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Ew - — Ep
benefit
Ef —| plant Ew waste
Ef add. fuel
Ei imported
Ei | . . Eloss Ep  produced
Eloss losses
2 | Ew + Ef + Ei = 2| Ep +Eloss
demand equal benefit + losses

balancing circle 1 = plant efficiency
_ benefit(output) Ep
7° = demand (input)  Ew (Ef + Ei)
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balancing circle 2

balancing circle 1
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77net —
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balancing circle 2 = net efficiency

benefit(output) Ep—(Ef + EI)

ret = Gemand (input) Ew

R1

Ep — (Ef +Ei)

" 690+ (Bw D)

Comparison with R1 (4)



&)

TECHNISCHE
UNIVERSITAT
DRESDEN

1 Input energy for

1 balance circle Y

Energy in waste

Definition of input energy, additional and internaiiy circulated energy — diagram iiiustrating

Balance circle Y

' |nput energy for
balance circle X

Additional energy
as imported energy

Energy in waste

Balance circle X

Additional energy

as imported energy

Energy from
balance circle X

the principle

Energy from
balance circle Y

Losses

Losses

Additional energy i
as internal energy

[ H

Recirculation of internally generated energy for balance circle X, e.g. as electricity or steam

According to VDI 3460 (2)
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2

(s

in Terms of Energy Recovery

Resume

— S — — — —_— .

. The VDI guideline 3460 [2] is based on

known and proven engineering knowledge
and forms the basis for assessing the ener-
gy efficiency of waste-to-energy plants
with particular reference to optimisation.

. The R1 formula [3] has a politically regu-

latory function for differentiating between
R1 and D10 (R1 as the technical term).

. When differentiating between the two ap-

proaches mentioned above, 1 and 2, it 1s
unnecessary to refer to R1 in VDI guide-
line 3460.

Balancimg and energy assessment
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No. Mass Ener Carbon . No. Mass Enert Carbon
. gy Balance circle Q — : ooy
Mg Eqx Mg qk target energy Mgk Eqx Meak
in Mg/a in MWh/a in Mgc/a in Mg/a in MWh/a in Mgq/a
a1 Solid waste _ | Main thermal process »| a8 Target energy, electrical
201.104 | 559.708 | 40.221 o o - | 65842 | -
Furnace,
Firing of hospital waste,
: : boiler air preheating, Tarcet rep—)
Q2 Air for solid waste slag treatment Q9 arget energy, electrical
1323187 0 | - - | 7893 | -
Waste gas cleaning
Q3 Additional fuel o Lnr:]:iltud\ng concentration »| Q10 Target energy, thermal
575 | 20.087 | 486 " " 104,300 | 71.782 | -
Energy conversion
Q4 Air for additional fuel an Target energy, thermal "
9537 | o [ - - 3351 | —
as Additional electrical energy o >l Q12 Waste gas and residue losses
- | 394 | - - - 1.693.472] 64.139 | 40.747
Additional thermal ener
Qs ay - | 013 Heat losses
104300 | 7278 | - - [374480] -
Balance circle Q — AVA Plant officienci
— includes all internal ant efriciencies
a7 Auxiliaries _ 1 recirculation; released Mean 0,126
150068 | 0 [ 40 energy = plant's target Meaur 0,128
energy T 0,253
Total Total
1,797.772] 587.467 | 40.747 1.797.772| 587,467 | 40.747
Demand (input)

1}Target energy broken down here in accordance with operator's information into target energy supplied to public services
company (Q8 and Q10) and target energy to neighbouring customers on site (for composting, sorting, etc., Q9 and Q11)

According to VDI 3460 (2)

. Folie 16 von 27
Balancing and energy assessment



TECHNISCHE Recirculation (arithmetic recirculation for balancing reasons)

UNIVERSITAT
DRESDEN

Balance circle R — net target energy
after arithmetic recirculation of the additional) imparied energy

Arithmetic recin

|ation of additional electrical energy

ana- Pty R — .
'
H
H
H
No. Mass Energy Substance j N H Mo, Mass Energy Substance i
; E : Balance circle Q — H . 2 :
Mk eT M i net target energy i M Rk Mk
in Mgfa  in MWhia  in Mg la 1 nMgla inMWhia in Mg fa
H
H
| R I Solld_wastc i I a1 Main thermal process ﬂ 1 | RE I Net target energy, electrical I
| mee T & ] me | Fumnace, “Node™ ¥ | - [ & ] -1
Firing of haspital wasta,
bailer air preheating,
w2 I Alr for solid waste_ | a slag treatment " | R | Net target energy, electrical "]
[ v [ & | mee | 1 - [ & T -1
Waste gas cleaning
— including concentration “Node" ¥
| R3 | Additional fuel | a3 iecing concentration m Rg | Nettarget energy, thermal
IE | - £, -

Energy conversion

| Re Nsl_lar aten:r .than'nil n
E.o

| | Wa_slc- gas & l_'izsutlw,L Io:_;scs |

H
|R4I Air for additional fusl | N Q4
| I I P
!
:

#

R10
f 1 s Ew | M
.
H
'
Jo}— ’ el |
- Heat |osses
JR— a3 } =
) d =T 17 =
Balancs cirde O — AVA
— includes all internal
RSI Auxiliaries 1 ar recirculation; released
I Mg | Eyy | Mgy I wnergy = plant's targe!

Bnergy

L

Arithmetic recireulation of additional thermal energy

Demand (input)

Y Target energy broken down here in accordance with operator's information into target energy supplied to public services company (Q8 and Q10) and target
energy to neighbouring customers on site (for composting, sorting, etc., Q9 and Q11)

“ Public services company, district heat transfer station, etc,
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Incoming Balance circle T — primary target energy Outgoing

Balance circle S

ILEF“""HF)‘.Hdd,T_ Conversion o 2E\ crimary.T
process for Balance circle R
primary
1 1] . = *
Qverall
plant®
I Hew.t = Haw r E et target R I__"" E primary target T

;' e.g. generation of electricity, oxygen, etc,
"including recirculation of thermal and electrical energy

E

primary TEIFEE[

HSW + ZEprimar}-' add |
T

Ui primary —

. Folie 18 von 27
Balancing and energy assessment



UNIVERSITAT

@ TECHNISCHE Balancing — net primary target energy
DRESDEN

Incoming Balance circle U —net primary target energy Outgoing
Balance circle T — primary target energy
Balance circle S
™ imary,ada.7 Conversion ZEy primary.T ZEy primary.U
E process for Balance circle R
i primary
i ) . . e e
i energies SE o EE,p LEyr LEyy
i Overall
i lant?
. ;. y B P ; . ‘Node”
HE-'.I'\'.U l.: - HSW.T - HSW.R - - Em%l targat, R - Eprunar\,- targes, 7] _.'! o = primary kgt L)
1
| |
1 [
1 1
1 1
i '
i H
1 1
i_ Arithmelic recirculation of primary energy j
" .0, generation of electricity, oxygen, etc,
* including recirculation of thermal and electrical energy
7 : — _het primary target (E net primary targe:t) u-— {E primary target E primary ﬂdd)
. SR T
net primary .

Hgw _
for (E

net primary targct) U~ 0
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Balance circle R — net target energy

after arithmelic

reulation af The immipar

+d (additional) energy

Balancing — primary target energy (Example)

Arhmatic racirzulation of e addional electical energy

Balance circle G —
target energy

Main tharmal process
Furnace,

Firing of hospital waste,

soiler air prahaating,
slag treatment

Waste gas cleaning
niludin ralion
it

Energy cenversion

alance cirele — &
Il inlernal
recirculation: released
anergy = plants faget
anergy

Q10

Target energy, thermal |

| RE | Net target energy, thermal |

wasa0] 7782 [ = ]

L)
1
1
i
Mo, Mass Energie Carbon H Mo, Mass  Energy Garbon
Mgy i E Mg 1 i Mk Egpy LT
nMgfa in MWhia in Mg a 1 nMgla  in MWhia in Mg fa
|
a8 Target energy, electrical 1 RE Net target energy, electrical
= [ EsEiz | — i - [es448 [ -
Hnoten™
| Target snargy, electrical” | | | Net target energy, electrical |
as =L R7
| - [ reea | - | L1 - T eeas ] - 1
| Hnoten™?

[ Bam00 [ —

Arithrmelic recirculation of additional thermal energy

Plant efficiencies

Toaal D128

Taain D128

""’.am;al 0.253
Total

1.767,772] 587 AG7 | 40747

an Target energy, thermal '/ A RS Net target energy, thermal
— [ aas [ = T — [ 335 [ =
2 ‘Waste gas and residue |osses \ Rid Wasle gas and residue losses
1,603,473] 64,138 | 40,747 ’ 1,603, 472] 84,139 [ 40,747
Heal lasses . Heat losses
=] Q13 -
“ = Jamam | - ! R —Tamaam | =

No, Mass  Energy Carbon Na, Mass  Energie Carbon
Mr [ Mgk Eqi M ok
inMgla  in MWhia inMgla in MWhia i Mgl
Solid waste . Solid waste
Rl === : a 7 57 ;
201,104 | 555,708 | 40,22 ! 201,104 | 558,708 | 40,221
| Alr for solid waste | s | Air Tor solid waste
| R2 [1.323487] o0 [ = r | @ [1323487] o0 [ =
| Additional fuel | ., | | Additional fuel
R3 Q3 = m -
| svs [ soo87 [ 48 | ¢ | | 575 [ 20087 [ a48s
Alr for additiona| fue| = Adr for additional Tue|
R4 s [ oo [ = i &4 wsar | o [ =
Additienal electrical energy
as r
— [ sma | -
Additional thermal energy
Qe T
104300 | 7278 [ -
Auxiliaries L Auxiliaries
u
RS I Ten.0ee [ 0o [ a0 U il EET [ o ] 40
Total
1,797.772] 57467 | 40,747
Demand (input)
| ]
]
Total

1,603,472] 579,794 [ 40.747
Demand (input)

Balancing and energy assessment

11 Targe: enargy broken down hera in accordance with operatar's information into target anergy suppliad to puble senscss company
Q8 and @10} and targel energy o neighbouring customars on site (for composbing, sorting ete,, Q9 and Q11)

I Puble services company, district heat ransfer station, sle,

Met plant efficiencies

Cp— FRE]
0,117
TTer remt 5 buptal 0,244

Total
|1.683,472] 579,794 | ap,747 |
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Balancing — net primary target energy (Example)

Balance circle U — net primary target energy
afinr arthrmolic recirculation of B reguned primary anergy

Balance circle T— net target energy

with inclusion af the required primary energy

Mo, Mass Energy Carbon Na, Mass Energy Carben
My p Euk Meux Banace circle R — My, Eux Mok
In Mafa  In MWhia  in Mg_ia net target energy n Mala I MWhia  In Mg e

| us | Net primary target energy, e, |
L1 - [7maai] -

Ui | Solid waste |
| 201904 [ 555,708 | 40221 ]

—-l REI .

[=]

[=] =]
+ =]

| uz | Air for combustion |
[aszzed] 0 T =

| I | I = | | Met primary target snergy. ti. |
R4 R8 T8 ue = L
Balance circle 81 L _E | I | | [ a77ea | I
1
| Im?mﬂm I |I T3 |I Conversion I
- - process ]
for primary I_I i I
N b Waste gas and residus losses
1l )
energies —-' —-l Rwl l T9 [ =+ | UT Fras.a7a] 64133 | 40,747
i
1
1
| | -, Hueat
—l-l R11I =| T10 } '-H us H — :?,J':;:"l’ — H
Balance circle 52 I_I Rkl
— . e
| | ——FErimary srerdy | I T4 l H
[}
|_o—T ™ o | L]
Conversion
| us I Air for combustion | . I 5 I Process m ;
[ o T o T -1 i" || for primary
energies”
Ua Raw materials | I, | T8 ] !
| 15006 [ o0 | 40 | v | | !
1 I I !-. | | Total logses |
! ™ T ua ~
, L™ [T o T o
i
i
i H Mat primary efficiencies
! i Meust, prievaaiy, U, sl 0,131
| arithmatic recireulation of thermal and possitly electrical primary energy, depending on reference process™ i Mrat, prirary, U th 0,085
Tinat, primary,U dotsl 0,216
Total v .9, supply of energy carriers {51), cperating auwclianes (52), cxygen et Incluzion of any coproducts on the credit principle, | Total
1,607 Bo6] 550,708 | 40,261 i, primary energy demand only Tor the AVA Augsburg plant | 1.6z 6o6] 552708 [ 40281 |
Demand {input) o this axample, an enargy equivalence of 1:1 |e assumead (in ths case. thermal energy anly)

1) " -
further numbering continues tha existing segquenca
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available measuring data and parameters:

(O mass or volume flows @ temperature resp. specific enthalpy
(feed water, steam)

O composition .
@ temperature resp. specific enthalpy

( composition partial known assumed
(e.9.0)
> _ —O-O-@—> flue gas
boiler
{/5233} oo ) - —(~O-@—> steam
air O-¢ > —@— — heat losses
flue gas
waste { = € slag
firing
auxiliary
fuel, —_—-O-@ > » heat losses
steam
preheated
air
air —O-O4— +—
air
preheating
steam  =———O-@—> O@ > condensate
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Input subdivision process “air preheating, firing and boiler” Output

! 1
! 1
- 1
I - _ ———> flue gas
1 boiler »
1 1
I B
- 1
1
feed- 1 1
T ) —t - steam
water I
! 1
! 1
1 1
1 e 1
1 ) 1
. 1 » 1
air T 1 > T > heat losses
i S 1
1 1
- e . I
D) . 1
: O (©ERERES . I
R YA PR 1
waste ' | aaa A 7 > slag
: : @ A @ "
. Y 1
! O firing !
i I ] . “ A
auxiliary 1 Lo :
fuel, | - — 5 - heat losses
' 1
steam 1
1 reheated 1
1 * ’
1 ~air modules in subdivision -
air — 15 — process: 1
: - air preheatin !
! . ir p 9 1
: air - firing 1
I preheating - boiler !
1 1
steam =~ =——l - » condensate
1 I
! 1
B o e e S BN BN N BN BN BN BN BN BN BN BN B BN B B B BN BN B B BN BN B B BN BN BN B B B B N B B B B B B B B B BN B BN BN BN B B
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Thermisches Hauptverfahren

1
EX
THV1 31
Abfall
Symbol AF,U_F-L1
Im [ka/m] 10.203|m [kg R/h] 8.163]
H [kJ/h] 248.360.062| h [kJ/kg] 11.186|
Bunker (B) — 3 [°C] 20.0|c [kJ/kgK] 1.05
C [kg/kg] 0,352|C [kgfkg R] 0,311
11 [/ ] 0,035|H [kg/kg R] 0,04
O [kg/kg] 0,142|0 [kg/kg R] 0,178}
N [ka/kg] 0,008|N [kg/kg R] 0,010
S [karkg] 0,000(S [kg/kg R] 0,000}
W [kg/kg] 0,363|W [kg/kg R] 0,456} E— F
In [ka/kg] 0,200|C/H 7,000 euerung
C,A [kg/kg] 0,020(hC [kJ/kg] 33.500] OL1 (F-L'l)
HE= [ ——
i I —
- e E—
E=_—

Balancing and energy assessment
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e 285 measuring values for balancing

e Reading/recording the measured data signals via the OPC-
Server connection

e Converting the measured signal corresponding to the
calibration of measuring device if necessary

e Checking the measured value if the value is within an
Individually defined ratio (upper and lower limit) and

e Checking the measured value - if the value is defined as
Indicator parameter - to see if it can be allocated to a
practically stationary state
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25
=
E- 20
% mass balance studie (“online-balancing®)
= ya 2
@
©
=
| 3 indicated value
0 il 0
i (i [ [l 0 25
E = energy balance (“with fuel mass flow indicated value®)
1086 11 ¥_
: i il 18] - E‘
_— =
©
>
' &
:’t- ’ % calorific value formula
B I ] ih © 0
— 1 “ lJ P 1 I H 3 07
= HH il Il‘ L Lﬂ] 2 e carbon-content oxygen-content water-content
i TR THTEEYHE | (WP o
: S R =
T R ] : s
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We would like to thank the operators and manufactures of MSWI plants who have supported us

in the development and testing of the online balancing methode.

»Wissen schafft Briicken.«
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