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How to proceed?
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Waste Assessment: Composition & thermal potential

Waste

Component
composites
rubber
plastic/ polymer
wood
textiles
paper
paperboard
cardboard
nappies/ toiletries
leather/ bones
vegetables
glas
iron
non iron

haz. comp. (E-
scrap, colours etc.)

ash/ minerals

drop out (<40mm)

resulting fuel

Share mix

51%

12%

35%

1%
8,6%
1,9%
0,9%
7,6%
37,1%

non iron
1%

ash/ minerals ';/" haz. comp. (E-scrap,
colours etc.)
glas 0%

vegetables
6%

textiles
3%
composites
plastic/ polymer| 0%
drop out (<40mm) 17% rubber
37% 0%
papebdard
0%
cardboard
0%

leather/ bones nappies/ toiletries
0% 0%
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High Calorific Fraction
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Rohabf.-> RDF

		Waste						untreated				recovery		relative fuel		resulting fuel

		Component		Share		theor. CV DS		CV		screen out		sorting depth		Mix		mix

		composites				34,000		- 0		0%		0%		0%		0%

		rubber				34,000		- 0		0%		0%		0%		0%

		plastic/ polymer		16.5%		31,800		5,252		42%		0%		42%		42%

		wood				16,100		- 0		0%		0%		0%		0%

		textiles		3.2%		15,300		490		8%		0%		8%		8%

		paper		18.0%		11,000		1,982		46%		0%		46%		46%

		paperboard				11,000		- 0		0%		0%		0%		0%

		cardboard				11,000		- 0		0%		0%		0%		0%

		nappies/ toiletries				8,000		- 0		0%		0%		0%		0%

		leather/ bones				4,100		- 0		0%		0%		0%		0%

		vegetables		6.1%		4,100		250		3%		0%		3%		3%

		glas		8.6%		- 0		- 0		38.9%		1		1

		iron		1.9%		- 0		- 0

		non iron		0.9%		- 0		- 0

		haz. comp. (E-scrap, colours etc.)				- 0		- 0

		ash/ minerals		7.6%		- 0		- 0

		drop out (<40mm)		37.1%		- 0		- 0		0

		total		100%		Hu:		7,975		100%		Hu after processing:				19,955

		population:		1,000,000		untreated		processing

		quantity per capita		0.31		raw waste		undersize >40mm		oversize <40mm		sorting				fuel

		Verbunde				- 0		- 0		- 0		- 0				- 0

		Gummi				- 0		- 0		- 0		- 0				- 0

		Kunststoff				51,150		512		50,639		- 0				50,639

		Holz				- 0		- 0		- 0		- 0				- 0

		Textilien				9,920		99		9,821		- 0				9,821

		Papier				55,800		558		55,242		- 0				55,242

		Pappe				- 0		- 0		- 0		- 0				- 0

		Kartonage				- 0		- 0		- 0		- 0				- 0

		Windeln/ Hygieneprodukte				- 0		- 0		- 0		- 0				- 0

		Leder/ Horn/ Knochen				- 0		- 0		- 0		- 0				- 0

		Vegetabilien				18,910		15,128		3,782		- 0				3,782

		Glas				26,660		26,660		- 0		- 0				- 0

		Fe-Metall				5,890		5,890		- 0		- 0				- 0

		NE-Metall				2,790		2,790		- 0		- 0				- 0

		schadstoffhaltig
(E-Schrott, Farben etc.)				- 0		- 0		- 0		- 0				- 0

		Asche/ mineralische Stoffe				23,560		23,560		- 0		- 0				- 0

		Rest (<40mm)				115,010		115,010		- 0		- 0				- 0

				tpy		309,690		190,207		119,483		- 0		- 0		119,483

				drop out (<40mm)		37.1%

				glas		8.6%

				ash/ minerals		7.6%

				iron		1.9%

				non iron		0.9%

				haz. comp. (E-scrap, colours etc.)		0.0%

				paper		18.0%

				plastic/ polymer		16.5%

				vegetables		6.1%

				textiles		3.2%

				composites		0.0%

				rubber		0.0%

				wood		0.0%

				paperboard		0.0%

				cardboard		0.0%

				nappies/ toiletries		0.0%

				leather/ bones		0.0%
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Determination of potential/ processing strategy

Waste composition

Input after

bio fraction

calciner fuel

heavy fraction

main burner

wt.-% untreated waste bio dry + sort. Heh undersize <80mm (RDF) (tra:/:j‘:illll)or (fs‘;{eFl)
organic 31,0% 23,9% 7,6% 38,4% 6,4% 9,3% 2,8%
jp;uprenzlza'dboard’ 11,0% 11,1% 18,9% 4,2% 22,3% 13,8% 33,5%
long living wrappings 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
Pet-wrappings 1,0% 1,0% 1,8% 0,3% 2,5% 0,9% 4,2%
exp. polystyrene 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
smooth plastics 12,0% 12,1% 20,6% 4,6% 27,8% 10,1% 53,6%
hard plastics 3,0% 3,0% 5,1% 1,1% 6,1% 3,8% 0,7%
iron 1,2% 1,2% 1,3% 1,1% 0,4% 2,5% 0,0%
glass 2,0% 2,4% 0,8% 3,8% 0,3% 1,5% 0,0%
soil + stones 2,0% 2,4% 0,5% 4,0% 0,4% 0,6% 0,0%
wood 1,0% 1,2% 2,0% 0,4% 0,7% 3,9% 0,1%
textiles 4,0% 4,7% 9,1% 0,9% 3,1% 17,7% 3,3%
divers 1,0% 1,2% 1,3% 1,1% 1,1% 1,5% 1,1%
alumina 0,8% 0,8% 0,9% 0,8% 0,7% 1,0% 0,2%
rubber + leather 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
toiletries 10,0% 11,9% 5,0% 17,9% 6,8% 2,5% 0,1%
residuals 20,0% 23,7% 25,2% 22,4% 21,3% 30,8% 0,5%
Total: 100,0% 100,7% 100,0% 101,2% 100,0% 100,0% 100,0%
tonnage per year: 110.000 93.220 43.899 49.321 25.939 17.960 12.122
calorific value MJ/kg DM 8,5 8,9 12,7 5,5 14,4 10,1 21,2
Tel ey g i 20,0% 7,1 10,1 11,5 17,0

moisture:
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ccess and competition

Example: Berlin and 200 km radius

Heizkraftwerk:Stavenhagen

Dampfzentrale Weener

Kraftwerk Blumenthal

‘La!arge Cementownia Kujawy:w Bielwach - Piechin:LH

v Wi
trieheizkraftwerk Premm\zmme“a" S pasaerviest

Holcim (Deutschland) GmbH  (LafargeHolcim) . » VIV-Keaftwerk Cemex Zement'GmbH < \v/Ridersdorf

Dyckerhoff GmbH (Buzzi Unicem) Jr MHKW. f‘»“llﬂdeﬂ{GK V. Mehrum

HeidelbergCement AG - Enningerloh (nord) / EBS-Heizkraftwerk Eisenhuttenstadt

HeidelbergCementAG - Paderborn:. " schy ’Jaénz JKW: Janschwalde. JEVA Janschwalde
HeidelbergCement AG - Gesekgs‘:;;;enner GmbH &'Co KG Ahlage, Bernburgs - KHW:Giemnitz
Dyckerhoff GmbH‘(Buzzi Unicem) \ EBS;Kraftwerk:Sonne

Deuna Zement GmbH (Dyckerhoff /iBuzzi Unicem) J¢ Inyustriekraftwe }/Zédorf Kraftwerk Box,Ee!g'—E"AG Lausitz - KV/{vaﬂwevk Schwarze Pumpe
e it V8 e ementownoia Warta

ment) EEW EBKW Knapsack

fiSdeibeioCometabicns HIKW. MousoiiZ Luckndustriekrafwerk Deuben

Biomassen HKW. Siegerland
Thermische:VerwertungsanliagerSehwarza IKW.Chemnitz Nor
&

lCememowma Odrar- Mielke
IHKW. Andernach 'Zement,und Kalkwerke Otterbein,GmbH & Co KG: .

Goradze Cement-HDC

4
'ortlandzementwerk:\\Wotan H Schneider KG ( E o@ I
7, ores 9/3

EBS Verbrennungsanlage BYA "y e &bt (8 Cementownia
THsh 4

ij} Integrated cement plant
@ WtE-power plant
Coal fired power plant

Kraftwe) Lrppgnd:e'rf 4 Cemex;Poland = Rudniki Reception Hall for H
Nowiny.-'Dyckerhoff'Polska (Buzzi' Umicerrl) afarge:Cementownia Ma
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Technical assessment

Credit: WLTP

IR s el

The technical assessment shall serve you to determine the right properties:
1) Type of kiln and needs for adopting the processes

2) Energy demand and materials handling

3) Limitations according the raw material and fuel(s)

4) Limitation according to air pollution control (permission)
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Technical assessment

Whether the consistency of the waste is liquid, pasty or solid the final user defines
the requirement and specification of the Alternative Fuel and Raw materials (AFR),
and consequently defines the requested equipment in the pre-treatment process.

Consequently, untreated waste cannot be used as a fuel!

However, when using AFs we have to respect the requirements of the
* thermal production process,
* product quality,
e air pollution control.

The clinker forming pyro process is not a disposal process!

10
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Fine
ground
raw meal

The clinker burning process

cement
clinker

Calciner Kiln Cooler

Filter | Off-gas | Preheater

2000 + utilisation Main characteristics:
= continuous operation
= sufficient residence

1500 T gas time

Gas temperature
’ = good material/gas
1000 T interaction
= high energy efficiency
s Material temperature of around 80%

[ = can handle partial

Temperature [°C]

0 | melts without clogging
Gas residence time
~10s ~10s | 3-4s [ ~10s 1-25s
Material residence time
40-60s | 30-40 min | ~30 min

12
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Technical Assessment

The conditioning quality determines the length (time for
drying and ignition), length (dwell time) and position
(amount and type of particles) of the SRF-flame and thus
the temperature profile in the rotary kiln.

uonug| g sisAjolAd
uihip

Burning carbon and hydrogen based fuels (coal, lignite, oil/ solvents, SRF or H,)
results in radiant heat for the clinkerization process.

13

Source: PROCESS // Optimization - ZKG 02 2012
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The residence time, oxygen distribution and
the point of feeding defines the grain size of
RDF for designing the pre-processing right.

Component: Saw Dust
Variable: Fraction Ash [%

Credit: aixergee

Fraction Ash [%]

Vice versa a CFD simulation can
guide to the best point of
feeding for the pyro process.

14
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Co-processing Alterative Fuels (AFs)

Fine ground raw

Fuel for the calciner is

typically:

* Mid size (<100mm)

° requires 5 - 8s
retention time

Examples:

 shredded tires (TDF)

* RDF: mix of paper,
textiles, plastic, card
board etc.

meal

Fuel for the kiln inlet
is typically:

* coarse (<800mm)
Examples:

* whole tires
* biomass

v

v

Fuel for a combustion

chamber at the calciner is

typically:

* extreme coarse (<1500mm)

* Requires minutes for
burnout

* hard to handle

Examples:

* HCF

* roughly shredded, as tires,
windblades, tar paper etc.

* biomass as it is, like carnel,
nutshell etc.

Fuel for a main burner is typically:

* comminuted or sprayable to a small
particle size

* obilgatory free of 3-D impurities,
which effect the clinker burning
process (reductive burning)

* easy and fast to ignite

Examples:

* Liquid fuel, like solvents or used oil,

* Impregnated saw dust

* SRF: fine treated, 2-D-fraction mix of
paper, textiles, plastic, card board
etc.

* Ground dry sewage sludge (DSS)

cement clinker




EXPERTS
ON SRF

ERF

<X

Designing the integrale system

target
(to be defined
locally)

solid wastes
and residues

!

I MT + sorting i

PVC elimination

| biogas cleaning |—>|

sludge
T

F---->

«—-m | *--
1

biogas compost

Define the target(s) correctly

Set the plant to the required
characteristics and needs of the client(s)

Consider all long-term costs and
revenues in the design

alternative fuel process product residue
grate fired power plant| heat/ power |ash +FGCR|
o er FBC heat/ power |ash +FGCR|
Pyrolysis heat/ power |ash + FGCR|
PCC cement clinker -
1
A 4
reject o REr CBC heat/ po.wer ash + FGCR
cC cement clinker -
v
| fi | h h + FGCR
reject MT SRE coal fired power plant eat/ power |ash +FGCI

main burner

cement clinker

impurities
and residues

v
sanitary landfill

Abbreviations:

MT
BT

HCF
RDF
SRF
FBC
PCC
CBC
cc
FGCR
MwI

Mechanical Treatment
Biological Treatment

High Calorific Fraction (<300 mm)
Residue Derived Fuel (approx. <100mm)
Solid Recovered Fuel (approx. <30mm)
Fluidized Bed Combustion
pre-combustion chamber (cement kiln)
Circulating Bed Combustion

Calciner (cement kiln)

Flue Gas Cleaning Residues 16
Municipal Waste Incinerator
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Important note:

If a pre-processing is planned, both results &
are required from

S
/S

a) technical assessment
b) thermal potential of the waste

:
:
&
GH |
&)
2
@y
&
(=5

The waste potential and the performance &
of the kiln determine the required i
design of the pre-treatment plant and
thus the necessary investment.

/
i\
\

However, if the conditioning plant reaches its limits, the rotary kiln must be
adapted.

It should be noted that only a sensible and favourable - not a cheap - solution will
lead to a sustainable and long-term security of supply for the kiln operation with a
high thermal substitution rate (TSR).

17



- Designing the pre-process right

HCF - RDF - TDF - SRF -
lysi d #RDF-Power plant # cCalciner # Calciner #Main burner
waste analysis and assessment #FBC #Vortexmill # combustion cement kiln
# Combustion # feedstock for SRF chamber #vessel burnerin
Chamber power plants

#feedstock for RDF
Commercial &
Industrial Waste
(CRIW)

Municipal Solid
Waste (MSW)

calorific value

Mega Joule

ton

Municipal Solid Waste
Commercial and Industrial Waste <300mm
Alternative Fuel

High Calorific Fraction
Fluidized Bed Combustion
Residue Derived Fuel
Solid Recovered Fuel
Near Infrared (Sorting)
Polyvinylchlorid

two dimensional

Primary Shredder
<300mm

Valuables for
recycling

Flat Screen over - light ] | i fine shredder
(o) B 2¥EC s Ferrous separator |——| Ballistic Separator [ E% NIR i *] shredder (<8omm) 2D-sifter s

drop |through heavy|fraction PYC

three dimensional

regarding MSW composition

" biological

Ferrous Separator
Eddy Current |4—| Ferrous Sep: I depending on quality A

3D &
heavy fraction

HCF <300mm
cv ~14-16 G/t

RDF <80mm
cv~15-18 G/t

SRF <25mm
cv ~19-24GJ/t

storage/
homogenizing

storage/
homo, ng
| monitoring monitoring

| shipment/ |

shipment/
conveying

conveying conveying

shipment/ |

TDF <120mm | TDF <80mm
cv max. 28 GJ/t cv max. 28 GJ/t

reception/ reception/ reception/
truck unloading truck unloading truck unloading
| i [ i sampling/
monitoring | 1 v monitorin, | monitoring |

storage/

storage/
izi homogenizing

T BN

| ceiling crane or | ceiling crane or |

< Cement work ‘ ‘ tr@atingpﬂam>

wheel loader wheel loader




Proposed solution for integrating the clinker burning
process into a sustainable waste management system

HCF: High calorific fraction for pre-combustion chamber | m |
reception and shredding <300 mm RDF: low grade fuel for calciner ' '
SRF: high grade fuel for main burner
e B Y
j proper sieving and sifting |
N .
A PVC extraction
80 mm N K [ .
7% N
(] ] l
biological degradation 2 [\ K
X stion- . .
EEETRR — Y
\
b mm ¢
< --. ®e ? SRF to main burner ml
sunn 'm' =t
sanitary landfill - 11 su =
(Y_.n.‘—'.’ 50 e pply of HCF

==== m I |

Parallel to the pre- and co-processing processes, it is mandatory to monitor the
AF qualities in terms of process, product and emissions.




-

)

awejj 2410439

adaeyasip /Aianleqg

juawdiys aioj9q
/3unean-aid jo puj

jJusawjeay-aud

1e SuInRIY

JUBLISSISSE 31Se/

Quality targets

sxaralanin ze0de3
=3 lUAN

in accordance to the permission and process

In accordance to the operational permission

20
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Monitoring the individual access parameters

Abnehmer ECOWEST EBS ZIEL

60.0
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Objective Remark ____[Countermeasure

ash content above 10%

(on 815°C resp. 1000°C)

chlorine above 0,5%

Lower/ gross cv Safety distance
too small

install a more suitable screening system

install NIR

Corresponds to the moisture content,
meaning homogenization or to dry...

21
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Viability

How to develop a contract for supply:

When several agreed parameters and its value
are analysed by norm for the delivery period,
the statistical median value can be calculated
from all results for the regular billing.

Finally, the settlement basis and tolerance are
set in advance, so that the billing is based on
the results of the deviation.

This is the answer to why there is no "market price" for alternatlve fu’ \
Each client has its individual set of tolerance for positive and negative factors of
influence, based on the previous technical assessment regarding process, product

and the emissions.

22
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Viability
How to draw up a supply contract

calorific value (inferior)

<16 MJ/kg 16 MJ/kg >16 MJ/Kg
Correction factor per t per MJ/kg -2,00 € 0,00 € 2,00 €
chlorine content
Concentration <0,9% 0,90% > 0,9%
Correction factor per t per 0,1% 3,00 € 0,00 € -3,00 €
moisture content
Concentration <20% 20% >20%
Correction factor per t per % 1,50 € 0,00 € -1,50 €
biomass content
Concentration <30% 30% >30%
Correction factor per t per % -2,00 € 5,00 € 2,00 €

Incidentally, this billing basis can be extended or shortened as
desired for the supply contracts. And, this also shows very clearly
that it is always worthwhile to assess the composition and
properties of the intended waste in detail first and to align the
processing plant accordingly (invest) in order to produce tailor-
made qualities (quality assurance).
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Viability

How to draw up a supply contract

<16 MJ/kg
Correction factor per t per MJ/kg -2,00 €
Concentration <0,9%
Correction factor per t per 0,1% 3,00 €
Concentration <20%
Correction factor per t per % 1,50 €
Concentration <30%
Correction factor per t per % -2,00 €

Settlement basis per ton (delivery contract):
Pricing based on a bonus/malus agreement

Example 1: Median value/ month
calorific value MJ/kg 17,32
chlorine 1,14%
moisture 30,0%
biomass content 31,8%

Example 2: Median value/ month
calorific value MJ/kg 22,00
chlorine 0,50%
moisture 12,0%
biomass content 15,0%

calorific value (inferior)

16 MJ/kg >16 MJ/Kg
0,00 € 2,00 €
chlorine content
0,90% > 0,9%
0,00 € -3,00 €
moisture content
20% > 20%
0,00 € -1,50 €
biomass content
30% >30%
5,00 € 2,00 €

in accordance to committed norms

=(17,32 MJ/kg — 16 MJ/kg)*2€ 2,64 €/t
...and so on/ see above -7,20 €/t
- -15,00 €/t
- 8,60 €/t
Purchase price: -10,96 €/t

B 12,00 €/t
RS 12,00 €/t
12,00 €/t
-25,00 €/t
Purchase price: 31,00 €/t

24
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Now you can bill on monthly base

v’ Verification of the agreed parameters
v’ agreed on comprehensible norms and

methods
v’ in accordance to the legal frame -
v’ as an honourable merchant \.,}—‘%w
Agreed base amount per ton ;_’\ .

+ Bonus/ penalty due to process parameters

+ Bonus per increase of CO,-neutral ingredients/ behaviour
- penalty per amount of fossil ingredients

- penalty per harming impurities such as water, Cl etc.

gate fee to/ revenue from cement plant

25
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You will find a template of a draft of a delivery contract in the Annex of our

Directional Compass p. 74 — 83
https://wltp.eu/assets/uploads/2016/07/20200305-WLTP-Handbook-2.4-1.pdf

: - fuels
of sotid = rnatve

contrsct

et

§3
Delivery

(1) In consultation with the customer, the supplier shall deliver the AFs to the plant as evenly as
possible during the agreed pericd, i.e. the supplier shall deliver aPPrX. ... tans per
week/ month.

(2) The supplier as well as a commissioned third p
sage only if transport is carried out by third par

ort is entitled to deliver (pas-

1 {3) In order to specify the delivery obligation
agresment, the contracting parties shall agr
latest, stating the expected fuel quantitie
ery plan shall be continuously adapted tc
tinuously as possible.

A 2 (1) of this

B L
A

e B e
UG i
jects " e

jernPrd <

20 — 0%

f?“:ﬁm Zo J— -
.
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Hvala na
pozornosti!

hubert.baier@wltp.eu [=l: EJ
+49 (251) 2871 7368 ﬁ :3
www.wltp.eu ]
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Monitoring the Quality

4

Thermal Substitution Rate (TSR)

tailor made

professional QM/
subsequent retrofitting

.Kiss“ = keep it smart and
simple®

Quality of pre-processing

28
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4) Primary energy price:

$70,00 100%
The current oil price is
still higher than in 1998 - 90%
(14,39%/bbl) when the $6000 — TSR Germany (VD7)
German Cement Industry TSR EU28 (Cembureau) - 80%
starts its dOg run to get 450,00 -—— =—average annual WTI Qil Price $/ Gl

the pole position before - 70%

projects are regionally 40%
made on the individual

bench mark test. $20,00

H, WTI Oil: 41,9 GJ/t
1t = 7,33 barrels

landfilling is prohibited by X025 @0/ o
law from June, 2005. 000 4— 4 | [ g
Since the oil price peak in - 50% §
2013 the profitablity of AF &, o 2

’ £

30%

20%

$10,00
10%

transition period
T T T T T of German landfillban T

0%
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5) Primary energy costs maintenance

costs

Roughly 26% of the cement making process are 6%

energy costs. Depending on the technology personal rawtfr
i i i 23% 7 operating
the clinker burning process varies b A / i

from ~6 kJ/ kg clinker (wet process) 8%

to ~3 kJ/ kg clinker (dry process).
environmental

costs
2%

Since the first oil price ,shock® (1979) capital/
the cement industry started to seek for a i“"‘;fst;:e”t
cheaper energy source, and switched to

lignite, which also marks the specification energy costs
of proper SRF today. 26%

Later, fluid or solid, pre-treated hazardous waste derived fuels and non-hazardous waste
derived fuels are used for co-processing. Now, the financial optimization process has
reached the whole process chain regarding its high competitive situation on the waste
market as well as on the cement market.

The thermal substitution rate (TSR) indicates the use of alternative fuels against fossil fuels
standardized to its net calorific value.

The benefit of AFR is by saving primary energy costs and today to substitute alternative
fuels against those with a better gate fee.
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