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Target of the project

The software OBAMA (Optimized Balance Method Applications) has been
developed with the aim of realizing a flexible and fast tool in order to investigate
dependencies of the amount of renewable energy from the waste for different
plant and waste typologies, also connecting it with innovative measurement
instrumentation developed in RSE.

It is based on the Optimized Balance Methodology, developed in the frame of the
Electric System Research (RdS) activities on the base of the balance method
described in the paper “J. Fellner et alii - A new method to determine the ratio of
energy production from fossil and biogenic sources in WTE plants -
Env.Sci.Tech.,2007,41".

The software is used mainly to analyze real or hypothetic scenarios (e.g. changing
parameters or analysis conditions) and their effect on the amount of renewable
energy. It is also used for educational purposes
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Basic items

=

Why using the indirect calculation methods
Relevance of the determination of the correct biomass content of waste
* The optimized mass balance method as a low cost and easy-to-use methodology

2. The operating context of the optimized mass balance method

* The measured variables and the unknown variables

* The composition of the organic matter with special attention to different types of
waste

3. Outlines of the model based on the mass and energy balances

* The balance equation system

* The measure uncertainties through the data reconciliation algorithm
* The evaluation of the biomass content and of the renewable energy

4. The OBAMA (Optimized BAlance Methodology Application) software
 Functional scheme and GUI
* Examples of analysis
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Why using the indirect calculation methods

Relevance of the determination of the correct biomass
content of waste

Biomass definition includes the biodegradable fraction of products, waste and residual
having biological, agricoltural, woodland and related activities origin and the
biodegradable fraction of industrial and urban waste (2009/28/EC Directive)

0

It needs to have some criteria and methodologies able to set the correct
biomass content of “hybrid” waste , i.e. made up of a biogenic fraction
(paper, wood, vegetables,..) and of a fossil fraction (plastic,..)

a

Sampling methods

3D view of the designed / 1

Biomass

WTERlantanFerrargsite B classic 14C optimized mass balance
(based on laboratory (based on '4C isotope (based on the numerical solution of a system of
analyses) concentration in the mass and energy balance equations)

CO, emissions)
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Advantages and drawbacks of modeling tools

» the use of classic sampling methods can be very expensive from the economic point of
view and it can lead up to not very representative samples of the whole mass sent to the
combustion process

 the 4C sampling method can provide with continuity the mass ratio between the biogenic
and fossil carbon content and the related ratio stated in terms of produced energy, but it
Is of instrumental type, i.e. it requires a special and complex measurement equipment

» the mass and energy balance method is based on the contrary on the numerical solution of
an equation system and it provides with continuity the renewable amount of electric
energy produced by WTE plants taking into account that:

a. the required data comes from literature (e.g. the biomass
chemical composition) and from operating data usually
measured by plant instrumentation

b. no additional sampling nor supplemental chemical analyses are
required, resulting in a strong reduction of costs

c. no special calculation resources are needed (a standard personal
computer is enough)
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Outlines of the mass balance model: the unknown variables

Fuel classification Waste fractions

(unknown variables)

Inert materials (solid non burnable
residuals as glass, stones, ash or inorganic
material belonging to biogenic fraction or

plastic (e.g. kaolin in paper))

Inert fraction m, I

I Plastic material

Biodegradable fraction of products, waste
and residuals having biological origin ~ ‘I Fossil biogenic fraction m, |
(from agriculture, forestry, fish farming,
etc.) and biodegradable fraction of
industrial and urban waste

I Auxiliary fuels (methane and oil)
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Outlines of the mass balance model: the measured variables

The measured variables are the values of the plant data measured and recorded
during time with an uncertainty depending on the accuracy of sensors and
measurement methods. They are assigned as a mean value and an associated
standard deviation, and usually they are registered with an assigned periodicity (e.g.
any hour or half-hour)
e Unit Description (tyUp?((::zlrtvaai\rJZs)
Wit kg/d Mass of waste sentto WTE plant 5%
Wy kg/d Total solid dry and ash free mass 10%
Viumi Nm?3/d Flue gas volume 5%
Xco2.fumi %vol Percent of CO, in the flue gas 2%
X02 fumi %vol Percent of O, in the flue gas 2%
Xcoz.aria %vol Percent of CO, in the air 1%
X02 aria %vol Percent of O, in the air 1%
Svap kg/d Steam production 5%
AH MJ/kg Net enthalpy 5%
H, % Relative humidity in flue gas 5%
n - Boiler efficiency 10%
Ve Nm?/d Auxiliary methane volume 5%
W, kg/d Auxiliary oil mass 5%
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Outlines of the mass balance model: the composition variables

The chemical composition of the fossil and biogenic material, dry and ash free, is
required again as mean values and standard deviations; these composition variables
are treated exactly as the measured variables

ug .

« the composition values can be taken from literature data with reference to the particular
waste classification, and usually they have a small range of variability

» the composition values are required for elements C, H, O, N, S and for CI if significative

» the composition values can also be provided by exhaustive laboratory analyses. Literature
data can be substituted in the model by more specific measurement information, when

available
biogenic fossil iL biogenic fossil

value o value o value o value o

Xc 468 6.9 769 20.0 Xc 461.15 10 706 10.0
Xy 66 1.1 109 7.0 Xy 62.36 2 95.17 2
Xo 446 8.3 88 22.0 Xo 462.42 5 173.81 5
XN 12 1.6 13 5.4 Xy 3.24 1 3.23 1
e, 3.3 0.7 3 11 Xs 1.5 1 0.43 1
Xg = = 21.4 3

Example of table for urban waste Examble of table for HOW-HR
[from Fellner et alii (2007)] P

[from DB-WASTE of RSE
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The mass balance model: the equations

The model is based on the numerical solution of a system of five mass balance equations
and of an energy balance equation, in the unknown variables mg, m;, mg and m,,:

a)total mass balance equation Mg +M, + Mg +m, =1
W
b)ash balance equation m, :%

tot

100 - XOZ. fumi - XCOZ fumi WC
Vfumi Xcoz,fumi - Xcoz,aria 100 —X —X Y 1OOV
O3 aria CO; aria m XCngVng + Xcoc (\Nocc +Wocp)

Wtot Wtot

( XHB XOB XNB XSB J ( XHF XOF XNF XSF j
mB - + + +mF - + + =
M, 2M, M, M, M, 2M, M, M,

d) oxigen and CO,
{V fumi [(Xcoz,aﬁa

c)carbon balance equation

gXc, TMeXe, =

100 - Xo, . —Xco, ...
+ X X i 2, fumi
T

balance equation

1 X X
- (Xcoz.fumi o on,mmi ):l 100Vm } 4 g Vng + o (\Nocc+Wocp)

Oz.aria 3 Xcoz,aria A M H 4M H
W, Wi,
Xting X { Hu
. SV (W, Wo) WV oo,
X X ng occ+ " " ocp 100V
e) water balance equation il | S 4M, AM,, _ .
4M 4M Wi Wit

mg (PClexe, +PCl, X, —PCloX, +PClyx, +PClgxg )+
f)energy balance equation me (PClcxe +PCl, X, —PCloXo, +PClyX, +PClX, )=

oy
s n _ H ngVng + Hoc (Vvocc +Wocp)
Wtot Wtot

+ I-vapmw
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The numerical calculation scheme

» the a-f equation system is mathematically overestimated being the number of equations
(six) greater than the number of unknown variables (four)

» the equation coefficients are not exactly established since they depend on the measured
and composition variables, affected by uncertainty

4

« as the consequence, the data reconciliation algorithm is considered in order to improve the
accuracy of the measured data [I

« the improved measured data are then used to estimate more accurate coefficient values and to
evaluate the correct values of unknown variables m;, mg, mg, m,,, and their uncertainties

a4

« since the numerical system is not linear, the data reconciliation algorithm is linearized and the
system is solved iteratively; the linearization is based on the Crowe projection matrix technique

ul

The model requires a multistep iterative solution
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The data reconciliation algorithm: short outlines

The data reconciliation algorithm include a number of mathematical and
statistical tools that allow to detect the errors in a set of measurements and
which parameters are involved in a number of balance equation describing a
physical process (e.g. chemical, mining or combustion processes).

The reconciliation algorithm, provided that the system that must be solved is
overestimated, quantify these errors, both for systematic and random ones,
and they return a set of measurement “cleaned” from the errors themselves.

The detection of errors in measurements is the base of a smart monitoring,
since the presence of measurement errors can indicate material losses,
sensor malfunctioning or instrument lack of calibration.

The improvements provided by the data reconciliation algorithmis more clear
when the measurements are used as input values of mathematical models
devoted to a process control: the input values to a model must be validated,
otherwise also the better mathematical model, when considers incorrect
data, will provide incorrect results
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The data reconciliation algorithm: calculation scheme

« istypical of numerical system including measured and unknown variables

« is basically expressed as a problem of weighted leasted squares optimization

Min{% (X, —X)' ZH(x_ — x)}

where:

x is the array of N measured variables

X, IS the array of the corresponding N measured values

¥ is the variace-covariance matrix of range N for the measured variables

» the optimization condition is then completed by non-linear constraints:
f(x,y,2)=0
where:

X is the array of the N measured variables
y is the array of the K unknown variables
z is the array of the M constant values

f is the unspecified system equation
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The renewable amount of electric energy

The final result provided by the optimized mass balance model is the
calculation of the amount of renewable energy generated

On the base of the values resulting from calculation for the biogenic fraction mg the amount

of renewable energy is:

- Mg (PCl X + PCl, Xy — PCloXgg + PCl Xy + PClgXgg)

E. =
bio
SvapAh 4 . H ngVng + Hoc (\Nocc +Wocp)
t0t77 tot

being L,,, the latent heat of vaporization of water (2.44 MJ/kg at 20.4 C and 1 atm)

The treatment of the different water ” N SESTaS ST SUE NN

content in the fossil and biogenic B \EANANNASE SR ER AN

fractions is also considered using an Zom | NN SO N e

approach dependent on waste NN NN 2

characterization and ash contents §on N N NN

(RIV&,ZOll) %uss\\\ \\\ B jgj;g
En‘m [ | | _h 50/20
e L PN
0.45 \ 1 \\ \/\
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The OBAMA software functional scheme

The model based on the optimized
mass and energy balance method
has been implemented in the
OBAMA software
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Initialization task
X,= X0
u = {x0)

Check of the operating point

Data formatting and sampling

7

Measured Chemical reference
data composition {depending

on waste type)

Graphical analysis and scenario
comparisons

Calculation of the amount of
renewable energy Ey.,

Jacobean calculation for
measured {J.) and unknown

(1.Yvariables

Evaluation of J and )
Jacobeans and of the RHS
terminx andu

]

Evaluation of the A matrix in
the reduced row echelon form

l

Solution of the reduced
system with respectthe
measured variables only,
updating values

l

Solution of the reduced
system with respectthe
measured variables only,
updating values u

Convergence?

Final task. Evaluation of the
variance -covariance matrices
| T,and Z,




Congruence check at the operating point

» the values of measured variables often have a low accuracy
» instrumentation failures can occur including non physical values in the measured data set

1

therefore it is necessary to check the physical acceptability of each set of data; this is possible
performing a data congruence check based on the fact that the flue gas and the steam
production values at each operating point are connected between them, with a well defined
PCI: the carbon content and the oxygen consumption must fall at the PCI value between

two theoretical extreme values considering a100% fossil material and a 100% biogenic
material respectively
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The OBAMA GUI

A proper GUI has been developed with the aim of:

a) easily define a scenario of analysis and automatically create the input data set
b) performing automatically the check of data congruence

c) managing and solving the system independently on the running platform

d) performing an immediate graphical analysis of the results

r - - ——
7 OBAMA - Verifica dei punti i funzionsmento % WM W ST SRR e — (o=

Periodo di campionamento (ore) | 60 Periodototale (ore) 960 Punt difunzionemento [ 16 O p eratin g p ointc h ec k

OBAMA * Optimized BAlance Method Application

Limiti teorici di PCI in funzione del conal
e Funti operativi — min —

Limiti veorici di BCI in funzione del contenuto di g
. Punti operativi —— min ma;

Termovalorizzatore Dimostrativo

Selezione scenario
Parametri di scenario
Dati di processo

Execution manager

Scenario di il Ambiente di caleolo |

7
z 24 26 28 30 32 34 36 38 40 42 44 46 220 240 260 280 300 320 340 360
02 cons (mole/kg) Contenuto di € (g/kg) Scenaria;  [test
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[ obamal 07. e
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Examples of analysis

Use of the model for parametric analyses

Test di prova misure 11-16 dicembre 2008 |

CBRMA 3.0 * Andamento delle frazioni di massa

eriodo di =i azione ) o
[1710412012 21:01/ T STk  Esci |

Evaluation of the energy produced
from biogenic mass during a test
period
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§ OBAMA - Visualizzazione grafica dei risultati i)

Percent daily change of biogenic component of waste
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Evaluation of the material
fractions during a test period

Ok alzarione g =
Test di prova misure 11-16 dicembre 2008 \

OBAMA 3.0 * delle 1i energetiche —— Ebic — Efos

——m--7--

|
-
'
|
=
|
|
i i

I
R R Locgmmmm e o L
I

-—--

azione o
17/04/2012 21:03| [ TImpianto a griglie -




The connection with experimental system

Pump OBAMA results can be compared

with the experimental system
pointed out at RSE

Pump

Operating conditions:

 Adsorbing solutions: KOH at 4M
concentration and Carbosorb (CH,-
O-C;H,-NH,)

e Treated quantity: between 10 and
100 g

* Flow: from 30 to 500 ml/min

e Test duration: from 2to 24 h

» Target efficiency: about 80% for
KOH and from 40 to 70% for
Carbosorb

2™ Cooler (-20°C) = * Test samplesinaday: from1to4

1% cooler (4°C)

Mass Flow

P
Impingers

PC
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Final considerations

« OBAMA has been developed with the aim of evaluating the biomass
contents of waste and the production of renewable energy both in real
and perturbed scenarios, also in connection with experimental
instrumentation

» Different waste types or mixtures of them can be considered:
- urban waste
- HCW-HR
- refuse derived fuels

» Different plants type are also considered including
- fluised bed
- biomass boiler with removable step-grate
- rotary kiln
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Thanks for your attention!

How to contact us:
R. Guandalini roberto.guandalini@rse-web.it, G. Ciceri giovanni.ciceri@rse-web.it
Ricerca sul Sistema Energetico - RSE SpA

Environment and Sustainable Development Dept.
Via Rubattino, 54 - 20134 Milan, Italy

This work has been financed by the Research Fund for the Italian Electrical System under the Contract Agreement between RSE
(former ERSE) and the Ministry of Economic Development - General Directorate for Nuclear Energy, Renewable Energy and
Energy Efficiency stipulated on July 29, 2009 in compliance with the Decree of March 19, 2009
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