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The University of Bath commemorates 50 y

S|€£ its foundation.
Even AJ young it has reached a
prestigious

pmraJL@erﬁajla world.
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A My Family Raffaella
GilanlucaPBrunella,Manuela
A My undergraduateand graduateStudents
A My PostDocs
A All Coauthors
A My former studentsand now Colleagues
EugeniocQuarantammacolatalommasi,
AngelaDibenedetto
A TheUniversityof Bathand You

Thanks

To all funding agencies MIUR, UNIBA, EU
(FR1,6,7), ENIChemENI, TOTALARKEMA
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Remains of a humanPIA!IS (?f Histo r%OSt large cities

settlement dated at
3500 bC In Bari area

The Altamura Man
125 000 years old

Magna Grecia
650207 bC






Some more history notes

Roman Province
207 bG500 aC

Bizanthine since

507
Arab Emirate

841-871 aC

Norman Swabian
Domination
from ca 950 until 1260
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Castel del Monte

Hunting Castle?
Astronomical studie:

giovannicdrtieri.com

Built in 123
y Frederick I
Swabian
(11941250)
King of Italy



"Saint Nicholas Basilica 1087100




A TheSpanishdomination in XIIFXVIcenturiesand afterwards until of
the end XVllicenturylinked Barito Naplesand Palermo

Fecce - Basilica d;?zml Croc

A After Italyunn‘lcatlon 1860 and until 1950the economywas based
on agriculture, food industry (first for the production of hard

wheat), fishing, briding. Industrialization (steel, cement, refineries,
agro-food) wasstarted after 1950

A Now, the tertiary is the main activity, followed by agriculture (1°
for oil, 2° for wine production) and industry (large industries are
beingreplacedby SMEsan the HiTech Avio and Biotechareas.

A Tourism is gaining positions. in 2015 over 3 Mpersons toured in
Apulia, with a shareof >25%foreign people.




PRIMITIVO {EGROAMARD




To Bari again
From Dinitrogen Fixation
to

Carbon Dioxide Utilization
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New Nickel-Carbon Dioxide Complex: Synthesis, Properties, and
Crystallographic Characterization of (Carbon dioxide)-
bis(tricyclohexylphosphine)nickel
By MicHELE ArEsTA and C. FRANCEscO NOBILE

(Istituto di Chimica Generale ed Inorganica, Universitd, Via Amendola 113, 70126 Bari, Italy)

and VINCENZO G. ALBANO, ELISABETTA ForNI, and MARIO MANASSERO
(Istituto di Chimic 20133 Milano Italy)

1987

Carbon Dioxide as a
Source of Carbon

Biochemical and Chemical Uses

edgited by M. Aresta and G. Forti

NATO ASI| Series

NBE & 2 dzNDS> A

1989

Enzymatic and
Model Carboxylation
and Reduction Reactions
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Reprinted from

Journal of The Chemical Society
Chemical Communications

1975

The Chemical Society, Burlington House, London W1V OBN

Series C: Mathematical and Physical Sciences Vol. 206
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or Carbon Dioxide Utilization

Edited by

M. Aresta and J. V. Schloss
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The matural (@Cycle

Human emission: ca. 1 kg/person.day or « 2.3 Gtly
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Society, Energy, and GO

World Population: 1950-2050
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Source: U.S. Census Bureau, International Data Base, August 2016 Update.

Global Energy Consumption 1965-2013
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Global warming from 1880 to 2013
Asof 2014, 2013tied with 2009and 2006for the seventhwarmest
year since1880 accordingto NASAscientists With the exception
of 1998 the 10 warmest yearsin the 134-year record have all

occurredsince2000 with 2010and 2005rankingasthe warmest
yearson record.

2005-2014



COP21, Paris 2015 ol
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A Article 7 of the Draft clearlystatesthe role of: PARIS2015

uuuuuu MATE CHANGE CONFERENCE

COP21-CMP11

I Technology deployment and dissemination for
Implementationof mitigation andadaptation

I Strengthening cooperative actions on technology
developmentand transfer for improving resilienceto CC
andreducinggreenhous@asemissions

A The Draft Proposalrecognizeshe key role of a dvision
for innovatiore and statesthat acceleratingencouraging,
and enablinginnovationis critical for an effectivelong-
term global responseto climate changeand promoting
economiagyrowth and sustainabledevelopment




Need of stepping from the lineatr...
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Alternative to fossil -C:
Carbon-recycling, a must for the future

Strateqgies
A Direct conversion of Carbon Dioxide:
Carbon Dioxide Capture and UtilizatieaCU

A Let Nature fix CQ and Chemistry convert biomass
(terrestrial and aquatic) into chemicals,materials and

fuels

A Integration of Chemistry and Biotechnology
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Artificial
cycle
Energy for Solar ener
Mankind needs \ CO,,H,0 Gatalysis. ay,
Natural cycle
Oxygen

Fossil fuels Photosynthetic
w products

M. Aresta in AEnzymatic and Model carboxylation and reduction
reactionsfor carbon dioxide utilization 0, M. Aresta and J.V. Schloss
Eds, Kluwer Acad Publ, NATO ASI SeriesC 314(1990 1-42



CQ and the italian government

A 1985 Letter to the Ministry of Universityproposing
the ItalilanResearclCenterfor CarbonManagement

A 1989Proposato CNRof a Centeron CM

A 19900rganizatiorof the Italian Groupfor CM
Participationin the IEAGHGProgramme

A 1991 Theltalian Institute for CMwasagreed

A 1992 Thefall of the Governmentcancelledall
achievements dCM is not a Government
Issue but of thosewho emit CQy

A 1998RUCADIhe first EUProjecton CQ




Carbon Dioxide Recovery and Utilizatic
RUCADI FP4 1998002

Carbon Dioxide
Recovery and
Utilization

Edited by Michele Aresta

2003

Kluwer Academic Publishers

‘Utilization of
Greenhouse Gases

2003 EDITED BY

Chang-jun Liu, Richard G. Mallinson,
and Michele Aresta

Edited by Michele Aresta FWILEY-VCH

Carbon Dioxide as
Chemical Feedstock
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UseS Of Q Polymers
Carbamates

T New chemicals Fuels additives

t 3 Solvents
l Pharmaceuticals
RCH=CHCOOH H,NCONH > ROC(O)OR_F ,
ROH Polymersé ..
RCH=CH
NH,
RNH, —> Molecular carbonates
RNCO €— RNHCOOR €—= 5
*J RCH—CH. s Poly-carbonates
Perennial Water as
Poly-urethans H-source

Energy

— |

CO CHO CHOH CH —— C, C,, Cn,C-O

MTO, MTP, FUEL Cells
¢J ¢J w'f_ vV I
Syngas  Resins MTBE jTAME DME
L\L Methyl-

CH,COOH  derivatives:
\ -amines

CH,O -acrylates
-halides

HCs
HCOOHe

Chemicals
Fuels



From fundamental studies to applications
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Enzymatic Phenol Carboxylation

OH OPO> OH
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Aresta, M., Tommasi, |., Dileo, C. Aresta M., Dibenedetto A. Rev.

Tetrahedron ,54(1998), 8841 - 8846 Mol. Biotech., 90, 113 -128, 2002




Synthesis 2ROH + CO= (RO),CO + H,O
and uses of dial kyl <ca
The water

Dialkvicarbonates uses... A . :
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Cyclic carbonates

H,C- CH,

HOCH-CH-OH + COCk 2BA ¢l + 2BHCI
H,C- CH, g
\

CH=CH + 1/20, + CQ A &__5

V The oxidative carboxylation would avoid the use
of phosgene and the production af waste.

V The synthetic methodology based on the use of
epoxides and CO, finds a limit in the amount of H,0O,
produced worldwide and Is expensive.



Architecture and PCs

Shangai 2010 EXPO

The Barbie House
Shangai

Library of the
Sung Kyun Kwan
University-Seoul



http://www.polygal.com/htmls/polygal_ceiling_korea.aspx?c0=12595&bsp
http://www.polygal.com/htmls/polygal_ceiling_korea.aspx?c0=12595&bsp




Nature.2014 Sep 25; 513(7519):5%0. doi: 10.1038/naturel3776. Epub 2014 Sep 17.

A faster Rubisco with potential to increase photosynthesis in crop:

Lin MT, Occhialini A Andralojc FJParry MA Hanson MR
1 Department of Molecular Biology and Genetics, Cornell University, Ithaca, New York 14853.
2 Plant Biology and Crop Science, Rothamsted Research, Harpenden, Hertfordshire AL5 2JQ.
3Plant Biology and Crop Science, Rothamsted Research, Harpenden, Hertfordshire AL5 2JQ, UK.
“Department of Molecular Biology and Genetics, Cornell University, Ithaca, New York 14853.

Abstract

In  photosynthetic organisms, D-ribulosel,5-bisphosphate
carboxylase/oxygenase(Rubisco) is the major enzyme
assimilatingatmosphericCQ into the biosphere Owingto the

wasteful oxygenaseactivity and slow turnover of Rubiscothe

enzymeis amongthe mostimportant targetsfor improvingthe

photosynthetic efficiency of vascular plants introducing the

CQ-concentratingmechanism(CCM)from cyanobacteriainto

plants could enhancecrop yield. However,the complexnature

of Rubisco'sassemblyhas made manipulationof the enzyme
extremelychallengingandattemptsto replaceit in plantswith

the enzymesfrom cyanobacteriaand red algaehave not been
successfulHere we report two transplastomictobacco lines
with  functional Rubisco from the cyanobacterium
Synechococcus elongatus PCQ942 (S€942. These
transplastomic tobacco lines represent an important step
towardsimprovedphotosynthesisn plantsandwill be valuable
hostsfor future addition of the remainingcomponentsof the

cyanobacterialCCM suchasinorganiccarbontransportersand

thei -carboxysomeshellproteins



http://www.ncbi.nlm.nih.gov/pubmed/25231869
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=25231869
http://www.ncbi.nlm.nih.gov/pubmed/?term=Occhialini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25231869
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andralojc%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=25231869
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parry%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=25231869
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hanson%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=25231869

Basics of. photosynthesis
@ a HOA 120, + 2H + 2e
Chloroplast

NAD + H + 2e A NADH

Light

Cellular
respiration
Cellulose
Starch

Other organic
compounds




Hydrogen producing microorganisms
No O, evolution!

A Anaerobic digestioA Dark process
AcidformingphaseA H, production(1-8h) _
Hydrogenases are required =

AH, forming :
AH, consuming

A Photosynthetimicroorganisms(anoxygenic

CyanobacteriaBluegreenalgae
AClamidomonas




aybria reduction of CO

Use of Zn&\ and Ru/ZnS as light harvesting system (Xe)

From SNADH/CBOH to
>100 CEOH/NADH

M. Aresta et al, ChemSusChem, 2012
BJOC, 2015



