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National Technical University of Athens (NTUA)

NTUA @ww.ntua.gl) was founded in 1836 and is
the oldest and most prestigious educational
institution of Greece in the field of technology.

NTUA in numbers:

- 9 Faculties, 1350 personnel

- 700 academic staff

- 140 scientific assistants

- 260 administrative & technical staff
- 8500 Undergraduate students
-1500 graduate students



http://www.ntua.gr/

Unit of Environmental Science & Technology (UEST)
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UEST LaboratoylSO 9001:2000 & 17025:2005 certified

industries per year




30 years: we implemented over 150 projects
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Waste & natural resources

x  Eachyearin the EuropeanJnion
U 7.3 billiontonnesof resourcesare consumed
U 2.7 billiontonnesof wasteare generated,

U 40% s beingre-usedor recycled,the rest ends
up at landfill or is partly incinerated



Waste & natural resources

x  If this quantity of wastewasrecycledthen:

U the equivalent of 148 million tonnes of CQ
emissiongouldbe avoidedannually

U Around5.25 billion euro would be savedfrom the
recovery of recyclables such as paper, glass,
plastics aluminumandsteelper yeatr

0 500000newjobsat leastwould be created



EU27 physical trade balance with the rest of the world 2011

European Union (EU-27)

Rest of the world (ROW)

Biomass
(141 million tonnes)

Manufactures :>
(212 million tonnes)

Fuels/mining products
(215 million tonnes)

EU-27 exports (2011)

EU-27 imports (2011)

e

Biomass
(172 million tonnes)

Total trade
from EU-27 to ROW

Total trade
from ROW to EU-27
Manufactures

in 1999: (183 million tonnes) in 1999:
397 million tonnes 1 340 million tonnes

|

in 2008:
536 million tonnes

in 2008:
1 798 million tonnes

‘ in 2011:
568 million tonnes

in 2011;
1 629 million tonnes

50 Fuels/mining products
(1 274 million tonnes)




From Linear to Circular Economy: The future economic model

LINEAR ECONOMY CIRCULAR ECONOMY

TECHNICAL & BIOLOGICAL MATERIALS MIXED UP

FROM FINITE SOURCES ENERGY
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(Closing the loope an ambitious package for Circular Economy in EU

On 2" December 2015 the EU approved an ambitious set of measures for Circular Economy:

1. The value of products, materials and resources is maintained in economy as much as possible

2. Waste generation is minimized.

3. Economy and competitiveness are strengthened creating new business opportunities and introducing
innovative products and services

4. Economic, social and environmental benefits

It is estimated that 3.4 million new jobs in circular economy,

e.g. in the fields of: repairing, waste management, recycling,
renting and leasing in EU until 2030 Reduction of the total annual
@ emissions of greenhouse gases
by 2-4%

//1 II!! Development and new jobs i Up to + 7% of GDP

h

Safety & stability of the supply of
“ raw/secondary materials in supply

Savings of up to 600 billion Euro - 8% of the annual t- 2o chains
turnover for companies in EU 12
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The EU Action Plan for Circular Economy

Key Action Areas

Production

Innovation, _
investment Consumption

& monitoring

Secondary
Raw Materials

Waste
Management

5 Priority Sectors

Biomass &
Biobased
Products

Critical
Raw
Materials

Construction &
Demolition
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U Objectives

A Improve waste management in line with THE WASTE HIERARCHY

the EU waste hierarchy
A Address existing implementation gaps

A Provide longterm vision and targets to
guide investments

i Medimirnum conseryation
Avoid 1 of resources

=N 2 Reusing materials

U0 Key Actions

Sl 3 ecyclng & reprocessing

A Legislative proposals on waste

A Work with Member States to improve
waste management plans, including to
avoid overcapacity in residual waste
treatment glncmeratlon and mechanical

Waste to BNergy rec
el 4 o 1o disposal

Dizposal B Zaro conseryation
0 of resources

f waste

biological treatment)

A Ensure coherence between waste
iInvestments under EU Cohesion Policy an
the wastehierarchy




EU LEGISLATION
REVISION

New targets

New recycling targets for MSW

60%

50%

40%

30%

20%

10%

0%

2014 (current Target 2020 Target 2025 Target 2030
status) (existing) (1 method) (1 method)
(4 methods)

M % Prep. For reuse and recycling

V Bio-waste separate collection

V One calculation method until 2025

V Extension for achieving the recycling targets for 7 Member
States recycling less than 20% (2013 data)

V Revision in 2025 for setting higher targets
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EU LEGISLATIO
REVISION

New targets

New Targets for recycling packaging waste

%Zr for resue and recycling

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

10001

Plastic Wood Ferrous metal

Existing targets Target 2025

Aluminium Glass

Paper and Overall
cardboard

M Target 2030 ™ 2012 (latest data)

Packaging waste Suggested Suggested
Target 2025 Target 2030
Total 65% 75%
Plastics 55% 55%
Wood 60% 75%
Ferrous Metals 75% 85%
] 8 Qg€9530a6¢(Q 75% 85%
Glass 75% 85%
Paper-Cardboard 75% 85%

1o




New Target for MSW landfilling

35%

30% -

25% -

20% -

10% 2030

10%

EU LEGISLATIOI™
REVISION

2013 (reported) Objective 2030

¥ % Municipal waste in landfill

New targets

IN A LEGISLATIVE PROPOSAL THE
EUROPEAN COMMISSION CALLS ON

MEMBER STATES TO STRIVE TO

30% 2025

50% 2030.

Health and Food Safety
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Priority SECTORS
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Raw
Materials

Construction
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Biomass &
Biobased
Products
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The size of the food waste problem - WORLD

GLOBALLY: If global food waste was a country, it

A

A

would be the third largest greenhouse

Every yeafl/3 of the world productionof food s )
gas emitter after the US and China

ends up in the trash

1.3 billion tonsof food still perfectly edible are billion '° I

lost or wasted, enough téeed 3 billion people tonnes z: ' @

3.3 Gigatonnesof GHG emissionis the ﬁfjjw_ 4

carbon footprint of FW (8% of global GHG alent ‘|

emissions) China  US \ll:voa(;(:e India A
3 times the water volume of Lake Genewa A Increase indod prices The more food we

used to produce food that is lost/wasted waste, the higher the demand on the global
market, which drives up prices.

ok: 2F 6 2NI RQEsotcadNAt® ozt u uzne L L r y K
produce food that is never consumed
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The size of the food waste problem 1T EU-wide

IN EURORE
5%

SHARE et

11%

OF EU Primary production

FOOD
WASTE

(Estimates, 2012)

A 53% of EU FWomes from households: OUR OWN
kitchen is the guilty!

A

A

Every yeaB8 million tonnesof food (or 173
kg FW per person per yeaends up in the
trash¢ could feed 200 million peopleThis
number is expected tose toapprox 126
million tonnesby 2020if no action is taken.
20% of EU food production is lost wasted
170 Milliontonnesof CQ emissions
emitted from production and disposal of EU
food waste

143 billion eurosrelated costsglmost 600
per year per household)
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ATHENSIOWASTE LIFE+ project

A Projecttitle and acronym ZIntegrated management of biwaste in Greece The
case study of AthenATHENSBIOWASTE

A PROJECT LOCATI®@tens Greece
A BUDGET INF@;339,930.0& (50%EC Cdunding
A DURATION: Star®1/09/11- End:31/08/2014

At whw9/ ¢Q{ Lat[9a9bc¢hw{yY

A CoordinatingBeneficiary National Technical University of Athens
A AssociatedBeneficiaries
A Association of Communities and Municipalities in the Attica Region
A EPTA Environmental EngineersConsultants
A Municipality of Athens
A Municipality ofKifissia



ATHENBIOWASTE
BACKGROUND and AIMS

A ATHENSBIOWASTE aims to establish and promote sustainable
biowastemanagement in Greece using the municipalities of Athens
andKifissiaas case study areas.

Separate collection systems in the Municipalities of Athens and
Kifissia

Collection and composting dfowasteat the MBT facility of EDSNA
Developing appropriate btwaste management software tool

Drafting recommendations for the amendment of the current
technical specifications included in Greek legislation

Raising environmental awareness and knowledge in citizens and
other stakeholders regarding management of-laste



Selection and planning of separate collection methods for
the case study areas

Criteria considered for the selection of the pilot areas in Athens & Kifissia municipalities

Urban planning conditions Population Density Economic criteria

" Athens M.

Athens M.




Pilot areas selected IKifissiaviunicipality

NEA KIFISSIA
Populatiord189 inh
Density: 38 inh/ha s

KATO KHFISSIA
Populatio®15 inh .
Density: 48 inh/ha }%’#' 7

e

,i'

s

2nd expansion % % ,
STROFILI =

Populatior500
Density: 30 inh/ha

g

Targeting about 1700 households

EKALI
Populatiord108 inh
Density: 20 inh/ha

KASTRI
Populatiod:09
Density: 69 inh/ha

1St expansion
KEFALARI
Populatio05
Density: 41 inh/ha



KifissiaViunicipality Biowaste

12036Q bin for apartment blocks

Bin collection at common
1QL bin per household ﬁ

building area
(including biobags)

LuAdoyh ané
KOIVEXpPNOTo XWpo

nofdukaicek

wla eniBupel
riboevds [
1ou xwpou " *

Luidoynh éfw
and v Katomia*

Bin collection outside the
resident

3550 forsingldfamily detached residents



Pilot areas selected in Athens
Municipalit

1starea KYPRIADOU

Populatiorz.707
Density: 208 inh/ha

2nd area GAZI

Populatior.447
Density :4nh/ha
a 80restaurant, bars etc

Targeting about 2000 households




Further biowaste collection
points in Athens Municipality

’\(N APISTE Y€In

Armed Forces Officers Club
(Restaurant - Food waste)

f‘s Agricultural University of Athens
‘J?}{%\ (Restaurant T Food waste)
S R s

Agricultural Floricultural Nurseries Cooperative of Attica
 Mypouic (Green waste)



AthensMunicipality
Biowastekerbsidecollectionsystem

10 bin per household > k
(including biobags)

3050L bin per bar
restaurant etc.
(including biobags)




Planning of the awareness
campaign

______________________________________________________________________________________________________

- ~.
- ~

o ~

1st Phase Prior to the \

Horizontal Actions Awareness initiation of
. AWebsite Briefing the scheme
- AFacebook profile

. AProject Logo & banner T

| Involvement
Guidance

3'd Phase After the
Reminding initiation of

Sensitization the scheme /

\\\\\\
~ -
-------




Implementation of the separate collection program
In the selected areas

Distribution of bins and biodegradable bags to households

Ny See



Implementation of the separate collection program in
the selected areas

Collection and Transportation of source separated biowaste




Composting of the collected material and analysis of the
final product

Mechanical and Biological (Composting) Treatment plant in Attica Region




Composting process at the MBT

Biowaste weighting Biowaste unloading

Biowaste mixing
(Food & Green waste)




LIFE+ DRYWASTE

\‘{' - . (‘
LPAACM . A VY NN

A Projecttitte andacronym {Development and demonstration of an
Innovative householdvaste dryer for the treatment of organic waste
DRYWASTHELIFE 08 ENV/GR/000566)

A PROJECT LOCATI®ens Greece

A PROJECBUDGET
A Totalamount 969,850.0C
A % EC Gfunding 49.10%

A DURATION: Staft1/01/10- End:30/06/2012

A PROJECT PARTNERS:
A Coordinating3eneficiaryNational Technical University of Athens
A AssociatedeneficiaryCholargodapagoMunicipality




LIFE+ DRYWASTE

ALIFEDRYWASTE

A VWD I E

ADesigmrd, construced, tested, optimized, demonstratel and evaluatel a
household drying system in order to reduce food waste at source through

moisturecontentremoval

AProducel a ddried food waste material- biomas€ Which could be further used

In alternativeenvironmentalfriendly way

Before

After %

—_——
&e

Active carbon odors filter '

Waste dryer bottom base

Waste dryer basket

Thermal Plate

™
-

Water vapor & leachate
collector



Evaluation of the
demonstration action -

AThe purity level of the end product is approximately100%, sincethe presenceof
contaminantg nonbiodegradablematerials)wasnegligible

AlIncreasedevelof acceptancesincenearlyall participantsoperatedthe system
AFoodwastemassreductionrange64.17 - 78.11%w/w dueto moistureremoval

AThefinal dried product is almostodourless easilyhandledand stored without any
decompositiorto be observed (dueto low moisturecontentlevels)

A Producingphysically stabilized biomass characterizedby a high organic content
(containssoluble sugars,starches,lipids, proteins, celluloseand other compounds)
that make it a source of potential fermentative substrates and subsequent
conversiono addedvalueproducts




LIFE+ Waste2Bio [l AASTIE

A Projecttitle and acronym {Development and demonstration of an innovative method of converting wa
into bioethanoh, Waste2Bio( LIFEL1 ENV/GR/000949

AProject Budget
Total Project Budgeti,490,35@
EC Funding45,17% (50% of Total Project Budget)

AStart Date:01/09/2012 &End Date31/10/2016
AProject partners:

CoordinatingBeneficiary (1) NationalTechnicaldniversityof Athens

AssociatedBeneficiaries (2) Municipalityof PapagosCholargos

(3) Municipalityof Aspropirgos




LIFE+ Waste2Bio

Almplementd biowaste source separation
schemes In selected pilot areRapagos
CholargogandAspropirgosMunicipalities (200

households) - &d

ADesigrd, develogd, optimized and ==
demonstraedthe bioconversion schemef ‘ s He=y
biowaste to bioethanol |

ARedued biowaste disposal at landfills

AProdu@d a high added value final product 158
(bioethanol) that can be used primarily as an Y m—
alternative renewable fuel (biofuel)

AAssesad the large scale application of the
Innovative biowaste management scheme




ASTE

LIFE+ Waste2BIio

WASTE DELIVERY Distillation

Process
WET
""""""""""""" 29kg ""'“‘P"“":
CARBON + BIOETHANOL
DIOXIDE ’ (22 MJ/ Kg)
DRIED W= o 9)_
Household or FEEDSTOCK « (6.1 KWh/ kg)
Decentralized

SSF process

Drying
0.7-1.2kWh/kg

VAFORS

SSF RESIDUE

;

«——_19%kg__>— DIGESTION el TR D
(50 Mi/ke)
(13.9 KWh/kg)



Waste2bio project Results B

1 tn wet 0.22 tn dry

biowaste biowaste




Current RESEARCH

WASTE DELIVERY

Distillation
Process
WET
FEEDSTOCK
""""""""""""""""""""""""""""""" 32kg bbb ley bordadatodonn
CARBON CD | BIOETHANOL
v (22 MU/ K
DRIED DEFATTED A 9)_
Housshold or FEEDSTOCK FEEDSTOCK (6.1 kWh/ kg)

Decentralized Hexane Solvent SSF process
Drying Oil Extraction 198kg

C 2ke 3 ookg

——— SSF RESIDUE
ANAEROBIC
ESTERIFICATION DIGESTION

(37.8Mi/kg) _
(10.50 kWh/kg)
BIODIESEL
(somy/ke)
(13.9 KWh/kg)
31v1S3910

T




What are the main products that
can be produced from petroleum
and lignocellulosic biomass?



Raw Commodity Secondary commodity . .
malerials chemicals chemicals Intermediates Finished Products and Consumer Goods
Eh @ P TEXTILES
2 Benz! | Styrene * Polysty r— :z:br:‘h :uh"hnlﬂuythm
Benzene 'ﬁ e = « g
|Cyclohexane —_ AdipicAcid__ = | + Nylon6,6 ; + fabric coatings, pandex
e ARy ] . l’olymcll\anes ie, Gortex l&“"
g o—
G .
& b miacns _*Nylons SAFE FOOD SUPPLY
Cumene 7 a8 | Phenol —e. :ll;'i-spl el 1A Ay . :.pplianm
™ — «Ca am 5:1 paimbn * beverage can coatings
[ Acctone | & ¢ lic acid * refrigerants * vitamins
e @ \ . gi?hyl methacrylate Ve )
g B * Solvents
Xvlene p-Xylene 5 "Terophthalic * Bisphenol A mANSPORrATION
I — & L] Phalz'maceullcals * tives * carseats
& 9 e DL
z E 7 * mo) tics wiper flui
n Toluene e l Polyester fibers, films 7—9 « gasoline additives * bumpers
4 R— * Tol diisocyanate
& liso-butylene ) | * Foam Pdmﬂs
Butanes | o S—=—m— - [ « MTBE HOUSING
z — el + paints * cements
I Butadicne =] + Polybutadienc, * resins * coatings, varnishes
A « Sty butadic mbl bex — siding . * flame retardant
* fiberglass nsulation * adhesives
- & Ethy Ethylene :A'ﬁfm )
EEI'I?MI hﬂe & . E‘:l!::-h‘ e
P e RECREATION
Propylene ——s OPY o * Palypropylene * athletic footgear - wet wl:dCDs
3 — . cqu‘xmi * fapes a
@ . Fm‘fﬂkmo s ; Bicycte e pks, Sy : golf equipment
(] [ Acrylonitrile Py camera and film camping gear
Chlorine * Acrylic fibers
) + ABS and SA plastics
Ethylene £ | _Vinyl * Adiponitrile e
Dichlorn de * _Chloride & * Acrylamide
* Polyvinyl chloride —_— ?nolulhd I.CATION - pers, pencils
' * computes, phone casings  * inks
* Urea-formahedyde resins . qpﬁ"‘lmﬁk"@im o
@ . Phenol-fomaltLhyde resins "l displays * paperproducts
“ ,'o"" ted gasoline additi \
® - HEALTH AND HYGIENE
|Vinylacetat _ : l'mﬂaltobol . plﬁhtq!gl&sa :sunhnbhn
* Polyvinyl butyral w il % W“.‘.h"duﬂp"d""
* phammaceuticals * aspinin
[T |- s omaaem|— & [ Aot
pr————— — Femhun, ex plmnt‘- =
- Petroleum productline  ——————s
atur; uct line
@ Sulfyric e K~ al gas product li
#| * Phosphate ferti 3
— : Ammoniamulate folizss | R
* Refining, leaching
Catalytic Process @

Figure 2 — An Example of a Flow-Chart for Products from Petroleum-based Feedstocks

10

An Example of a
FlowChart for
Products from
Petroleumbased
Feedstocks
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Analogous Model of a Bio-based Product Flow-chart for Biomass

Feedstocks

Biomass Intermediate  Building Secondary Intermediates Products/Uses
Feedstocks Platforms Blocks Chemicals
Industrial
p—— B Comosion Inhibhors, dust conir,
T [poller water treatmsant,
Biobased — e —— BunCation, emissien SaatEment
Starch N syn Gas —— ——— specially lubricants, hoses, seals
iF: — R " Transportation
_J"._: Wl ATl ke s, e ve o [Po——— FI.IHS, wsﬁ EHHEIE,WFH
H i fuizs maided plastics, car seats, beis
C2 El-—"’""_’l — R ——— heesas, bumpers, comoskon inhibRors
= H | n.w i, 1O i, -
Hemicellulose e e e e Carpets, Flbers, fabrics, fabric
— - gt o im e Bt | r—— = Imnem cOEngs, foam cushions, uphoatery,
G ¢ 3 1-Hyirey- - e drapes, lyora, spandex
Frsgon i = —— Safe Food Supply
Wik ric wold P ——— pra— Food packaging, presernvatives,
s Burira T M | ar——— —— fertlizers, pesiicides, beverage
; Suga — oottles, appllances, beverage can
Cellulose Glucose :: el - :_ = coatings, vitamins
Xylose C 4 o [Raparz st Hh_"""H — wamrr:'nraﬂlnds, flocculants,
Arabinose Sdipdrany- ﬁ A e v - chelators, cleaners and debergents
Lactose Rcemoin S —
; Communication
L. - i ; EEUE:;;E —— \-"‘*l — — “FﬁaTnﬁmummwlml
-, E -t N e Y a cod I-EE‘
Igﬂln - xuﬂ ﬁ —— ¥ B wen ﬂw.mjépmﬂi.hﬁﬂlﬁ.
— \{ —— e Housing
PEx] e e —— Paints, resins, siding, Insulation,
i i M Ayicd Arubired e I caments, coatings, vamishes, lame
oil i " _ ——— presyerm—r— retandants, agheslves, carpeting
| 5: h , e e T — F e ——— Recreation
i " = F. P —— Foolgear, protective equipment,
(M camera and Tim, bleycie parts & fires,
= Ferran. wet sults, tapes-CD'E-DVD's, golf
o f — equipment, camping gear, boats
. : . e e ————— Health and Hygiene
Protein |- & / : e e Plastic eyeglasses, cOSMENCs,
S : —— I Pttt defergenis, phamaceuticals, suntan
| pr— lation, medical-genial products, 45
L disinfectants, aspiin
> {— ]




Biorefinery: the alternative concept to petroleum-based

processes and products

Feedstock MSrnkC:ets Feedstock B I or efl nery:
Fuels & Eneray I§ the a!teArnatiye ,
_ O2y OS LI 0:
Y fuel-based
Chemicals & refineries which
Polymers

produces fuels,
chemicals, energy
etc. from biomass
based materials

Petrochemical way
one raw maternial

Source: GREEN CHEMISTRY: PROESA E Technology to convert Biomass into Bio-based Chemicals Guido Ghisolfi (2016)



Food waste biorefineries for added-value bio-based

products

\Z v
|Anima| derived food ‘

v v v v i l

‘Extraction/ | Incineration ‘Hydrolysis -Anaer@b.ieﬁdii@d- ‘Extraction/Processing

‘Processing v v
l Fly Ash | | Fermentation

» Lipids ' » Hydrogels | » Enzymes > » Collagen
» Hemicellulose ,> Bigethanol/B_u,tanpl_ » E » Chitosan
> Bioactive ~ Biohydrogen > Biogas/ [ > Proteln hydrolysatev
> Pectm io > Blo-fertlllzer » Bioac :
> Pl (PHAIPHB) '
> Bio-diesel compounds
» Activated » Bio-fertilizer /Soill

carbon condisonar
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Not Yet Commercial Commercial Stage

\
Anellotech Q) ©oats | A= :"\‘ V| Saskem (o) WG ) e
W VIRENT -1 \ -3 ————
ot B\ SOLVAY e L. [®
®0 : Ve m = AJINOMOTO
oths Rk gevo ' N v N

Ay ' NEG Al $Z800 00 o) e

Oz [ Murmant \ o “:.:'; AT 1,3-900 / v) L

T f ANNOMOTO T A T O o [

o . Amine
: ) y [Lco ] =
‘g’" - /.oqgerl'l ’ﬁ-‘,f\”ﬂf;f-' Succinic acid Lactic acid feeme Pis-s

[(PBS0D0) NM PL&) PUrac D T T T T —
M myrianT ’\ i ined

Y-

@Voomcﬂc.o Smtuaee Butanol
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@EicAmber % gevo sano
3\ ko-  Poly. S e
oS O =~ Wiucooec / 2
() Cobalt Technologies o -
Butamax’ A A8 ol o Oosm .
— gderitmm



Yet

barrtr

I

Challenges for
Scaling up
technologies
(SMEs)

A Costs for up-scaled and
demonstration facilities
A Regulatory/licensing costs
A Access and
competitiveness to funding

for transnational research

Enhanced Skills

A Technical
trepreneufia
Business

A Interdisciplinary training

Social acceptance

A Little demand for bio-based
products
A Low level of
awareness/information
about benefits of using bio-

based products

Investments

A Low return over long
timescales
A Not Uinderstanding bio-
based sector
A Emerging, innovative
technologies are seen as

highly risky
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YD 2 2:Rice ldNdpOQU A OS
of Implementing
CIRCULAR ECONOMY
on waste-management



The o6l SWM TI NOSO LI FE

LIFE 10 ENV/GR/000610

SCOPE WL { ® & b hgrdect aimed to promote and
demonstrate an Integrated Solid Waste Management (ISWM)
electedremote areaof the Municipalityof Tinosfor the
anagemenif MSWin line with the WasteFramework

AfLC9b WL{2a ¢Lbh{Q L

Tinos projectin remote
Island communities of Tinos
Target Municipality:
/ population:
o - Separate collection of dry
inhabitants

recyclables & biowaste in
5 different streamsand
compostingat
community level

Website: www.iswm-tinos.uest.qgr




