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Sources, projects and partnerships used
for the preparation of this presentation:

UNIDO: Regional LOW CARBON Project Participants on
Balkan:

National Cleaner Production Centers (NCPC) of

— Macedonia www.ncpc.com.mk

— Serbia www.cpc-serbia.org

— Albania www.ecat-tirana.org

— Croatia www.cro-cpc.hr

— Montenegro

— Moldova www.ncpp.md

AEE Intec, Gleisdorf Austria

GREENFOODS (IEE-Project)
IEA-SHC Task 33 and Task 49
Cooperation with Ho Chi Minh University in Vietham

And others, ...
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A critical challenge

ramework, including among
others: the climate and energy targets for 2020 and a
carbon price through the Emissions Trading System.
Now, we have to dellver both in terms of the 2020

Source: COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS. Investing in the Development of Low
Carbon Technologies (SET-Plan)
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A critical challenge

* Reinventing our energy system on a low carbon model is one of the
critical challenges of the 21st Century. Today, in the EU, our primary
energy supply is 80% dependent on fossil fuels.

* Networks and supply chains have been optimised over decades to
deliver energy from these sources to our society. Economic growth
and prosperity has been built on oil, coal and gas.

+ But, they have also made us vulnerable to energy supply disruptions
from outside the EU, to volatility in energy prices and to climate
change.

» There are different possible pathways to a low carbon economy.
Clearly, no single measure or technology will suffice, and the precise
mix in each country will depend on the particular combination of
political choices, market forces, resource availability and public

acceptance.
Source: COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS. Investing in the Development of Low
Carbon Technologies (SET-Plan)
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The leaders of the Group of Eight expressed =~ v ey,
the need for a reduction of Global Warming ﬁm_,ﬁ'g
Gases (GHGs) like this Ly

Source: G8 summit at L‘Aquila, Italy, 2009 RESPONSIBLE LEADERSHIP FOR A SUSTAINABLE FUTURE

* 65. We reaffirm the importance of the work of the Intergovernmental Panel
on Climate Change (IPCC) and notably of its Fourth Assessment Report,
which constitutes the most comprehensive assessment of the science. We
recognise the broad scientific view that the increase in global average
temperature above pre-industrial levels ought not to exceed 2°C. Because
this global challenge can only be met by a global response, we reiterate our
willingness to share with all countries the goal of achieving at least a 50%
reductlon of global emissions by 2050 recogn/smg that th/s /mplles that

AS part of th/s we also support a goal of developed countnes reducing
emissions of greenhouse gases in aggregate by 80% or more by 2050
corm 990 I

long term object/ve we will undertake robust aggregate and /ndlwdual mid-
term reductions, taking into account that baselines may vary and that efforts
need to be comparable. Similarly, major emerging economies need to
undertake quantifiable actions to collectively reduce emissions signiﬁcantly
below business-as-usual by a specified year.
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Goals of a sustainable
industrial development
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development| should: ‘ for8b|II|on people

FHans.Schnitzer@TUGRAZ.AT _§ a ,

27.09.2013



-
)

Institute for Process- and Particle Engineering

Ty

Source: EUROPEAN COMMISSION (2011): A Roadmap for moving to a competitive low carbon econqg&‘m

EU GHG emissions towards an 80%
domestic reduction (100% = 1990)

100%

SO%_PcwerSactor ——

Current policy

60% Residential & Tertiary

40%

Transport

20%

0%

1990 2000 2010 2020 2030 2040

any

é

F Hans.Schnitzer @ TUGRAZ. AT

Non CO, Agriculture
Non CO, Other Sectors

_\,»b

100%

80%

2050

® 7o SDEW‘ 2013

Dubrovnik

-
)

Institute for Process- and Particle Engineering

Ty

S-shaped scenario for CO,-emissions
reduction in Europe (Tg/a = Mt/a)
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2000 CQ, Emission

Japan's Low Car

Industry

| |
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Enargy demand sector
Residential &
commercial

——

Energy supply sector
Transportation

Energy supply

——

2050 CO, Emission

bon Strategy

* High economic growth, Increase of service demand per
household, Increase of office fioor (increase)

* Servicizing of industry, Decline in number of households,
Increase of public transportation (decrease)

= Farm products produced and consumed in season

- Significant improvement in energy efficiency of production
equipment

= Fuel switch from coal and oil to natural gas

- Insulation

- Energy use management (HEMS/BEMS)

= Efficient heat pump air-conditioner, Efficient water heater,
Efficient lighting equipment

- Development and widespread use of fuel call

= All-electric house

* Photovoltaic

- Advanced land use / Aggregation of urban function

- Modal shift to public transportation service

- Widespread use of motor-driven vehide such as
electric vehicle and fuel-cell electric vehicle

- High effidiency freight vehide

* Improvement of energy efficiency (train/ship/airplane)

* Fuel mix change to low carbon energy sources such as
natural gas, nuclear energy, and renewable energy

- Effective use of night power / Electricity storage

* Hydrogen (derived from renewabie energy) supply

* Power generation without CO2 emission

- Hydrogen production without CO2 emission
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Energy demand sector

Enargy supply sctor

2050 CO, Emission

* Hydrogen (derived from renewable energy) suppl
- Power generation without CO2 emission
* Hydrogen production without CO2 emission
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Reduction of service demand
* Reduction of post-harvest food losses (production to
retailing)

* Reduction of food waste (retail and consumer)
+ Changing diet

Per capita food losses and waste (kgfyear)
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Ways to reduce energy consumption
and GHG-emissions in production

Emission Reduction
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Why did we select the agro-food sector?

The raw materials for the food sector are renewable. The food sector
is based on plants, produced out of CO, and water with the help of
sunlight — a process called photosynthesis.

Only a small fraction of the plant material harvested ends finally up at
the consumer’s table. The majority of the mass (including carbon) is
“lost” or “wasted” along the production chain and can be used for
valuable by-products and useful energy.

At the same time, this sector uses great amounts of fossil energy for
processing, storage and transport.

The agro-food sector offers possibilities for the recovery of organic
and organic components for recycling to and reuse in the agriculture.
Waste water from the food processing can be recycled to the
agriculture as well.

New business opportunities in this sector are in the production of fine
chemicals and energy (gaseous, liquid and solid biofuels).
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Processes and Temperature Levels

Industry sector Process Temperate level °C

food and beverages Drying 30 -90
Washing 40 - 80
Pasteurising 80 -110
Cooking 95 - 105
Sterilising 140 — 150
Heat treatment 40 - 60
Textile industry Washing 40 -80
Bleaching 60— 100
Dying 100 - 160
Chemical industry Evaporation 95 -105
Distillation 110 - 300
various chem. processes 120 - 180
all preheating of boiler feed 30-100
water, heating of 30-60

production halls

avEn,
PRI
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Industrial environment
heat losses to
air, water, products
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Hierarchy of measures

= efficiency
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Improve efficiency of technologies

Typical processes in the food sector

» pasteurization, sterilization

» bio-chemical reactions, fermentation
+ drying

» evaporation, distillation

» washing, rinsing
— bottles, kegs, boxes, ...

- CIP
— cars, tanks, ...
T
P
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blanching line for vegetables

WATER

WATER
12.8 m¥h, 25°C

30 m¥h,13°C

‘ BLANCHER COOLER
T 340kwW (3 1

VEGETABLES
10t/h,15°C

VEGETABLES
10t/h, 23°C

heat demand

CONDENSERS OF
COOLING GROUPS
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spray drier for milk

MILX POWDER
0.83 kg /s
38% MOISTURE

MILK POWDER 10.0 kg/s

WATER 0.9694 kg/s

Sk,
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Heat integration and energy recovery, process
intensification

production process

» \Waste heat driven ORCs

» Heat recovery from hot streams within the

» Heat exchange with an other process in the
company, but in an other production line

» Heat pumps (compression and absorption)

* Heat delivery to customers outside company
(other company, fish farm, district heating, ...)

Sk,
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Process intensification

Process intensification addresses the need for energy savings,
CO, emission reduction and enhanced cost competitiveness
throughout the process industry.

The potential benefits of Pl that have been identified are
significant:

» Petro and bulk chemicals (PETCHEM): Higher overall energy
efficiency — 5% (10-20 years), 20% (30-40 years)

* Specialty chemicals, pharmaceuticals (FINEPHARM): Overall
cost reduction (and related energy savings due to higher raw
material yield) — 20% (5-10 yearsgl 50% ?1 0-15 years)

» Food ingredients (INFOOD):

- Highe)r energy efficiency in water removal — 25% (5-10 years), 75% (10-15
years

— Lower costs through intensified processes throughout the value chain — 30%
(10 years), 60% (30-40 years)
» Consumer foods (CONFOOQOD):
- %her energy effncnency in preservation process — 10-15% (10 years), 30-
b (40 years),
- Through capacity increase — 60% (40 years)
—  Through move from batch to continuous processes — 30% (40 years)

'lnh MH_I

\|Hl

ACTION PLAN
PROCESS INTENSIFICATION

& Creative Ene:
= rey
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equipment.

Integration of operations:

» Several processes occur in a sequence, like milling
and mixing (e.g. cacao beans, sugar and milk
powder). The integration of these process steps
would not only reduce the operation time and energy
consumption but also the need for cleaning the

S
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Shift from batch processes to continuous operation

* Most processes in the agro-food sector are operated in batch
mode. We hardly found any continuous processes for the
treatment of raw materials or the production of the final
products. Drying, roasting, miIIing, mixing and sieving are used
in most Compam sbutthe uppuu.unll.y of-acontintous Process
is practically not tised. The batch proceS¥®BEHPE M dly equipped
with control devn,eswnmhwpmath

Many apparatusgs (&.g. MiXers, siielters; roasters) are ju {fillech
and switched on,|theré aré no or at'least ?eW‘i’ﬁ%truction}s’about
when and why to E.'top the process; aperators just g a Took \
and decide if they 5top the oBaétion or not. A continuous

process with a s,@ble progess control could not only utilize the

equipment better and offef the possibility for heat integration, but |

also would guaraptee a Jetter quality \
12 / \12
e o
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Heat recovery from effluents.

» Based on the fact that most operations are in batch
mode, but also due to missing equipment and
awareness, heat recovery or heat integration are
hardly applied. In food processing we have on the
one side large amounts of waste heat from cooling
and freezing devices and on the other hand a large
demand for warm water for cleaning purposes. We
hardly found any installation for that. Many materials
have to be heated and cooled in sequence (e.g. for
pasteurisation, melting, roasting, ...), where heat
integration could take place.

'
c
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Aims of Pinch Analysis

+ Visualization of the total cold- and heat demand of a
system in one diagram — energy demand of single
processes and which temperature level the energy has to
be supplied

« Maximum of heat recovery

» Heat exchanger network — combination of the process
streams

+ Be aware of existing piping systems and heat exchnagers
and the location of the buildings and processes

Ko
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Production processes -
process flow sheet

Salt bath
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fermenter
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Improve system efficiency — cogeneration

Cogeneration of heat and electricity

— No heat without electricity

— All fuels (oil, bio-gas, biomass,...)
Cogeneration of compressed air and heat
— Heat recovery from compressed air
Cogeneration of cold and heat
— Heat recovery from chillers
Tri-generation of
heat / cold / electricity
Quatrogeneration = |
heat / cold / power / CO2

Fuelgos
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Cogeneration of power, heat and cold

In practically every company there is a need for electricity,
heat and cold. Most thermal processes run at rather low
temperatures, so that their heating by fuels offers a very
low 2nd law efficiency. “Thermodynamic heating” — taking
the energy from the environment and only the exergy from
the fuel — will become more and more important in future.
In some cases this could conflict with the promising
technologies of volumetric heating, but high exergetic
sources of energy should not be used at low temperature
applications if possible. So could “in plant” cogeneration of
heat and power be done in spray drying plants

T,
] S 3
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Cogeneration — combined production of power
and heat (and cold)

CONVENTIONAL COGENERATION
GENERATION (1 MW natural gas
reciprocating engine)
Losses (71)
Power Cogeneration
station
fuel (108) 35 Electricity fuel
168 100
Boiler NEW ;
Losses (8) Losses (15)
H .Schnit; TUGRAZ.AT '%TV?’SEE- SDEWES 2013
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Process integration for drying processes

Alternator Gas Turbine

Combustion
exhaust gas Dryer
F Hans.Schnitzer @ TUGRAZ.AT .F:!fim' so::?o?.::“
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Heat pump in malt kiln

heat]

HEAT PUMP

RUN_AROUND
COIL SYSTEM
AR IN / “]
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Heat pump in pasteurizer
woeC 0.6 °C 66 o 64t 38.0°C 1.3
70 kgls 395 kgls 19.6 kgls 199 kgfs. 20kg/s 8 kgis
0 =2 k3 = D @ -8
- -
229 KW LEKW 2L9KW 1082.2 kW
3.2 59,8 °C 61.3°C wa2ec
s04°C
2
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heat demand a2k
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* Principles

— Integration into
the heating system

— Direct heating
of processes

T

Boiler

/

’ Boiler

= 1

Process

Solar Heat for Industrial Processes

W

N
T lecgztror \\\
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Collector %
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Hot Water

F Hans.Schnitzer @ TUGRAZ.AT

N

-
,ﬁ:’&‘{‘?lm‘\" SDEWES 2013

20



a Institute for Process- and Particle Engineering
B

Ty

F Hans.Schnitzer @ TUGRAZ. AT

Industrial sectors for solar process heat

process

a|yxa}

sjeusew
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|E2IWBY20Iq

101088
‘90IAI9S
Jaded

» dind
JoAddns
‘qowiojne

Bunuied
‘poid poom
' Jsquuny

cleaning

x

X

drying

x| X

> | X | Buipiing

x
X
x

X | % |Buiuuey

x| X
x

evaporation and
distillation

pasteurisation

sterilization

X X XXX | oeuneyy

cooking

general process
heating

boiler feed water

x

x

p
heating of
production halls

x

X | X

solar  absorption
cooling

XX > [x [> [> [> [> [>| > |Po%}

X (X X X

sw

P
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Potential solar powered operations in the food
industry

* Drying (fruits, tea, meat, fish, ...
» Pasteurization (liquids solids,
« Evaporization, distillation

» Hot water for cleaning
« Pre heating of boiler feed water

Cooling

Hans. Schnltzer rp TF_'IG R{pZ .’l];l:

F

ol

Sk’

-

P"El E: SDEwes 2013

Chimney
A exhauster
) Dotaidispay D FiTaps
g —‘,.:J,Hmmms
% r L SePage
Solar coliects g e B
b mnuﬂ”’ =
w )
il rer. So.urce. Planters Energy Network, INDIA

¥ Dubrovnik
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Drying process with air
Fields of application

QE /] «  Coffee

T @ . Tea

7 . sweet corn

/ . Tobacco

Typical process temperature: 30 - 80°C
Heat carrier: air
collector:

. glazed or non glazed air collectors

H® , ST
Fm‘.tzeﬁ@%ﬂﬁxwa ® _,{? . soewesaons
\ gpl Dubrovnik

rjl Institute for Process- and Particle Engineering ﬂTU
i) Grazs

Solar fruit dryer

F Hans.Schnitzer @ TUGRAZ,
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Tea dryer in
India

F Hans.Schnitzer @ TUGRAZ. AT
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Solar coffee dryer

Air collector
Luftkollektor

Hot
water
storage
Warm-
wasser-
speicher

Air canal

Luftkanal ru

Hot air Heigluft Ventilator  Wa ischer Dampfk
blower Heat exchanger

é-‘\.'r
Hans.Schnitzer @ TUGRAZ.AT -Q‘E' 544 SDEWES2013
F @%}, Dubrovnik
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Washing processes

! Fields of application
* bottle
/_‘ | ‘ « textiles
Q

$_|Z * cars, containers

Typical operation temperatures: 40 - 90°C

Heat carrier: water
collectors: flat plate collector e
|
Hans.Schnitzer @ TUGRAZ.AT §l%; '5“""'2‘“3
\ .~ Dubrovnik
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Rinsing water for food industry

Hans.Schnitzer @ TUGRAZ.AT
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Plant:

Tyras
Location:

Trikala (Greece)
Solar field:

1040 m2 (flat
plate)

Process:
dairy
Working temp.:
80 °C
Source:
CRES/

Solenergy
Hellas SA

T,

g

£ U SDEWES2013
N S Jieh ES
‘aa L'

(N g Dubrovnik
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Production processes -
process flow sheet

Il
ater
=
[ oreheating [ o5 650
[sicam 1) )
=m
heating

56-65'C Casomatic

(Portioner)
2" | proneating | 27c
1 nterns i
Pasteurized skim
mik 8°C \\ Milk thermization
4x180.0001

11000001
3x60.0001

Air conditioned

storage rooms
21°C

[Whey line

Cream removal
ust seperation oY

26.000 P!
3340°C I I

VoA
eval, atior

Rejected heat|
to HWR

collection a
storage tank Rejected heat| 15,0001 retentate to

whey 33-40°C to HWR waste water canal
35.0001 18:28°C /11\
N\

100-150 kgfd cheese
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mass balance of a brewing process

187

Braustoffe
Betriebsstoffe €02 Rauchgase
— 86 T
12 Rest Rauchgase
Frischwasser &5 .
— T €02 - Garprozess
S 02— mm—

4847

Breanstoffe 24
=

Verbrennungsiuft ] Wasserveriuste
b 38 —

Bianzfehier

F Hans.Schnitzer @ TUGRAZ.AT Q @on b ;:Ewmrs
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energy balance of a brewing process
Rnndlg;:e[l
Braustoffe
1120 5
i A 556
nr L Abwasser thermisch
e —
Brennstoffe 74
B —
289 Biogene Abfalle
189
Abwasser Inhaksstoffe
10
Verluste, nicht zuordenbar
89,0
tP
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Goss — Green brewery

1.500 m? solar thermal collectors

Hot water storage tank

Hans.Schnitzer @ TUGRAZ.AT Qs;, é“l:* SDEWES2013
WL Dulmnnlk
"W nst - , —
Ly Institute for Process- and Particle Engineering ﬂ'!g_

Solar Cooling

Solar thermal <5> Photovoltaic +
absorption system compression system

wasteheat

30-40 °
170%
S lar
Ltor:
\ Cooling
device
75-95 °C S 15°C

Questions: 100% 70% P
« Stand alone or grid connection?
* Heat needed

» Same time or

» Different time
» Deep freeze needed
» Other constrains

FHans.Schnitzer@TUGRAZ.AT 8, f'" . SDEWES2013

\‘\ 5 Dubrovnik
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WIKI.ZERO-EMISSIONS.AT

& Loy G s
| page | [ discussion | [ view source | | history | i g p— - =
“IU EFFICIENCY FINDER
razm
general solar of
ription hanas e, industry sectors
DA DJ DG
navigation food textiles metals. chemicals.
= Main page
iy i INFO INFO INFO INFO
il e : : : :
oo | eropsaarions |
= Random page ——————
» Hop CLEANING x x ° o
search DRYING x x [ o
R info info x °
| — info info X
tooibox.
 What finks here info info X o
= Related changes info info X o
* Special pages info info X x
= Printable version
» Permanent link info x x o o
info X o o o
info info x o ° °
info x o
info x L) o
info info x
info X
info x x
PAINTING info info x o o
_SURFACE TREATMENT info info °
Aliarcno0id 21010 Anens bl Efcioncy Fioder  Duccl
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WIKI.ZERO-EMI

SSIONS.

AT

- Subsection food

o wio Jeec|rec] o] wec s wo || wec Jecfrecferc] wo | o || w0 || weo ]
i~ BE e Jeofo
e o 0
Cannng o gromuancn

B

. x N
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Solar process - .
counyy | TduStrR! Final In:utrialdhiat heat potential hs;‘;':/' et P‘::f::;a;f'" P‘::’:"mt;a;f'" Sourceofthedata used
[P)/year] [P3/year] [P3/year] [GW:n] [Mio m?]
. Eurostat energy balances,
Austria 264 137 5.4 3.9% 3 4.3 year 1999; PROMISE project
Spain - 493 17.0 3.4% 55-7 8-10 POSHIP project
Portugal - 90 4.0 4.4% 1.3-1.7 1.9-25 POSHIP project
Eurostat energy balances,
Italy 1653 857 318 3.7% 10 143 oo 200
Opderzoek naar het_
Netherlands| 89 46 1.95 3.2% 0.5-0.7 081 | e et
for 12 branches only)
EU25 12994 6881 258.2 3.8% | 100-125 | 143-180 | "o ey sdnces
Quelle: Vannoni, C. et al.: Task 33/IV SHIP Potential Studies Report
B
\
Hans.Schnitzer @ TUGRAZ.AT L/ a ; SDEWES2013
NS 5 Dubrovnik
e
B |nstitute for Process- and Particle Engineering ﬂ
Er Graza

Torrefaction of (waste) biomass

ENERGY SUPPLY
(lean gas combustion)

Dryer offgas

Freshbiomass fuel

r—
L

Freshbiomass ! Fioe gas ACBgas

) | 72400 & T=200° G

Dried blomass e
G 5% DS TORREFACTION
Torrefied bomass
_'_.' e Tomefied biomass
PREPARATION
t of torrefledmaterialmiing) ~ ACB fuel
DENSIFICATION
of torrefiedmaterial |

v

Source: http://grz.g.andritz.com
F Hans.Schnitzer @ TUGRAZ.AT

30



] - _ - —
Ly Institute for Process- and Particle Engineering ﬂ.!!:z'l

Captive power generation at rice mill in
Cambodia

(a) Three sefs of gasifier and gas cleaning system (b) Duel fuel D.G sefs

Source: www.cambodian-cpc.org e

F Hans.Schnitzer @ TUGRAZ. AT &!é{'f}"’ sD:Ewssz:u
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Biogas — organic waste from agriculture

* Animal waste from
— COWS
— pigs
— chicken

* renewable crops

corn

elephant grass

green waste from vegetable production

v f(-ﬁhy
F Hans.Schnitzer @ TUGRAZ.AT &!ﬁﬂi-sn:mm:u
R &Ly Jubroval
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e dairies
» distilleries

Biogas — organic waste from food

processing

* Food processing industry
« fruit processing industry
» beverage industry (breweries, ...)

L]

BT

¥

SR,
3 - SDEWES 2013

&

NG,

F Hans.Schnitzer @ TUGRAZ. AT
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—— Pineap
~_ple

INSPECTION |
LOADING > Pineapple
waste

> Pineapple
waste

v

Market
A
L

PRODUCT
Canned
pineapple

Food processing industry
Environmental aspects and waste management

o 8|
& | Water, 3
3 > Wastewate. -
= CLEANNG 1 [7> o 3
g
£ suspended g
®
& TRIMING - Head and
Stem
pineapple
CORING
(Cylinders)  -» Core
pineapple
Water Waste
supply 5 STERILIZATI H
WamC 2 | |->westowater ON - PWastewater. ...
SEAMER,
PEELING -» Pineappl RETORT
& peels o
waste
o 2l
g 2| &
3 REMOVING pineappl | SUgA £ =
- Pineapple eyes | e'g;':spp water = £
E waste —>  FILLING o}
s Cans, Canned g
> : o
> Waste -~ boxes pineapple
water )
SLICING Pineappl SORTING
(Pincapple sliced) > e waste
g’éﬁm\
- =, - Hoy
Hans.Schnitzer @ TUGRAZ.AT {9y, Bl
N Dubrovnik
N
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Inspection
(1ton fruit)

IELD Harvest 1
transportation
(75 - 90tons)

E
(1hectare)

Zero emissions pineapple processing industry

Filtration .
(Activated Carbor) s = ” Product
H 2 Fertilizer g SHEping
i:” @ H (305kg/ton) g Cleaning -
Sedimentation | _ _ _ - §§ (9.5ton/day) o ;
i @ B Trimming ; g
1 : g 2 ] ; T
R [oom ] [ ]
1

UASB
(Up-low * Digester
Anaerobic Sludge [ Anaerobic digestion
Blanket) | i i o~ J i

3

- Livestock manure
- Municipal solid waste

- Household waste:
- Residues

-Agieulural waste e
- Food waste

! ~Studge
Mixing tank -t
‘ Sugar }_.{ Cooking }_.{ Sugar water
:
=50 100 ;

‘ Bar racks ‘ 1z lone
L)
! Ve
Notes: -
Flow of material: . Flow of recycle material: - Bio-cycle process L) !
Flow of sludge: — -~ — Flow of waste water: - -
Flow of water recycled: — - . — Flow of biogas: -—- PP,

Model of a zero emissions agro-based industrial system on canned pineapple production.;@.’&x.

A ) o =
Hans.Schnitzer @ TUGRAZ.AT s. £’~ ;\'. SDEWES 2013
\\,"»‘:’ Dubrovnik
"B neq - , —
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Greenhouses with 950 kWp PV on the
roof 'in I\/IuLeck / Austria

ATt

Quelle: http://www.riebenbauer.at/ger/Unsere-
| Projekte/Photovoltaik/Photovoltaik-
H | ey e Buergerbeteiligungs-Grossanlage-Region-
Mureck-ABS2

FaTEn,
",

7 . %
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Overview resources and products

]

Food

‘ Use waste first... then crops! ‘

—|

Feed

! Agricultural products }—

Bulk and fine
chemicals

‘ Argicultural waste }—

—

Monomers

‘ Foresty

Fibre products |

‘ Animal breeding }—

. Solids
Biofuels Liquiss
Gases

}_

‘ Industrial waste

—'| Power & heat |

-

Fertilizer

|_

}_

‘ Domestic waste

—

Water

ity — The Concept of the Zero Emissions Biorefinery |

Modified from Janis Gravitis; A Bit ical Approach to Attributing Value to Biodi
T
Hans.Schnitzer @ TUGRAZ.AT FP’H %SDEWBM‘IB
Ny~ Dubrovnik
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(wet) plants

Silage

(solid phase

residues

Biogas

Green biorefinery: utilization of whole, green

Amino acids
lactic acid
fertilizer >
g >
(electricity, heat, fuel)
fiber
materials

A‘c‘é'é’hﬁ‘»
F Hans.Schnitzer @ TUGRAZ.AT _ﬁﬂiﬂi-mwmm
Source: M. Mandl. JR, Graz, Austria &7 Dubrovalk
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(waste) Biomass = Fue!s

40‘&"“‘»
F Hans.Schnitzer @ TUGRAZ.AT 89 «ﬁl-iu- SD:Ewm:u
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Bio-based packaging

Il —
",,_, J F—\

Source: www.

~

.vpz.at
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Bioplastic for

deep-freeze

packaging
k’ -

Bio-plastics for packaging

Packaging peanuts
made from bioplastics
(thermoplastic starch)

Tea bags made of polylactide
(PLA), (peppermint tea)

F Hans.Schnitzer @ TUGRAZ. AT
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The existing
geo-centric system

* In the existing geo-centric system resources are
taken from the earth crust, processed, diluted and
deposited again

— crude oil

— coal

— gas

— uranium

— landfills

— carbon storage

+ Some emissions are stored in the
atmosphere and cause serious
problems there (CO2, CFCs,...)

F Hans.Schnitzer @ TUGRAZ.AT
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The Copernican Revolution in economics:
from a geo-centric to a helio-centric
system

» So far: Geo-centric
e To-be: Helio-centric

This change will face similar problems like the
Copernican Revolution in natural science, although it
comes 500 years later!

('
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