga, J., Freire, F. (2009). "Energy and Environmental Benefits of Rapeseed Oil Replacing Diesel." Int. J Green Energy 6 (3), 287-301.



LCA of biodiesel produced with

N-fertilizer applied as :
sammonium sulphate (#AS)
«calcium ammonium nitrate (#CAN)
urea (#U) or

«poultry manure (#Poultry)

Fertilizers {per ha):
140 kg N

60 kg P,05 \i

250 kg K;0

Fossil fuels {per ha):
54.7 kg diesel
1.6 kg petrol

Electricity:
308 MJ t' PO

° ° @
O I r O I I I O O I I l I a 100%
80%
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o Alternative fertilization schemes: a0%
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. . 0%
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* Poultry manure - #Poultry v00c%
. 80%
o Comparison of LCIA methods o
. 40%
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July 18,

Castanheira, E., Freire, F. (2016).

FFB: fresh fruit bunches PKO: palm kernel cil

2016

POME: palm oil mill effluent
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Biofuels
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"Environmental life-cycle assessment of biodiesel produced with palm oil from Colombia", IJLCA (in press)
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oil from Colombia

LUC @ Colombia
(1990-2010)

ACS (t C ha! year)
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Biofuels

LCA of biodiesel produced with palm

GHG intensity, g CO,eq MJ*
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Castanheira, E., Freire, F. (2016). "Environmental life-cycle assessment of biodiesel produced with palm oil from Colombia", IILCA (in press)

Castanheira, E.G., Acevedo, H., Freire, F. (2014). "Greenhouse gas intensity of palm oil produced in Colombia addressing alternative land use change and fertilization scenarios”.

App Energy 114, 958-967.



Biofuels

|C GHG intensity of soybean
niodiesel

o Three pathways and four Brazilian
soybean origins

ﬂ Pathway C1
o [T ragy, BR-BR-BR . .
: Contribution of each LC phase
c @) e
E g GO 972km tD“t 950km .R_efm_lng 870km - 8386Kkm b|Fu:-| O
= extraction biodiesel L] —> ending . .
R mill@ER PAnIGER oo facility@PT fO r G H G Intens |ty
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° Rs Yy, g CO.eq
Pathway C2 160
. BR-BR-PT ‘
®
c .
o il B44T7KM 184k Refining & .4n, Fuel
is traction 22, Port Pot ™ biodiesel - blending
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BR: Brazil, PT: Portugal, MT: Mato Grosso, GO: Goias, PR: Paran4, RS: Rio Grande do Sul

ELUC @ Cultivation = Extraction m Refining T Biodiesel production o Transport

Pathways
C1: Biodiesel produced in Brazil | C2: Biodiesel produced in Portugal based on imported Brazilian soybean oil | C3: Biodiesel produced in Portugal based on imported Brazilian soybean

Soybean origins (Brazilian states)
MT: Mato Grosso | GO: Goias | PR: Parana | RS: Rio Grande do Sul

Castanheira, E., Grisoli, R., Coelho, S., Silva, G.A., Freire, F. (2015). “Life-cycle assessment of soybean-based biodiesel in Europe: comparing grain, oil and biodiesel import from
Brazil”. JCIP 102, 188-201

Castanheira, E.G., Grisoli, R., Freire, F., Coelho S. (2014). "Environmental sustainability of biodiesel in Brazil”. Energy Policy 65, 680-691.

Castanheira, E.G., Freire, F. (2013). “Greenhouse gas assessment of soybean: implications of land use change and different cultivation systems”. JCIP 54, 49-60.



LCA of soyb

LCIA of soybean
cultivation in four
Brazilian states:

Mato Grosso
Goias
Parana

Rio Grande do Sul.

July 18,2016
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Biofuels
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_CA of Waste Cooking Oil
oiodiesel addressing uncertainty
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Caldeira, C., Queirds, J., Noshadravan, A., Freire, F. “Incorporating uncertainty in the Life Cycle Assessment of biodiesel from Waste Cooking Oil addressing different collection
systems”. Resources, Conservation and Recycling (in press)
Caldeira, C., Queirds, J., Freire, F. (2015). “Biodiesel from Waste Cooking Oils in Portugal: alternative collection systems”. Waste&Biomass Valoriz 6 (5), 771-779.



Microalgae biodiesel

Electricity

waste water

Heat

Biofuels

Microalgae biomass
(UDT* and SM**)
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Biofuels
Multi-Criteria Decision Analysis
(MCDA) and LCA: RME

o MCDA can be integrated in LCIA to support robust decisions in the
interpretation phase of LCA

o A new LCIA-MCDA approach was applied to a comparative LCA of RME
biodiesel to provide insights on the relative ranking of four rapeseed
cultivation systems

Stochastic Multicriteria

Variable Interdependent Parameters Acceptability Analysis (SMAA)
Analysis (VIP Analysis) 100%
90% A
Eummar_l.ll Flange LConfrontation I bl Hggretl < 2738:2 :
Germar Canads  |Spain |France | E 60% L mcEl
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Spain | [0087 0.2 [ O 2 30% - L anNA
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LCA of electricity in Portugal

LC model of electricity in Portugal addressing temporal variation — yearly and hourly

System boundary
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+ electricity generation
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Garcia, R., Marques, P., Freire, F. (2014). Life-cycle assessment of electricity in Portugal. App. Energy 134, 563-572.

Energy systems

(2003-2014)

(2012-2014)

1 kWh of
electricity
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LCA of electricity in Portugal:
GHG emissions and acidification

Yearly variability (2003-2014) GHG emissions (kg CO, eq MWh-!)

Electricity generation (GWh) Net imports 6 -
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o Renewable share increased

Variability between years mainly due to yearly variability in hydro generation

o High decrease in acidification impacts mainly due to the installation of gas treatment systems in coal power plants:
. Desulfurization systems (to remove SO,)

. Denitrification systems (to remove NOx)
July 18, 2016

¢}

Garcia, R., Marques, P., Freire, F. (2014). Life-cycle assessment of electricity in Portugal. App. Energy 134, 563-572.
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Energy systems
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LCA of electricity in Portugal:

Environmental im
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Garcia, R., Marques, P., Freire, F. (2014). Life-cycle assessment of electricity in Portugal. App.
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Energy systems
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Energy systems

Electricity GHG emissions
Hourly variability by month in Portugal (2012-2014)
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o High variability in GHG emissions between hours, months and years

o Higher in the first semester (due to variability in hydro generation)

Rita Pinheiro Garcia (2016). Dynamic Fleet-Based Life-Cycle Assessment: Addressing Environmental Consequences of the Introduction of Electric Vehicles in Portugal. PhD Thesis
in Sustainable Energy Systems, University of Coimbra, Portugal.



Evolution of Consumption:
Annual, month and hour variability (2007-2014)
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Evolution of Total GHG Emissions:
Annual, month and hour variability (2007-2014)
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Evolution of GHG Emissions per kWh:
Annual, month and hour variability (2007-2014)
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Thank Youl!

Fausto Freire



http://www2.dem.uc.pt/CenterIndustrialEcology/
http://www2.dem.uc.pt/CenterIndustrialEcology/

