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Universities .
Public Research Businesses
organizations Start-ups

Survey research on
industry-academia-government
collaboration

Survey research on the
current status and issues of
academic start-ups

<7 >
Academic Industrial

Sector Sector

~ Creations of
- Innovation

Government

Government
Local public entities

Survey research on regional innovation activities
* Research on regional innovation systems
- Case study on regional clusters (e.g.food industrial cluster)
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TECDA Research Center

PhDthesis opportunities
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TEMO Soft-, Hardware & Consulting e.K., il
Germany £

www.temo-ek.de, Owner: Samir Mourad

practicalwork (stage),
bachelor&masterthesis opportunities
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BAU (Beirut Arab
Univ.)

™

LIU (Lebanese
International Univ.) ‘

ULF (Université
Libanais-Francais)
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Mass burn: Burning the waste at temperatures above il
1000C.
Incineration <| Co-combustion: with coal, biomass > Heat, power, CHP.
Refuse derived fuel: Using pre-treated fractions of waste ‘
with higher and more stable energy contents. i

Thermochemi l]-
SR LAV Conventional: Temperature of 750C

Thermal gasification | plasma arc: Passing waste into a kin at 4000-7000C. ~ Hydrogen, methane, syngas
Waste products are vitrified.

Pyrolysis: Temperature of 300-800C, at higher
pressures and in absence of oxygen. Char, gases, aerosols, syngos

Dark fermentation: Organic waste is treated with
bacteria in the absence of light sources.

Fermentation - Ethanol, hydrogen, biodiesel
—[ Photo-fermentation: Organic waste is treated with =

bacteria in the presence of light.

Anaerobic digestion: Conversion process carried out by Metha
micro-organisms in the absence of oxygen. einane

Landfill with gas capture: Extraction from existing Meth
landfill sites, by the natural decomposition of waste. { "Meinane

Microbial fuel cell: Catalytic reaction of natural micro-
organisms and bacteria to convert the chemical energy > Power
content of organic matter.

Bio-chemical

_ Esterification: Reaction of an acid and an alcohol to T
| create an ester } Ethanol, biodiesel
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Waste Biomass

!

| Sorting, Transport & Storage |

1

Waste to-Energy Conversion Technologies

| ! !

Thermal Mechanical &Thermal Thermo-chemical Biochemical

| I T T 1 I 1
m?“’-‘“’i Pulverization & Torre- Plasma || Gasifi- Pyro- Lique- || Ferment- || Anaerobic
Inci "“5"“'_ ' drying faction Techno cation lysis faction ation digestion

Fuel ﬂ"d Char Syngas || PYTolysis || syngas Ethanol Biogas
4 ! I S S 1 4
[ Solid fuel | | Liquid fuel L| | Gaseous fuel |
I :
[ Combustion |
! !
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CAPITAL COSTS FOR THERMALWTE POWER GENERATION
TECHNOLOGIES IN THE UNITED STATES (15 MW OUTPUT)

The capital investments for the
construction and implementation of these
technologies, and the costs needed to
operate them for the entire lifetime of a
chosen project can influence decisions.

14000
As of today, incineration of MSW still 12000
presents the most desirabandle economic S
conditions on the market, is therefore the g 10000 -
preferred option in most markets. 7]
2 8000 -
pra
/)]
o
© 8000
\ / _-E
! o
— \3 S 4000
_ 0 /', ‘ —
w{_‘,}y ;‘i‘*f 2000
P - ~
:— 0 L] L] L]
Incineration Pyrolysis Conventional Plasma arc
(Mass burn & RDF) gasification gasification

Source: Stringfellow (2014)




BIOMASS AND WASTE POLICY TARGETS IN SELECTED COUNTRIES

Country Biomass and waste targets

China 30 GW by 2020

Germany 14% of heating by 2020

Indonesia 810 MW by 2025

Norway 14 TWh annual production by 2020
Philippines 267 MW by 2030

United States

Contained in state-level Renewable
Portfolio Standards

Source: Navigant Research (2014)
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Percent oftotal municipal sold waste that is burned
with energy recoveryin selected countries

80%

70%

60%

i 46%

40% 34%

30% 6% g4 M% ey

20% 13%
- IRERN

0%

¥ b
s‘b é\ SAN + <° &"
\; %4\‘ 8 oF 3 F & & --96
Mote: Data for Japan and South Korea are for 2013. Data for other countries

are for 2014, 6
Source: U.S. Environmental Protection Agency for the United States, ela
Organization for Economic Cooperation and Development for other countries

6 ad) sl aUas |3l




Utility Scale Plants existing according to the technology used.

(Data from 93 countries in 20132014 (total of 2723 facilities)).

Waste processing « 15%

*(Mechanical Recycling « 8%
Biological Treat Other « 1% ; .

MBT) MBT « 3%
Landfill « 5%

Integrated/mixed
facilities « 9%

(s ) A S aUaS 13l

AD, bilogas and biofuel « 4%

" Gasification « 11%

Combustion (with
energy recovery) « 44%
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Incinerator in world

The largest scale plant with the capacity to handle In Thailand, an industrial waste incinerator has been
4,320t/day was built in Singapore in only 38months operating from 2006. Its treatment capacity is 100t/day.
Source: Mitsubishi Heavy Industries, Environmental & Chemical Source:JFE Engineering Corporation

Engineering Co., Ltd.
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INCinera

Flue gas purification

Thermal treatment
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Fraction Net Calorific
Value (MJ/kg)
Paper 16
Organic material 4
Plastics 35
Glass 0
Metals 0
Textiles 19

Other materials

"

Source: ISWA (2013)



Residues of incineration of 1 ton of waste

700 kg of gas,

300 kg of solid residues including 30 kg of fly ash.

and the degree of severity:)

Division of emissions(depending on their size

v N

U {

Acid gases: nitrogen dioxide

Nitrogen (N), Oxygen (NO,), nitrogen oxide (NO),

(02), and water vapor Sulfur dioxide (SO.), carbon
(H20) dioxide (CO,),HCI, Dust

Challenges

{

Furans, dioxins, heavy
metals (Hg from
batteries, cadmium,
plumb, zinc)

@Al sl aiaa Glas 48n




1.Techniques for the reduction of nitrogen oxide

(a9 Al Jaus g) (pa dall LIRS

Thermal NOx: When burning a portion of the nitrogen in the air is
oxidized to nitrogen oxides. This reaction occurs only significantly at
temperatures above 1300 ° C. The reaction rate depends exponentially
on the temperature and is directly proportional to the oxygen content
Fuel NOx: when burning a portion of the nitrogen contained in the fuel
is oxidized to nitrogen oxides.

<~

PROCESS OF REDUCING NONSELECTIVE CATALYTIC (SNCR):

the reducing agent (typically ammonia or urea) is injected into the furnace
and reacts with nitrogen oxides. The reactions occur at temperatures between
850 and 1000 ° C, with higher reaction rates and lower in this range. To be
effective, the catalyst generally requires a temperature between 180 and 450 °
C. The majority of systems uses waste incinerators currently operating at
temperatures of the order of 230300 ° C.

—

Selective Catalytic Reduction (SCR) is a catalytic process during which ammonia mixed
with air (the reduction agent) is added to the exhaust gas and passes through a
catalyst, usually a sieve (e.g. Platinum, rhodium, TiO,, zeolites). When passing through
the catalyst, ammonia reacts with NOx to give nitrogen and water vapor.

gj)ﬂhﬂﬁﬂ\&'xﬂd&.:m



2. Treatment of dioxin and furans and mercury Hg & C0, ¢)sfl s S zpf
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By activated carbon(canbe also called
"lignite Coke for odorous compounds.)
Activated carbon is in the form of a fine black
talc. Its elementary particles are made porous
by a suitable heat treatment so as to create
therein pores having dimensions of affinity
with the molecules to be filtered. So there are
formulations of active carbon adapted to
different molecules that one wishes to retain.

The Environmental Protection Agency(EPA)
showed that dioxins broke down easily
when exposed to temperatures in excess
of 1,200 °C.

To obtain a minimum feeding rate (F(min)) of activated carbon
(AC), It was found that dioxin removal efficiency(eta) increased
with an increase in AC feeding concentration. This had an almost
linear function to F/Q when F/Q was less than 65 g/Nm(3), where
F was the AC feeding rate (mg/min), and Q was the volumetric
flow rate of flue gas (Nm(3)/min). However, it did not seem to be
affected by F/Q, when F/Q was larger than 150 mg/Nm(3). On
the basis of the experimental data obtained in this study, the
removal efficiency of dioxins by the application of AC could be
correlated as eta (%)=100/[1.0+(40.2/(F/Q)(3))]. It is valid in
appropriate conditions (F/Q=10300 mg/Nm(3)) suggested by the

Measurement :The
Intelligent Gravimetric
Analyzer (IGA)

The system is an ultrahigh
vacuum (UHV) system and
allows measurement of
isotherms and accurate

determination of the adsorption
and desorption kinetic profiles

for each pressure step.
The system consists of a
fully computer controlled
microbalance, pressure
admit system and
temperature regulation
system

furnace

study with a statistical error of +/18%.
_— Hg concentrations at activated carbon adsorber
Inlet (mg/m*norm.) Outlet (mg/m*>-norm.)
~
=<0.005
Waste furnace 0.065 (Under determination limit)
Ash melting 0.57 =0.005

(Under determination limit)

Dioxins concentrations at activated carbon adsorber

IMoxins concenlralions
(ng-TEQ/mtnorm._) Remowval-
efficiency (%)
Inlet Outlet
Electric furnace for steel 5.5 0009 3 99 83
Ash melting furnace 1.8 0.000 80 99 96
Waste furmace 1.1 0.000 16 99 .99

) JFE TECHNICAL REPORT No. 19 (Mar. 2014)

Flue gas from bagfilter
High efficiency
activated carbon

Cleancd gas

Cartridge packed with activated carbon

Ref:Minimum feeding rate of activated carbon to control dioxin emissions from a largescale

municipal solid waste incinerator, Article in Journal of Hazardous Materials 161(23):143643 -
June 2008 with 289 Reads DOI: 10.1016/j.jhazmat.2008.04.128 - Source: PubMed




3.Acid gas treatment technologies(HFHCI and SO, )
aand) ) dallas byl
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Depending on the concentrations,
temperature, size of the flow to be treated
and of further parameters, can be used
different technologies for the treatment of
acid gas emissions. Being a quick summary
we can mention:

Bag filters with reagent injection(calcium
hydroxide (Ca(OH),) or sodium bicarbonate))

The filters in flat bags are successfully used for the chemical
absorption of acid gases such as HF, HCl and SO, in addition to
the adsorption of other pollutant compounds.

Generally it is used, among others, calcium hydroxide and
sodium bicarbonate (Ca(OH),) of typical commercial quality,
which is injected in the gas stream before entering the filter. To
achieve proper compliance with the emission limits required,
the additive should be added in amounts overstoichiometric

(from 1.5 to 3 times).
at least 130200 ° C

g)\)ﬂ\cﬂﬁﬂ\&l‘m‘g&éw

* Treatment by Ca(OH)s,.

Ca(OH), + 2HCI < CaCl, + 2H,0
Ca(OH),+ 2HF < CaF, + 2H,0
Ca(OH), + SO,% (CaSOs + H,O
CaSOs; +1/2 O,— CaSOq4

* Treatment by NaHCOs:

NaHCOs; + HCI < NaCl + CO,+ H,O

NaHCOs; + HF < NaF + CO, + H,O

2NaHCO, + SO, + 1120, = Na,S0, + 2C0, + H,0

([ S
c WA~ A S A
Typical dry process (solid reagent injection in the pipe)
With downstream de-duster
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4 Treatment of dust

Particles between 5 & 50 micron
and volatized heavy metals

4

S

Mechanical treatment :

Cyclone(efficiency:91%)

4

Less than 5 micron

U

Electricaltreatment:
z UM MeThe
electrostatic precipitator
(ESP)(efficiency:95%)




Element

bottom
ash

Cd
Cu
Fe

Mo
Pb
Zn

Bottom
ash
22.000-
73.000

0.3-70
190-8.200

4.100-
1500

002-8

2-280

13.700

61-7.800

Heavy Metals Recycling Unit for NLAP-IPP Demonstration Plant

QUGSI-
dry
§3.000

49.000 12.000-
50.000

50-  140-300
450

600-  16-
3200 1700

12.000 2.600-
71.000
44.000

0,730 01-51
5 929
150

5.300- 2.500-
26.000 10.000

7.000- 7.000-
70.000 20.000

Bottom & flying ashes: heavy metals recovery

Al

21.000-
39.000

150-
1.400

440-
2.400

20.000-
97.000

2,2-2.300

2-44

3.300-
22.000

8.100-
53.000
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Bottom & flying ashes: heavy metals recovery

' Process |

Solvent extraction, or liquid-liquid extraction is a separation technique
isothermal in a heterogeneous liquid medium.

The method is based on the existence of a difference in the solubility of a
substance in two immiscible liquids. The process has three steps, as shown in
next figure :

- Mixture of the two immiscible liquids, one of them containing the solute,

- Obtaining physico -chemical equilibrium, leading to demixing ,

Separation of the two new liquid phases obtained based on the difference of

Initial mix rich mix

EXTRACTANTS

Oxime based extractants for copper are largely based on salicyaldoximes which
have been modified with one of three modifier types. Examples of the three
main extractant types currently in use are:

1. LIX® 984N

A mixture of 2-hydroxy-5-nonylacetophenone oxime and 5-
nonylsalicylaldoxime in a high flash diluent. The acetophenone oxime modifies
the aldoxime and also performs as an extractant in its own right. Molecular
Weight:262.393 g/mol.

2. Acorga® M5640
5-Nonylsalicylaldoxime modified with an ester, 2,2,4-Trimethyl-1,3-pentanediol
Diisobutyrate (TXIB) in a high flash diluent.

3. LIX® 622N
5-Nonylsalicylaldoxime modified with tridecyl alcohol in a high flash diluent.
Each of the extractants marketed by the major chemical suppliers has been

Aacionand far a cnoarific fune nf DICwanith racard 3o nld and rannar ftannr 1lcad

| Steps of extraction |

Leaching Stripping
agent solution |

MSWI Stripping
Fly ash washing |- cecommna

Al Sl alaa (A 48T

Stripping product | Stripping Stripping product 11

Cu solution Solution Il Zn solution

Stripping
v.ashmg ——————————

1 |
_j ' Ll\sw\ 1 krnhcm: Diluent |
|
: 3
S| Organic - Orgamc
Loaded _phasel -, L“‘M’Cd _phase 11 -\
Lenching vessel be) v 1 ! urgum u !
- 4

with stirring

Aqueous
feed J

'~~-< - -

Er | E2 E | E|BE

Miser settlers  Raffinate 1 apicer sertlers ]r

Filter

p Solid residue

Organic extractant  Aqueous feed
1

1
¥

Zn extraction

—> Raflinale ¢—

T
|
|

\ 4

Zn loaded
organic

Chloride

solution

Stripping |

Cd, Pb solution
5<10%7Zn

T
| Znloaded organic

Y

Stripping 11

Stripping product
— (Zn solution
<1% Fe)

T

¥

1 Fecontaminated

organic

Washing
(regencration)

—>  Fesolution —

T

v
- Regenerated
organic

Cu extraction CVdepleted 70 extraction g rinate It
Keed

inxestigated
inPaper IV

I

Zn separation using
Cyanex 272,
Cyanex 572 and
Cyanex 923

strip phase

separation =80s

Net copper
transfer== 2.7

/1 Cu

nitric acid+copper
waste +nitric acid +others
+others «
continuous phase, .
rate of continu EXtraction
rate of md M > kinetics=
=95%
dispersed phase, (30 seconds)
oxime:LIX
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Processing Control Unit (PCU)
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Click on respective box for
further detais of the spacific
Control Loop
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Modbus RTU
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Boiler pressure control
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turbine generator control
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Air Pollution Monitoring Online System
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refectural stopped

half-hour  European Directive

parameter mean value 2000/76 / EC of operating permit
04/12/2000 and French Flamoval of
Decrees of 20/09/2002 17/06/2009
and 03/08/2010
Total dust 1-20 10 3
Hydrochloric acid (HCI) 1-50 10 7
Hydrofluoric acid (HF) 10 1 0.7
Sulphur dioxide (S02) 1-150 50 15
Carbon monoxide(CQ) 5-100 50 30
total organic carbon (COT) 1-20 10 8
Mercury (Hg) 0.001-0.03  0.05 0.04
Cadmium + Thallium (Cd + Ti) - 0.05 0.04
Other heavy metals (Sb+As+Pb+Cr+ - 0.5 04
Cu+Co+Mn+Ni+V)
Oxides of Nitrogen (NOXx) 40-300 200 50
Ammonia (NH,) - 30 10
Dioxins and furans 0.01-0.1 0.1 -

Emission limit values in mg /m ? to respected (Lebanese environmental ministry
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Pressure equipment shall be designed, manufactured, tested and, if necessary, equipped and installed in

Pressure equipment shall be designed,

such a way as to ensure its safety .

Special Quantitative Requirements for Specific F

manufactured, tested and, if Y,

atertube . |equipped and installed in such a way as

boiler to ensure its safety when put into service
EN12952-1 |in accordance with the manufacturer's
to17 instructions or  under reasonably
Shell boiler | foreseeable conditions.
EN 12953- / ideline’ E-03 | Guideline H-07 |
1to14 Guideline H-15]

23 By ¢ ATy alady Skl Gt pecl
die L il 48) ylay 8 3a 95 je2m & VI
o Aalall 48 501 et 18y sl Lany

Jiae S0 U gian iy yla 3

In I, a hod of calculati
according to 223, supplemented if

y by an experi | design
method .

Pressure equipment shall be designed
for loads appropriate to its intended use
and other reasonably foreseeable
operating conditions. In particular, the
following factors should be considered:

Internal and external pressure; .l aaall

i Jally EN 12952-3
/ Designto

the il a5 el s 0
required Static pressure and filling weights under
load /|operating and test conditions;

capacity:
\EN 12952-3 /| jaayiydatili iy s ciad 5 Y ecdbe s Calli dakia

» Reaction forces and moments related to
\_/ supporting elements, fixings, piping, etc.;
SIGR ¢ sealinl py Al cllaa Ty Juill )y il
el iy u_wh“ll

i derosion, yetcs;

Decomposition of unstable fluids.
St e el s

Guideling H-16 )

The permissible general membrane stress shall

| Guideline G-14 |

| Guideline G-13 | Guideline G-17 | Guideline G-18

Hydrostatictest pressure | Guideline G-22 | Guideline G-28 ]

The materials used in the

[Fired or otherv
pressure equipment in

;:ml. hnt oumnt and, where

They must be sufficiently
chemically resistant to
the fluids carried in the

P i the
chemical and physical

overheating
(la] where necessary, provide mﬂ‘pmmm required for

points so
be assessed to avoid risks associated with
deposits and / or corrosion;

-(c) lnmnd:le nnmnnm are taken to

| Guideliie C-06 | Guideline H-02 | ICIIILCS oot “the safe mm of

o safety must

not be significantly

impaired  during  the

intended service life;

c) they must not be
by

L

-e) mmmmmmmltn
of
Mﬂmmﬂoma\d*

aging;

‘manufacture of pressure
equipment, unless they are to
be replaced, must be suitable
for the entire intended service

Welding consumables and
‘ other joining materials need
only comply with the relevant
requirements of sections 4.1,
4.2 (a) and 4.3 first paragraph,
both individually and in
combination.

1

In particular, the following applies:
The calculation pressures must not be lower than the!

a) A compressive strength test designed

maximum allowable pressures, and the static and d
fluid pressures as well as the decay pr of

to verify that, in the event of pressure
with a margin of safety above the
maximum allowable pressure, the
instrument will not show significant

fluids must be taken into account.

The calculation temperatures must have reasonable safety
margins.

The maximum stress and stress concentrations must be within
safe limits.

—Yield strength, 0.2% or 1% proof strength at the calculation
temperature

The operating instructions referred to in section 3.4 must
indi design fe that are rel to the life of the
device, for example:

For creep : design life in hours at specified temperatures;

For fatigue : design cycle number at specified voltage values;
-For corrosion : corrosion surcharge during design.

or tion beyond a
specified limit.

For the determination of the test pressure,
the differences between the values
measured under test conditions for the
geometrical characteristics and  the
material properties on the one hand and
the values p: i for the
on the other hand shall be taken into
account; the difference between test and
design temperatures must also be
considered.

The pressure equipment controls shall
be such that their operation does not
give rise to a reasonably foreseeable
hazard. If applicable, the following
points should be noted:

-Closing and opening devices;
-Dangerous blow-off from pressure
relief valves;

- Devices to prevent physical access in
case of overpressure or vacuum in the
device;

- Surface temperatures taking into
accountthe intended use;

- Decomposition of unstable fluids.

a) F re equipment shall be
designed so that all requi
safety inspections can be
carried out.

b) ) Other means to ensure a
safe condition of the pressure
equipment can be used

If necessary, suitable devices for
ining and venting the pressure
equipment must be provided:

To avoid harmful effects such as

water hammer, vacuum collapse,
and

chemical reactions; all operating

and test conditions, in particular

pressure tests, must be taken

4t g dadled) julaa
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Environment Impact Assessment (EIA) for an 15 MW waste incineration power plant in Srar/Akkar, Noth Lebanon

What is EIA?

’ - Toi Y P f the proposed project
- thebest f d d benefits of the t
b il e ol By ad -

WHO does EIA? ¢ Al V1 asiiilly o s e

The project proponent el s daiuls ¢ 5 jhall cala 2oty AobasVh ipdly LSS e il = ” =
= ’ Adl) g Aadldd) yulea
\ e e

How is EIA done?

- ion of the of the project proposal. -
- ion of the extent of -
- of the i ignil or not)

- Mi of the adverse -

- Documentation to inform decision makers what needs to be done.
w pldl s L LA e Yy U, —

Screening The Competent Authority makes a decision about
s whetheran ElAis required. Atthe end, a Screening
% Decision must be issued and made public.
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Scoping _— = /
The Directive provides that Developers may request a Scoping |
Opinion from the Competent Authority which:
- Identifies the content and the extent of the assessment
- Specifies the information ta be included in the EIA Report.
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the risks which these posa o human health.
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-l incineration plants within the EU. A
. Z )
== pallutants o air zuch 33 dust, itrogen oxides (NOx], Sulphar dioxide (O3], ; f
and furans. g
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|

formationregardingthe project, 2- the Baseline, 3 - scenario;— |
4- the likely significant effect of the project, 5 - The proposed ~
Alternatives, 6 - The features and Measures to mitigate adverse
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Decision Making and /
Development Consent \ /
5 VAN ghea
L) a3 . T-Examinationof the ElA report by the CompetentAuth
% J“‘ ‘,‘S 2-consultation
3.C whether the project entail

effects.
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Information on Development
Consent and Monitoring

55 Slagias
s e aedadll EF - = .
HETO AR =y = 1- Informing the public . 2 \
2-During construction and operation the Developer
must monitor the significant adverse effects to
mitigate them.
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Managed Services-3
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~3.3 M$ +10%
5% Annual Maintenance Contract
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10 years financial plan

2022-2018
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