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CHEMICAL DATA SHEET Tl

WALHALLA
Walhalla-Dioxorb® 854 KALK

Adsorbent for purifying flue gases composed of telay minerals for the removal of
dioxines and furanes.

Chemical analysis:

Loss of ignition 12.0-150 %
Carbon dioxide 3.0-5.00
Water (105 °C) 3.0-5.0%
CaO 9.0-11.0 %
MgO . 25-35 %
SiO; @\&5"’ 46.0-49.0 %
F&0s & 50-70 %
Al,0; S 17.0-200 %
\O
SOy & 20-30 %
RS
. . Nt
Physical properties: é;'\\o\&@‘
N
Bulk density according to EN 4592 " about 0.7 kgid
\0
O
Riddle analysis: S
&
Residue on test riddle according to DIN ISO 3310 0.1 mm 4-7 %

0.063mm 10 - 14%

Walhalla-Dioxorb ® reacts absorptive and adsorptive with PCDD/F and &avy metals.

The specified numbers are averages without rigtitléo

Safety Data Sheet = Walhalla-Dioxorf - dangerousaroup no. 1.

Date: June 19, 2007
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D 14 Repackaging prior to submission to any of the operations numbered D 1 to D 13

D 15 Storage pending any of the operations numbered D 1 to D 14 (excluding temporary storage, pending collection, on the site where the waste is
produced) ***

* This operation is prohibited by EU legislation and international conventions.

** If there is no other D code appropriate, this can include preliminary operations prior to disposal including pre-processing such as, inter alia, sorting,
crushing, compacting, pelletising, drying, shredding, conditioning or separating prior to submission to any of the operations numbered D1 to D12.

*** Temporary storage means preliminary storage according to point (10) of Article 3.
ANNEX Il

Recovery operations

R 1 Use principally as a fuel or other means to generate energy*

R 2 Solvent reclamation/regeneration

R 3 Recycling/reclamation of organic substances which are not used as solvents (including composting and other biological transformation processes) **
R 4 Recycling/reclamation of metals and metal compounds

R 5 Recycling/reclamation of other inorganic materials ***

R 6 Regeneration of acids or bases

R 7 Recovery of components used for pollution abatement

R 8 Recovery of components from catalysts

R 9 Oil re-refining or other reuses of oil

R 10 Land treatment resulting in benefit to agriculture or ecological improvement

R 11 Use of waste obtained from any of the operations numbered R 1 to R 10

R 12 Exchange of waste for submission to any of the operations numbered R 1 to R 11 **** é\\)&.
R 13 Storage of waste pending any of the operations numbered R 1 to R 12 (excluding tempo&}ﬁy storage, pending collection, on the site where the waste
is produced) ***** OQ

o??@s\

O
* This includes incineration facilities dedicated to the processing of municipal sc@&? te only where their energy efficiency is equal to or above:

Q
0. 60 for installations in operation and permitted in accordance with a@&@e Community legislation before 1 January 2009,

0. 65 for installations permitted after 31 December 2008, . (\&
using the following formula: \Q
Energy efficiency = (Ep -( Ef + Ei)) / (0.97 x? (Ew + Ef)) << OQ\\

In which: 6\0

3

Ep means annual energy produced as heat or electricity. It is Q&c\ulated with energy in the form of electricity being multiplied by 2.6 and heat produced for
commercial use multiplied by 1.1 (GJ/year) <&

Ef means annual energy input to the system from fuels contributing to the production of steam (GJ/year)

Ew means annual energy contained in the treated waste calculated using the lower net calorific value of the waste (GJ/year)
Ei means annual energy imported excluding Ew and Ef (GJ/year)

0.97 is a factor accounting for energy losses due to bottom ash and radiation.

This formula shall be applied in accordance with the reference document on Best Available Techniques for waste incineration.
** This includes gasification and pyrolisis using the components as chemicals.

*** This includes soil cleaning resulting in recovery of the soil and recycling of inorganic construction materials.

*hkk

If there is no other R code appropriate, this can include preliminary operations prior to recovery including pre-processing such as, inter alia,
dismantling, sorting, crushing, compacting, pelletising, drying, shredding, conditioning, repackaging, separating, blending or mixing prior to submission to
any of the operations numbered R1 to R11.

***** Temporary storage means preliminary storage according to point (10) of Article 3.

ANNEX 11l

Properties of waste which render it hazardous

H 1 "Explosive": substances and preparations which may explode under the effect of flame or which are more sensitive to shocks or friction than
dinitrobenzene.

H 2 "Oxidizing": substances and preparations which exhibit highly exothermic reactions when in contact with other substances, particularly flammable
substances.

H 3-A "Highly flammable"

— liquid substances and preparations having a flash point below 21 °C (including extremely flammable liquids), or
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Annexes

10.4Energy calculation methodology and example calculation

Data appear in this document that was calculated and compiled by members of the £rergy sub-
group of thre 7HG (£5G). This annexe provides the calculation method that was developed and
used by some of the members of this sub-group when compiling the data shown. It should be
noted that there exist various methods for the calculation of energy efficiency, however it is
anticipated that the provision of the method developed and used by the TWG sub-group may
help reader to understand the basis for the figures derived by energy sub-group work.

10.4.1 General explanations of terms and system boundary of the energy
calculation

For the purposes of the BREF the calculation was restricted to the waste “incineration site”. The
diagram below summarises the system inputs and outputs used by the BREF ESG:

Input (imported) Output (exported)
Fuel* wcity
Energy contributing el & | — Thermal g:ee::nr'c'ty O, oxp
To steam production Waste E, L, M;:;ocess 'np.mp.ip exp
— energy >
conversion Heat O 0
> | steamisyngas &g“

Fuel E,,,, production Syng%‘s Ot exp

Energy input e —

to the process ~ St€aM Eyppiimp Ny D)
and not to - Electricity E,,, - O 3} Total energy losses
steam production B Flue gas S »
Heat E, ., ‘::;:'"@é}\;\
_—
Others Ey, imp an’g&\%& E e
E g FI
X circ & (@)
RN
XS A 4
S
X
* e.g. fuel for auxiliary burners 6\
£
o

Q‘O’
Figure 10.14: Summary of the energy @?stem inputs and outputs used by BREF ESG

The main energy flows in waste incinerators can be summarised as:
a) Energy inputs (imported)

¢ only the energy input that is imported for the incineration process itself is included (see also
d below). This will include, for example, the energy required for operation of a bulky waste
shredder

* energy required to operate, for example, a full RDF plant (whether on site or not) is (for the
purposes of this calculation) outside the system boundary and should not be included in the

calculation (however it should be noted that this may be very significant if a wider life cycle
boundary calculation is attempted)

¢ do not include energy required for waste collection, transportation and external pretreatment
that is not necessary for the incineration process

* other energy imported to the site is included as an input e.g. electricity, natural gas for flue-
gas reheating and/or oil for auxiliary burners, as long as they are partly or totally used to
cover the energy needed in the incineration process.

590 Waste Incineration
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b) Energy conversion

This is the energy from wastes/fuels that is converted in the incinerator to another form (e.g.
steam or syngas) for export or circulation.

©) Energy outputs (exported)

e only the actual amount of energy exported is included (i.e. the gross production minus the
energy circulated and consumed as losses to run the process itself)

¢ auxiliary on-site energy usage such as lighting and heating for offices should only be taken
into account in the efficiency calculation if these figures are available and if a very precise
balance is wanted. Otherwise this influence is considered small and can be neglected

¢ where energy is used on-site for another process (e.g. drying of sewage sludge or for running
a district heating) this is counted as an output (export).

d) Circulated energy as energy losses (for explanation see figure above)

This is the energy that is generated by the process (e.g. steam/heat/electricity) that is then used
in the process itself. This energy is not considered to count as a system input because it has not
been imported from outside the system boundary. However, it is considered important that such
circulation (if it is providing for energy losses) should be identified (as they substitute for
imported energy) and should therefore be included in the check-list.

&
10.4.2 Example of NCV calculation used by&ergy sub-group

The data required for the calculation are gene ﬁxxé;allable to incineration plant and are either
measured or calculated from dimensioning Eéé@s such as steam parameters.
N
Method to calculate NCV of 1ncmeratqé\rgéno and mixed waste
QE' N
¢c=(1.133x (n@?@l) X ¢y 5 T 0.008 x T;)/1.085 (GJ/tonne)

= lower (net) calorific gacfue (NCV) of the incinerated waste with mst w /m > 1

(GJ/tonne) 095\

2

mg =g, - (mf X(cf/cst x)x nb)
My w = amount of the produced steam out of waste in the corresponding time period to mg . e.g. per
year (tonne/y)
mg « =total amount of the produced steam in a defined time period e.g. per year (tonne/y)
my =amount of fuel with steam production (see E; in checklist) in the corresponding time period
to my « €.g. per year (tonne/y)
m =amount of incinerated waste (see E,, in checklist) in a defined time period to my, e.g. per
year (tonne/y)
Cstx = net enthalpy of steam (enthalpy of steam minus enthalpy of boiler water) (GJ/tonne)
see e.g. VDI Steam Tables in general constant for every single plant
Cr = net calorific value of fuel with steam production see table 1 (GJ/tonne)
Ty — = temperature of flue-gas after boiler (at 4 — 12 % O in flue-gas) (°C)

0.008 = spec. energy content in flue-gas (GJ/tonne x °C)

1.133 and 1.085 = constant figures by regression equation

nb = efficiency of heat exchange (as approach 0.80)

Reference:

The basic equation for the calculation of NCV is taken from:

“Technology of Waste Incineration in Theory and Practice (Verbrennungstechnik von Abfillen in
Theorie und Praxis)”, 1995 ed. by Reimann, D.O.; Himmerli, H;. and

VDI “Steam Tables”, 1968 ed. by Schmidt,E.

Waste Incineration 591
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Example NCV calculation for an average MSW:

Steam parameters 40 bar, 400 °C, Cstnp = 3,217 Gl/tonne
boiler water 3.2 bar, 135 °C Cetbw =().565 GJ/tonne
(constant for this W-t-E plant) Cstx = 2.652 Gl/tonne
Mgy, =404623 (tonne of HP steam)
mg =95.875 (tonne of fuel) (light oil)
Cs = 42.73 GJ/tonne
Mo = efficiency of heat exchange (as approach 0.80)
Mg v =myg hp = (mf X (Cf/cst x) X 080)
= 404623 - (95.875 (tonne)x (42.73/ 2.652) x 0.80) = 404623 - 1236 = 403387 (tonne)
m = 126692 tonne of mixed municipal solid waste (MSW)
Ty =220°C (at 6 — 11 % O, in flue-gas)
C = (1.133 X (Mg w/m X ¢4 ) + 0.008 x T},)/1.085
C =(1.133 x (403387/126692) x 2.652) + 0.008 x 220)/ 1.085 = (9.567 +1.760)/1.085

NCV = C =10440 GJ/ tonne = 2900 MWh/tonne as average of mixed MSW

P
10.4.3 Basic operational data for three examples of th\@xé\nergy calculation
)

Annual basic operational data and figures may be collecte:i?/? @\%ﬁieck-lis’t shown below.
&
The check-list shown includes the data for the exam&]ﬁ?@tkﬂ) production and export. Instead
of generating an individual list for operational g&lg\ ata of a plant the use of a standard
checklist will deliver higher accuracy and redggﬁ' é&\% risk of forgetting data to be taken into
account for the energy calculation method. 0{&\@(\‘
Q
QQOQ\\
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Questionnaire/check-list Accounting Period Example calculation
Name of the plant:  Plant W-t-E with CHP production
Scope of the energy halance: W-t-E plant onl

INFORMATION TO BE PROVIDED FOR ENERGY CALCULATION AS BASIS FOR PLANT-EFFICIENCIES
AND ENERGY RESULTS. THE YELLOW FIELDS SHOULD BE FILLED QUT WITH THE RELEVANT DATA

FOR THE PLANT AS ACCURATE AS POSSIBLE:

Basic data

Name of plant Example of calculation of combined heat and power recovery in accordance to BREF
Name of company _ [(2. draft) chapter 3.6.4.3
Address
Contact psrson
Telephone
Fax
E-mail
Energy input from waste for E.,
Amourt of all kind of waste incinerated, F
irespactive of type and composition Total amount of waste incinerated 126692 [Mg](t) Ig,,
Of which , waste for energetic recovery is included 0 [Mgl(t)
Imported energy with steam-heatproduction £ amount (onty one cotum to be filled out)
Importad energy  [Natural gas INCV [GUAD® Nrf] 0,0 [MWh] 0,000 [1000 Nt
contributing to  |pigestion gas NCV [G/10* N 0,0 [MWh] 0,000 [1000 Nm*)|Ee'
|steam-iheat Light fuel oil 42.730 [Hu (ung) 0.0 fm*] 95,9 [!ﬂm|5
production, e.g . :
for auxiliary Homvy fust of Y 19 0.0 [m’] 0,0 [Mgjit)|Es
bumers, start-up |Oter oiis] NCV [Guvg] 0,0 [m] 0,0 (Mgl()|Ee
o Sikawe | FRomcon NV [aimg] 0,0 Mgl |E:
proportionately , q’»"
alc, Hard coal, .
Coke NGV [GiMg) é\O 0.0 [MQJ{IIIE'
|wood NCV [GUMg] S 0,0 (Mg)(t)[E:
ROFISRF NCV (G Y 0.0 (Mait)[E:
Others | [T 0,0 [Mgj(t)
Hot water, district heat A ]
“ If this cannot be determined exactly,  §0% with and 50% without s| L] lon can be assurmed in the cass of mHnor use of auxiliary fuel and  70%
with and 30% witheut  steam p in the case of éo&?»nary fuel
Imported energy without steam-/ens T ﬁciigg_E_ o amount (only one columto be filled out)
Imported energy |Matural gas M N [meviauno v 0,0 (MWh]
n;g_;c;)mnbunng Digestion gas . (O8> [Meviowio e 0,0 [MWHh]
roduction, o, [Methane S~ ST o g 0.0 pawh)
for flue gas  JLightfuetoll X &V 42730 [nucumg) 0,0 [nv']
treatment, start- |Heavy fuel oil , O NCV [GWMg] 0,0 [m"]
up and shut-down |Gasoil, \0 R
proportionately’, |other oils 5 NSV il 0.0 [m]

etc. [Electricify

Hot water, district heat

Steamguantity

Steam np.melp |Sleamparameters [bar],
Boilerwaler/condensate rc]
Steamquantity 0,000 {MM‘M
Steam np o [Steamparameters [bar], [*C]
Boilerwater/condensate [c]

alternative: Steam In MWh, /a 0 [MWhh]
Others | 1 [nevicumg) 0,000 [Ma](t

Table 10.97: Energy efficiency calculation data checklist 1

Waste Incineration 593

EPA Export 26-07-2013:11:09:33



Aunnexes

Circulated energy E. .o

Total energy E, oy " lamount

Demand and losses
out of E, e ™

Self produced  [Electricity 17520,0 [MWhe] 17520,0 (MWhel{E;
energy used in | tity? t 12458 t
the process as st Steam quantity 32458 Mgl(t) [Holf }Ext rp.mpp ere
circulated energy. @am hpmp tp| Steam parameters [bar], ['C] 40 bar, 400 *C
For BRLF/EUCH Boiler water/condensate ['C) 136*C
Steam quantity’ | 68000 [Mg](t) 6800 [M](t) Ext vomp p v
! - Steam npmp lp| Steam parameters [bar], ['C] 40 bar, 400 *C
aeman iy e
B only 7 Boiler water/condensate 'cl 0*C
energy sses
(demand Steamquantity” I 0 [Maglit) 0 [Mgl(liﬁa hemp. che
saker nlg Steam hp.mp Jp| Steam parameters [bar], ['C]
account. | Steam backflow r'c
alternative: Steam in MWh, /a 0 [MWhh]| 0 [MWhh]|Ea e
Hot water, district heat’ 3760 [MWhh] 3780 [MWhh]|Ey, e
Others | | NCV [GJiNg] 0,000 [Mg)(t)[Esmerare

* The totai circulated energy shouid be #ltad in this colums (E, . total)

** Only the part of the total croulated energy from

* witch 15 used ta cover the Wotal Insses/damand of the process. These losses can
rzach as a maxmum E, circuiated but are in general by far lower, For self control the informaten under >

8re Necessary.

® to find out not only the consumption but even the real losses of the process it is necessary to distinguish between self produced ensrgy
which is circulated andmmeammLmauﬂg_enﬁwﬂm e.g. heatmg up flua Qas before ch'mney or SCR System

without influencing the steam/heat production and

the steam/heat production by circulation of this energy e. g for heahng up ofthe combushon airin me combusuon chamber or boder watar/
condensate as well as partially for cleaning up the boiler with steam. To take this fact into account the use of the circulated energy should

be described in the following lines under # ** in a short version and it's distribution in quantity of the total corresponding consumption too

e.g. for heating up flue gas or heating up boiler water, to avoid misinterpretation.

Short wording of the consumed circulated energy and quantity of it's corresponding total amount:

? Consumption for heating up flue gases befors SCR = 32458 My/a

#_HP-steam for sootbiowing 10 % of 68000 Mg/a = 6800 Mg/a

4

7 Heating of plant buildings = 3760 MWhh

&

<&

II‘ mumple uae of the consumed circulated energy ks happening e.g. in more than one stage piease indicate this tooo

S

Exported energy O, o, amount
Exported energy |Electricity K 31730,0 [‘M‘Nhell s
Steam quantity R 0,000 (Mg}it)|Ox
Steam hp.mpp|Steam parameters 00 . ['Cl|
Boiler water/condensate . Q(\ A "cl
Steam guantity e &(\ 0,000 [Mg}{t)|Ou hpmap wap |
Steam hp,mp.ip| Steam parameters X (\éé \O [bar], [*C]
Boiler waterfcondensaté, * ; Q\ [‘C]J_
Steamquantity 0\\ 0,000 [Mg]it)|Ox  he.mpp asp |
Steam hp,mpJp|Steam parameters o O [bar], ['C]
Boiler water/c n¥ate [*C]
Steam quanli$ 0,000 [Mal(1){Ou nampp sep |
Steam hp,mp Jp|Steam pa(a@}llm's [bar], [*C]
Boiler waler/condensate rc)
Heat Hol water quantity 0,000 I“O](ilqonm
:ﬂ‘;‘:‘:":‘_r::;h:‘" Hot water effluent Icl
heat in MWh,  |Hol water backfiow Icl
alternative: Steam in MWh,/a 0 [MWhh] O:m
Hot water, district heat 0,000 [MWhh]| 137375,000 [MWhh]{Oy
Others | | NCV [GJ/Mg} 0,000 [a.m)mli:l.,...m

Table 10.98: Energy efficiency calculation data checklist 2
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Thermal output/ calorific value/ O,~content

Total thermal output of the entire plant 54,0 [MW]
Average net calonific vaiue (NCV) of the waste, estimated by operator no Infol
[Average net calorific value (NCV) of the waste, caiculated by operator 10,440 [GJMg]|
Average net calorific value (NCV) of the waste acc. to formula by BREF/BAT 10,439 [GJ/MQH
Boiler efficiency 83,0 [%]
O,-content of the raw gas (after boiter) as dry 8,0 [%]
0 content after stack of the clean gas as dry 8,5 [%]

Steam/ hot water production

Produced steam/hof] Steam steam quantity 404623 [Mgl(t)
water out of boiler o "
or wherever  [1PPiP steam parameters [bar], [°C] 40 bar/400 *C
useable steamy  |2HiELDYEL condensate backfiow °C] 135°C
et roies e roam sty 5000 i)
hunn @ to
indnera?ion process|PPmPIP steam parameters [bar], [°C]
e.g. by heat pumps |2i2€2here condensate backflow °C}
SCRwith heat  |g¢eam alternative: Steam produced in MWhy,/a o [MWhh]
recovery, additionat -
Eco's in the thermai Hot wat hot water quantity 0,000 Mgt}
waste treatment. l ° ‘”"?‘, er hot water effiuent ['Cl
hot water backflow {°C)
Hot hot water quantity 0,000 [Mgi(t]
‘° V\Llatar hot water effluent [*C]
hot water backflow [°C]
Hot water, district heat 6,008 [MWhh]J
Flue gas/ Clean gas \)&
Fiue gas temperature after boiler (corresponding to the point of previous d@or steam 220G
or hot warer production)
[Volume flow of clean gas NS “ ) Y
(under standard conditions, dry) Q {§ 3 lines 96603 [Nm*/h)
Voiume flow of clean gas as annuait totat for the entire plaa?? " 5000 "
(under standard conditions, dry) & 3 lines 65 000 [Nm*/a]
Fiue gas temperature after chimney Qo éb‘ 120 I°C]
AR
S
S)
\ ‘0

Table 10.99: Energy efficiency Qgﬁ& lon data checklist 3
6\

3
10.4.4 Energy calcu!ﬁ}l\on formulas with basic operational data for three
examples of'the energy calculation

The annual basic operational figures and data are the basis for the calculation of specific energy
results and percentage efficiencies.

For the purpose of aggregation of data relating to the consumption/production/export of
different sources of energy, reference has been made to GJ. However, more commonly electrical
energy is reported as MWh,, and steam, heat and hot water as MWhy, therefore the examples
are calculated with this unit.

To enable the comparison between different incineration plants in an easy and rellable way,

equlvalency factors have been con51dered for energy conversions to obtain energy balances.

Method 1: Net annual specific (i.e. per tonne of waste treated) energy needed for and recovered
by the installation, expressed as absolute and equivalent energy figures (N), in cotrelation to the
quantity of incinerated waste (investigation period one year)

The specific value for the amount of energy produced, exported or needed per tonne of waste
input is obtained simply by dividing the annual data by the waste throughput. The result delivers
specific information for the considered plant because the NCV of waste itself is not taken into
account.

Waste Incineration 595
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This technique uses annual totals to calculate separate figures for:

total specific energy demand of the entire plant per tonne of waste input Nop sp

total specific electrical energy production/export per tonne of waste input Ne sp prod/exp
total specific heat and steam production/export per tonne of waste input Nh/st sp prod/exp
total specific electrical energy and heat/steam production/export of the entire plant

per tonne of waste input Ne+h/st sp prod/exp

Method 2: Percentage yield ()

This method calculates the overall percentage of energy needed for and recovered by the
installation in relation to the steam producing energy inputs from the waste, as well as other
energy inputs (e.g. support fuels) i.e. in relation to the total energy input into the plant.

Because the energy content of the waste input is included, an advantage of this method is that
comparison is possible between incineration plants, independent of the waste type. This
calculation method is widespread and the results are generally well understood. If the NCV of
the waste is not known, it can be obtained from knowledge of the produced steam.

In this method, separate efficiency values are calculated for electricity and heat
production/consumption using absolute figures as well as energy equivalents. These figures may
be added together to give a total efficiency figure.

This technique uses annual totals for the entire plant to calculate separate;)f‘lgures for:
>

e percentage of energy demand of the entire plant in relation to th@%tal energy input yop sp
o percentage of electrical energy production/export in r@f‘atﬁb to the total energy input

MNe sp prod/exp
e percentage of heat and steam production/export llyb%@fﬁ)n to the total energy input g sp

prod/exp
e percentage of electrical energy and heat/steagk gx‘bductlon/export of in relation to the total

energy IHPUt ne+h/st sp prod/exp \Q \(\
<<(§ *\\Q
The basic equations are: \OOQ
Q\o
a) in absolute figures 0@

In this case all data even for electr1c18f and heat must be counted not as equivalents but as
measured figures e.g. MWh, and MWH, or in GJ. and GJ;, all others with their energy content

b) in equivalent figures
Here all data for electricity and heat must be counted as equivalents e.g. MWh, ., and
MWHj, equ all others with their energy content

Specific energy demand of the entire plant in correlation to the quantity of waste incinerated:

op sp (Ef + Ex imp + Ex c1rc)/ m

—a)yasMWhgaft(ef wasteyor Glgad/t{ofwaste}—————— +——————— —
b) as MWh,, ./t (of waste) or GJ,, ./t (0f waste)

Examples for specific energy demand in relation to the basis data of table 1 in section 3 and
Chapter 3.5.5 of the BREF

a) plant with only electricity production (in absolute) No, o, = (1138+ 1318 + 51269)/ 126692 =0.424MWh abs/t

b) plant with only electricity production (in equivalent) N, o, = (1138+ 1612 + 80226)/ 126692 =0.655MWh equ/t

a) plant with only heat/steam production (in absolute) N, ,,= (1138+18838 +33749)/ 126692 =0.424 MWh abs/t

b) plant with only heat/steam production (in equivalent) Ny, o, = (1138+47717 +34121)/ 126692 =0.655 MWhequ/t

596 Waste Incineration
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a) plant with CHP (in absolute) Nop =(1138+ 1318 + 51269)/ 126692 =0424 MWh abs/t
b) plant with CHP (in equivalent) Nop, = (1138+ 1612 + 80226)/ 126692 =0.655 MWhequ/t

Percentage of total specific energy demand of the entire plant in correlation to the total
energy input

Ilop abs ((Ef + Ex imp + Ex c1rc)/(Ef + Ex imp + Ew)) X 100 {OA)}

Examples for percentages of energy demand in connection with the basis data of table 1 in

section 3.

a) plant with only electricity production (in absolute) tep abs = ((1138+ 1318 + 51269)/ (1138+ 1318+367406))*100 =14.5 (%)
b) plant with only electricity production (in equivalent) Nop equ = (1138+ 1612 + 80226)/ (1138+ 1612+367406))* 100 =22.4 (%)
a) plant with only heat/steam production (in absolute) Moy ats = (1138+18838 +33749)/ (1138+ 1318+367406))*100 =13.9 (%)
b) plant with only heat/steam production (in equivalent) Nop cqu = (1138+47717 +34121)/ (1138+ 1612+367406))*100 =19.9(%)
a) plant with CHP (in absolute) flop s = (1138+ 1318 + 51269)/ (1138+ 1318+367406))*100 =14.5 (%)
b) plant with CHP (in equivalent) Moy .qu= {1138+ 1612 + 80226)/ (1138+ 1612+367406))*100 =224 (%)

Total specific electricity produced in correlation to the quantity of waste incinerated;

__Ne sp prod, = (Oe exp, + Ee cirr)/ m

Total specific electricity exported in correlation to the quantity of waste incinerated:

—uma__(_wm)_/ﬂ@

a) as MWh,, ¢/t (of waste op abs/t (of waste)
b) as MWh, g/t (of wagé @%JO,, «qu/t (Of waste)

Examples for specific electricity produce Jéx orted:
p

a) plant with only electricity production (in absoh@?&agpmd (17520+50800)/ 126692 = 0.539 MWHh, abs/t
« N exp (50800) 126692 = 0.401 MWh, abs/t
b) plant with only electricity production (in agh?(@nt) Nc spprod = (17520 +50800)*2.6316) 126692 =1.419 MWh. equ/t
<< OQ Neexp = (50800*2.6316)/ 126692 = 1.055 MWh, equ /t
¢
a) plant with only heat/steam productlon\éi absolute) Ne g pros = (0)/ 126692 =0.0 MWh, abs/t
Newp =(0) 126692 =0.0 MWh, abs/t
b) plant with only heat/steam prod@ﬁ?n (in equivalent) N g poa= (0)/ 126692 =0.0 MWh, equ /t
Neexp = (0)/ 126692 =0.0 MWh, equ /t
a) plant with CHP (in absolute) Nespproa= (17520+31730) 126692 =0.389 MWh, abs/t
Neep =(31730) 126692 =0.250 MWh_ abs/t
b) plant with CHP (in equivalent) Nesppoa = ((17520 +31730)*2.6316)/ 126692=1.023 MWh, equ /t
Neexp =(31730*2.6316)/ 126692 =0.659 MWh, equ /t

Percentage of total electricity produced and exported in correlation to the total energy
input:

Neabs = ((Oe + Ee circ)/(Ef + Ex imp + Ew)) x 100 {0/0}

Examples for percentages of electricity produced and exported:

a) plant with only electricity production (in absolute) Ne absproa = (17520+50800)/ (1138+ 1318+367406))*100 =18.5 (%)
Newbresp = (50800)/ (1138+ 1318+367406)*100 =13.7 (%)
b) plant with only electricity production (in equivalent) 1, cqu proa = (17520 +50800)*2.6316)/ (1138+ 1612+367406))*100 =48.6 (%)
Ne cquexp = (50800*2.6316)/ (1138+ 1612+367406))*100 =36.1 (%)
a) plant with only heat/steam production (in absolute) Ne abs proa = (0)/ (1138+ 1318+367406))*100 =0 (%)
TNe abs exp = (0)/ (1138+ 1318+367406))*100 = (%)
b) plant with only heat/steam production (in equivalent) 1, cquproa = (0)/ (1138+ 1612+367406))*100 =0 (%)
e cquerp= (0)/ (1138+ 1612+367406))* 100 =0 (%)
a) plant with CHP (in absolute) Te abs prod = (17520+31730) (1138+ 1318+367406))*100 =13.3 (%)
e st exp = (31730)/ (1138+ 1318+367406))* 100 =8.8 (%)
b) plant with CHP (in equivalent) TNe cqupeoa = (17520 +31730)*2.6316)/ (1138+ 1612+367406))*100 =35.0(%)
Neepmerp = (31730%2.6316)/ (1138+ 1612+367406))*100 =22.6 (%)
Waste Incineration 597
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Total specific heat/steam produced in correlation to the quantity of waste incinerated:

Nh/st spprod — (Oh/st exp + Eh/st circ)/ m

Total specific heat/steam exported in correlation to the quantity of waste incinerated:

Nh/s[sp exp (Oh/s[ exp)/ m

a) as MWh,, ./t (of waste) or GJ,, a5/t (of waste)
b) as MWh,, .../t (of waste) or GJ,, ../t (of waste))

Examples for specific heat/steam produced and exported:

a) plant with only electricity production (in absolute) Nh/st sp prod = (33749+0)/ 12669 =0.266 MWhbh/st abs/t
Nh/st exp = (0)/ 126692 =0.0 MWhlv/st abs/t
b) plant with only electricity production (in equivalent) Nh/st sp prod = (34121+0)/ 126692 =0.269 MWhh/st equ/t
Nh/st exp = (0)/ 126692 =0.0 MWhhv/st equ /t
a) plant with only heat/steam production (in absolute) Nh/st sp prod = (33749+242443)/ 126692 =2.180 MWhly/st abs/t
Nh/st exp = (242443)/ 126692 =1.914 MWhh/st abs/t
b) plant with only heat/steam production(in equivalent) Nl/st sp prod = (34121+242443)/ 126692 =2.183 MWhlv/st equ /t
Nh/st exp = (242443)/ 126692 =1,914 MWhh/st equ /t
a) plant with CHP (in absolute) Nh/st sp prod = (33749+137375)/ 126692 =1.351 MWhH/st abs/t
Nh/st exp = (137375)/ 126692 =1.084 MWhb/st abs/t
b) plant with CHP (in equivalent) Nh/st sp prod = (34121+150961)/ 126692 =1.461 MWhh/st equ /t
Nh/st e exp = (150961)/ 126692 =1.192 MWhh/st equ /t

input: &
8

o
Percentage of total heat/steam produced and exported in correlatigi?to the total energy

Nast avs= ((Owst + e i)/ (B + Ey iﬂ%,@zg@ x 100 {%}

ST
Examples for percentages of heat/steam produced aorkd%zg%rted:

X (\é\
a) plant with only electricity production (in absolute) nh/st abs prod = (337, 138+ 1318+367406))*100 =18.5 (%)
nh/st abs exp= (0)/ (&@s% 18+367406)* 100 =13.7 (%)
b) plant with only electricity production (in equivalent) h/st equ prod@ (%} +0)/ (1138+ 1612+367406))*100 =48.6 (%)
nh/st equ exp = (0 /(; 8+ 1612+367406))*100 =36.1(%)
&
A\
a) plant with only heat/steam production (in absolute) wh/st ab d = (33749+242443)/ (1138+ 1318+367406))* 100 =713 (%)
nh/st ab: = (242443)/ (1138+ 1318+367406))* 100 =62.6 (%)
b) plant with only heat/steam production (in equivalent) nQA equ prod = (34121+242443)/ (1138+ 1612+367406))*100 =66.4(%)
nhist equ exp = (242443)/ (1138+ 1612+367406))*100 =58.2 (%)
a) plant with CHP (in absolute) nh/st abs prod = (33749+137375)/ (1138+ 1318+367406))*100 =9.1 (%)
nh/st abs exp = (131730)/ (1138+ 1318+367406))*100 =0.0 (%)
b) plant with CHP (in equivalent) nh/st equ prod = (34121+150961)/ (1138+ 1612+367406))*100 =92 (%)
nh/st equ exp = (150961)/ (1138+ 1612+367406))*100 =0.0 (%)

Total specific electricity and heat/steam produced in correlation to the quantity of waste

incinerated:

Ne+h/st sp prod = Ne sp prod + Nh/st sp prod

Total specific electricity and heat/steam exported in correlation to the quantity of waste

| incinerated:
Ne+h/st sp exp = Ne sp exp + Nh/st sp exp
a) as MWhy, ./t (of waste) or Gl s/t (of waste)
b) as MWhy, equt (of waste) or GJ, ./t (of waste)
598 Waste Incineration
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Examples for specific heat/steam produced and exported:

a) plant with only electricity production (in absolute) Ne+h/st sp prod = 0.539 + 0.266

Ne+h /st exp =0401+0
b) plant with only electricity production (in equivalent) Ne+h /st sp prod =1.419 +0.269
Ne+h /st exp = 1.055+0
a) plant with only heat/steam production (in absolute) Ne+h /st sp prod = 0 + 2.180
Ne+h /st exp =0+1914
b) plant with only heat/steam production (in equivalent) Ne+h /st sp prod =0+2.183
Ne+h /st exp =0+1.914
a) plant with CHP (in absolute) Ne+h /st sp prod = 0.389 + 1.351
Ne+h /st exp =0.250+ 1.084
b) plant with CHP(in equivalent Ne+h /st sp prod = 1.023 + 1.461

Ne+th/steexp =0.659+ 1,192

=0.805MWhe+h/st abs/t
=0.401MWhe-+h /st abs/t
=1.688 MWhe+h /st equ/t
=1.055 MWhe+h /st equ /t

=2.180 MWhe+h /st abs/t
=1.914 MWhe-+h /st abs/t
=2.183 MWhe+h /st equ /t
=1.914 MWhe+h /st equ /t

=1.740 MWhe+h /st abs/t
=1.334 MWhe+h /st abs/t
=2.484 MWhe+h /st equ /t
=1.851 MWhe+h /st equ /t

Percentage of total electricity and heat/steam produced and exported in correlation to

the total energy input:

— o,
MNe+h/st abs = MNe abs + Mhist abs { A’}

“e+h/st gﬁ Tle equ + nh/st equ {%}

Examples for percentages of heat/steam produced and exported:

a) plant with only electricity production (in absolute) Me+h/st abs prod = 18.5 + 9.1
ne+h/st abs exp = 13.7 + 0

b) plant with only electricity production (in equivalent) ne+h/st equ prod = 48.6 + 9.2
ne+h/stequ =36.1+0 S ’

a) plant with only heat/steam production (in absolute) ne+h/st abs prod = 0 %13
ne+h/st abs exp = 0 +62.6

b) plant with only heat/steam production (in equivalent) ne+h/st eql@xd +66.4

ne+h/st Q@V 0+582

a) plant with CHP (in absolute) ne#st; @rod =133+463
s exp = 8.6 +37.1
b) plant with CHP (in equivalent) OQ*q #h/st equ prod = 35.0 + 50.0

§$ h/stequexp = 22.6 +40.8
LSS

=27.6 (%)
=13.7 (%)
=57.8 (%)
=36.1 (%)

=71.3 (%)
=62.6 (%)
= 66.4(%)
=582 (%)

= 59.6 (%)
=5.7 (%)

= 85.0 (%)
=633 (%)

Boiler efficiency by heat/steam_production in absolute figures in correlation to the total

heat/steam producing energ%umﬁﬁt:
[$xhd
S\

(Y

$)
= (Eh/st boiler/(Ef + Ew))x 100 {%}
N

or_because by losses of energy in the bottom ash, boiler dewatering and radiation

estimated only 97 % released heat out of the furnace into the boiler

M 972%) = (Evst_boiter/0.97x(Es + E))x 100 {%}

Examples for boiler efficiency by heat/steam production in absolute figures in correlation to the

total heat/steam producing energy input:

1 = (B roiter/(EF + Ew))x 100 =(289207/(1138 + 367407))*100
nb (97 %) = (Eh/st boiler/0.97x(Ef + Ew))x 100 = (289207/(0.97*(1138 + 367407)))*100

=80.9 (%)
=834 (%)

10.4.5 Equations to calculate the plant efficiency (Pl ef)

Annual basic operational figures and data are the basis for the calculation of the plant efficiency
figures for the 3 examples given here. Both calculations provide a figure for the total efficiency

of a plant (P ef) but with different correlation.

The exported (sold) energy minus the net part of imported energy is divided by the total energy
demand for the waste incineration process, including flue-gas cleaning, generation of heat and

electricity etc.

Waste Incineration
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Because the calculation does nearly not take into account the energy content in the waste, it only
allows efficiency comparison of incinerators processing similar wastes.

Pl ef = (Oexp = (Ef +E imp))/(Ef +E imp +E cirC)

all figures as equivalents in accordance to BREF, Chapter 3.5.6

E¢ = annual energy inpur lo Iie sysiem by juels with steam production (GAY)

Eimp = @wzual imporred energy (Note.: energy from the treared waste (£,) is not included)
E e = amnnal energy circulated

Oug = annual exporied energy (combined rolal of freat plus elecrricity as equivalents)

For the calculation of Pl ¢ the figures of section 3, enclosure 2 and 3 are used:

plant with only electricity (13.7 % abs) export (in equivalent)

Pl = (133685 - (1138+1612))/(1138+1612+80226) = 1.58
plant with only heat/steam (steam 62.6 % abs) export (in equivalent)

Pl .s= (242443 - (1138+47717))/(1138+47717+34121) = 2.33
plant with CHP (H=37.1 % abs and P= 8.6 % abs) export  (in equivalent)

Pl s =(234462 - (1138+1612))/(1138+1612+80226) = 2.79

e
If the resulting figure is 0 or <0: &
SR

Zhis mearns 1hart no energy Is exporred (BREF) or produ ) bur some imported energy Is

needed This could be because no energy is recovered g bélause the energy thal is recovered is
consumed By e wdasle Incineralion process lsel) ag&%ﬁ?‘wwfdé/e » JOr export and furifier more

Some imporied energy Is necessary. Qg;\\ &
KO
If the result is higher than 1: Qé\*{\q
X

THIs shows thar e plant minus mporie 9\76/;9/ WIIA Steam production is exporting (BREF) or
producing (FC) more energy /éafo(\&éaf which 1§ required lo ogperare the rolal wasie
Icinerarion process. C©

This calculation does not require knowledge of the energy content of the waste. However, the
result will be influenced by the waste energy content, and it can be expected that wastes with a
higher energy content can result in greater energy exports, and hence higher values of P ;.

600 Waste Incineration
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Appendix G4

Spreadsheet of Calculations
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Dr.-Ing. Dieter O. Reimann, scientific & technical advisor to CEWEP, Abt-Wolfram-Ring 11, D-96049 Bamberg, telefon++49(0)951/602352,

fax

++49(0)951/9682791, mobil ++49(0)173/1722248, www.reimann-abfallenergie.de, info@dr-reimann-bamberg.de

Determination of the R1-Factor in accordance to the Draft of the Waste Framework
Directive (WFD) (status Dec. 2005)

WILE plant Meath-Ireland

Part A

calculation period 1 hour, estimated annual operation hours 8000- 8200 h/a

# description identification in data unit remarks and basis of
R1 formula calculation
1|calculation period 1]hour
2|total input of waste 26.67]ton planning data
3|heat value of waste (NCV) 9.35]GJiton  |planning data
4[energy input by waste Ew 249.3645]GJ 2*3
5 Ew 69.3|Mwh 2*3/3,6
6|energy demand of primary fuels (imported) steam/WW producing e.g. 1.17740741|GJ
for start up and shut down planning data
7 0.327|Mwh 6/3,6
8|energy demand of primary fuels (imported) not steam/WW producing 0.41427298|GJ Planungsdaten
e.g. for start up and shut down, heating up of flue gases (fabric filter,
SCR) and boiler for heating up purposes
9 0.115|Mwh 8/3,6
10({energy demand of imported electricity 0.288lGJ planning data
11 0.0800|Mwh 10/3,6
12|exported electricity 14.720jmwh planning data
13|selfdemand of produced electricity 2.480|Mwh planning data
14|exported heat/steam/WW 0.000{Mwh planning data
15(selfdemand of produced steam/heat/WW e.g. for heating of plant & 2.667|Mwh planning data
buildings, sootblowing, SNCR injection, heating up of combustion air é\\\f
and/or flue gases, evaporation of scrubber wastewater &‘\(\
S
AN

Dr.-Ing. Dieter O. Reimann, scientific & technical advisor to CEWEP, Abt-WoIfram§H ©D-96049 Bamberg, telefon++49(0)951/602352,

fax

++49(0)951/9682791, mobil ++49(0)173/1722248, WWW g ’@abfallenergie.de, info@dr-reimann-bamberg.de

Determination of the R1-Factor in acc sﬂ@ﬁvce to the Draft of the Waste Framework

Directive (V

\?status Dec. 2005)

WtEplant Meath-Ireland

Part B

calculation period 1 hour, eg\tﬁhated annual operation hours 8000- 8200 h/a

16|equivalence factor for electricity D 2.6]11 given for Ri-calculation by WFD
17|equivalence factor for heat/steam/WW & 1.1]1 given for Ri-calculation by WFD
18]0,97 factor for taking into account losses of efyergy e.g. by bottom ash, 0.9711 given for R1-calculation by WFD
blow down water, radiation of heat, organic content in residues and so
on
19{energy demand of primary fuels (imported) steam/WW Ef 0.360|Mwhequ |17*7
producing as equivalent
20(energy demand of primary fuels (imported) not steam/WW 0.127|Mwhequ |17%9
producing as equivalent Ei
imported electricity demand as equivalent (not steam/WW 0.208|Mwhequ (16*11
21{producing) Ei
sum of imported energy not steam/WW producing as 0.335|Mwhequ |20+21
22|equivalent 3 Ei
23 exported electricity as equivalent Ep 38.272|Mwhequ [16*12
24|selfdemand of produced electricity as equivalent Ep 6.448|Mwhequ 1613
25|exported heat/steam/WW as equivalent Ep 0.000|Mwhequ 117*14
26|selfdemand of produced steam/heat/WW as equivalent Ep 2.934|Mwhequ |17*15
27|sum of utilized energy as equivalent T Ep 47.65[Mwhequ |SUM (23:26)
28[sum of utilized energy minus total imported energy as equivalentX Ep-(Ef+X Ei) 46.959|Mwhequ |27-19-22
(as numerator of the R1 equation)
29|0,97 out of the sum of delivered energy by waste (equivalent=1) [0.97*(Ew+Ef) 67.539|Mwhequ [18%(5+19)
minus steam/WW producing energy as equivalent (as
denominator of the R1 equation)
30|R1-Factor in accordance to the Draft of the Waste (Z Ep-(Ef+X Ei))/ 0.695](] 28:29

Framework Directive (WFD) (status Dec. 2005)

(0,97*(Ew+Ef))

EPA Export 26-07-2013:11:09:33




Indaver Revised Waste Licence Application
Meath Waste-to-Energy Facility

Appendix G5: Example of Awareness Campaign
Posters
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INDAVEI!

WIRELANC

LIGHTING TIPS

Did you know lighting accounts for about 45% of the
electricity usage in a commercial building:

Flex
your

Power

Contact us if
you have any
new ‘ideas

« Talk to your
manager

« Take your idea to
the next Sphere
Meeting

o Use the QESH
suggestion box

o E-mail
info@indaver.ie

Lighting an empty office overnight wastes enough
energy to heat water for 1,200 cups of coffee.

‘(\ i
What can you do? & é\* J:
79 il
QSQO‘\}&
1 The Off Switch oé‘
&8 &

Turn lights ofafd/via@n leaving a room or area. When
leaving for Iungﬁ or meetings switch off desk lamps and office lights.

2 Good sekeepmg
Dirty reflectors and louvers reduce light output by 20%. To ensure
optimum efficiency, clean reflectors, windows and roof-lights.

3 Hours of Use
Make sure that full lighting is not being used unnecessarily outside of
normal business hours.

4 Office Set Up
Is the office layout making the most of natural light?

5 Task Lighting
Where possible use individual task lighting in preference to increasing
illumination over a large area.

6 Light Bulbs
Make sure that the light bulbs in your office are the most energy
efficient with longer lifespans and lower maintenance costs.

Save the trees—only print this message if absolutely necessary
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INDAVEI!

WIRELANC

HEATING TIPS

Did you know heating and air conditioning accounts for
about 25% of the electricity usage in a commercial building:

Reducing the temperature in a room by just 1°C can
cut the heating bill by as mu%h as 10%.

\\{\é

What can you do? é‘*

4? 39
1 Optimum settings @0 \«\

Air conditioning and heg? @con’rrols should not be set so that they
conflict with each g$° Otherwise, heating and cooling will take place
at the same tim ?Qé\was‘re energy. Ideally, set heating at 19°C and air
conditioning at % RC. Make sure that the two systems cannot work at
the same Tlm§s

2 Thermostats and Timers (Wall mounted heaters)
Set wall-mounted heaters on timer. Check that timers are set to the

Contact us if

you have any minimum period and ensure room thermostats and radiator controls are
new ideas on minimum settings.
« Talk to your 3 The off switch (Office Equipment)

manager It costs nothing to switch office equipment off. Office equipment

generates heat. If possible locate heat-generating equipment such as
photocopiers, away from air-conditioned spaces. Where this is not
possible, locate them in areas where they are well ventilated and
cannot build up heat. Office equipment can add significantly to your
electricity bill, not only in running costs, but also in air conditioning.

» Take your idea to
the next Sphere
Meeting

« Use the QESH
suggestion box

4 Occupied areas

Ensure that only occupied areas are heated and that heating is reduced

during non-working hours, such as bank holidays or weekends.

o E-mail
info@indaver.ie

Save the trees—only print this message if absolutely necessary
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INDAVEI!

WIRELANC

OFFICE EQUIPMENT TIPS

Did you know that a photocopier left on overnight wastes
enough energy to photocopy 5,300 A4 sheets?

Contact us if
you have any
new ideas

« Talk to your
manager

» Take your idea to
the next Sphere
Meeting

» Use the QESH
suggestion box

o E-mail
info@indaver.ie

A PC monitor left switched on
overnight wastes enough energy
to laser print 800 A4 cop1£

S

What can you do? 45”@‘@
S

1 Switch of f é’o\::&&

Make sure all of@é\g&qmpmenf is switched of f overnight. Switch of f
your screen at lt.h;& time - the screen on a personal computer uses as
much energy (gsoall of its other components.

2 S'I'c.\ndb)<;J mode

Standby is not switched of fll Even on standby a photocopier consumes
as much as 200 watts per day. If you see a light on a machine switch if
off.

3 Only switch on when needed

Don't switch on appliances unless you are ready to start using them.
Photocopiers and printers don't need o be switched on immediately in

the morning. Get into the habit of switching on only when needed.

Save the trees—only print this message if absolutely necessary
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