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Inginer fizician , dr.ing . energetica nucleara Dan Serbanescu
dan.serbanescul953@yahoo.com ; dserbanescu@nuclearelectrica.ro
Mobil: +40741660585
Inginer fizician Institutul Energetic Moscova Diploma de merit premiul | si propunere de continuare tema speciala ca doctorand (1979)

dr.ing .in inginerie nucleaara ICEFIZ/IFIN HH (1987)
Tematezei Metodede corelare a defectelorprovocatede crestereasiguranteiin functionare a unei centrale nucleare, coordonator prof dr. lonel Purica,
1 https://www.researchgate.net/publication/294856257_Metode_de_corelare_a_defectelor_provocate_de_cresterea_sigurantei_inidnaceé_a_unei_centrale_nucleare

Expertin cadrul Departamentului de Securitate  Nucleara
din Directia de Securitate  Nucleara si SuportTehnic
Socletatea  Nationala Nuclearelectrica SA
https _://www.researchgate.net/profile/Dan_Serbanescu
http://lu.linkedin.com/in/danserbanescu1953

http://independent.academia.edu/DANSERBANESCU
www.researcherid.com/rid/B -9590 -2012

AEXPERIENTA
43 de ani in domeniul nuclear:

A constructie  CNE, fabricatie  echipamente  CNE, pregatire si autorizare operatori CNE, proiectare CNE, autorizare CNE J punere in functoiune  si
functionare = CNE Cernavoda ul si u2, dezafeciare , analize de risc ;[ la nivel national 28 ani , evaluari de securitate  nucleara Cernavoda Si

programe noi de centrale nucleare (SMR)
A international 12 ani (CE-staff member 6  ani analize risc & dezafectare CNE Kozlodui 1-4,PBMRLtd 6 ani sef proiect PRA reactor generatie V)

ACTIVITATI

A Membru titular din 2014 si din 2019 secretar interimar  al Diviziei de Logica si Modele in Stinta (DLMFS)din cadrul Comitetului  Roman de
Istoria si Filozofia Stiintei si Tehnicii  (CRIFST) 8 Academia Romana

Membru ESREDA & European Safely, Reliability & Data Association.

Consultant  tehnic externin projecte IAEA si CE - securitate  nucleara , tehnologii  inovative , calculatoare quantice -roboti , analize de risc
Colaborator ext ern (oful | ac adaeawidecereac odp éepe de doctorat in domeniul nuclear Universitatea  Politehnica  Bucuresti . Autor
al cursului  de masterde  analize de risc nuclearin cadrul programului  Seneca, UBP -Faculfatea  Energetica , 1996 -2000

A Coordonator teze de doctorat asupra modelarii  sistemelor energetice  nationale si a securitati - alimentari  cu energie la Universitatea Tehnica

Do o I

Delft (2007 -2010) si Universitatea  Kaunas (2007 -2010) cu colaborari  ulferioare  cu Brookhaven National Laboratory si Lithuanian Energy
Institute .
A Redactor sef (contract) domeniul risc industrial Safety Science - Elsevier (2009 -2011)

A Autor si coautor de carti si lucrari in domeniul securitati  nucleare si analizelor de risc , modelarea in fizica si energetica nucleara
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A.INTRODUCERE

A Sistemelede energieca sistemeale
Intregulul

A Sistemelede energiein contextul
riscurilor civilizatiel

A Sistemede energiesiriscurile asociate
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Sistemelede energiecasistemeale intregului

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern  Dark Ages
380,000yrs. |/

Development of
Galaxies, Planets, etc.

=

Quantur
Fluctuations

1st Stars
about 400 million yrs.

Blg Bang Expansion
13.7 blllion years

D oty
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life
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water
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Axis scale: billions of years
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A Sistemelede energiein contextul riscurilor civilizatiei ¥

Risc acceptabil cu
control special de
incadrare in marja de

siguranta

' Categoria | de cazuri — riscuri definite pentru sisteme cu modelare umana “standard”
conform intelegerii actuale a factorului uman in tehnica/stiinta

riscuri definite in diverse scenarii de evolutie / interferenta
uman — inteligenta artificiala- alt tip de inteligenta

Categoria ll de cazuri (A.B.C)
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Kardashev / Sagan scale civilization levels
A Sistemede energiesiriscurile asociate

GroupI Cosmic level
T
Tera | Level of used
yp Comments
e watts ene rgy Group Il Energy sources
D-D fusion energy possible from worlds oceans 10"
Existin g Earth 100-megaton H-bomb 10
4] 10 | Solar level cca A 108 Fission one ton of Uranium 10%
I 4. |insolation to | possible to Yearly solar enission s
4x1® | earth reach typ elin Burning a million tons of coal 10%
100-200 y ears Energy available from earth's fossil fuels 104
Exploding volcano (Krakatoa) 10%
r Ene rgy Thunderstorm 104
1 4] 10 radiated by Few thousands GroupIIT Natural phenomena/ significant human achievements
17 its.own Star years Earth moving in orbit 10%
Cretaceous-Tertiary extinction theory meteorite 10%
Ene rgy on Exploding volcano (Krakatoa) 108
Il | 41 10 | the scale of | One million ety e v
| o8 % years E=mc2 of 1 gram 10M
Energy to put the space shuttle in orbit 10¥
Gl g al aXy Energy used in one year per capita U.S. 108
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Sistemede energiesi riscurile asociate

Niain features

assoclated

Comments

2 4

=

Conversion of matter-for
helum into energy

Fusion

instance

For instance 280 kg of hydrogen into helium per
second =— cca 8.9= 106 tons/vear

Entire rest mass of the
converted toradiant energy.

Antimatter-matter
collisions

particles

Energy released per mass cca four orders of
magnitude greater than from nuclear fission

Solar cells Earth ground based

Very hmited impact (VLI)

Wind ground based

VLI

Renewable energy

Hydro

NII

Earth space based solar satellites

Possible to lead to type I if all the solar power is
used

Earth star/solar
space

Star/solar space based solar satellites

Earth based stations

Stellar mass into
a black hole

Feed stellar mass into a black hole

Colilect photons emitted by the accretion disc

Penrose process Penrose process

Capture photons escaping from the accretion
disc. reducing a black hole's angular momentum

Star hfung
star’s matter

Remove a substantial portion of a

The process to remove portion of a star’s matter
is done in a controliled manner.

Recycled antimatter

Antimatter as industrial byproduct

Antimatter as industrial byproduct o
engineering processes - for ex star Lhfting and
recycled

Absorb fraction of
stars in a large
number of stars

star.

Absorb fraction of the output of each

In multiple-star systems absorb fraction of the
output of each star

Sources for type II
for more galaxies

or more galaxies

ditto II but apphbed to all stars of one

As per type II

1 8 th 4 1s d fro black
Black holes energy <r hjl:: = < enagy release B < Black holes at the center of many galaxies
~White holes ene T from collecting the matter propelling ]| White holes provide energy from collecting the
1l = outwards matter propelling outwards
Gamma ray bursts T [Capture energy of gsamma-ray bursts :::p - cncEy- ol® == B A i
P = Emissions from guasars comparablelEmissions from gquasars comparable to
to small active galaxies active galaxies -power source

OUEI‘JS o)

tlcmuclegra Dan Serl
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Lake Michigan
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Will County

Sisteme Apoietice Complexe Energetice - naturale

Unde se gasea Pamantul si cum este Oklo legat de istoria lui?

- e f’MJAv‘.tn-'J‘.
) W o
- - — - -—- — - -4 .

I GdzNd £ S UA NBFOG21 NB ONBI i 1 aSYNYNNAEZ RAFTSNBYyUSs S
ginerfizician, dr.ing. energeticanucleara Dan Serbanescu




K t 1 ik iieBrecii (CRIFST)
zofia Stiintei (DLMFS)
“n 2622 i i n St




K t 1 ik iieBrecii (CRIFST)
zofia Stiintei (DLMFS)
curi “n2822i i nSt




AcademiaRomana

ComitetulRoméndelstoriagi Filsofi k t i ikiTeBracii (CRIFST)

Divizia deLogica, Meto
SimpozionulDe s p r el I i scuri

ologie Filozofia Stiintei (DLMFS)

n 2622 i i n St

Plant
challenges

1E

cycle Main
Active
systems

Regulated dyn:

Plant
electrical
and
control
systems

Sa

Plant support vwater cooling
systems

Plant response matrix without containment

Plant response matrix with containment
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>

FProbabhiliity of exceedernce
I

\ Faraline e

Set defimved by Fask yesulcs

Hazard Cuarwve




K t 1 ik iieBrecii (CRIFST)
zofia Stiintei (DLMFS)
“n 2022 i i n St Ki

Plant reaction on IE

Damage due to IE Plant reaction Damage due

OUTPUT onlE

Lpr Lpr_corr
1/((s+40) 1/(s"3+40S" 2)

Lrisk orreot |
Lprrisiorect

Lrisk_correct
Lpr*Lriskcorrect

Case i Plant response similar for various types and frequencies of
challenges

Case IIi Plant response adapted to the type & frequencies of challenges

oot

Case | .

—— Lpr 1/((s+ 100) Lrisk Z*(S A +ra*>s~NE3)
Lpr_corr 1/(s"32+ 100="2) Lrisk_correct Lpr*Lriskcorrect

NPP as a cybernetic risk producing machine
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Important plant components

Reactor Brayton Support water

cycle - cooling systems
except

&Fuel reactor)

Reactor Feedback Plant control

Entropy profile

Risk profile

Synergy profile
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AS model leads to the problem of building a sigma algebra for a risk d‘nsider the sigma algebras defined as in the figure, then a nor
orm used is usually called risk. This model corresponds to the le f physical interfaces of thEneAse(tdds evizhd a solution co n
i ads to faster, easier to model and less work intensive models in case that integrated PRAited inaieeustber asaléous co &
se of a se of logical switches for a single unique model. '

’ emic, Structured and Systematic »
,‘ -
PRAI GOALS

GLOBAL OPTIMUM

OPTIMUM AT EACH LEVEL
TOPDOWN BOTTOM UP APFROACH

AROACE /4 DEEMINGER o e (Y e

‘EVENT TREES AND SUCCESS CRITERIA
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X
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HC

\ Set defined by Risk results

Hazard Cuarve
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1. Best Estimate method to evaluate
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2. Consavative mefhod to evabuate 3
Sk B st it DA
determindstic mefhod

3. FProbahilistic meafhod to evakiate
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Degree of uncertainty n the
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Secventede

Principiul deciziei pe baza inform atiilor de

monitorarea cu criteriul sa1 de succes penfru
cetitrele lahoratoarele  auforizate 2
coordonareaverificarea momnitorani sunt slabe

esge foarte buna iar rezuliatele analizelor
conform criteriilor de SICes al
certrelorlaboratoarelor s incertitudinea asipra
situafied pe teren sunt de nivel medin

Principiul abordarii precaute . e , . . . . . .
impact / Premuqt]irrnan' rinci ]:e PREC Principiul deliberarii Deliberative Principle risc
Metode de Y prineip Risk Informed Decision Making
decizie FREC DELIE RIDM
, . - , Se poate astepta o decizie bazata pe
Se poate astepta cea mal conservativa decizie | Se poate astepta ca o dezbatere cu partile - P " m. ; — £
— > n 5 ; — . evaluarea riscului sa fie luata cu prioritate
facuta cu prioritate maxvima, atunci cand | implicate sa aiba loc cu prioritate maxima, — . . -
? ; - . > > = maxima, cu sprijinul grupului GLERUNR, in
Interfata intermationala slaba, chiar 3 | daca Imterfata intemationala este ridicata, | = w , ,
ia. . . , o . ) conditiile unel interfete internationale bune, a
Ridicat sngra = cu atat mai mult daca are loc | chiar s sinmwa, s cu atat mai mult daca are loc . . .
= , . . . = , , . | existentei unor renultate de analiza confirmate
atunci cand si coomunicarea este slaba, iar | ahma cand = comunicarea este buna, chiar si . .
incertitudinea asupra situatiel pe teren este | daca incertitudinea asupra situatiei pe teren de criteriul de succes pe cenfrele luate in
mare s P este mare P P cons deratie, chiar = in  conditiile wnor
incertitudini asupra situatiei pe teren
Se poate astepta ca o dezbatere cu partile
Se poate astepta cea mai conservativa decizie | implicate sa aiba loc cu prioritate medie, cu
facuta cm  prioritate medie, atunci cand | suport din  partea grupului de analize
Interfata internationala slaba, in fimp ce | GLERUNR si en 0 comunicarea buma chiar si
Mediu monitorarea cu criteriul san de succes penfru | daca interfata infernationala m este foarte buna,
cettrele laboratoarsele  autorizate & | isr rezultatele analizelor conform criteriilor
coordonarea® erificarea monitorarii sunt | de succes al centrelorlaboratoarelor =i
slabe incertitudinea asupra situatiei pe teren sunt de
niv el mediu
Se poate astepta ca o dezhatere cu partile
Se poate astepta cea mai conservativa decizie | implicate sa aiba loc cu prioritate scazuta, cu
facuta cu prioritate scazuta, atunci cand | suport din  partea grupului de  analize
Interfata internmationala este puternica, chiar | GLERUNR, in conditiile in care nu se
Scazut daica a emat comumicarea i fimp ce | activeaza SNSMU, interfata intemafionala nu

Foarte Scazut

Se poate astepta ca o dezbatere cu partile
implicate sa aiba loc cu prioritate foarte
mica, in conditile in care interfata
internationala si comunicarea sumt  foarte
bune, iar monitorarea conform criteriilor de
succes d centrelorlaboratoarel or | coordonarea
acesteia st 1a nivel scamut

|nnA q
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Acceptance is dependent on transparency rather than on elaborate definitions of te objective
functions. Most risks could be expected to be accepted/assumed if the process was
transparent

Acceptance is dependent on the existence of a deliberation process for the objective
functions. Risks could he accepted / assumed as a result of deliberations

Acceptance is expected because the decision is taken top down in a very conservative
manner. The risks could he accepted / assumed as a result of legal actions

Acceptance is expected based on evaluation of objective functions and various approahes in
evaluation of risks for various actors perspectives
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Highly controversial and emotional issue specially from public
perspective. No risks accepted by public, no common
agreement between the other two actors and sigificant
diffculties to evaluate risk or other value functions

Highly radioactive waste management

No major controversy on the issue and possile reach of
acceptance for all actors but in a local area / country and no Carbon emissions
major diffculties to evaluate risk or other value functions

Agreement on some - safety /risk related aspects of the issue Climate change and carbon emissions
hut possile problems in the implementation for all actors on the and/or use of various energy scenarios
globe and no problems to evaluate risk or other value functions | capahle to cope with that
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ComplexApoietic Systems CAS

A In other words autopoiesismeans"self-production” (self-creation or production)
and expresse® fundamental complementarity betweenstructure and function.

A An autopoietic machineis a machine organized (defined asa unity) asa network
of processesof production (transformation and destruction) of components
which:

i through their interactions and transformations continuously regenerate and realize
the network of processegrelations) that produced them;

I and constitute it (the machine) as a concrete unity in spacein which they (the
components) exist by specifying the topological domain of its realization as such a
network.

CAS coevolution is being performed at three levels

w(Bio) Physical leved at the level of the physical part of the system components and structure

w(Bio) Social levet at the level of the system interface with society and other system defined as environment
wMpythicosocial levelg at the level of concept, objectives and general philosophical interpretation of the CAS
issues
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Complex Systems (CS) are systems with specific features

The systemis characterized by the fact that the interrelations betweenits elements/componentsreate a
synergeticeffect, which actually makesthe systemunigue. The interactions are of short distancebetween
elementsor of long distance(in space and time)

The existing relationshipsin a CS a defined by the existenceof feedbackloops,which resultsin a dynamic
systemstructure, with constantnonlinear interfaces

CSare interacting with the environment, being opento the exchangeof energyand information .

No part of a CS can contain the whole and therefore no part can assurethe control of the whole CS. This
could lead to specifictools for controlling it, like for instancedistributed control, hierarchical control and/or
external to the CS unitary control. However

CS elementsare CS themselvesand are highly adaptive, which introduces another difficulty in the choiceof
the modelling tools.

CShavea historical hysteresischaracteristic, in the sensehat they havea history and that leadsto an effect
known asfi t hoetterfly e f f a.e @ small changein time and spacewill impact on the future history of the
whole CSor to a completely different componentthat the onethat had the initial change However, evenif
the interrelations of the componentsare nonlinear they comply with the causeand effectslaw in this specific
manner. The conceptof linearity and nonlinearity apply to the modelsdefinedfor CSandit is oneof the
important modelling issues

CS haveboundariesdifficult to define, which hasa high impact on the content of their modelsand their own
changing dynamicsand flexibility .

Despresi st emel e de ener gi elgr, DanfSermasescolmgimen Fiziclare Dr.ddg energeticauclearal secretaDLMFS
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ComplexApoietic Systems (CAS)
were introduced by the works oMaturana 1980)
They have the specific features additionally to the generic CS ones, sometimes refining the generic CS features. CASragfays
which anautopoieticmechanism can be defined, leading to the system possibility not only to self regulate, but also to re¢reate
itself, as follows

-y

1 | The systemboundarieshaveto be clearly defined at any momentin time

» | The systemhasto havecomponents,beingthemselvesCS

s | The causel effectlaw interactions haveto be operable

+ | The systemboundarieshaveto be self produced by the system,aswell as

s | The systemcomponents

The rest of the componentsshould be alsobe able for most of them to be
s | self produced by the system
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Model requests for CAS Risk

The model hasto be developedon a basisof risk asa multiple yet convergentin a 3+1 hierarchical
system,where 1 indicatesthe feedbackloop.

The risk measureshaveto be definedwith various norms: classical,consideringuncertainty etc

Implementation of meaningful useof the risk notion for decisionshasto be basednot only on risk-
benefit approach, but alsoon consideringvarious goalsadoptedby various partners

The risk theory hasto be basedon developinga model on the hierarchical systemnorm approach

A setof rules hasto be defined for the useof model by various categoriesof users

The objective and subjectivemodelshaveto be definedin the modelin a non conflicting method

Scenarioswith catastrophicfailure of the whole theory behind the baseline of the model haveto be
considered and defined.
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Requirements to the method Risk Analysis

To be systemic systemati@andstructured

To beableto definestructureof dynamiccybernetianterrelationdbetweercomponentsvith randomcharacter
of challengegombinedwith intentional challengesndto solvenonlineardynamicmodels by definingwhat
linearity meandor a CAS

To definethe systemasawhole,asbeinga resultof thesynergetianterfacef its componentandto define
alsothe CASinterfacewith theenvironment

To havea solutionfor the systemcontrol (like for instancedistributedcontrol,hierarchicakontroland/or
externalto the CSunitarycontrol)andsystemmanagemenbasedn predefinedbjectivesasfor instance
energy/substandealanceor risk impact Definition of objectivefunctionsfor CAS like energy balance,
informationbalance systemsafetyor security,systenrisk metricsetc is very importantandneeddested
and/ortestablemethodsdirectly or by benchmarlexercises

To havea modelandadequatenethodto solvethe specificsof the causéeffectissuefor a CAS, whichis an
aspectonnectedn its turnto otherslike definition of linearity, uncertaintyandsystemstructuremodelling

To beableto developmodelsandmethodswhich aredynamicthemselvesndwith highflexibility in defining
initial andboundary conditions
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Scenario 1 of the internal events
model for the installation/physical 8

level of a CAS- CAS Ieyel 1 ' o
| - End states

Initiating | of the
nfa‘ifﬁtit scenarios
! | — for internal

\
the CAS ‘
Physical | events/ ‘)‘
level — Scenario N of the internal events Cha"enges
CAS level model for the installation/physical at the CAS
1 level .Of a CAS — CAS level 1 levell
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i : batriers switches -

and the scena.riqé

In P ut from switches as.’
: assignedin Yarious

Switches :
type A Et:jl/S/tates
from CAS Models of the barriers / systems
leveld designed to cope with challenges for
the internal events at the
installation/physical level of a CAS
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Initiating
Events
Matrix at
the CAS

Physical

level —
CAS
level 1

Scenario 1 of the internal events
model for the installation/physical
level of a CAS- CAS level 1

Scenario N of the internal events
model for the installation/physical
level of a CAS — CAS level 1

scenarios

= for internal :.

events/
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at the CAS
level1

atthe CAS

level 2
Models of the barriers / systems i
+ designed to cope with challenges for
the internal events at the X
installation/physical level of a CAS
tevel 1

Input from
Switches
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CAS level
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Barriers (society systems) designed to
cope with challenges of CAS level 2
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CAS level 2,3 sample results
Evaluation is done using risk metrics as defined for Main results including sensitivity calculations
JREIZERIERA for a CAS level 1 against other The important contribution to the final conclusionsof
weighting factors g . : - )
comparingcontributorsto risk of societalaspectsin

- — all methodsusedfor comparison
960 | ioves | 960°
B ek el Aoc | mmocks | omeoc The higher contribution of both securitytypeof
o | A | Gores challenges(with and without barriers designed)py.
comparisonwith the internal safetyaspectf a given
energysource
PUBLI * | ovotem of puke stecn
pusca;s- | ool ctimbecous HOT amnonach oy e sodving A veryhigh potentialfor comparisonsand better
pout + | Pollia challngee manageable by the exsiing decisionmaking supportfor morethan oneenergy
Foaia @ pm’j::nn[,;*m'l'mg.. by the sourcereviewedf a CASleveP and 3is analyzed
£ " | oot syon” "wjmm o The versatility of the unique CASlevelsl, 2, 3 model
ECON2 * | g sconomicu om0 for morethan oneenergysourcefor on-line (living
il - iiaeeamndnn il . multiple energysourceand safetysecuritymodelin
saca o | Saculy chawiass NOT senmoeetis by edetng, [N : 2 an integratedunique model)operation This featureis
e P . ; : extremelyuseful for the useof the methodto support
decisionmaking.
BR ™ System breaks leading to possible contamination ] ] "
it o | s o e e R 5 Very goodpossibilitiesof connectingthe modelwith
extendecdexternalrisk relateddatabasegor on-line
e " | enmismey s eet i ’ " supportto decisionmaking processa processwhich
CONT w | Last barier to the contaiment relesss - u ‘ 9 could bedefinedasf L i VPlRqu aCASs ystem C
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Risk informed decision making.
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1-4 | Definirea necesitatii Avem o sursi unici de cunoastere
2B Clarificarea diferentelor Baza stiintei(lor) si a trasaturilor sale / lor ca o abordare
b duala
Dezvoltarea principalelor ‘unelte’ | Crearea unei noi stiinte / revoluttionarea uneia existente ca
3-C fiind guvernatd de o abordare din trei- unghiuri de vedere |
(posibil — imposibil - probabil)
Verificarea stabilitatii elementelor | Durabilitatea unui element metodologic (teorie etc) asa cum
4-D | definitorii pentru stiinta respectiva | rezulta din robustetea sala paradoxuri
- teorii etc.
Identificarea principalelor Fiecare faza definita in cheie istorica a respectivei stiinte este
S-E L L . . - . L A
convingeri care impiedica evolutia | alimentat de anumite convingeri/ credinte si intuitii
Rafinarea cunostintelor dobandite | Fiecare teorie trebuie sa aiba un grad de utilitate in cadral |
6-F | siimbunatatirea eficientei utilizarii | stiintei respective si al societétii
lor
Incercarea de a unifica metode Cunoasterea absoluta sicea relativa
7-G | pentru obtinerea umor rezultate
mai bune
Gestionarea cunostintelor | Existenta si / sau introducerea / modificarea de ierarhii si
acumulate conexiuni intre diversele teorii ale unei stiinte conduc citre
8-H B X : P X
nevoia de a avea unelte cat mai bune de gestionare a
edificiului.
Incercarea continui de a rezolva | Nevoia de neinfrinat dea atinge noi niveluri de perfectiune
9-1 | probleme nerezolvate si de a | gi intelegere, ca o cauza continud, latentd, de reincepere a
extinde cunoasterea intregului proces de la zero.
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Reprezentare
a trecerii dintr-
i, -| ofazain alta
si operatorul
de tranzitie

Cunoastere anteriocara in
triada stiinta-mit-realitate

] =1,234,5,6,7,89 m=1,234667890

Notatiile K(i) se refera la o anumita faza de acumulare de cunostinte, p(i) reprezinta
probabilitatea de trecere dintr-o faza in alta, iar T(i) se refera la operatorul de
tranzittie dintr-o structura de cunoastere in alta.
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Principle3: KP is asymptotically stable and complete. However the resultant final structure
of this process, which is a CAS, may not be known by its detailed phenomenologieal
characteristics, nor predicted, but rather known for its dominant syzygies.

Theinvariants are called syzygies and they are in the format describét) laynd (2)

Gen :f‘«f[:::_ = |EnTh Enl 5y Em NInCx Fr (1)

L

rv [NES| = f {Gen[NES]) (2]

There are some specific generators (in the sense of syzygy theory) for a K(i) structure bui

for NES:

A Exergy(Ex) of a NES (defined as the maximum useful work possible during a process t
brings the system into equilibrium with a heat reservoir), as a measure of the efficiency
an energy conversion process. This generator has some specific characteristics:

A 1t is conserved only when all processes of the system and the environment are
reversible
A 1t is destroyed whenever an irreversible process occurs.
A Entropy in a thermodynami&€nTh interpretation as a measure of disorder
A Information entropy En) (as a measure of knowledge limits themse)ves
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A Synergy(Sy as a measure of a resultant set of features for a NES appearing from the
existence and interaction of all systems and subsystems, leading to a set of characteri
for the whole NES than exist in the sum of its parts

A EmergenceHEm) from one level to another (in the example for NES presented from SQ
CSU) a process in which larger entities, patterns, and regularities arise through
interactions among smaller or simpler entities that themselves do not exhibit such
properties and evolve to new levels.

A Nonlinearity (even for simple systems) and/or complexiinCy of NES as sources of
chaotic structure and behavior

A Features of CASfractals type of structureRy) of NES and K(i) knowledge topological
structures built for them.
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These are optimal descriptors of eachdistes where:

A B mo,. ocand B % 1(k); m" 18, 1%, (Noted for the states 0 and 1) define
the term called real energy/mass/entropy; examples of energy in such states are
the energies perceived at Earth level by a human observer (including such as
NES_Oklp defining the Real Reality.

A indexes 2 and 3 the simple complex part (for the states 2 and 3); examples of state
of this type are the paranormal phenomena, energies, information channels
perceived by a human observer becoming part of the observed object, defining the
Intuition Reality of the second level Realm (cosrard

A the rest of components are the hyp@omplex part (for the statesc); examples
are states of paradoxical situations coming from other realities and totally
unexplainable for a human observer, but managing thenertgntiotropy feedback
chain (entropy of states of the triadic ESihd they are our connection to the
Universe Realm and diverse realiti€siversesy Atriadic set of syzygies defined
the set of Realities

=
SR (6]
J=1

Y=g
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Fig. 1. Causal structure for energy systems and the linked set of RCls.
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PRA-Type Study Adapted to the Multi-crystalline Silicon Photovoltaic
Cells Manufacture Process

A. Colli & D. Serbanescu
EC DG Joint Research Centre, Institute for Energy, Petten, Netherlands

B.J.M. Ale
TU Delft, Faculty of Technology, Policy and Management, Delft, Netherlands

ABSTRACT: The paper presents a Probabilistic Risk Assessment type (PRA-type) study developed by the In-
stitute of Energy of the Joint Research Centre of the European Commission (JRC-IE) for non-nuclear energy
applications and adapted to the manufacture process for multi-crystalline silicon solar cells production. The
study is in the context of a project, which is part of a PhD study that aims to develop a methodology to com-
pare risks across different energy systems. Risk assessment and risk data collection efforts are under way in
most energy sectors (nuclear, fossil, hydropower), making possible comparisons easier. The photovoltaic (PV)
sector, as a new rapidly growing energy technology, offers opportunities for assessing possible risks mainly
based on the quantity of dangerous chemicals used, but there seems to be a lack of reported information on its
risk events. This situation makes it difficult to analyze the impact of the PV technology, especially if the atten-
tion is on human health. Therefore, other well-known methods to assess the safety level of PV manufacturing
facilities, such as PRA, can be used to assess corresponding risk levels. The PRA methodology allows to
evaluate preliminary quantification figures for failure frequencies, and to demonstrate the possible advantages
in identifying the failure scenarios of the process itself, so that countermeasures can be considered. This paper
presents first a detailed analysis of the PV manufacture process, conducted at a methodological level (knowl-
edge of the single processes at every step, with chemicals introduced, and resulting as reaction products) as
well as at a technical level (machinery involved, auxiliary systems). Next, on this basis, an event tree and fault
tree model are constructed and the corresponding analysis performed, using data available from generic
chemical industry data-bases. The results of this analysis show that it is possible to quantify the frequency of
failures of such processes leading to health challenges and also to identify the scenarios leading to those end
states. Even if the figures resulting from the existing models based on the information available so far indicate
that such probabilities are unlikely in comparison with other industries, nevertheless the results indicate the
existence of weak links. Such weak points could lead to possible health threats. The benefits of using such ap-
proaches in conjunction with other design tools are clear when performing risk reviews before events happen.
Such an application would be in line with the best practice on these issues from other industrial fields (avia-
tion, aero-space, nuclear, some other chemical processes). The use of such models in the framework of risk
comparison could complement the data collected to support the development of the knowledge database on
risks for various energy sources.

1 INTRODUCTION ion 2007) has been agreed, which will also affect PV

through the implementation of national programs.

Although the world’s PV industry is still new
when compared to other traditional energy sectors,
PV is already now considered to be among the major
renewable energy technologies of the future, with a
positive growth rate for the coming years, and offer-
ing the benefits of an increasing number of jobs in
Europe. The growth of PV is expected to be boosted
also by the decision of the Council of the European
Union in March 2007; "a binding target of a 20%
share of renewable energies in overall EU energy
consumption by 2020" (Council of the European Un-

However, in parallel to the high growth rate in the
PV sector, there is a real need to increase attention
also to the possible proportionate rise in risks. Risk
considerations are necessary for both existing and
for new technologies, and the PV sector shall thus
not be excluded.

PV electricity generation is a zero-emission proc-
ess regardless of which technology (materials and
manufacturing process) is used, but the production
processes of solar modules involve chemical sub-
stances, which, like in any other industrial process,
can pose a threat to occupational safety, in terms of

.rtl
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ess is very small (ECN 2007) compared to other
chemical process industries, thus the possible related
risk is also more limited.

Table 2. Output chemical substances from the multi-crystalline
photovoltaic cell manufacture process into analysis. The infor-
mation for hydrogen fluoride, nitrogen, ammonia, nitric acid,
and solvents is considered in Table 1 and not repeated.

of danger  Associated
according to Directi- risk

ve 67/548/EEC (up-

dated version Direc-

tive 92/32/EEC)
Sodium hydroxide C: Corrosive Severe burns.
(NaOH)
Nitrogen dioxide T+: Very toxic Toxicity.
NOx (NO2)
Chlorine (Cl,) T: Toxic Toxicity,

N: Dangerous for skin burns.
the environment

Diphosphorus pentoxide C: Corrosive Skin irritation,

(P,05) severe burns,
harmful if
inhaled.

Tetrafluoro silane (SiF;) Not classified Toxicity.

Fluorine (F,) T+: Very toxic Fire, toxicity,

C: Corrosive severe burns.

Silicon dioxide (Si0,)  Not classified Toxicity.

Fluorosilicic acid C: Corrosive Severe burns.

(H,SiFy)

3 METHODOLOGY
3.1Main features of the model and method used

The modelling of the process using the risk type
approach is based on the standards used by the nu-
clear industry as shown in (NUREG2300) adapted to
the specificity of the photovoltaic manufacturing
process.

In order to perform this adaptation a series of as-
sumptions and clarifications are needed. Previous
work, showed in (Serbanescu et al. 2008) and (Ser-
banescu 2006), clarifies how the PRA process can be
performed in other areas than the nuclear field and
identifies which are the main challenges. However in
this paragraph a short list of the main features of the
model and the steps of the method are presented.

The target of the PRA modelling for the photo-
voltaic manufacturing facilities is to support the as-
sessment of the corresponding risk levels of the
process, the potential weak links and possible future
improvements.

An attempt has been made to describe the installa-
tion phases, as shown in Figure 1. However, due to
the limited information accessible in open source,
the results obtained will have relevance only from
the point of view of highlighting the methodology
and identifying relative importance and ranking of
various issues between them.

Figure 1. The multicrystalline silicon photovoltaic cells manu-
facture process. The highlighted boxes are those including the
processes which required special modeling due to the chemical
substances involved. The codes are: AB=acid bath, TDF=tube
diffusion furnace, El=edge isolation, SNARC=silicon nitride
anti-reflective coating, MP=metallization process, CF=contact
firing.

PROCESS DESCRIPTION: m-,m

ASSUNPTIONS AD
INPUTS & OUTPUTS Pl RESULTS AVALABLE

CHALLENGES
SPECIAL ADOMONAL
CONSEQUENCE CATEGORIES
[FOR INTERCONNECTION
Risk BETWEEN SOENAROS
Model FRE; E¥PLFLOOD

Figure 2. Main Flow of a quantitative risk analysis. For the ex-
planation of consequences and risk categories see Table 3.

The main flow of the PRA methodology used for
this case is shown in Figure 2. The process of devel-
oping the PRA model is based on process descrip-
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