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CAPITOLUL 1 ‘
67%',8/ $&78%$/ $/ 7(+12/2*,,/25 '(11& /=,5(
(/(&75,& ICUCOMBUSTIBILI FOSILI

1.1. Introducere

SHQWUX SURGXF W Rpénhtiu dBrisurhiai tadhidi] iktkdiali sau publici, in
prezent se pune problemeducel, L. FRQVXPXOXL GH HQHUJLH QHFHVDU
HOH ORFXLQ H VSD LL deR&uHESr2l® (dép&ide, LhaleSBEERGXF LH
birouri, etc.)[1], [2].

ProblemaH I L F L H @dNsuinUluL de energiela U H D Ounpr$istemeGH vQF O]JLUH
GXDODWNXWLgeHD te trece DMXQJkQG DVWIHO DWKW vQ DWHQ LI
SURSULHWDUL GH VSD LL GH ORFXLWQSDWERFLWRRHORY H
indirect (furnizorii de energidgg], [4].

PrincipaleleVROX LLOH DGRSWDWH SH §89DBR PRQGLDO vQ SU]

9 DQXPLWH ILUPH VSHFLDOL]DWH RdatelF RPELIYQ Y O\RWHWRI
clasce GH vVQF O]JLUH FX V lc&(péhtia ifroddcdrBa/éirergrRiCeMoDi LL
realizarea autonom) [7] 'HIDYDQWDMXO FRQVWcevoQomDt&e®/ XO F
HILFLHQW vQWUH FHOH GRX VLVWHPH

9 XQHOH VSD LL GH ORFXLW vQ VSHFLDO FHOH GLQ PHG
GXDO GDU DFHVWH VLVWHPH QX DX 8iJ&dermvdd DXWRI
VQF OPIDUBD OWXO GH H[HPSOX GH OD vQF OJLUHD SH
lemne)8];

9 OD PRPHQWXO DFWXDO H[LWie XWL.IVOMUHRE] G8 RXQ FWO]%.
FRPEXVWLELO GDU DFHVWHD QX UHDOL]JHD]QRYRROHC(
utilizatorului.
7HID GH GRFWRUDW XUP UH WH HILFLHOQMeédyderdgddD FRQ

FKHOWXLHOLORU QHFHVDUH vQFcogrinutilizarsaHurbiHotbteR &5 D D Q F
DOWHUQDUH vVQWUH GR XDv § BErWHPHNHRQIOHQGUHR QOO I JGHH L
SH GH R SDUWH VH DIO FHQWUDOD SH JD]J]H OHPQH VDX
HOHFWULF [/XFUDUHD v L SURSXQH V RIHUH VROX LL FRQF
VQF OJLULL IF HD\Q/DFSWD UQ D I@esuFseld/ tindhcidr® &le utilizatorului, prin
alegerea unui algoritcare V. SHUPLW RSWLPLQFE HOBHROBSNKEBR XN VGH
SUHIHQWDW HVWH R VROX LH GH DFWXD OdavHoméHa oL YL]HD]
WUDYHUVHD] GDU L ké&B\WDLYRQGH 30U vy SEHEP QR U

,PSOHPHQWDUHD VROX LHL vQ FDGUXO vQWOeHluLQGHUL
impact important in ceeee SULYH WH UHODQV D UHDG XHAHRWHRIP LFHUH SAOL
SURGXFQLISUH]HQW vQ VSD LLOH vQF O]JLWH QXPDL SULQ F
LPSOHPHQWDUHD VLVWHPXOXL G xXd)¥emhificatvHh@dldJdnB@el HOHF W
astfel sar R E b @#Hucere importantaagradlL GH SROXDUH GDWRBDWL WHV W |

1.2.Descrierea sistemelorde Q F ODLORIFXLQOHORU

&RQIRUWXO WHUPLF QHFHVDU vQ LPRELO SRDWH IL LC
FRQGL LL D DFWLYLWLQOR®OEFXQEMX]WBH X\BHMRAHE poa
produce necesarul de agent termic

2 FHQWUDO WHUPLF FX$UQ GEMU KQV BhebiiitDivades G H
unui tipde energie (LH F HVWH YRUED GH FRPEXVdtérfele@riy)lROLG JD
al tip deenergieceaWHUPLF (D DVLJKb& d@ralRdd WPWHDOD LLORU
prepararea ACM (apei caldmenajerg a LQVWD@&DvQE OPLUKVWDOD LLORU
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climatizareetc, care pot fiF R Q V Lédhsuhiatdri L W U D Q ¥ ¥ R VAN WG agent
termic.
&HD PDL XWLOL]DW DRJIHP O BCHE Gl WHIDEL Edtddiel plivhe
F U E XiQhtds, gaz metangaz lichefiat, hidrocarburi), sau ain procent mai redus ca
IRUP GH HQHUJLH HVWH GHMH B U FOYWWH QDLNPE)HEIQERAIPEDtY
IRORVLW HQHUneb) HOHHFEW.ODLAROLDQ ELRJIDIXvOQ VDL WR B W/
intrevede utilizarea hidrogenujyot fi folosite ca surse alternatijl].

O microcentrala WHUPLF 07 HVWEHCFaR PedtxuvVD S + care are
temperatura de lucru de maxim 95, avand FLUF Xi® fip LRIU DSWUWHY ] Xwaal F X
deschisde expansiunepompe, DU] WRDUH VXSDS GH VLJIJXUDQ SHQ)
consum este utilizaV FKLP E W R U XgPedBril I$isten@FoOldsit laautomatizarg¢l4].

la UH HERBIFWULF OD VXUVWR SHQMRPEXGHNDBMDIJHD 11X
LQVWDOD LD LQWHULRDU GH vQF O]E&UIHDYHFHUDHRXGW D Jv QF
SURFHVXOXL GH azi¢ GHadleteVEKQMW HDLEHUDWH vQ DWPRVIHU
stabilit focar apoi canalul de fumlDSRL HOLEHUDWH SULQ FR

'HILQLUHD XQHL FHQWUDOH SRDWH IL UHDOL]DW GXS F
modul cum circul agentul termic gvandvehiculare IRU DW V DX tiuDagextuld O
termic folosit (apa cuo temperaturaG H S k Q15 @r&deCelsius aburaflat subpresiune
M R Batapa peste 115 gradelsiusetc), G X Batura combustibiluluiolosit (solid, lichid,
gazo3, G X Biodul de exploatarePDQ XD O  V H P LIDXWHRRPIDW

Economii importante la buget pot fi aduse prin utilizardhltPRVWDWXO GH FI
electromecanicare DM X W O Dtempeénatirii @vibleizle.

Instalaia temLF IXQF LRQHD] SH SULQFénSrgigiCGalonc RQVIRUP
combustibililor n energiede tip temic. & RPEXVWLELOLL FHL PDL GHV IRO]|
termice sunt cei fosili de tipuF U E X,@MHeXului sau al gazului metan.

Un obiectiv principal la nivel mondialal politicilor energtice il UH S U Heduida
sau chiar diminuarezonsumurilor de canbustibili fosili. In acest sop, prin utilizareasurselor
GH HQHUJLH ,Wenid PNWUDXUDUHD FRQIRUWXe&3t¥ un VebieotR LF vQ O
primordial avand drept scop in contextulunei GH]Y R @éMipUdutabii, FUHUWHUHD
siguranei n furnizarea de energie, GH]YROWDUHD WHKQRORJLLORU HQH
F R P H U protBj@eamediului inconju W [Ra).

Instalaiile tetmice XWLOL]JHD] HQHUJUHS U éi$hlgEVAUd Daent@ o
energieUHODW L YLAXWIDAQW QWDMHOH UHDOH SHQMWtrXme®uWP EDWHU
DPELDQW VXQW GDWH GH IDSWXO F HQHUJLLOH UHJHQHUD

Principalul obiectival XWLOL] ULL HQHUJLLORU UHJHQHUDELC
HPLVLLORU GH JD]H FX HIHtiiW GO X@DQLPLMDAWNWH BX FRQFC
ULWPXO DFWXDO GH FUH WHUH D HPLVLLORU PRQGLDOH G
vQF O JdtrddsferBi terestre de 38 grade AHOVLXV SkQ OD VIKU LWXO VHF
fenomen va aduce efeafezastroas® VXXSUD RPHQLULL L D PHGLXOXL vQF

Luéand in considerarperioadade implementarea noilor WH K Q R PdRidddia delL
Tnlocure ainstalaiilor existenteaferente tehnologiilor actuglestenecesaca umanitatea
accelerezeitmul de L P S O H P H Qeavbltareh tehnologior curate La acelor tehnologii
carevor duce la reduceremnsumurilor energetice.



CAPITOLUL 2
CL ',5, ,17(/,*(17(+SISTEM DE MONITORIZARE |
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INCINTELOR

&EXYKkQWXO A LQWHOLJHQW D IRVW XWLOL]DW FD R GHV
vQ 6WDWHOH 8QLWH DOH $PHULFLLW & RQ PEKPWX O PG @ RADFUDH (
GH]YROW ULL WHKQRORJLHL LQ I RddfBrDintetiod &otit dé-dddtany HU L L J
precum LGDWRULW FUHUOWHULL QHFHVLW LL[®HAEERQIMURO D X\
DVSHFW UHDOL]JHDJXOSHRQW.WQRNHXIOPH. VLVWHPXOXL GH vQF
and Air Conditioning Systemm HVAC) o reducere a energiei utilizate in vederea atingerii
confortului dorit.

7HUPHQL FD AVPDUW’ 4L ALQWHOOLJHQWnE®®mW vQ S
PDUH vQ DVRFLHUHD FX R FO GLUH 'HuL ALQWHOLJHQ D" H
XQXL VLVWHP DUWLILFLDO HVWH DFFHSWDW vQ UKQGXO Ft
VDX RELHFW VH UHIHU O Rafe&UNMRAWLR DG HQIHDD WHD b S HUWL SU
QRL 6LVWHPXO WUHEXLH V DOHDJ FHD PDL -BX€t UH]RO
SUHVWDELOLW DSRL V DLE FDSDFLWDWHD GH D AvQY D’

Criza petrolului din 1973 a reprezentat un al@diD SXQFW GH UHIHULQ
FO GLULORU LQWHOLJHQWH careBDOXWBURQHORG yOQDHEIXOLE R L
VHFWRDUHORU GH FRQVXP DFRUGKQG R PDL PDUH DWHQ LI
utilizarea noilor minicompXWHUH D XQLW LORU FHQWUDOH GH SURFH
CPUSs), precum la unor controllere loge programabile (programmable logic controllets
3/&V GXFkQG @i QBRDUGHWFULHUL VWDQGHIIEMSddQWUX |
Management aEnergiei (Energy Management SystetiMS).

$VWIHO DX DS UXW SBDRHQH FLXQ ®/tsReEriHiMdauBiRIHcrarea
GDWHORU PXOW PDL HILFLHQW UL VLIJXU HOLPLQkQG HI
GHWHUPLQk @@ltipR:sareldr ADRIIV '"LPHQVLXQLOH PLFURSURFH'
UHGXVH SHUPL kQG FRPELQDUHD DFHVWRUD FX PXOWLSOF
VLVWHPH GH DODUP DQDORJLFH HOLRB® KQ®W UHVW HHY RWU
consola de monitorizare.

Incepuw XO DQLORU D IRVW FDUDFWHUL]DW GH DSDUL
personale (Personal Computers8 & GDWRUDW VF GHULL SUHcE&LORU F
UHYROX LRQDW LQFOXVLY VLVWHPHOH GH DXWRPDWL]DUH

in secolul21 se pune accentul pe aB JHQHUD LH GH %$6 ED]DW SH \
integrate, fapt datorat expansiunii continue a mediului virtual. Sistemul de automatizare a
DGRSWDW WHKQRORJLLOH ZHE H[LVWHQWH RFX&kQ@G DVWII
XQHL FO GLUL &RQVROD FHQWUDO D % $bWRRICDREH D]V W IQH ©
ZHE VLWH ZHE vQ YHGHUHD PRGXOXL GH RSHUDUH DO FO (

2.2. Sistem modern de monitorizarelcontrol al v Q F Oihtitddldr in
scopul H I L F L Hi @Qansuului de energie Ide reducere aheltuielilor
Sistemul de monitorizare lcontrol al v Q F OQIRUFIXLL @roHUSiR &teasta lucrare
se refera la utilizared D L R Qdpa&xipuri de centrale, una pe gaz mdeanne F U ExaQ H
biomasa Lcedalt electrica,ce DF LR QehDy vQF O ]D HH O iddirde. LAceasta
strategie este adaptatd H D O Lcdtididn® &eJtarii noastrén caremai mult de 56% intre
utilizatori folosesc centralele pe gaz sau combustibil solid, iar introduderparalel cu

6



acestea a unei centraleonducandla optimizarea consumurilor energeti Lmic orarea
cheltuielilor[46]. Sistemul de monitorizarelcontrol are ca obiective principale:

- &UH.WElidéh®i consumului de energie necesarav Q F O jicntelor prin
implementarea unui algoritmlprogram del X Q F L Ba@dielpkl alegerea predeterminata a
orelor la temperaturiin care V S D trebi@ sa fiev Q F Ofje. &légerea optimizata a orelor
de I XQF L peQ@&dJud tip de centrala (cea pe lengaze sau biomasalcea electrica)in

| X Q FdeLFHU Hun¥aD al furnizorilor de energie (de exemplu GDF Suez pentru gazul metan
sau Electrica S.A. pentru energia electrigéj]. In plus, programulLP SOHP HRRVAHDL] LL
suplimentarentroduse dauitilizator, prin carese pot creaF R Q @ktrictive impuse de sumele
pecarele ar acesta laG L V S Réntrd_plata energiei folosita Q F G khdest mod, se va

R E b QJHH QoptiheHntre S Y ebnsum  lresurseutilizatorului;

- Diminuarea chetuielilor financiare carein contextul crizei econoroe actuale este o

P V Xrngéesara de conservare a capitalu@l@t pentru persoane fizé cat mai ales pentru
intreprinderilemici  Lmijlocii unde costurilev Q F (pflLdurata anotimpului ce sunt mult

mai ridicate;

- Reducerea emisiilor de noxgrin | X Q F L RMQ®UWRIP&RLAptodimativ 50% din timp a
centralei pe energie electrica.

o sistem incalzit

senzori
I

o

3fa gaze o2
centrala gaze ————2

"
retea distributie gaze ‘& e

retea distributie electrica

Figura 2.1 £Sistem de monitorizarelcontrol al v Q F Qrjdintelot
Sistemul este structurat ficomponerg hardware principale (prezentdtefigura

sursa alternativa de energie electrica
interfata de o7
comunicare

' " L
- ? centrala electrica

2.1):

1. Sistemv Q F @¢iné/V S Diotuxbil), este O R F &2 viaDeneficia deF O Ggénéiata de
acest sistem dual der Q F O PLrJ idtermediul celor doua centrat@mrevor I XQF LRQD
alternativ, 1 X Q FdeLptogramul pentrgare R S W HrbBgrietarul temperatura ambientata
interiorul FO GafUBHQ Lnsiania.

2. Centrala pe gazea | X Q F tdR@aDprobabiin perioada de ziin intervalul orelor 622
iar regimul del X Q F L Ra(JilzdhHoht de ambientul centralei, X Q Fde_teimperatura la
careaceasta a fost setata.

3. Centrala electricva avea regimul dé X Q F LR @tBrihkdl orar 226 atuncicandplanul
tarifar pentru energia electrica este maF ] X W Wdeécikia finalain O Hufacu alternanta
I XQF L Re@bDddualsisteme o va lua proprietat{ Q FdeLndvoia acestuia. Ambele
centrale vor fi racordate |[® FH S FR QY HQ LR @2 @ri@adt div evi, calorifere,
racorduri etc.



4. ,Q W H dd bdhidrgare intre cele doua centrale (automatul programab#lAP) este
D S O Ldaiava Bontrola integral regimul orar deX Q F L RIgltBrkbaHta. Microcontrolerul
care FR Q W U RXMHFD] Ry fbdudgrBmat prin intermediul unaomputer(5). ) X Q Fde. H
F H U L Qiemtuulutilizatorului final) acesta vas H F Odbc@ntiala Lva opri pe FH D QaD O W
intervale de timp bine fixate,ori de cate ori va fi nevoie-inizi. Programaredl Q W Hd¢IH HL
comuntcare se poate fee pe orce perioada, astfel ciclul dd X Q F E R Qifddohului dual
putandfi zilnic, V. SW R ki@aD énual sau la u@ X PXUe zile, | X Q Fdelg#ogramul de
utiizareal ORFD LHL
6LVWHPXO GH PRQLWRUL]DUH #BWDW FX VHQ]JRUL GH WHEF

Programarea. Q W Hvd fiHI IH Xd& B Wudnizorfinstalatorul sistemului lva putea
fi reconfigurata de ori cate ori va fi nevoie.

Pe lang o programare oarecum clasicecare L Q W Hhwfbe aldcevadecatcontrolul
direct al celor doua sisteme termice, este permisaF R Q | L JeObhleXath acésia I XQF LH
de SRV L E Lfi@dnvtiarelal® Htilizatorului lanume:

9 ) X Q Fdd_dapitalul disponibil al utilizatorului ints anumita luna poate fi introdusa
0 suma maximaarepoate fi alocata pentrv Q F Qdrlirunkbmentulin careeste
atinsa aceastaaloare microcontrolerul vimtrerupel X Q F L R€dD dbtblzentrale.

De asemenea va fi introdudun set deD Y H U datejoufL D I L peWisblayul
L Q W Hdéd cHntkblLatunctandvaloarea consumata se apropie de limita prestabilita
pentru pemadain curs.

9 )X QFde Honsumul de energie electrica si/sau gaze impus pentru 0 anumita
perioada vor fi oferite lanumite variante d&/ H \&letéinperaturii ambientale astfel
incd's VHIRE& UH Odptirhddintre parametrii (temperaturile pe intdesorare)

[costurile maxime permise.

In concluzie D S O L$ofwadré€careva v Q Vdistdmul R | HadsibilitateaY L] XDOL] ULL
consumului de energie, va tine o evidenta a acestui consum, va genera statistici, rdpoarte
prognoze lva D Q Xg@rdoanelautorizate cu privire |eD S D diteriteldr V L Wdelldrm,

DS UlA\Widtemul devQF OdéarUndi presus de aceasta VaX VvV LIXHX prBcesul
decizional al posesorului sistemului deQ F Gljkle, EDmutandautomat intre cele doua
sisteme dev Q F Q@lpkit¢ HG X 8qguli bine stabilitecrescandastfel randamentul sistemului

[55].



CAPITOLUL 3
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3.2. RezultateP V XU WéxhelirdeRtble. prezntarea lor grafica
ParametriiP V X @fost S U H @WKdhalizorului de energi€hauvin Arnoux 8352.
6FKHPD GH PRQWDM D DQDOL]JRUXOXL xBH FHHAHAWUXHDHR W M U
DFHOHARQGL LL SDUDPHWULL FXUdQadext@ax+D *HOROWVILW BIR)
DQDOL]RDUH &KDXYLQ $UQRX] FKWH XQXO SHQWUX ILHTF
L GH FHQWUDOD HOHFWULF

Figura 3.1 +schema montaj a analizoarelor de energie Chauvin Arnoux 835 2
Astfel schema de montaj pedtX DQDOL]D SDUDPHWULORU HOHFWUL
HVWH SUH]HQMDW QWX DOFXWRLW DVWIHO
- F LF VXQW FDPHUHOH vQF O]JLWH FX FHQWUDO HOHF
- F LF VXQW FDPHUHOH vQF OJLWH FX FHQWUDO JD]
- CEztFHQWUDOD HOHFWULF
- CGxtFHQWdZ2DO

- CA ce £tDQDOL]JRU GH HQHUJLH &KDXYLQ S$SUQRX] X
parametrilor electrici atentraéi electrie
- CA cg +tDQDOL]JRU GH HQHUJLH &KDXYLQ S$SUQRX] X

parametrilor electrici ai centralgie gaz

IncintaincareDX IRVW HIHFWXDWH P VXU WRBDdaBtdd¢eWH UHS!
VXSUBEB0 @ Doi SHUBLLYSD LXOXL \d$iQniericti] W patdarie) hord se
afla alt birouavandt,= 20°C , iarin partea de Est un hol ct 18C (vedere birou figura
34).

3HUH LL H{fZWHULRUL VXQW UHDOL]D L GLQ F U PLG FX
SDUWHD H[WHULRDU R WHUPRL]ROD L H(fiGuta@B55[B9 P¥ WLUHQ
DPEHOH IHH DOH SHUHWHOXIDW®OH WISOLFP XQ VWUDW GH WH:

9



Figura 3.4 £Vedere birou
SHUH LL LQ\MHDDELQJ[@ EVIX(;PWG FX JURVLPHD GH FP

Figura 3.5 tReprezentare perete exterior
SBDUGRVHDOD KBV WHEHWBQLFDXWJURVLPHD GH FP L]RO
grosimeade FP 0L KLGURL]JROD LH FX JURVLPHD GH FP
in figura 36 este reprezentaavanu) careHVWH UHDOL]DW GLQ SODF GH
GH FP L]JROD LH GH SROLVWLIKHQ URL PRIRY LMHHBXGHJ R VEP |
3H SDUWHD LQWHKQOLRWUDWHEHSWHRFXLDO FX JURVLPHD GH

0.03m |, 1 Hidroizolatie

Izolatie polistiren

Planseu beton

Flgura36 +5HSUH]HQWDUH SODQ.HX WDYDQ

Geamurile IXULOH VXQW UHDOL]DWH GLQ WHUPRSDQ 5HIOH]

SDX HIHFWXDW P VXU WRUL DOH SDUDPHWULORU HOHFV
gaz (IMMERGAS EOLO STAR 24 KWJ62] LXQD HOHFWULF 3527+(50 N :
[63 care DX VQF @WKHW IDERFLQWH VLRHWSGUMPHD ILBFHDUPRASFXQ G|
DFHOHLDHP $IHWHDW XUD LQL LDO D LQFLQWHELarBsdRMW GH -
DFKL]L LD GH GDV64 D5HRXQWDHV H O HlaRalXltt suhRpdelzentate in
celeceuUP H.D]

Aparatelede D F K L @ldatetdr a fost montag cain figura 31 iar parametri electrici
P VXUD L DL FHQWUDOHL SigurileBB]7 ¥3XQd& maipSUHIHQWD L vQ

9 D U Libtima puterilor activa LU H D F W LDvV HPV ¥ MaBpihdeHle ciclurile
de pornire loprire ale centralei pe gaz IMMERGAS EOLO STAR
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Figura 3.7 tArmonici ale tensiunila centralape gaz IMMERGAS EOLOT8R

Figura3.8 +t$UPRQLFL DOH L QW H Eenttapeddal IMMERE ABVERIMXSTAR

Figura 3.9 tGrafic tensiune, intensitate, putere active, putere redetsentral pe gaz
IMMERGAS EOLO STAR
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Figura 3.10 tTabel P ULPL HOHFW llcénttald p¥ oad DMWERGAS EOLO STAR

Figura 3.11 +Forma de unda, tensiunelcurent
la centrala pe gaz IMMERGAS EOLO STAR

Din analiza digramei fazoriale tensiune Lcurent se obBlUY F FHQWUDOD S
IMMERGAS EOLO STARare un caracter inductiv curentul fiind in urma tensi 6.

Figura 3.12 +Diagrama | D ] R Utér8ine. lcurentla centrala pe gaz IMMERGAS EOLO
STAR

12



3DUDPHWUL GH IXQF LR Q 8ubtlepil] HHGWQ BV U CHAR-HR 2PHOH FOMU L F
de mai jos.

Figura 3.13 *Armonici tensiune faza ©D FHQWUDOD HOHFWULF 3527+

Figura 3.14 +Armonici tensiune faza® D FHQWUDOD HOHFWULF 3527+

Figura 3.15 +Armonici tensiunefaza® D FHQWUD OOTHEBMFWULF 35

13



Figura 3.16 *Armonici intensitate faza ©D FHQWUDOD HOHFWULF 3527

Figura 3.17 +Armonici intensitate faza D FHQWUDOD HOHFWULF 3527

Figura 3.18 +Armonici intensitate faza® D FHQWUDOD HOHFWULF 3527
Centrala electrica est R FHQWUDOD WULID]DWDVEHAR @ .HUH FD
armonicele de tensiunelcurent pe cele trei faze se poate concluziona ca are un caracter
aproape liniacomportandiseca un rezistor de putefé6], [67].

14



Figura 3.19 * Grafic tensiuneintensitate, putere active, putere reacttaD FHQWUDOD HOH
PROTHERM

Figura 3.20 tTabelP ULPLVXUODWHHQWUDOD HOHFWULF 3527+

Figura 3.21 +Forma de unda, tensiunelcurent OD FHQWUDOD HOHFWULF 35.:

9 D U Libtiha puteriiactive consumatde centrala electricPROTHERMcoincide
cuYDULD WLGH DOH FXUHQWXOXL DEVRUELW GH FH@WUDOD
ale centraleiin | X Q Fde.tdmperatura ambientala. Puterea reactiva consumata de centrala

15



electrca este foarte micalse HY L G H Qoar i yegimul tranzitoriu de pornire/oprird a
acesteid68], [69].

Din diagramal D | R Uptzéntatdn fig. 3.2 UH]XOW XQ GHID]DM IQXO LQ
curent pe toate cele trei faze dleH IdeOatrhentare la centralej ceea cene arata din nou
caracteruliniar, rezistiv al centrai electricePROTHERM[70].

6H FRQVWDW GLQ @biw BIOHI3AV XUDPWRWQRDOD HOHFWU
FRQVXPDWRU UH]JLVWLY FRX@W v QuidBtE Gighwthi¢ HeBhilibrat. Din

FRQWU FHQWUDOD SH JD] HVWH XIhumRiGYnfnPID\MR UL BB MR\S 3
= 0,83, sistemul avand un dezechilibru inductiv.

Figura3.22+'LDJUDPD ID]JRULDO Vd Ee@thalaxl€cHic. 13 F2X7U- i SOV

In figura39 VH REVHUY FD WLPSXO WRWDO GH OXFUX DO F
WHPSHUDWXUD GRULW HVdaréimdmentul inédle SRQRWHVHG SR P SD
UHFLUFXODUH HVWH PDL PDUH FLUFD rea témp@ratwvii-betadeD vQFH

DSRL VH PLF RUHDIH[@VW PLRBRSWHYVBHHGMW UX FHQWUDOD HOH
WRWDO GH OXFUX HVWH GH RU LDU OD VQFHSXW WLPSX

urmand apoi 5 perioade cu 4 minute d&TIMOJ]LUH D UH]JLVWHQ HORU UHVSHFW
GH SDX]
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CAPITOLUL 4
ALGORITMI PENTRU EFICIENTIZAREA CONSUMURILOR
DE ENERGIE ELECTRIC ALE SISTEMELOR DUALE DE
INC LZIRE A INCINTELOR

4.1. Analizaintrare- L H . & sidttmelor duale der QlEre a incintelor

IQF OJLUHD LQFLQWHORU UHSUH]LQW XQ H[HPSOX IRDL
HOHUJHWLFL LPSRUWDQ L GDU FX UDQ&dividLsW/cdiRlIBaBUWH VF
VWXGLH] VROX L Lre8pdQ&¢lonG H | Nz@peEaHagikelofy D

5H]XOWDWHOH RE LQXWH VXQWX®D WNIQWBEX¥ROXWIRD C
LPSOHPHQWDWD FX VXFFHV OD vQF O]JLUHD XQHL LQFLQWEF
DGRSWDWD SHQWUX LPSOHPH Q Wdialdel atkzebrexewplificatB irbaxedt Q VLP
proiect prin realizarea unui model experimental de laborator, rezultatele financiare sunt foarte
EXQH &X R DPRUWL]DUH IRDUWH UDSLGD D LQYHVWL LHL
avantajele financiare rezultate DUH vQ SODQ LPSOHPHQWDUHD DOWRU V
celei existente.

Se G R U itaNsareaunui model experimentatare V D SiK €videnta moduln care
se poate eficientiza consumul (respectiv costurile) de energie prin utilizarea de sistdene
GH vQF O]JLUH

De asemene&n cadrul acestei etapeBX SURSXV VROX LL FRQFUHWH
algoritmului de comanda a microprocesorului cu ajutorul controlerelor logic programabile.

BHQWUX D SXWHD DQDOL]D GDWHOH H5H; H QAR B DAJ|H UIHH
incintelor avem nevoie de a introdusb forma tabelara datele de intrare disponibile precum

LFHULQ HOH XWLOL]DWRUXOXL WHPSHUDWXUD LQFLQWD
formei tabelare este acceptata pentru a puteaDilm XUR U L QW thPhezA deHdaBeD WH O H
comuna.

IQ IXQF LH GH GDWHOH SULPLWH G HaOdklot WilesldDWRU S
baza de dateLGH OD FHOH GRXD FHQWUDOH DXWRPDWeMQ SURJUI
VQF OJLUHD Lot ai@oftidului pé&n@u eficientizareaomsumurilor de energie
HOHFWVLVWHPHORU GH VQF O]@bhKeSX D Mmfiw45 QFLQWHORU

Automatul programabil APHVWH GH WLSXO0SHA X P HtkQusiudi @ralo \
s controlezeparametrii del X Q F L R Qifdunidluiin urma XQ XL LQVWUXFWADM HIHF

locului de F Wuinktor/instalator.

CENTRALA CENTRALA

[c¥4 ELECTRICA

CALORIFERE

Figura 4.4 £ Schema logic simplificata
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AP-ul permite peOkQXIQ FR QW UR Ca IGduluiH EWW mad Penmde, la distan
de administrare Ilsetare a parametrilor. Avantajul acestui control de la distddVWH DFHOD F
permite utilizatorului s L Q W HitJsiste@wul decizional realizat dE WAP téri de cée ori
G R U,H X\\QHeleLHH F H VIIVWF R LIP Elepio@am. SpreH  [HPSOX XWLOL]DWRUXO
IL]L &ste plecat AdO FDYHQWUX SWXPIBGILDFHD YV ViBtel@H devRB A |LUH
HVWH SURJXDFDMRSYH R WHPSHUDW XU nuPIXQLAP L REkkK] HV
1 HS UHY iit&rvih¥ Olperioada de doua pW PKk@&HWHYLQH [IsENnsDIhWarese
poate prelungg. VDX GLQ FRQWUIn &e&st ¥a2 clientd,VgrinQritermedil® ULF U X L
dispozitiv electronic cu o conexiune la internet (de exemplu desktop, laptop, telefon mobil,
PDA, etc.) poate modia in timp real regimul del X Q F L RIQs3tdrhului dual prin
prelungirea perioadei de inactivitate s&iH F O D Qro€esuliDdev Q F Onjdi dévreme
decéatprogramat. 2 G Dadtiv sistemul, acesta vhX Q F [p® kaba unui regim prestabilit
| X Q Fdd.tdifele la energie pe intervale orarearevor fi cuprinse intro E D ]Jde date
dinamic U HF R Q | LdeXrU WiliE&dor in orice moment).

4.2. Utilizarea bazelor de date onlindNRE, ANRGN ANM) in sistemele

dualedevQF O]JLUH
Pentru realizarea untot unitar se va realiza o bade date comuncares VHUYHDVF
automatului programabil (AP) drept memorie, astfelipoate oricand sinterogheze baza
de date Isa aflein orice moment costul energigintr-un anumit interval, costul metrului cub
de gaze naturale daLSURJQR]D PHWHR SH GRHSWURK DGR D/WMKUDNWFHVWH
VXQW QHFHVDUH SHQWUX D J VL BHGELpErirlk aEpxit@a tF®ISRUW |
XWLOL]DWRUXOXL ILQDO XQ UDQGDPHQWIZR&O[LP DO XWLOL]
Organizareadatelorin ILU LBIWH XUP WRDUHOH GH]DYDQWDMH
9 datele sunt redundante
9 datele sunt inconsistente
9 datele sunt validate neuniform
9 datele sunt indisponibile
9 D SO L KBdindd©date
SRUQLQG GH OD GH]DYDQhDMHBBHBWREG W LOD GHERMHOK
XWLOL]DUHD ED]J]HORU GH GDWH RQOLQH UHSUH]LQW FHD
IXUQL]DUH D LQIRUPD LLORU EUXWH SHQWUX LPSOHPHC
consumurilor energeticad a costurilorin sistemele duale de QF O]JLUH
%D]D GH GDWH H¢ tdtd pBrsistéh@ Hbfgahithte -ikr VW UXFW XU GHYV
printr-un model conceptual.
In baza de date wareo folosm YRP LQWHJUD XUP WRDUHOH GDWH
9 3UH XO HgEeHietdre plan tarifarin parte Lprognoza peXUP WRDUHD
perioad.
3UH XO JD]H QppgncaB\WXUDFOWRDUHD SHULRDG
Date de tip WHEATER ( prognoza meteo pe termen scurt)
TemperaturiH[ WHULRDUH LQFLQWHL vQF O]JLWH
THPSHUDWXULL LQWHULRDUH LQFLQWHL vQF O]JLWH
&RQVXPXO GH H QH ig¢chrddertiral Fhipamée) L F
Consumul de gaz
Avarii survenitein WLPSXO FHKQF LRQ
Datele setate de utilizator (INPUT LINE)
Prin utilizarea de baze de date onl{figura 46) v Q V H ibP<)ea/accesarea e U L
distinctealebazi de datevQ D Fihp de malW X @tilizatori. % D]D GH GDWH HVWH L
L SDUWBROWHFIIRRHVWXL OXFUX R FR Jtiizhtd/ XSIR-D \WOHS W X OL H
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LOQWHUHVDW QXPDL GH R DQOQXPUMQ SRU QXQN RBU Q @ HOMNIW |
final, ILH SURGXF WRUXO HFKLSDP H@Qé/NXmD BLY DX VR R® B M WSXULRD) WGL
baza de date.

Utilizator final AP

Producator echipament automat programabil

BAZA DE DATE

Figura 4.5 £Schema utilizatori ai bazelor de date online
IHFHVLWDWHD XWLOL] ULL RQdeLQH D EDJHORU GH GDW
9 Datele pot fi partajate
9 SereducecdHGXQGDQ D GDWHORU
9 6H HYLW LQFRQVLVWHQ D GDWHORU
9 6H DVLIJXU LQWHIJULWDWHD GDWHORU
9 6H DVLJXU VHFXULWDWHD GDWHORU
9 6H UHDOL]HD] LQGHSHQGHQ D GDWHORU
9 Datele pot fi accesate de oriunde

Pentru comanda online a sistemului se folosesc tehnologii precum BWSQL
deoarecémbina simplitatea in utilizare cu caracteristici dintre cele mai complexe. Tocmai de
DFHHD 3+3 UDSLG D GHYHQLW XQ LQVWUXPHQW SULQFLSDO

Sistemul informatic de decizieLFRQWURO YD I-b bla0de datX Liddteval Q W U
scripturi PHPcare YRU DYHD IXQF LL ELQH GHILQLWH FXP DU IL

9 monitorizarea parametrilpr

9 reglarea automat temperaturji

9 comutaredAQWUH XQ VLVWHRIGH vQF O]JLUH

9 comunicarea permanentu AP-ul (automatul programabil.

BUP ULH WX O L Qivhirateighie nkRu@adeBat, posesorul sistemului dual de
VQF OJLUH QX HVWH XQ VLPSOX VXSUDYHJKHWRU FL HO SR
SXWKQG VD ILH SULQFLSDOXO A NaXuara Bediziile X@oksQredi®@ XD SD U
sistem.

TQ FRQFOX]LH DSQaré PDL D QWRIW ZWUIMAWHPXO RIHU SRVLE
consumului de energie, va tine o evidenta a acestui consum, va genera statistici, rdpoarte
prognoze LYD DQXQ D SHUVRDQHOB D RWRWIL [IDONE LFM USW.HQBH V
DS UXWH OD VLVWHPXO GH VvQF O]JLUH GDRDKURDD SUR¥HKVX
GHFL]LRQDO DO SRVHVRUXOXL, somutiivitH Buxotatnire Gete dd@ F O]LUH
VLVWHPH GH vQép OJHUN GO B V Q HHV \&difdt tatdamehtul sidtermMliik Q G

4.3. Algoritmi pentru optimizarea consumurilor energetice a costurilor
in sistemele dualede QF O]JLUH
2SWLPL]DUHD HVWH R FRPSRQHQW REOLJDWRULH L ¢
iPSXQH SHQWUX SURGXVXO UHDGEHDW W H RISQV HP GJHD LBHH IR L
QXPDL OD ]RQD GH LQJLQHULH FL L OD SDUWHD GH HFRQH
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DMXWD OD RSWL P LppfiddribElor X QHHYID © X VU H O U lithbhjQ@onti 8 L L L
devenit iQ DQLL Gdp@mizate® profituluilLLQG GH]YROWDWH D@OLFD LL
exemplu, programeleare FRPDQGD PDULQLOH DXWRPDWH GH FURLUH
RUL LQGXV WU LDR WR@@EHBWEhdnte@ Rditare de tip MATLAB i-DX vPERJ LW
n ultimele versiuni partea de rezolvare a problemelor legate de optifWBh[&7].
2SWLPL]DUHD UHSUH]JLQW vQ FD]XO JHQHUDO DF LXQHLI
DOQXPLWH FRQGL LL LPSXVH
Cele mai importate zone de aplicare din domeniul ingineriei care au avut un rol
LPSRUWDQW vQ HYROX LD WHKQLFLORU GH RSWLPL]DUH DX
- SURLHFWDUHD DHURVSD LDO, SUREOHPH GH PDVD PLQ
-LQJLQHULH FLYLO GLPHQVLRQDUHD VWUXFWIKULORU
VWUXFWXULOH PHWDOLFH GLPHQVLRQDUHD VSD LLORU
- proiectarea pieselor mecanjce
- proiectareade dispozitive electrotehnicgcontrolul nivelului armonicilor sau al
YLEOBW GLPHQVLRQDUHD vQl XU ULORédmen2zlor d@dLH]XO X
U FHLUH
- proiectareaUH HOHORU HpameRt#IbXPFMHML QLPDWH vQ DFHVWH UH
- SURLHFWDUHD XQLW LORU RUL D OLQLLORU GH SURGX

4.3.4 Reprezentarea algoritmului dgptimizare cu ajutorul schemelor logice.

SHQWUX XuXUDUHD UHDOL] ULL DOJRULWPXOXd GH RS
costuriiorin VLVWHPHOH GXDOH GH vQF O]JLUH pxograrbubiideO L1H D]
XUPHD] D ILinla@&hbxi Grsgvanial (AP) D Bum este prezentat schemaiic
figura4.6 [80],[81].

TQ IXQF LH GH GDWHOH LQW UReSXNIHH BWIKXUB{itdd APWRU S L
SUH]LQW GH IDSW DOJRULWPXO GH RSWLPL]DUH DO FRQVX

Figura4.6 t6 FKHP D @&deritinF
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Acest algoritm trebuie s L Qcont de mai multe variabile unele dintre ele fiind
variabile intregi altele fiind reale. Automatul programabil trebuiens cont de:
9 temperatura doritde utilizator
9 bugetul disponibil
9 prognoza meteo (date dp WHEATER)
9 datele colectate de pe siteANRE
9 datele colectate de pe siteANRGN
9 datele colectaten timp real de la senzori (temperaturi incintemperatura exterioar
temperatura agemiui termic etc.)
6XEUXWLQD $3 UHSUH]LQW péntizateD & Wutib IRPEW® XO G
temperatura doritde utilizator sau poate sL P S XaQtemperatur constant astfel incat
utilizatorul s S R D We iNcadreze inun buget alocat pe un interval stabilit de tif8g],
[83], [84].
6XEUXWLQD $3 YriB plocednsD UD LIX PV HschdhB Wyica @& mai
jos (figura 47):

Figura 4.7 £Schema logicsubrutina AP

6FKHP ORJLF SURFHGXguABHPSHUDWXUD IL[D

,Q XUPD LQWHURJ ULL ED]JHL GH GDWH PLFBEFER®URPHVR
EXQ UDQGDPHQW vQ FRQGL LLOH GDWH L YD DOHJH V FRP
SH JD] 3URFHGXUD VH YD UHSHWD SkQ WHPSHUDWXUD 7 V
PDL PDUH GHFKkW WHPSHUDWXUD [ VHWDW GH XWLOL]DWRU

TOWRGDW PLFURSURFHVRUXO YD DYHMDazg d& X&eLQ v Q
LQIRUPD LLOH FXOHVH DVWIHO vVQFKW SH YLLWRU vQ VLWXI
$FHVWH vQUHJLVWU UL YRU DMXWDXQF I XRQD DN WHBRARNOLX V
DGXF VvPEXQ W LUL DOJRULWPXOXL IRORVLW
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( Start )

d

Byl R
Citire
senzori
T>X Yes
Iﬁ!erogare
baza de
date
No
Centrala Centrala
gaz electrica
»

( Stop ’

Figura 4.8 £Schema logic procedura temperatura prestabilit

6FKHP ORJLF SURHHGXIYD EXIHW IL]

f Start )

<+
Citire
senzori
interogare -
T>X Yes ——f baza de date y
X T>y
No

Centrala
electrica

Figura 4.9 £Schema logicprocedura buget fix
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4.3.43SFKHP ORJédura 8idtR(fgura 4.10)

TQ XUPD LQWHURJ ULL EDJHL GH GDWH PLFURSURFHVRL
care va fi folosita dreptUH I H gdn@u perRDGD vQ FDUH vQF OJLUHD H DF
XWLOL]DWRU X0 incadrsze Dri\bug&tuloaht. Apoi microprocesorul va urma o
SURFHGXUD DVHP Q WRDUH FHOHL XWLOLdd30HvavdeciledD ] XO W
FDUH FROQWUDF-HO PDL EXXQ FURI@GE DIPLHOHW G\D drhute LieYo® DOHJF
centralD HOH f#eNgd Lcéentrd pH JD] 3URFHGXUD VHempPratbdd FHWD S|
(temperatura incintei ) va fi egadau chiar mai mare decat temperatura x seutilizator.

TRWRGDW PLFURSURFHYVR&X @a ivitduedghHdazaRde Udgté/ L Q
LQIRUPD LLOH FXS5H WH IDVRW H@ MAIMRW LD SULQ FDUH D PDI
$FHVWH vQUHJILVWU UL YRU Dvdri¥ds DX QF IKRQD PRWKXKIDWWYR OXL
DGXF X\ LUL DOJRULWPXOXL IRORVLW

Timp Interogare
Yes P = Yes— baza de date »
- K

Timp

A-B
¥ l

Centrala Centrala
gaz electrica

Figura 4.10 +Schema logicprocedura mixt

4.4 Modelarea .LVLPXODUHD IXQFOLRQ ULL RSWLPL]DW
vVQF O]JLUH
4.4 )JXQFOLD RELHFWLY
) X Q Fodidativ Q XPLW & RatammirR MHDdDdinLdg@ntrale (puterile furnizate de
FHQWUDOH L FDOFXOXO FRVWXU I GRW MimnizezS tost@ilew LP SLL
totale de operang5],[86].

30 24
Minim CostTota{ 1 §CV)= | 4( | @ WD) % XCV XB U %, xCV; )] (43)
z1 tl

unde:
- C\{ este costul de operare variabil al centrédgik = 1 pentru centrala electric
respectik = 2 pentru centrala pe ggzen lei/lkWh;
- P este puterea ld. H Lddrir@eik (k = 1 pentru centralalectric respectivk = 2
pentru centrala pgaze)in perioadd; saut; i,care R S H U H KW, pentru centrala pe
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gaze puterea ld H edtefbrmat din puterea electrica consuat  lputerea caloric
consumat agazului

- timpult; de operare zilnic pentru centrala electriespectiv timput, de operare zilnic
pentru centrala pe gaze,ore (h);

-z QX P tof/zinicintr-o lun ;

- 1t) este variabilaE R R Od¢ [d&€gizie aistemuluicareindic modul de operare (DA
sau NU)in timpul t; pentru centrala electriaespectivt, pentru centrala pe gaie
| X Q FlelpHArametrii orari termici.

cu constrangerile

2
- : R U N, undeN; este necesarul (cererea) de peite perioada caresa asigurey Q F O]JLUHD
k1

ORF X(s® detérmina dinP VXU W& D E B 6kridadle, cu temperaturi exterioaré
interioare cunoscute); _
- R™ dR; dR™ undeP™ . IP™™ UH S U djte@evhinime Imaxime pecarele pode

genera centrallain perioada
- vt YDULDELODGHRROHLOQH DOH F Ui lseana QdeUdultatéleD X

maturatorilorR E L @XMuHe 3.10 13.20, din care ieseun consum de energie electric
de aproximativ 32mai mare al centralei electrickecatcel al centralei pe gaz. Deci costul
total al centralei pe gaz esteQ | O XgreQorbineint deS U Hgax@ui metanDrept urmare

v (t) are valorile

9 01n perioada t daca G\ CV, D G LS-U HunkdDal energiei electrice este mai mic
decétcel al gazului metan, deci se prefdrd Q F L Rénhalet@ctrice
9 11n perioada t daca G\> CV, D G LU HunKaD al energiei electrice este mai mare
decatcel al gazului metan, deci se prefdrd Q F L Ré@aleiHP gaz.
Dac temperatura interioareste mai mare sau egalu temperatura doritde operator,
atunci valoareal X Q F (4.2 ka fi CostFix reprezentat de consumul electric al pompei de
recirculare a apei di. QVWG B Iy Q B8, 83U H
In graficele din figurile 4.1 L 2, sa UHS UH]H®Q M&@walulldeNimmle 24 de
ore (grafic zilnic) sadle JLOH JUDILF 9DSJ DPKIQMOD EiRAR.-GibBuQde 1 W
operare al centralelorDUH Y D O R DQUatha tinRcht éentraD HOHFWULF [IXQF LF
DGLF vQWU#6), Rddpe@VDUH YDORDUHD ORJLF 2Dp&Ghd vQWU
IXQF LRQHD] FH@a&aDx©DreprezedtBt]intervalul de timp, iar pe axa§
reprezentavaloarea de tip 0 sala variabilede decizie.

o - grafic zilnic

o - grafic zilnic

0. -
1 3 5 7 9 11 13 15 17 19 21 23

Figura 4.11 +Grafic zilnic

Dintrr-R DQD®ULFIJW YDULDELOHL 1 W VH FRQVWDW R FLF
HYROX LH GLIHUHQ HL FRVWXULORU OD XWLOL]DUHD FHOF
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FRQVLGHUDWH VXQW VSD LL GH ELURXUL vQ JLOHOH GH VI
IXQF LRQHD] vQ UHJLP QRPLQROKH L GIRD UNWHP SJHHU D BV 0DV L (
sub 5 grade Celsius.

Figura4.12 +*UDILF V SW PkQDO

Pentru o mai buna optimizare o costurilore® F Oihtittdtobse poate considera ca
G XS R SiddJtinfp D<& Poate genera din nou minimuX Q Folidtliv cu actualizarea
parametrilor. Prin actualizarea parametrilerQ H O &ttuBliParea datelor reale culese de
VHQ]J]RULL VLVWHPXOXL WHPSHUDWXUD H[WHULRDU WHP
HQHUJLH HOHFWULF FRQVXP JDJH QDWXUDOH SUHFXP 0L I

Prin intermediul scriptului realizat cu ajutorul tehnologiei PHP se vor introdaoie
parametri in baza de date a sistemullsie vor compara cu datele similare din anekcpdent.
$VWIHO VH YD JHQHUD XQ IDFWRU GH SUHGLF LH UL vQ IXQ
optimizaalggrWPLL GH FDOFXO DL RSWLPL] ULL

,PSRUWDQW SHQWUX RSWLPL]DUHD IXQF LW RELHFYV
LQIRUPD LLOH v EDWHGHVQGBNMW V QH RIHUH SRVLELOLYV
SUHYL]LRQDP XQ U VSXQV FRUHFW OD RSWLPL]DUHD GRUL
PHGLXO vQRRODHBUHWRWDUH FRUHFW vQ ED]D GH GDWH YI
V SURGOQ PrRe@Grt@ocesuDQDOL]DW F DU HNnYhodwH WR Fd&&EdmMR-J
vedere FRQGD$OOH ULL VWLPXOLORU OD LQWEBMWHXW)L SUDFHYV X

,QIRUPD LLOH GLVSRQLE{ieOH VRUPD] D LGE MBDap/@iticE K Q M/ v
UHIHULWRDUH OD SDUW L FXODWAKN D LKUWHH QNG HRDHP@WIW. R® HD U RV
grupurilor de tandem inptdutput caredefinesco OHJ W XU E&DBiXd#Edt.SDa@le
GLVSRQLELOH VH vPSDXWLdp p@ReEul d&viQ Y mxo@ih LV LDU
FHDOOMWMMDL]IDW SHQWUX WHVW D,Wstbfes H WnlagikelDD @ DFE@K U W LIV
IXQF LHL de gdnérdivdleyY

SBURFHVXO GH FRQWURO L GHFL]LH LPSOHPHQWDW vQ
similitudinile. Tn acest scop pPRFHVXO GH UHSUH]JHQWDUH LQWHUQ YD
E D pentru introducereanibaza de datelsunt prezentatmai jos:

Regula nr. |I: Date de intrareDVHP Q WRBPENXLH V DLE UHSUH]HC
similare 6 XQW PRGXUL PDL PXOWH GH D P VXUD VLPLOLWXGLC
GHVY HVWH IRORVLW PRGXO FDUH VH B@EHDQWS HIG LY MWDV WY I
Y ]XW FD YHFWRUL PXOWLGLPHQVLRQDX®QFRUHD GIH LEQWHHRWAR
GLQWUH FHOH P ULPL RUL SURGXVXO VFDODU

Regulanr.ll: ,QWdé dileDSDU LQKkQG Xdare EunBibtvitte JIRdblidsc
V G HurLmbd diferit deeprezerdre

Regula nr.lll: 1Q GHILQLUHD L QW H ticifor d@ intré@rel (terfp@ratr& W H U L V
WLPS FRVW WUHEXLH V ILH LPSOLFDW XQ QXP U FkW PDL
multe date pentru a le folosi la determinatldFW R U X O XL. GH SUHGLF LH
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AcCHDVW UHJXO YD nmaVvrmar&X de0inckeQeii@ pioddsul de luarea unei
GHFL]LL U maMRSORHIUNMON K@ QLFD L BrnQrmalles_unor decizii.

443.0RGHODUHD SROLQRPLDO D FRVWXOXL GH vQF O]JLU

6WXGLXO VLVWHPXOXL GH vQF OJLUH GXDDMUHSIUH]ILQW
directe sau indirecte dintre elementele date HVWH DOF WXLW VDX SHQWUX
PRGXO FXP YD IXQF LRQD VLVWHPXO vQ DQXPLWH FRQGL LL
cusLVWHPXO XQHRU IiziD & Hual Ih f@axdeHrplebtaie, astfel experintele
se pot facenumai prin simulare sau chiar modelare.

Un asemenea sistem cuprinde o multitudine de elemente cum ar fi proiectare,
SODQLILFDUH LPSOHPHQWDUH DQDOL] GHVI XUDUH C
prelXFUDUH GH GDWH L GDWHOH GH LH LUH RXWSXW

6LVWHPXO vVQF MXUH W PDWHI WRUL®RHFOV®&/H HREPOMW
patru camereDVHP Q WR DIRK P VXSUDID Y R Gt pgetAindbE HU V SD
FRQVLGHUDWH FHO#eSDWUX vQF SHUL LGH

SHQWUX R PDL EXQ DFXUDWH H D GDWHORU P VXUDWH
grupuri astfel cameralL DX IRVW DWULEXLWH VSUHcaterl®OjJIdUH FHQV
DX IRVW DWULEXLWH é&lestdde ReQtfu <2pbl OH HHIH Q WNOWIBOPX O XL vQ G
DX IRORVLW YDQH GH VHQV DVWIHO vQFkW OD PRPHQWXO |
FDPHUH DX IXQF LRQDW FD GRX VLVWHPH GH vQF O]JLUH LQ

Figura 4.14 +Schema incinta lanplasare centrale. lcalorifere
$VWIHO VLVWH Pore@ené t fig@@d-4 @ HVMW H DOF o Xle2um VW IHO
FDPHUHOH vQF OJLWH FX FHQWUDO HOHFWULF
- F LF VXQW FDPHUHOH vQF OJLWH FX FHQWUDO JD]
- CEtFHQWUDOD HOHFWULF
- CGtFHQWUDO JD]
- SCExVHQ]RUL LQFLQWH vQF OJLWH FX FHQWUDOD HOHFW
- SCGxVHQ]JRUL LQFLQWH vQF OJLWH FX FHQWUDO SH JD]
- AP tDXWRPDW SURJUDPDELO FDUH FRPDQG VLVWHPXO C
SDX HIHFWXDW P VXU WRUL DOH SDUDPHWULORU HOHFYV
gaz (IMMERGAS EOLO STAR 24 KW) LXQD HOHFWULF 3527+(50 N :
DX vQF O]JLW DFHOHD L LQFLQWH VLPHWULFH ILHFDUH FX F
THPSHUDWXUD LQL LDO Clr te@peta@id Id tarBeso itV IGIH L LD GH GD
afostde22C 5H] X O W D W H O HiaRalala suhprézéntate th cele cellP HD |
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Ca LV XS U,DQ R PD Waleriere, volum de aer cefmtru incinte sunidentice S-a
UHDOL]DW R vQF OJLUH VHSDUDW-IIBXH Q WX\ P rézéhiwdRS H FOML
ntabelele 4 respectiv4 6.

&X DMXWRUXO |IXQF (4.8 ls-aGd4alizBRtSoWsioRIaeDIb Matlab, pentru
VQF OJLUHD1LQFUXWHWIRMWHP GXDO DOF WXp&\yas lgaFHOH G
electric VLWXDWH vQ Ddaid dAWbst captFolat@ WsR cobhform algoritmului de
optimizare &X DMXWRUXO $3 VH FRPDQG VLVWHPXO GH YDQF
SHULRDG GH WLPS IXQF LRQDWUMBQWQHLDF G RQWHHHCED @M
5HIXOWDWHOH VLPXO ULL VXQW SUHJHQWDWH vQ WDEHOXOQC

Extragem colanele " WRWDO FRQVXP5 46L @7 WDHBDOHDR 3WHDEHOXO
DGLZRWDO FRVW FRQVXP vQF IP[WH HRGMAWU]LFW SH JD]H

,QIRUPD LLOHK tébede [dé& WrddVddluivdin tabelul 4.3 respectivi 4&unt
prelucrate G X $odele matematice WWUK@WDERUDUH FX LQIRUPD LLOH S
de date online ale$ XWR UILDNLRQDOH GH 5HIOHPHQWDUSXWRGRWHQL
1D LREDGH 5HIOHPHQWDUH vQ GRPHQLXO *DJHORU 1DWXUD¢
de Meteorologie, coroborate cu datele culese de senzorii sistatoaluile v Q F OQ HUBIM X W
V FDOFXO P SURSULLOH FRVWXUL GH vQ privir¢ lalperioddaVy S XW I
viitoare.

Pentru acalcula costulenergié electrice in cazul Q H X W Lsteinllu dual de
v Q F @ DLBJdFolosirii neoptimizate &entraleielectrie) se vaolosi XUP WRDUHD IRUP?)
care va generaalorile din coloana a trei@atabelulii 4.7:

Cal= (45)

unde:
- PLUHSUItk@ANRQVXPDW GH F Hr(pévichBaQI® titd) i BWW U L F
- CVirH S UH BWHANErgiei electriceexprimatin lei/kWh;
-ty timpul zilnic de operare al centralei electrice, care poate sa nu fie egal cu 24 de ore
pentru perioadelén care temperaturancintei este egalsau mai marelecat cea
prescris;
-] UHSUBGXPQWXO GH JLOH GH | Xfe¢ritecRQDUH D FHQWUDOH
O foomul DVHP Q eat&fbbsitel pentu determinarea costulwonsumuli de gaz
de HQHUJLH HOHFWULF gagcuaulxt@d FFWipbdybreravalosliéldin
coloana a A atabellui 4.7:

Ceg= (4.6)

- PgazUHSUH]LQW SXWHUHD FR QipéfvRdd/de BripfithgGWUDOD SH
- CV, UH S U H U )ysXului metan, exprimai lei/mc;
- PjesteputerezelectricaFRQV XPDW  @dyaBiHperivdddde Dmptin kW,
- CV; UH S U H U e¥r@iei electrice, exprimat lei/kWh;
-ty timpul zilnic de operare al centralei pe gaz, care poatel die egal cu 24 de oiie
pericadde Tn caretemperaturancintei este egalsau mai mareecatcea prescris
-] UHSUH]LQW QXP UXO GH JL@élg2H IXQF LRQDUH D FHC
2 Gbw JHQHUDWH DFHVWH LQIRUPD LL QH DMXW V SX
IXQF LHL V Sagarithiul do8t@dré € poate referi fie la un cost constant, la un cost
UHGXV vQ FRQGL LLOH vQ FDUH GRULP R WHPSHUDWXU FRC
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consum gaz consum electric
Temperatura | mcgaz | mcgaz| kwh kwh | ostconsum| FRVW FROMKRISQ| total
Data diurn | nocturn diurn nocturn | diurn nocturn SUH X consum
1-Jan 12 -2 2.55 7.22 0.60 0.49 3.63 9.54 3.57 9.42 12.98
2-Jan 7 0 3.49 6.33 0.59 0.42 4.83 8.36 4.76 8.25 13.02
3-Jan 7 3 3.52 4.91 0.59 0.40 4.87 6.53 4.80 6.43 11.23
4-Jan 6 0 3.95 6.41 0.57 0.41 5.40 8.45 5.34 8.35 13.69
5-Jan 7 -2 3.50 7.35 0.62 0.38 4.86 9.64 4.79 9.54 14.33
6-Jan 14 0 1.80 6.41 0.59 0.43 2.67 8.46 2.60 8.36 10.96
7-Jan 13 0 2.26 6.33 0.60 0.39 3.26 8.34 3.20 8.24 11.44
8-Jan 8 1 3.06 5.90 0.63 0.47 4.30 7.84 4.23 7.72 11.96
9-Jan 6 1 3.96 5.82 0.62 0.46 5.45 7.73 5.38 7.61 13.00
10-Jan 5 1 4.46 5.93 0.64 0.34 6.10 7.79 6.03 7.71 13.74
11-Jan 7 4 3.48 4.43 0.56 0.40 4.80 5.91 4.74 5.81 10.55
12-Jan 5 1 4.49 5.81 0.64 0.37 6.14 7.66 6.07 7.57 13.64
13-Jan 1 -2 5.81 7.36 0.61 0.37 7.81 9.64 7.74 9.55 17.29
14-Jan -2 -7 7.25 9.65 0.60 0.57 9.64 12.69 9.58 12.55 22.13
15Jan -5 -7 8.80 9.80 0.67 0.53 11.67 12.86 11.60 12.73 24.33
16-Jan -2 -8 7.26 10.10 0.71 0.58 9.72 13.28 9.65 13.13 22.78
17-Jan 6 -5 3.94 8.79 0.61 0.54 5.42 11.58 5.35 11.44 16.79
18Jan 9 -1 2.97 6.87 0.58 0.42 4.16 9.05 4.09 8.94 13.04
19-Jan 8 -1 3.03 6.88 0.57 0.43 4.23 9.07 4.17 8.96 13.13
20-Jan 3 -1 4.97 6.83 0.64 0.43 6.75 9.00 6.68 8.90 15.58
21-Jan 1 -1 5.82 6.77 0.66 0.45 7.85 8.94 7.78 8.83 16.61
22-Jan 1 -1 5.85 6.85 0.64 0.36 7.88 8.98 7.81 8.89 16.70
23-Jan 2 -2 5.40 7.34 0.66 0.38 7.31 9.62 7.24 9.53 16.77
24-Jan 1 -6 5.87 9.29 0.63 0.43 7.90 12.15 7.83 12.04 19.87
25-Jan 1 -8 5.92 1026 0.65 0.43 7.97 13.39 7.90 13.28 21.19
26-Jan 2 -10 5.35 10.99 0.64 0.56 7.24 14.40 7.17 14.26 21.43
27-Jan 4 -8 4.90 10.06 0.58 0.49 6.63 13.17 6.56 13.05 19.61
28-Jan 4 -8 4.88 10.26 0.58 0.42 6.60 13.38 6.54 13.28 19.82
29-Jan 8 -3 3.05 7.76 0.60 0.35 4.27 10.14 4.21 10.06 14.26
30-Jan 13 0 2.25 6.31 0.58 0.43 3.24 8.34 3.17 8.23 11.40
31-Jan 11 -2 2.80 7.23 0.58 0.42 3.94 9.51 3.88 9.40 13.28
medie 5.26 -2.39 4.41 7.49 0.61 0.44 6.02 9.85 5.95 9.74 15.70

Tabel 45 +date P V X UrDpéfidada0l ianuarie £31 ianuarie pentru centrala pe gaz
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FRVW FRQVXP
consum electric
FRVW FRQVXP SU
temperatura total
kwh kwh
Data diurn nocturn | diurn nocturn Diurn nocturn lei lei lei
1-Jan 12 -2 7.93 22.47 4.901533 13.888707 4.04 8.35 12.39
2-Jan 7 0 10.86 20.05 6.712566 12.392905 5.54 7.45 12.99
3-Jan 7 3 11.13 15.45 6.879453 9.549645 5.68 5.74 11.42
4-Jan 6 0 12.34 20.29 7.627354 12.541249 6.29 7.54 13.83
5-Jan 7 -2 10.90 23.10 6.73729 14.27811 5.56 8.58 14.14
6-Jan 14 0 5.63 20.00 3.479903 12.362 2.87 7.43 10.30
7-Jan 13 0 7.19 19.88 4.444139 12.287828 3.67 7.39 11.05
8-Jan 8 1 9.68 18.45 5.983208 11.403945 4.94 6.86 11.79
9-Jan 6 1 12.47 18.07 7.707707 11.169067 6.36 6.71 13.07
10-Jan 5 1 13.93 18.83 8.610133 11.638823 7.10 7.00 14.10
11-Jan 7 4 10.91 14.08 6.743471 8.702848 5.56 5.23 10.80
12-Jan 5 1 14.13 18.43 8.733753 11.391583 7.20 6.85 14.05
13-Jan 1 -2 18.21 22.93 11.255601 | 14.173033 9.29 8.52 17.81
14-Jan -2 -7 22.62 30.03 13.981422 | 18.561543 11.53 11.16 22.69
15-Jan -5 -7 27.73 30.44 17.139913 18.814964 14.14 11.31 25.45
16-Jan -2 -8 22.94 31.50 14.179214 19.47015 11.70 11.71 23.40
17-Jan 6 -5 12.43 27.95 7.682983 17.275895 6.34 10.39 16.72
18-Jan 9 -1 9.43 21.51 5.828683 13.295331 4.81 7.99 12.80
19-Jan 8 -1 9.41 21.83 5.816321 13.493123 4.80 8.11 12.91
20-Jan 3 -1 15.60 21.64 9.64236 13.375684 7.95 8.04 16.00
21-Jan 1 -1 18.47 21.06 11.416307 13.017186 9.42 7.83 17.24
22-Jan 1 -1 18.30 21.50 11.31123 13.28915 9.33 7.99 17.32
23-Jan 2 -2 17.02 22.91 10.520062 | 14.160671 8.68 8.51 17.19
24-Jan 1 -6 18.31 29.30 11.317411 18.11033 9.34 10.89 20.22
25-Jan 1 -8 18.84 32.02 11.645004 19.791562 9.61 11.90 21.51
26-Jan 2 -10 16.69 34.77 10.316089 21.491337 8.51 12.92 21.43
27-Jan 4 -8 15.22 31.R 9.407482 19.649399 7.76 11.81 19.57
28Jan 4 -8 15.51 32.36 9.586731 20.001716 7.91 12.02 19.93
29-Jan 8 -3 9.69 24.52 5.989389 15.155812 4.94 9.11 14.05
30-Jan 13 0 7.12 19.69 4.400872 12.170389 3.63 7.32 10.95
31-Jan 11 -2 8.83 22.94 5.457823 14.1P214 4.50 8.52 13.03
medie 5.3 -2.39 13.85 23.54 8.56 14.55 7.06 8.75 15.81

Tabel 46 +date P V X Urbpéfidada Ol ianuariet LDQXDULH SHQWUX FHQWU
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temperatura FRVW FRQVXP SUH total cost
Data diurn nocturn Diurn nocturn
1-Jan 12 -2 3.57 8.35 11.92
2-Jan 7 0 4.76 7.45 12.22
3-Jan 7 3 4.80 5.74 10.54
4-Jan 6 0 5.34 7.54 12.88
5-Jan 7 -2 4.79 8.58 13.38
6-Jan 14 0 2.60 7.43 10.04
7-Jan 13 0 3.20 7.39 10.58
8-Jan 8 1 4.23 6.86 11.09
9-Jan 6 1 5.38 6.71 12.10
10-Jan 5 1 6.03 7.00 13.03
11-Jan 7 4 4.74 5.23 9.97
12-Jan 5 1 6.07 6.85 12.92
13-Jan 1 -2 7.74 8.52 16.26
14-Jan -2 -7 9.58 11.16 20.74
15-Jan -5 -7 11.60 11.31 22.91
16-Jan -2 -8 9.65 11.71 21.35
17-Jan 6 -5 5.35 10.39 15.74
18-Jan 9 -1 4.09 7.99 12.09
19-Jan 8 -1 4.17 8.11 12.28
20-Jan 3 -1 6.68 8.04 14.72
21-Jan 1 -1 7.78 7.83 15.61
22-Jan 1 -1 7.81 7.99 15.80
23Jan 2 -2 7.24 8.51 15.76
24-Jan 1 -6 7.83 10.89 18.72
25-Jan 1 -8 7.90 11.90 19.80
26-Jan 2 -10 7.17 12.92 20.09
27-Jan 4 -8 6.56 11.81 18.38
28-Jan 4 -8 6.54 12.02 18.56
29-Jan 8 -3 4.21 9.11 13.32
30-Jan 13 0 3.17 7.32 10.49
31-Jan 11 -2 3.88 8.52 12.40
medie 5.258065 -2.3871 7.06 8.75 14.70

Tabel 47 +date generate implementaridX Q Flé b@dimizare pentru perioada 01 ianuarie
31LDQXDULH OD XWLOL]J]DUHD VLVWHPXOXL GXDO

30



6LQWH]D LQIRUPD LLORU GLQ 7DEHOHOH L H
HVWH SUHIHQWDW VLWXD LD FRVWXULORU WQ®EMeDOEOH UHDC
FHQWUDO FXOHHF@QWUBPO SH JD]JH UHVSHFWLY FX VLVWHPXO
UltimeOH GRX FRORDQH GLQ DFHVW WDEHO VH UHIHU OD H
VQF OJLUH RSWLPL]DW vQ YDORUL DEVROXWH IldgadODWLY
FRVWXULORU SHQWUX FHOH WUHL WLSXUL GH VLVWHPH GH

Data Centrala Gaz &HQWUDOD IQF OJLUH § HFRQRPLH HFRQRPLH PL
1-Jan 12.98 12.39 11.92 0.47 3.94%
2-Jan 13.02 12.99 12.22 0.77 6.30%
3-Jan 11.23 11.42 10.54 0.69 6.55%
4-Jan 13.69 13.83 12.88 0.81 6.29%
5-Jan 14.33 14.14 13.38 0.76 5.68%
6-Jan 10.96 10.3 10.04 0.26 2.59%
7-Jan 11.44 11.05 10.58 0.47 4.44%
8-Jan 11.96 11.79 11.09 0.7 6.31%
9-Jan 13 13.07 12.1 0.9 7.44%
10-Jan 13.74 141 13.03 0.71 5.45%
11-Jan 10.55 10.8 9.97 0.58 5.82%
12-Jan 13.64 14.05 12.92 0.72 5.57%
13-Jan 17.29 17.81 16.26 1.03 6.33%
14-Jan 22.13 22.69 20.74 1.39 6.70%
15-Jan 24.33 25.45 22.91 1.42 6.20%
16-Jan 22.78 234 21.35 1.43 6.70%
17-Jan 16.79 16.72 15.74 0.98 6.23%
18Jan 13.04 12.8 12.09 0.71 5.87%
19-Jan 13.13 12.91 12.28 0.63 5.13%
20-Jan 15.58 16 14.72 0.86 5.84%
21-Jan 16.61 17.24 15.61 1 6.41%
22-Jan 16.7 17.32 15.8 0.9 5.70%
23-Jan 16.77 17.19 15.76 1.01 6.41%
24-Jan 19.87 20.22 18.72 1.15 6.14%
25-Jan 21.19 21.51 19.8 1.39 7.02%
26-Jan 21.43 21.43 20.09 1.34 6.67%
27-Jan 19.61 19.57 18.38 1.19 6.47%
28-Jan 19.82 19.93 18.56 1.26 6.79%
29-Jan 14.26 14.05 13.32 0.73 5.48%
30-Jan 11.4 10.95 10.49 0.46 4.39%
31-Jan 13.28 13.03 12.4 0.63 5.08%
medie 15.70 15.81 14.70 0.88 5.87%

Tabel48 +7RWDO FRVW FRQVXP vQF. ®ILUWH HREMFWWULILBEW SH .
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in figura 4.15este prezentat graficul costurilor totale ale celor trei tipuri de sisteme de
vQF O]L Witsw @niGahuarie 2018. SREVHRIYQ WRDWH JLOHOH VXSXVt
IXQF LD GH VQF O]JLUH PL[W RHB LFROSOWL PSridilbQfeEeBo@h ED UHD | X
costurilor.

Figura4.15 +*UDILF FRQVXP vQF OJLUIRP HWHERSMW SH JD]H
Pentru nodelarea matematiceX Q F tost&tiu cele trei tipuri de Q F  @grtrdléd
pe gaz, centrala electrica respectiv sistemul dual @eF Q¢ lv&fblosijn cele ce XUPH D]
interpolarea polinomiala.
Astfel p HQ W U X F D O F XpOlindmnihle (CXdg Fgrdddl | am folosit in MATLAB
IXQF LD SRO\NILW

C = polyfit (x,y,i) (4.7)
unde

CX)=Cx"+Cx"" « &+Cu (4.8)
Un exempludecodswUV TRORVLW vQ 0$7/$% SHQWUX D JHQHUD I
IXQF LH G#HSWUERR D G D idathriB 2QLB@@ntru centralpe gaz pornind dda
gradul 1 S k Qa gr@dul 7este prezentat mai jos:
x=1:31;
x1=1:0.2:31;
y=[12.98,13.02,11.23,13.69,18,10.96,11.44,11.96,13.00,13.74,10.55,13.64,17.29,22.
13,24.33,22.78,16.79,13.04,13.13,15.58,16.61,16.70,16.77,19.87,21.19,21.43,19.61,19.8
2,14.26,11.40,13.28]
figure
hold on
grid on
plot(x,y,™")
for i=1:7
c=polyfit(x,y,i)
yl=polyval(c,x1)
plot(x1,y1)
end
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Figura 4.24 +Grafic comparativ regresii polinomiale pana la gradul 7 cost vs timp centrala gaz
Din calculul indicatorului RMS pentru cele 7 polinoame de interpolare prezentat mai
jos
RMS pentru gradul 1 = 3.77400756372683
RMS pentru gadul 2 = 3.43934682231227
RMS pentru gradul 3 = 3.21834685992715
RMS pentru gradul 4 = 3.21830608017397
RMS pentru gradul 5 = 3.06624977424221
RMS pentru gradul 6 = 2.94953794514356
RMS pentru gradul 7 = 2.54090898615598
UH]XOW F FH®@o&®h &XWWXL LQGLFDWRU GH DFXUDWH H
interpolare de gradul.
IQ PRG VLPLODU VH UHDOL]HD] LQWHUSRODUHD SROLQ
D FHQWUDOHL HOHFWULFH vQ SHULRDG-BD3VSWX Grézbtéte LD QXD
JUDILFHOH IXQF LLORU GH DSUR[LPDUH GH OD JUDGXO UH
GH LQWHUSR O DU Hebt@leeleQricelfdiosing Ransforiada FFT este prezentat in
figura 4.32 iar in figura 4.33 sunt prezentate, comgie, graficele polinoamelor de
LOQWHUSRODUH GH OD JUDGXO OD JUDGXO RE LQXWH DQV
Din calculul indicatorului RMS pentru cele 7 polinoame de interpolare ale costului
centralei electrice prezentat mai jos
RMS pentru gradul 1 = 3.50004296818429
RMS pentru gradul 2 = 3.24343306307566
RMS pentru gradul 3 = 3.03130852580817
RMS pentru gradul 4 = 3.03099100851271
RMS pentru gradul 5 = 2.87705427567345
RMS pentru gradul 6 = 2.76295742878641
RMS pentru gradul 7 = 2.43610540102821
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UH]XOW F FHDORDWUEXMD DFBEVWXL LQGLFDWRU GH DFXUD
interpolare de gradul 7.

Figura 4.33 = Grafic comparativ regresii polinomiale pana la gradul 7
FRVW YV WLPS FHQWUDOD HOHFWULF

Prin urmares-a aproximat X UHJUHVLD SROLQRPLDOFIXQEQOLEBWI
gradul 7 FDUH DSUR[LPHD] FRVWXO FHQWUDO&Ifi & maD] UHYV S
apURSLDW GH YDORWUD B LE&HGHMAQUDMD IXQF LHL RELHFWLY
sume de costuri dR SHUDUH L GLQ YDULD LD DFHVWHL IXQF LL FRC
DO IXQF LLORU GH UHJUHVLH SROLQRPLDO HVW4tareHO GH J
SUH]JLQW JUDILFXO FRPSDUDWLY FRVW IXQénttald p8 go2WLP S D
FHQWUDOD HOH F\Wudlbotibizat d®dnausNa Wikk& XIHIJUHVLD SROLQRPL
grad 2

Conform graficului din figura 48 GDWHOH RE LQXWH FX IXQF LD RSW
bine de rezultatele generate cu regresia pollbdO GH RUGLQXO DO GRLOHD S
VWXGLX GH R OXQ 0 ULQG JUDGXO IXQF LLORU GH UHJUH
GDWHORU GDU FDUH VH DEDWH GH OD IXQF LD RSWLP J VLW

'RULP FD VWXGLXO UHDOL]DW SH R @&pblaLIRpeBdadécH R O
VLPLODUH VDX FKLDU GLIHULWH DOW VH]RQ GH DFHHD FKI
GH JUDGXO vQ FD]XO GH ID D IXUQL]D&VcordtttaHdiP DL D S|
FRPSDUDUHD DOWRU GDWH FMD RREF HQ XWX 5 H U LIRIDLG 1 DML
DFHVWHLD F UHJUHVLD SROLQRPLDO GH JUDGXO DO GRI
DSUR[LPDUHD PRGHOXOXL IXQF LHL RSWLP
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Figura4.34 + *UDILF FRPSDUDWLY FRVW IXQFOLH GH WLPS UHJ
HOHFWULFD PLQLP UHJUHVLH IXQFOLH RSWLP XWLOL]Jk
Este iP S R U WIP gs¥vhesa, analiza Y D U Ldosturtidr celor trei tipuri devQF OJLUL
pe gazeglectric LG XDOIXQFGUHHWHPSHUDWXUD H[WHUWL&uoul FDUH \
GDWHORU GLQ WD E H €fel @aHconstreaisc graficele dinf@urile 435, 436 L
4.37.

Figura435 +*UDILF FRVW vQ IXQFOLH GlHc#¥itraRpedaD WX UD H[W

Figura436 +*UDILF FRVW vQ |IXQFgteridaG @ DVHRQWUDW R UHDOH FW
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Figura437 + *UDILF FRVW vQ IXQFOLH Gla WWN RNSHHPHXIDWXXDOHGW HAL
RSWLPL]DW

Din grafiaul comparativ al costului celor trei tipuri d@ QF OJQULXQF LH GH
WHPSHUDWXUD H[WHJuiaREBY HSREYHQWDMD SWXO F SH WRW S
analizate, chiar in momentul dgornire LQWUDUH vQ VDUFLQ [Pefdd QWUDO
sistemul optimizatgigemul dual GH vQF O]JLUH DUH FHO PDL EXQ FRVW
din figurile 435, 436,437,438 REVHUY P FD SH WRDWD SHULRDEGD DQDO
randamentul centralelor pe gaa.H O H F WiifelitF nefiind Tntotdeauna o singucentral
SHQWUX SHULRDIGHE nlaDVWH |08V DinEacest matiprin utilizareal XQF LHL
RELHFWLY L D DOIRU]IDNVWAHX O XAR®& W XPUNMD\RWHRKWHG XOPOFGH v
care | R O R Yutbnvtdl programabil-a atinsscopul pentru care a fost creat

Figura4.38 + *UDILFH FRP SDUDW d¢ tempdratlve exi@ridad@)certiald pe
gaze, centrala electric. la sistemulG XDO GH opfirkiz& |[LUH
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44.4. Calculul DP RUW LR U HiMié/ trehkfermare a sisterului GH vQF O]JLUH
WUDGLOLRQDO vQ VLWt GH vQF O]JLUH GXDO

VomluaincaleXO GRX LSRWH]H SHQWUX FDUH YRP IRORVL P

1. &DOFXOXO DPRUWL] U tpleda@ ¥eHI¥ preimisatth iridta BrE defd
VLVWHP GH vQF O]JLUH IRURDMD GR QLFHQHW UIDA) BB U0
consideracentralaHOHFWULF 3527+(50 N Z 9 WUHL HOH
DSD FDOG SHQWUX vQF O] péhtiu WRKQLWIRUHMWX B WHPVE |
L LQWHUID D GH FRPXQLFDUH L FRP@Eu@BatulvQWUH
programabil AP)

2. &DOFXOXO IDERYMNWULHL SULPDUH Gith SBEBMEX QFW X O
fotovoltaic On Grid 2%Wp/ 12%W zi Benq £Fronius

44 &DOFXO DPRUWrmMeEeUH LQYHVWLOLH
'LQ SXQFW GH YHGHUH FRQWDELO DPRSWU]LRWDHD GAYHV
anis va reprezenta o valoare de 241 66HL DQ VDX OHL OXQ
-lei -
Data Centrala Gaz &HQWUDOD IQF OJLUH PL[W RS\ economie utilizare
sistemmixt Tn loc de
FHQWUDO
1-Jan 12.98 12.39 11.92 1.06
2-Jan 13.02 12.99 12.22 0.8
3-Jan 11.23 11.42 10.54 0.69
4-Jan 13.69 13.83 12.88 0.81
5-Jan 14.33 14.14 13.38 0.95
6-Jan 10.96 10.3 10.04 0.92
7-Jan 11.44 11.05 10.58 0.86
8-Jan 11.96 11.79 11.09 0.87
9-Jan 13 13.07 12.1 0.9
10-Jan 13.74 14.1 13.03 0.71
11-Jan 10.55 10.8 9.97 0.58
12-Jan 13.64 14.05 12.92 0.72
13-Jan 17.29 17.81 16.26 1.03
14-Jan 22.13 22.69 20.74 1.39
15-Jan 24.33 25.45 2291 1.42
16-Jan 22.78 23.4 21.35 1.43
17-Jan 16.79 16.72 15.74 1.05
18-Jan 13.04 12.8 12.09 0.95
19-Jan 13.13 12.91 12.28 0.85
20-Jan 15.58 16 14.72 0.86
21-Jan 16.61 17.24 15.61 1
22-Jan 16.7 17.32 15.8 0.9
23-Jan 16.77 17.19 15.76 1.01
24-Jan 19.87 20.22 18.72 1.15
25-Jan 21.19 2151 19.8 1.39
26-Jan 21.43 21.43 20.09 1.34
27-Jan 19.61 19.57 18.38 1.23
28-Jan 19.82 1993 18.56 1.26
29-Jan 14.26 14.05 13.32 0.94
30-Jan 11.4 10.95 10.49 0.91
31-Jan 13.28 13.03 12.4 0.88
TOTAL 486.55 490.15 455.69 30.86

Tabel 410 t7RWDO FRVW FRQVXP vQF OJLUH HOHFWULF S

GLIHUHQOD GH FRNDV RmQ WHRIWWYHFOOS$IH JD] .L FHD PL]

'DF FDOFXO P HFRQRPLD SURGXV GH XWLOL]J]DUHD VL
pentru luna ianuarie 2018 vom constatacB SHIHFWXDW R HFRQRPLH GH
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FRPSDUD LH FX UDWD GH DPRWWIOP WK WR Q WIREL\A. GHRMDF K
unui astfel de sistem nu aduce din punct de vedere contabil profit ci este generatoare de
SLHUGHUH vQWUXFkW DPRUWL]DUHD OXQDU OHL HWV)
LPSOHPHQWDUHD VLHWHPXOXHLGH D AWEBMBGDW WUHEXLH
IDSWXO F P WU MRBWABW DVXSUD XQXL VSD LX GH PS
VQF O]JL FX X XULQ XQ VSD LX GH FHO SX LQ RUL PDL PD!
calcul noile LQIRUPD LL YRP FRQVWDWD F HFRQRPLD HIHFWXDW
VQF OJLUH SHQWUX XQ VSD LX GH RUL PDL PDUH SHQWU:
DFKL]L LRQDW HVWH SURSRU LRQDO GH RUL rfddh. PDUH I
DFHVWXL FDOFXO UH]XOW F XWLOL]DUHD VLVWHPXOXL GX
DOQRWLPSXO UHFH FDUH OD QRL vQ DU HVWH GH FHO SX
PDUH GHFkW DPRUWL]DUHD FDOFXODW FRQIRUP QRUPHORU

'DF OX P vQ FRQVLGHUDUH IDSWXO F DQRWLPSXO UHF
V SW PKQASD LXO GH vQF “Odturdi pHtdhw\rétalGuth timpuPde recuperare a
LQYHVWL LHL DsertohdiderdbiHIg Xdnk Q G X

Astfel se constat F GH L DPRUWL]DUHD FRQWDELO HVWH GH
LQYHVWL LHL VH IDFH vQ DQL YWHDPX DQNIDGWAQL B2, GH G X UD!

44 &DOFXO DPRUWii2arg si a_sgentdlvibtoddlizlc On Grid 25
kWp/ 125%W zi Beng- Fronius
'LQ SXQFW GH YHGHUH FRQWDELO DP-RUSHUDBEBO LK H’
DQL VL YD UHSUH]JHQWD R YDORDUH GH OHL DQ VDX
‘DF  @&agraful anterior4.44. DP YRUELW GHVSUH DPRUWL]CL
reSUHIHQWDWH GH FHQWUDOD HOHFWULF HOHFWURYDOYH
VOQWUH FHOH GHRXDFHQW WHAQH J UabhbdrtateeDuQub sstepHfBtgvoltdic
FDUH SURGXFH HQHUJLH HOHFWULHMVWH XOULYWOWK ® QGGHHHIDB
verde.
$VWIHO VLVWHPXO IRWRYROWDLF DUH XUP WRDUHOH H(
1. Invertor SMA On Grid 97], [99],
2. Panouri fotovoltaice Black Frame Policristaline Beng 265W
3. 6LVWHP GH IL[DUH SH DFRSHUL
4. TDEORX GH SURWHF LL $& '&
5. 6HW FRQHFWLF FDEOXUL

Figura 4.39 * Coordonate amplasare sistem fotovoltaic on grid
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SHQWUX DQDOL]D SULYLQG UHFXSHUDUHD LQYHVWL LHI
(ROI zreturn of investment), am utilizat softwamk dedicat PV*sol pentru pautea genera
UDQGDPHQWXO FHOXOHORU IRWRYROWDLFH XWLOL]DWH v
ORQIJLWXGLQH VL ODWLWXGLQHDX HIHFW@RDW ROV XRFD RWL K
vQ 30RLH WL DYkKkQG XUP WRDUHOH fFRROBRQDWXGE DW LW XfC
YHGH ILIJXULOH L

Figura4.43+*UDIL DQXDO SURGXFOLH .L FRQVXP GH HQHUJLH II
Grid generat de stivare-ul PV*sol

Prin determinarea coordonatelor de amplasare a sistefotdwbltaic, coroborat cu
DQDOL]D UHDOL-]®OON GEB L\FRIW BZDUWMRO DP GHWHUPLQDW SUR
U H D Qe si3témul fotovoltaic.

Conform datelor generate de softwatd?V*sol avem oOSUR G X6HH LHHQHUJLH HOHF!'
DQXDO GHN:K LDU VLVWHPXO IRORVH WH SHQWUX FRQVX
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LQFLQWHORU GLQ SURGXF LH SURSULH N:K LDU UHVW
SURFXUD L GLQ UH HD 3ULQ XWLOL]J]DUHD VLACWIBBXOXL IRW
kg/an.

$FHVW VLVWHP YD SURGXFH HQHUJLH GXS FXP XUPHD]

1. OHGLD JLOQLF GH HQHUJWHKH SURGXV HVWH GH N
2. OHGLD OXQDU GH HQHUJLMHRSURGXV HVWH GH N
3. OHGLD bQXDO GH HQHUJLHWABURGXV HVWH GH N

'‘DF DP IXUQL]D OXQDU vQ) UBHH DV LN @Q/HPXD IRWRRGHR O W |
mediu de 0.3 lei/kWh am inregistra un venit lunar de 863,70 lei. La un calcul simplu avand in
YHGHUH IDSWXO F DPRUWL]DUHD FRQWDELO FDOFXODW ¢
LQFOXVLY FHQWUJHDRODURYBBWHOHR VHQ]J]RUL GH WHPSHUDW X
FRPDQG VvQWUH FHOH GRX FHQWUDOH FRQVWrmDsste F HVW
IRWRYROWDLF DFHVW OXFUX GXFKkQG OD XQ 52, GH GRX R

DDF H[WUDSRO P L QX PDL DQDOL] P DPRUWL]DUHD FD
WLPSXO GH UHFXSHUDUH DO LQYHVWL LHL FRQVWDW P F Y
L D FHQWUDOHL HOHFWULFH vQ DSURJ[LP DtWhue avub@L L C
YHGHUH IDSWXO F VLVWHPXO IRWRYROWDLF DUH R GXUDW
conduce laun profitde 3orim&8 DUH GHFKkW LQYHVWL LD LQL LDO

Avand in vedere concluziile avute la paragradmkerior cu privire la amoitarea
LQYHVWL LHL SULYLQG FHQWUDOD HOHFWULF HOHFWURYL
LQWHUID D GH FRPXQLFDUH L FRPDQG VvQWUH FHOH GRX
DPRUWL]HD] GH OD VLQH SULQ VLPSOGHXWJIRIiEMUH DLDMU
fotovoltaic On Grid 25 kW/ 125%W zi Benq- Fronius se va amortiza atunci mai reped® de
ani.

7RWRGDW GDF OX P vQ VRWXDGHRPWH VBRBEWK® LRRQHD]
sisteme de producere a energiei verde cu suhha d OHL FRQVWDW P F VH UH
SHULRDGD GH UHFXSHUD UuHajinge Qrdév® sMd 5. DVWIHO 52,
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CAPITOLUL 5
CONCLUZIl . &2175,%8 ,, 25,*,1$/'((=92/7RI
ULTERIOARE

IQ DFHDVW W H]Jau@ndliZzatR EWRMPMOW GH vVQF OgdrésH GH GL°
DX XWLOL]DW DWKW LQGLYLGXDO FkW L PL[W

swLOLIDWHOL\PWHWVPHORU GH vQF O]J]LUH DUH ODeD] VF C
GDU L DVLIJXUDUHD XQHL VLJIJXUDQ H VSRU LpvinthreDd& XQFL F
VQF OJLUH PDL DOHV FkQG XQD GLQ DFHVWH VXUVH SRDWH

IXFUDUHD HVWH VWUXFWXUDW vQ FLQFL FDSLWROH 3
VWDGLXOXL DFWXDO DO W H K QlBu@&mblustitilRfasilieddlizAarese® ] LUH HO
GHVFULHUH D VLVWHP HFORV LGIHFDQH @]DFHHVWRUD 'LQ VLVW
FHQWUDO WHUPLF FX FRPBEbUNMWanthegc. V RROHLGEGW ED G PWN U PE F
VQF OJLUHD HOHFWULFD vQ SDMLERYVYHSDQRYXYWH @RIUUHD GI.DLX
ajutorul sistemului HAKA&20,6$ VvQF OEminéebl GFXFWULFH SRPSH GH F C

in cuprinsul celui deDO GRLOHD FDSLWRO DP VWXGLDW FO GL
PRQLWRUL]DUH L FRQWUR®FD® ISR BV B BHRWWE&RXIDO K WBLIHY) Ut
FRPSDUDWLYH D HILFLHQ HL VLVW HFHaRBOdpW ufs sister@rRod@qrL. UH '
GH PRQLWRUL]DUH L FRQWURO DO vQF O]JLULL LQFLQWHORI!

lde reduc&d H D FKHOWXLHOLORU $FHVW VLVWHP VH UHIHU O

centrale una el F W UWali& pe combustibil D] PHWDQ F UEXQHetcdtLRPDV OHP

6LVWHPXO DVWIHO FUHDW GH PRQLWRUL]JIPUWRD FRQM U
obiective principale:

9 & UH WefitlgmidDd consumului de energie necesarQ F QGijdingelol prin
implementarea unui algoritm Lprogram de | X Q F L Razd peHalegerea
predeterminata orelor la temperaturiin care V S DtrebXi@ safievQF O] LW
pe alegerea optimizat orelor del X Q F L pe@aleUrHip de central(cea pe
lemne, gaze sau biomas Lcea electrica) in | X Q Fdé I3 U Hunit&@ al
furnizorilor de energieln plus programulL P S O H P HER\QHIDliméentare
introdusede utilizator, prin care se pot cred& R Q Gdstrictive impuse de
sumele pe care le ar acesta @L V S Roehtru Bblata energiei folositla
vQF OlpnLddd$t mod se veR E LoQUAH OdptilnHintre S U ldonsum L
resursée utilizatorului;

9 Diminuarea cheltuielilor financiare cari contextul crizei economice actuale
este oP V Xrldcesar de conservara capitaluriloratatpentru persoane fizice
cat mai ales pentriintreprinderilemici  Lmijlocii unde costurilevQF QoL ULL
durata anotimpului recgunt mult mai ridicate;

9 Reducerea emisiilor de noxe prirK Q F L RiQIURHIIRAptokimativ 50%
din timp a centralei pe energie electric

Sistemul astfel conceput este structurat pe 5 componente hardware principale:
Sistemv Q F (@¢ibtd/V S Doduibil)
Centrala pe gaze
Centrala electric
, Q W Hdg IddmbDnicare intre cele doua centrale (automatul progran:ai)
este echipamentulcare va controla integral regimul orar d&XQF LRQDUH
alternan .
9 Algoritmul care va programaAP prin care se FRQWURXGMDLRQDUHD
intregului sistem.

© © oo
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) X Q Fdde HH U L €ehtul@uHutilizatorului final) acesta veG H F OdDcéntial Lva
opri pe FHD QaDitt&wale de timp bine fixateyri de @e ori va fi nevoieintr-o zi.
Programareal Q W H kel dortdhicare se poate face pe orice perioadastfel ciclul de
IXQF LRQi&didlui duaputandfi zilnic, V. SW R kQdb @nual sau la urQ XP U
oarecarede zile, | X Q Fde_pt#ogramul de utilizare aD R F.[Bdz#&l le date este organizat
eficient, cui Q | R U Pabtuklizate, inclusiv ale costurilor unitare ale energiei electrice
gazelor naturale.
inceldeDO WUHLOHD FDSLWRO DP VWXGLDW SURFHGXUL G
i D FRVWXULORU GH vQF O]JLUH D L QR4u@wmlerCeRdgeticd®V X GLL C
UDSRUWDWH OD P VXU édlifaté LAD HostHP S\HWULpB i@t Bl€xtrici Lai
centralei pe gaz lai celei electrice, carey Q F OsjiAitdn) in D FH OFHRDQIALQ L LldeD O H
temperaturagloua incinte simetrice situate D F HHFD LG L UH
SHQWUX HILFLHQWL]DUHD FRQVXPXULORU GH HQHUJLH
incintelor a fost studiata elaborarede algoritmi deoptimizare FDUH DX IRVW GHWD:
capitolul 4. Tn acest capitol am prezentat aspecte genpriaind problemele de optimizare,
clasificarea problemelor de optimizar&-au elaboratschemele logice pentru procedura cu
WHPSHUDWXU IL[ SURFHGXUD FX E Xpid¢atluri a(l foltitiSzZdt® FH G X U C
apoivQ PRGHODUHD QFVWRPXODUHDSWLPL]DWH D VLVWHPXOX
GHWHUPLQDUHD IXQF LHL mREpattks \ihalY a@GeestBiRapltoNVBesing D U H
interpolarea polinomial au fost modelatel X Q F doktCalé celor trei tipude VQF O]JLUL
studiateadL Fceledou independenteu sursa deF O CGeritrdla pe gaz Icentrala electrig
respectiv sistemul dual de Q F Qr cdsedHse utilized in mod optim cele doua centrale.
& R Q G ldelL ap@rite sunt raportate 2 FH OrtiDteL Lcu D FH OHPQIGLQ L deD O H
temperatur. S D DQDOL]DW DPRUWLXDQUWIDV WHYH WD Q. HLH vWwQWFUO | L L
HILVWHQ D LQL LDO D XQHL FHQWUDOH SH JD] L D VFKLI
propune introducerea unui sistem fotovoltaic penttulaPHQWDUHD VLVWHPXOXL GX
VH FDOFXOHD] DPRUWL]DUHD JOREDO D LQYHVWL LHL
&RQWULEX LLOH RULJLQDOH GLQ DFHDVW WH] VXQW X
X IntroducereaX Q XL QR X FRQFH Siwin@let nu@iFAGLIMWHHE GXDO ¢
vQF O]V DhMatheatiyg" FDUH DVLJXU R HILFLHQWL]DUH D
L VDX DIJHQW WHUPLF JD] EeticR précvm &uBRoOEY W LEL O
IVHFXULWDWHD HQHUJHWLF
X RealizareaG H D F gdntduparbmetri electrici DQDOL]D DFHVWRU SDU
consumuribr specifice FHORU GRX WL Spelgaz Géleckitl QN UDOH
VQF OJHVF DFHinDHH p&iéddQ@e/timp Lcu DFHOHRQIGL LL
L Q L deDe@peratur
x Definrea XQHL IXQF LL GH RSWLPL]DUH D FRVWXULOR
G L Y Hathnieti$pecifici centralelor studiate
x Dezvoltarea de algoritmipenttu GHWHUPLQDUHD SDUDPHWULO
optimizatin scopul P L Q L P latetidid.
X ORGHODUHD P boatilerDde/ILlXFQ Fare Rn@ependentrespectivin
sistemul dualale centraleielectrice la centralei pe gazlalegerea modelelor
RSWLPH FH DVLJXU DFXUDWH HD ID GH UH]JXOWDW
X $QDOL]D FRPSDUDWLY D FRVWXULORU vQ FHOH WL
GRX VLVWHPH LQGHSHQGHQWH L XQXO GXDO
x Calcularea perioadei de amadre a L Q Y HVnA¢azuliH tare se consider
existena unei centrale pe gaz, apoi,se L QY H VMnhblulWistem dual de
vQF Oddrd ébte condus d&P G X @lgoritmul optimizat De asemenea
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FDOFXOXO DPRWXL] U VIQ WD IKROQMWQWURGXFHULL XQ3
folositla DOLPHQWDUHD F Xa sisenuluidud dev@HF @/]W UH
in perioada X UP WD pidpun implementarea unui proiect piloi incintele
VW X G L D WahlideEeDp¥ bl p&fioadcdt mai v Q G H O xsi3temdWdual dev Q F (ijdpusH
Rezultatele obnute vor fi furnizate public, pe un site dedicat, asifeéat V constituie o
UHIHWH® OD SH Q WriplEmBnthteFatsisi2@i propus.
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CHAPTER 1
STATE OF THE ART OF ELECTRIC HEATING
TECHNOLOGIES AND FOSSIL FUELS

1.1. Introduction

For the energy produceras well as for the domestic, industrial or public consumers, at
present thre is theproblem of reducing the energy consumption necessary for the heating of the
premises, be it housing, commercial spaces, public or industrial spaces (warehouses, production
halls, offices, etc.) [1], [2].

The problem of energy efficiency and tkdevelopment of dual heating systems is
becoming more acute with the passingsjdyus reaching both the attention of those directly
involved (homeowners, equipment manufacturers) and the attention of those indirectly involved
(energy suppliers) [3], [4].

The main solutions adopted worldwide today are [5], [6]:

9 Certain specialized companiesho provide customers with solutions and systems that
combine classic heating systems with photovoltaic systems (for the production of electricity and
achieving autonog) [7]. The disadvantage is that there is no efficient switching between the two
systems;

9 Some living spaces (especially those in the rural areas) have adopted dual heating systems,
but these systems do not have automatic processes of switching fromating bgstem to
another (for example, from gas to electric heating, or on wood) [8];

9 At the momentthere are heating systems that use two types of fuel, but they do not
directly correlate with costs and user needs.

The doctoral thes aims to make energyonsumption more efficient and reduce the
expenses needed for heating during the cold season by using an alternation process between two
conventional heating systems. The heating systems analyzed are: on one side there is the gas,
wood or biomass boilernd on the other hand the power plant. The paper aims to offer concrete
solutions for reducing the expenses allocated to heating and adapting them to the user's financial
needs and resources, by choosing an algorithm that allows to optimize the typéngf hibat
solution proposed and presented is a topical solution and aims at the current economic crisis that
Romania is going through, but also the world crisis in what. concerns the price of gas and oil [9],
[10].

Implementation of the solution in smalldamediumsized enterprises could lead to a
significant impact in terms of reviving the economy by reducing the production price. Currently in
the spaces heated only by gas, wood or biomass plants, the implementation of the dual system
with a power plant wald reducesignificantly the emitted noxious and thus a significant reduction
of the pollution degree due to the heating systems would be obtained.

1.2. Description of home heating systems

The thermal comfort required in the building can be ensured éoadhvities in good
conditions with the help of a heating system (thermal power station), which can produce the
necessary thermal agent.

A thermal power plant comprises a heat generator that is based on converting one type
of energy (whether it is solidiél, gas, liquid or electricity) into a type of energy, the thermal
one. It provides centralized supply of DHW (domestic hot water), heatingpruditioning,
etc., which can be considered as consgraed carries a heat carrier, heat agent.

4



The most commnly used form of energy is based on the direct combustion of raw
materials (coal, biomass, methane gas, liquefied gas, hydrocarbons), or in a lower percentage
as energy form is used wood, wood waste or electricity is used. Sometimes, wind energy,
biogas o solar energy and in the future we see the use of hydrogen, can be used as alternative
sources [11].

A thermal power plantTP) is composed of a boiler for watewhich has a working
temperature of maximum 95 ° C, having forggpe circulation and proded with the open
expansion vessel pumps, burners, safety valve, for heating water consumption the heat
exchanger and the system used in the automation are used [14].

At the electrical grid, at the fuel source, the chimney for the release of the smibke a
the internal heating system are connected to the bewach results from the combustion
process, that is, the combustion gases are released into the atmosphere on a well established
outbreak path then the smoke channel and then released througmtheyc

The definition of a boiler can be done according to several criteria as follows: the
installed power, the way the thermal agent circulates (having forced or natural vehicles), the
type of the thermal agent used (water with a temperature up toelftbed Celsius, steam
under low pressure, or water above 115 degrees Celsius, etc., depending on the nature of the
fuel used (solid, liquid, gas), according to the operating mode (manuatagematic and
automatic).

Significant budget savings can be deaby using the electromechanical room thermostat
which helps to set the ambient temperature.

The thermal installation works on the principle of converting the caloric energy of the
fuels into thermal energy. The most commonly used fuels in thermal atistadl are fossil
fuels such as coal, wood or methane gas.

A major global goal of energy policies is to reduce or edeninish fossil fuel
consumption. To this end, by using renewable energy sources, to ensure thermal comfort in
homes, it is a prime objgee, aiming, in the context of sustainable development, to increase
the security of energy supply, to develop viable energy technologies on a commercial scale,
environmental protection [16].

The thermal installationthat use renewable energyea good slution for relatively
clean and cheap energy. The real advantages for combating paditgigiven by the fact that
renewable energies have a low level of polluting emissions.

The main objective of using renewable energy is due to the redusftigreenhouse
gas emissions. Scientists unanimously concluded that at the current rate of growth of global
greenhouse gas emissionle warming of the Earth's atmosphere will reacl8 8egrees
Celsius by the end of the centuand this phenomenon willalve disastrous effects on
humanity and the environment.

Considering the period of implementation of new technologies and the period of
replacement of existing installations related to current technologies, it is necessary for
humanity to accelerate the gaof implementation and development of clean technologies and
those technologies that will lead to the reduction of energy consumption.



CHAPTER 2
SMART BUILDINGS +MONITORING AND CONTROL
SYSTEM OF DUAL HEATING PROCESSES

The word "smart" was used as asdeption for buildings in the early 1980s in the
United States. The concept of "smart building” has expanded due to the development of
information technology, the increase of the degree of interior comfort desired by the tenants,
as well as due to the irease of the need for automatic control of the interior environment
[40]. This last aspect achieves, through the control of the heating system, (Heating,
Ventilating and Air Conditioning SystemHVAC) a reduction of the energy used to achieve
the desiredomfort.

Terms such as "smariére gaining increasing popularity in association with a building.
Although "intelligence" is an ambiguous term, especially attributed to an artificial system, it is
accepted among researchers that the "intelligence" of ansygir object) refers to the
correctness of its reaction to the emergence of a new situation. The system must choose the
best solution to the newly emerged situation from a predetermined set, and then have the
ability to "learn” from the past action.

The al crisis of 1973 represented a second point of reference in the evolution of smart
buildings, which increased the degree of involvement of governments in the energy efficiency
of the consumption sectors, paying greater attention to the building sectomrdvation
consisted of the use of new miromputers, central processing units (CPUs), as well as
programmable logic controllers (PLCs), leading to the emergence of a new standard
description for a building Energy Management System (EMS).

Thus the first humaamachine interfaceappearedvith processors that allowed data
processing much more efficiently and securely (eliminating human error from data
processing), causing the emergence of "smart" multiplexers. The dimensions of the
microprocessors weneeduced, allowing them to be combined with standalone multiplexers,
implemented on analog alarm systems, thus eliminating the communication transactions
between the sensor and the monitoring console.

The early 1980s was characterized by the widespreadgenwy of personal
computers (PCs), due to lower component prices, which revolutionized even the automation
systems distributed in buildings.

In the 21st century the emphasis is placed on the 4th generation of BAS, based on
integrated network systems, atfdae to the continuous expansion of the virtual environment.
The automation system has adopted the existing web technologies, thus occupying an
important position in the intranet network of a building. The central console of BAS includes
a web server, tlaubeing associated with web functions (web site) for the operating mode of
the building.

2.2. Modern system for monitoring and controlling the heating of the premises

in order to make energy consumption more efficient and to reduce costs

The system of matoring and control of the heating of the houses proposed in this
work refers to the rational use of two types of boilers, one on methane gas, wood, coal or
biomass and the other electricity, which acts to heat the same premises. This strategy is
adaptedd the daily realities of our country, in which more than 56% of users use gas or solid
fuel plants, and the introduction of a power station in parallel with them leads to the
optimization of energy consumption and the reduction of expenses [46]. The mmgnéond
control system has as main objectives:



Y%lncreasing the efficiency of the energy consumption necessary to heat the
enclosures by implementing an algorithm and operating program based on the predetermined
choice of hours and the temperature at whighspace must be heated and on the optimized
choice of operating hours per type of boiler (the one on wood, gas or biomass and electricity)
depending on the unit price of energy suppliers (eg GDF Suez for methane gas or Electrica
SA for electricity) [47].In addition, the program implements additional conditions introduced
by the user, which can create restrictive conditions imposed by the amounts they would have
available for the payment of the energy used for heating. In this way, an optimal relationship
between price, consumption and resources will be obtained for the user;

¥ Reducing the financial expenses that in the context of the current economic crisis is
a necessary measure of capital conservation both for individuals and especially for small and
medum-sized enterprises where the costs of heating during the cold season are much higher;

¥%Reduction of the emissions of pollutants by operating in proportion of
approximately 50% of the time of the power plant on electricity.

Figure 21. Monitoring and controlling system of precincts heating

The system is structured on 6 main hardware components (shown in figure 2.1):
1. Heating systentenclosure / living space), is the location that will benefit from the heat
generated by th dual heating system. Through the two plants that will work alternately,
depending on the program for which the owner chooses the ambient temperature inside the
building will be kept constant
2. The gas boilewill most likely operate during the daytinperiod, between 6 and 22 hours
and the operating regime will be controlled by the boiler environment, depending on the
temperature at which it was set
3. The power planwill have the operating mode between 22 and 6 hours when the tariff plan
for electrcity is lower. However, the final decision regarding the alternation of the
functioning of the two systems will be made by the owner according to his need [48]. Both
plants will be connected to the same conventional heating system consisting of pipes,
radiators, fittings, etg.
4. The communication interfadeetween the two control units (programmable contrcller
PLC) is the application that will fully control the operating time regime and the alternation.
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The microcontroller that controls the operationl Wwe programmed through @mputer(5).
Depending on the requirements of the client (the end user) it will trigger a switchboard and
stop the other one at walkfined time intervals, whenever it is needed in a day. The
programming of the communicationtémface can be done on any period, thus the operating
cycle of the dual system can be daily, weekly, monthly, yearly or at an X number of days,
depending on the program of use of the location

6. Monitoring systenequipped with temperature sensors [49]

The programming of the interface will be done by the system vendor / installer and
can be reconfigured whenever needed.

In addition to a somewhat classic programming in which the interface does nothing
but direct control of the two thermal systems, a commerfiguration of it is allowed
depending on the financial possibilities of the user, namely:

9 Depending on the user's available capital in a given month, a maximum amount that
can be allocated for heating can be introduced and when this value is reaehed th
microcontroller will interrupt the operation of the two plants. Also, a set of warnings will be
introduced that will be displayed on the control interface display when the consumed value
approaches the preset limit for the current period.

9 Depending on th consumption of electricity and / or gas imposed for a certain
period, certain variants of ambient temperature settings will be offered so as to obtain an
optimal relationship between the parameters (temperature at hourly intervals) and the
maximum costsllowed.

In conclusion, the software application that will accompany the system offers the
possibility of visualizing the energy consumption, will keep a record of this consumption, will
generate statistics, reports and forecasts and will announce tloeizadhpersons regarding
the occurrence of the different alarm situations, appeared in the heating system, but above this
it will also support the decisiemaking process of the owner of the dual heating system,
automatically switching between the two d@s heating systems according to well
established rules, thus increasing the efficiency of the system [55].



CHAPTER 3
PROCEDURES FOR REDUCING ENERGY CONSUMPTIONS
AND HEATING COSTS

3.2. Results of the experimental measurements and their graphical

presentdéion

The measured parameters were taken with the Chauvin Arnoux 8352 energy analyzer.
The diagram of the energy analyzer is presented in figure 3.1, in order to measure under the
same conditions the parameters of the electric current and its consuntpto@hauvin
Arnoux 8352 analyzers were used, one for each enclosure heated by the gas boiler and the
power plant.

Figure 31. Assembly diagram of energy analyzers Chauvin Arnoux 835 2

Thus, the assembly diagram for the anialyd the electrical parameters of the heating system
is presented in figure 3.1 being made up as follows:
- cl and c2 are the rooms heated by a power plant
- c3 and c4 are the rooms heated by gas boiler
- EC - power plant
- CG- gas central
- C.A.ce- Chauvin Arnoux 8352 energy analyzer used to measure the electrical parameters of
the power plant
- C.A.cg- Chauvin Arnoux 8352 energy analyzer used to measure the electrical parameters of
the gas boiler
The enclosure where the measurements were made iseef@e by an office space
with an area 060 nf. Two walls of the space are exterior and two interior. In the north side
there is another office witht= 2d°C, and in the East there is a hall with 18C (see
office figure 3.4).



The exterior whs are made of brick with a thickness of 30 cm and applied on the
outside a polystyrene insulation with a thickness of 15 cm (figure 3.5) [59]. On both sides of
the wallthere isappied a plaster layer of 1 cm

Figure 34. Office view

The interior walls are made of brick withtackness of 30 cm.

Figure 3.5. Exterior wall representation

The floor is made of concrete with a thickness of 25 cm, polystyrene insulation with a
thickness of 12 cm and a waterproofing with a thickness of 3 cm.

Figure 3.6 shows the ceiling, whichnsade of concrete slab with a thickness of 25
cm, polystyrene insulation with a thickness of 14 cm, and a waterprolaiyey with a
thickness of 3 cm. On the insidbere isappied a plaster layer with a thickness of 1 cm.

Figure 3.6. Ceiling floor rgresentation

The windows and doors are madedofibleglazed windowskeflexiv Bronze + Low
e.

Measurements of the electrical parameters were made for two types of boilers, one on
gas (IMMERGAS EOLO STAR 24 KW) [62] and one electric (PROTHERM 24 kW, 400 V)
[63], which heated the same, symmetrical enclosures, each with a surfacedofigf the
same day. The initial temperature of the enclosure wag and the temperature at which the
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data acquisition was stopped was 22 [64]. The results of the measureme and their
analysis are presented below.

The data acquisition devices were fitted as in figure 3.1 and the measured electrical
parameters of the gas boiler are represented in figures83.Z below.

The time variation of the active and reactive powsrsimilar and depends on the on
and off cycles of the IMMERGAS EOLO STAR gas boiler.

Figure 3.7. Voltage harmonics at the IMMERGAS EOLO STAR gas boiler

Figure 3.8. Current intensity harmonics at the IMMERGAS EOLO STAR gas boiler

Figure 3.9. Graphitor voltage, intensity, active power, reactive power at the IMMERGAS EOLO STAR gas
boiler
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Figure 3.10. Table of electrical measurements measured at the IMMERGAS EOLO STAR gas boiler

Figure 3.11. Waveform of voltage and current at the IMMERGAS EOLORS@as boiler

From the analysis of the voltage and current phase diagram, it is observed that the
IMMERGAS EOLO STAR gas boiler has an inductive character, the current being after the
voltage [65].

Figure 3.12. Phase voltage and current diagram at theHRIAS EOLO STAR gas boiler
The operating parameters of the power plant are shofigures 3.13 3.22 below
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Figure 3.13. Phase 1 voltage harmonics at the PROTHERM power station

Figure 3.14. Phase 2 voltage harmonics at the PROTHERM power station

Figure 3.15. Phase 3 voltage harmonics at the PROTHERM power station
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Figure 3.16. Phase 1 current intensity harmonics at the PROTHERM power station

Figure 3.17. Phase 2 current intensity harmonics at the PROTHERM power station

Figure 3.18. Phase@irrent intensity harmonics at the PROTHERM power station
The power plant is a thrgghase power station thatue to the similarity between the

voltage and current harmonics on the three phasesbe concluded that it has an almost
linear character ahacts as a power resistor [66], [67].
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Figure 3.19. Graphic for voltage, intensity, active power, reactive power at the PROTHERM power station

Figure 3.20. Table of electrical measurements measured at the PROTHERM power station

Figure 3.11. Wavelrm of voltage and current at the PROTHERM power station

The time variation of the active power consumed by the PROTHERM power plant
overlapswith the time variations of the current absorbed by the boiler and depends on the
startup cycles of the boiler gending on the ambient temperature. The reactive power
consumed by the power plant is very small and is only highlighted in its transient start / stop
mode [68], [69].
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From the phase diagram shown in fig. 3.22 results in a zero phase difference between
voltage and current on all three phases of the power supply network of the boiler, which again
shows the linear, resistive character of the PROTHERM power plant [70].

It is found, from the data measured in figures 3.10 and 3.19, that the power plant is a

resstive consumer (U anddre in phase FRV 3 DQG WKH VA\VWHP LV V!
balanced. On the contrary, the gas boiler is an inductive type consumer (U and | are no longer
LQ SKDVH DQG FRV 3 WKH VA\VWHP KDYLQJ DQ LQGXFW

Figure 3.22. Voltage and current phasegdaan at the PROTHERM power station

In figure 3.9 it is observed that the total working time of glasboiler to reach the
desired temperature is 26 minutes, from which the moment when the recirculation pump starts
is higher (about 18 minutes) at the begng, until thesettemperature is reached, then shrinks
to 6 minutes and there is a 2 minute break. For the power plant the total working time is 1
hour, and at first the heating time of the water is about 13 minutes, followed by 5 periods with
4 minutesof heating of the resistors respectively with about 5.4 minutes of pause.

CHAPTER 4
ALGORITHMS FOR EFFICIENCY INCREASING OF
ELECTRICAL ENERGY CONSUMPTION OF DUAL
HEATING SYSTEMS

4.1. Inputoutput analysis of dual heating systems of enclosures

The heatig of the enclosures is a very good example for the category of important
energy consumers but with very low efficiency. This aspect convinced me to look for and
study solutions to streamline the processes of heating the enclosures.

The results obtained areery encouraging because one of the solutions has already
been successfully implemented to heat a 50 square meter enclosure. Evewefstbe
adopted for implementation was a little simplified compared to that exemplified in this project
by developingan experimental laboratory model, the financial results are very good. With a
very quick repayment of the investment made, the user now enjoys the financial benefits
obtained and plans to implement other solutions, namely upgrading the existing one.

It is desired to develop an experimental model that highlights the way in which the
energy consumption (respectivehe costs) can be efficient by using dual heating systems.
Also at this stage, concrete solutions for optimizing the microprocessor contrathaigor
using programmable logic controllers have been proposed.
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In order to be able to analyze the input data of the dual enclosure heating systems, we
need to enter in the table the available input data as well as the user's requirements (room
temperaturetype of heating system used). The use of the spreadsheet form is accepted in
order to make it easier to enter the data in the common database.

Depending on the data received from the user through INPUT LINE and the data
collected from the database and frahe two plants, the programmable automaton will
choose the optimum solution for the heating of the enclosure according to the algorithm for
the efficiency of the electricity consumption of the dual heating systems of the enclosures as
shown infigure 4.5.

The programmable controllePC) is of the "user friendly" type, allowing the end
user to control the operating parameters of the system following -gfteotraining by the
supplier / installer.

Figure 4.4. Simplified logical diagram

The PLC allows, in addition to a direct, osite control, and a remote administration
and parameter setting mode. The advantage of this remote control is that it allows the user to
intervene in the decision making system made byPite whenever he wants, depending on
theneeds and the changes of the program. For example, therugadjvddual is away from
home for two weeks. During this period the heating system is programmed to operate at a
minimum temperature or not to operate at all. The unexpected happens and-theek
period becomes inaccurate in the sense that it can be prolonged or otherwise it will not be
reached. In this case, the customer, through any electronic device with an internet connection
(for example, desktop, laptop, mobile phone, PDA, etc.) cadifgnin real time the operating
system of the dual system by prolonging the inactivity period or triggering the process of
heating earlier than scheduled. Once the system is active, it will operate based on a preset
regime based on energy tariffs per Hguntervals, which will be included in a dynamic
database (reconfigurable by the user at any time).

4.2. Use of online databases (ANRE, ANRGN, ANM) in dual heating systems

In order to achieve a unitary whole, a common database will be created to gerve th
programmablecontroller (PLC) as memory, so theLC can at any time query the database
and find out at any time the cost of energy in a certain interval, the cost of the cubic meter of
natural gas but also the weather forecast for a short period of Aliniis information is
needed to find the bespality-price ratioand to provide the end user withe maximum
efficiency of using the dual heating system.

The organization of data in files has the following disadvantages:

9 the data is redundant

9 the dataare inconsistent
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9 the data are validated evenly

9 data is unavailable

9 applications are data dependent

Starting from the disadvantages of storing data in files we have come to the conclusion
that the use of online databases is the best solution at the mompraviding the raw
information for the implementation of the optimization algorithm of energy consumption and
costs in dual heating systenThe database is a collection of persistent data organized in a
structure described by a conceptual model.

In thedatabase we use we will integrate the following data:

9 Price of energy on each tariff plan separately and forecast for the next period

9 Natural gas price and forecast for the next period

9 WHEATER data (short term weather forecast)

9 Temperatures outside theated enclosuye

9 The temperature inside the heated enclgsure

9 Electricity consumption on each boijer

9 Gas consumptign

9 Damage occurred during operation

9 User set data (INPUT LINE)

Using online databases (Figure 4.6) means using / accessing differenppéne
database at the same time by multiple users. The database is integrated and shared, a
consequence of this is the fact thatyuser may only be interested in a certain portion of it.
By user we mean either the end user or the manufacturer cdritreller equipmenthat will
have a direct connection with the database.

Figure 4.5. Diagram of users of the onloltabases

The need to usenlinedatabases is given by:

9 Data can be shared

9 Reduces data redundancy

9 Data inconsistency is avoided

9 Data inegrity is ensured

9 Data security is ensured

9 Data independence is achieved

9 Data can be accessed from anywhere

For the online ordering of the system, technologies such as PHP and MySQL are used
because they combine simplicity in use with the most complexrésatThis is why fast PHP
has become a major tool in the development of WEB applications.
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The decisiormaking and control computer system will consist of a database and
several PHP scripts that will have wdkfined functions such as:

9 monitoring the pamaeters,

9 automatic temperature adjustment,

9 switching between one heating system and another,

9 permanent communication with the PLC (the programmable controller).

Following the international trend in management, the owner of the dual heating system
is not jus a supervisor but he can have much more complex tasks, he can be the main "player"
and can take a direct part in making consumption decisions in the system.

In conclusion, the software application that will accompany the system offers the
possibility of vsualizing the energy consumption, will keep a record of this consumption, will
generate statistics, reports and forecasts and will announce the authorized persons regarding
the occurrence of the different alarm situations, appeared in the heating sydtabmve this
it will also support the decisiemaking process of the dual heating system owner,
automatically switching between the two classic heating systems according to well
established rules, thus increasing the efficiency of the system.

4.3. Algoithms for optimizing energy consumption and costs in dual heating

systems

Optimization is a compulsory and necessary component in the design stages and
imposes performance requirements for the achieved product. This optimization is not only
reduced to theengineering area but also to the economics part being many economic
applications that help optimize and evaluate the performance of such an investment. In the last
years a common language has become the optimization of the profit being developed
optimizaton applications (for example, the programs that command the automatic cutting /
cutting machines in the wood industry or the clothing industry). At the same time, the
software tools of the type MATLAB have enriched in the last versions the part of stiteing
problems related to optimization [76], [77].

Optimization is in the general case the action to obtain the best result under certain
conditions.

The most important areas of application in the field of engineering that played an
important role in the evotion of optimization techniques were:
- aerospace design (minimum table problems),
- civil engineering (sizing of resistance structures, sizing of beams in metallic structures,
sizing of useful spaces in constructions),
- mechanical parts design,
- design of electrotechnical devices (harmonic or vibration level control, winding, magnetic
core or cooling elements dimensioning),
- design of energy networks and equipment used in these networks,
- design of units or production lines.

4.3.4 Representation of the optimization algorithm using logical diagrams

To facilitate the implementation of the optimization algorithm for energy
consumption. of the costs in the dual heating systems, the logic scheme ofgttzenpio be
introduced in the programmable controll®L(C) as shown schematically in figure 4.6 [80],
[81] is realized.

Depending on the data entered by the user, the process performed RLGhe
subroutine actually presents the algorithm for optimizirgygyconsumption.
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Figure 4.6 tLogical diagram of the algorithm

This algorithm must take into account several variables some of them being integer variables
others being real. The programmable controller must take into account:

9 the temperature desiréy the user

9 available budget

9 weather forecast (WHEATER data)

9 data collected from ANRE website

9 data collected from ANRGN website

9 data collected in real time from the sensors (room temperature, outdoor

temperature, temperature of the thermal agent, etc.)

The PLC subroutine is the optimization algorithm, which can impose the desired
temperature of the user or may impose a constant temperature so that the user can fit into a
budget allocated over a set time period [82], [83], [84].

The PLC subroutine will be diided into 3 procedures as shown in the logic diagram
below (Figure 4.7):
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Figure 4.7 tLogical diagram of the PLC subroutine

4.3.4.1 Preset temperature procedure logical diagram (figure 4.8)

After querying the database, the microprocessor decides Wwhitdr offers the best
performance under the given conditions and will choose to switch either to the power plant or
to the gas boiler. The procedure will be repeated until the temperature T (room temperature)
will be equal to or even higher than the tergiure x set by the user.

At the same time, the microprocessor will have a routine in which it will enter in the
database the information collected so that in the futtwasideringthe past situation, it
knows what decision to take. These records wdlp the solution provider to verify the
functionality of the system and to make improvements to the algorithm used.
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Figure 4.8. Logical diagram of the pset temperature procedure

4.3.4.2 Fixed budget procedure logical diagram (figure 4.9)

Figure 49. Fixed budget procedure logical diagram
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4.3.4.3 Mixed procedure logical diagram (figure 4.10)

After querying the database, the microprocessor decides what will be the new
temperature that will be used as the base for the period when the heatimgeissacthat the
user can fit in the allocated budget. Then the microprocessor will follow a procedure similar
to the one used for fixed temperature. The microprocessor will decide which boiler offers the
best efficiency under the given conditions and ahilbose to switch either to the power plant
or to the gas boiler. The procedure will be repeated until the temperature T (room
temperature) will be equal to or even higher than the temperature x set by the user.

At the same time, the microprocessor wilvie a routine in which it will enter in the
database the information collected thus, in the future, it knows what decision to take in a
certain situation. These records will help the solution provider to verify the functionality of
the system and to makeprovements to the used algorithm.

Figure 4.10. Mixed procedure logical diagram Mixed procedure logical diagram

4.4 Modeling and simulation of the optimized functionong of the dual heating

system
4.4.1. The objective function

The objective function cad CostTotaldetermines the outputs from the plants (the
powers provided by the plants and the calculation of their costs, through the operating times)
that minimize the total operating costs [85], [86].

Minimum CostTotal( 1 3CVi)= (4.3)

where:

- CVkt is the variable operating cost of the boiler k (k = 1 for the power plant respectively k

2 for the gas boiler), in lei / KWh;

- Pkt is the power at the output of the boiler k (k = 1 for the power plant respectively k = 2 for

the ga& boiler) during the period t1 or t2 in which it operates, in kW; for the gas boiler the
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output power is formed by the consumed electrical power and the calorific power consumed

by the gas;

- the daily operating time t1 for the power station respectivedydaily operating time t2 for

the gas boiler, in hours (h);

- z number of hours / daily in a month,;

-1 W LV WKH %YRROHDQ GHFLVLRQ YDULDEOH RI WKH V\VWI
or NO) during t1 for the power plant respectively t2 far gas boiler depending on the time

and thermal parameters.

with the constraints:

- where Nt is the need (demand) of power during period t to ensure the heating of

the home (it is determined from the measurements over the same parnid&nown
external and internal temperatures);

- where Pkmin and Pkmax represent the minimum and maximum powers

that the k plant can generate in the period t
- the Boolean decision variable whose vallies 0 also take into account the results of

the sweepings obtained ifigures 3.10 and 3.20, from which results an electricity

consumption of approximately 32 greater than the power plant than that of the gas boiler. So

the total cost of the gas boiler idlirenced mainly by the price of methane gas. As a result,
has the following values:

-0 in period tif CV1 <CV2 ie the unit price of electricity is lower than that of methane gas,
so it is preferred to operate the power plant

- 1in period t if CV1> CV2 ie the unit price of electricity is higher than that of methane
gas, so the operation of the boiler on gas is preferred.

If the indoor temperature is greater than or equal to the temperature desired by the
operator, then the W@ of the function (4.2) will beCostFix represented by the electric
consumption of the water recirculation pump in the heating system [87], [88].

,Q WKH JUDSKYV LQ )LIXUHYV DQG -hour tirve frafm@V UH S U
(daily chartyor7d\V ZHHNO\ FKDUW 7KH %RROHDQ YDULDEOH 1
of the boilers, has the logical value 0 as long as the power plant is operating (ie betwéen 22
hours), respectively has the logical valueielbetween 6 22 hours) when theag boiler is
operating . The time interval was represented on teixand the yaxis represented the type
0 or 1 value of the decision variable.

Figure 4.11. Daily chart

JURP D JUDSKLFDO DQDO\WVLV RI WKH YDULDEBMHeH 1 W
evolution mode of the cost difference when using the two thermal power plants. Because the
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premises are considered office spaoesSaturdays and Sunday® heating system does not
work in nominal mode, but only in arfieeze mode if the indoor tgrarature drops below 5
degrees Celsius.

Figure4.12. Weekly chart

For a better optimization of the costs with the heating of the enclosures it can be
considered that after a period of timethe minimum objective function can be generated
again withthe updating of the parameters. By updating the parameters we mean updating the
actual data collected by the system sensors (outdoor temperature, temperature inside the
enclosure, electricity consumption, natural gas consumption) as well as the datagtoyvid
ANM.

Through the script made with the help of PHP technology, the new parameters will be
introduced in the system database and will be compared with the similar data from the
previous year. Thus, a prediction factor will be generated and dependihg dagree of the
prediction factor, the optimization calculation algorithms will be optimized.

Important for the optimization of the objective function is the way we represent the
information in the database so that we can interpret and predict a eorsear to the desired
optimization depending on the stimuli from the environment. A correct representation in the
database will allow the decisianaking system to produce a model for the analyzed process
that will behave satisfactorily, given the conalits of applying the incentives to the learning
process, have not been used.

The information available in the database is either a priori information regarding the
particularities and, possibly, the restrictions related to them, or information such aguhe i
output tandem groups that define a caeffect link. The data available are divided into two
parts, one used in the learning process itself, and the other used to test the system's
performance, will provide an image of the capabilities of the obgcteneralization
function.

The control and decision process implemented in the PA will have to eliminate
redundancies and similarities. For this purpose, the internal representation process will follow
a set of basic rules for database entry and aremisesbelow:

Rule no. I: Similar input data must have similar internal representations. There are
several ways to measure the "similarity" between 2 distinct inputs. Most often the mode is
used which is based on the Euclidean distance between those itsits (seen as real
multidimensional vectors). Sometimes the intercorrelation function between the 2 sizes or the
scalar product can be used.

Rule no. II: Data entries belonging to categories that are distinct and have to have a
different way of represeation.
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Rule no. lll: The internal definition of an input characteristic (temperature, time, cost)
must involve as much data as possible so that we have as much data as possible to use in
determining thegorediction factor.

This rule will ensure a greater glee of confidence in the process of making a
decision and a higher tolerance in the situation of abnormal functioning of some decisions.

4.4.3. Polynomial modeling of the cost of heating the enclosures.

The study of the dual heating system is of intefestunderstanding the direct or
indirect links between the elements from which it is made or to be able to predict how the
system will work under certain conditions. Experiments with the system are not always done,
sometimes there is no physical but omythe design phase, so experiments can be done. only
by simulation or even modeling.

Such a system comprises a multitude of elements such as design, planning,
implementation, analysis, deployment, input data, behavior, structure, data processing and
outpu data.

The heating system on which the measurements were made consists of a building that
has four similar rooms in shape, surface, volume of air, glass spaces, and the four identical
rooms can be considered.

For better accuracy of the measured data wedell the four chambers into two
groups so room 1 and 2 were assigned to the gas boiler and rooms 3 and 4 were assigned to
the power plant. For separating the system into two groups, sense valves were used so that at
the time of the measurements the twougs of rooms functioned as two independent heating
systems that operated simultaneously.

Figure 4.14+Precincts layout, power plant and heaters placement

Thus, the heating system shown in Figure 4.14 is made up as follows:
- cl and c2 are the roorheated by the power plant
- c3 and c4 are the rooms heated by gas boiler
- EC - power plant
- CG- gas central
- SCE- heated enclosure sensors with power plant
- SCG- heated sensors with gas boiler
- PLC - programmabléogic controllerwhich controls thelual heating system
Measurements of the electrical parameterseweade for two types of boilers, one on
gas (IMMERGAS EOLO STAR 24 KW) and one electric (PROTHERM 24 kW, 400 V),
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which heated the same, symmetrical enclosures, each with a surface s0e& dfiring the
same day. The initial temperature of the enclostas 17 C and the temperature at which the
data acquisition was stopped was 22 The results of the measurements and their analysis
are presented below.

Like the surface, number of radiators, air volume the four enclosures are identical. A
separate hemtg was performed for 1 + 2, respectively 3 + 4, and the measurements presented
in tables 4.5 and 4.6 respectively were made.

With the help of the optimization function (4.2), a simulation was carried out in
Matlab, for the heating of enclosures 1 and i#h & dual system consisting of the two gas and
electric power stations located in these enclosures and which were controlled by the AP
according to the algorithm of optimization. With the help of the AP, it controls the valve
system through which, for aegod of time, the operation of one of the plants is closed,
leaving it to operate on the other. The simulation results are presented in table 4.7.

We extract the "total consumption” columns from tables 4.5, 4.6 ahdrntl make
table 4.8 that is Total ost of electricity, gas and mixed heating (optimized).

The information collected in the tables of the form of table 4.3 respectively 4.4 are
processed according to mathematical models in close collaboration with the information taken
from the online datals@s of the National Reguiaih Authority in the field of Energy, of the
National Regulabn Authority in the field of Natural Gas and of the National Meteorology
Administration, in conjunction with the data collected by the sensors of the dual heating
sysem helps us to calculate our own heating costs and we can make a forecast regarding the
future period.

In order to calculate the cost of electricity in case of-usa of the dual heating
system (that is, of the nesptimized use of the power plant), tr@lédwing formula will be
used which will generate the valueghe third column of table 4.7:

Cel = (4.5)

where:

- P1 represents the power consumed by the power plant in time period t1, in KW;

- CV1 represents the price of electricity, expressed in lei / KWh;

- t1 the daily operating time of the power station, which may not be equal to 24 hours for the
periods when the enclosure temperature is equal to or higher than the prescribed one;

- Z represents the number of days of operation of the power plant;

A similar formula is used to determine the cost of gas and electricity consumption in the case
of the gas boiler, with which the valuescolumn 2 of table 4.7 will be generated:

Ceg= (4.6)

where:

- Pgazrepresents the power consumed by the gas boiler during the time period t2, in mc;

- CV2 represents the price of methane gas, expressed in lei / mc;

- P1 is the electric power consumed by the gas boiler in the period of time t2, in kW;

- CV1 represents tharice of electricity, expressed in lei / kWh,;

- t2 the daily operating time of the boiler on gas, which may not be equal to 24 hours during
periods when the temperature of the enclosure is equal to or higher than the prescribed one;
- Z represents the ndrar of days of operation of the gas boiler.

Once generated this information helps us to apply the objective function and within the
function we can apply the desired algorithm which can refer either to a constant cost, to a low
cost under the conditions which we want a constant temperature or to the application of the
mixed algorithm.
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Table 4.5. Dta measured during January January 31 for the gas boiler

consum gaz

consum electric

Temperatug consumption . total
Date mc gaz mc gaz kwh kwh cost %?#:gemnﬁgfgriccoeﬁ consunptio
day | night day night day night single price n
19an | 12 | -2 255 722 | 060 | 049 3.63 954 357 9.42 12.98
2dan | 7 0 3.49 633 | 059 | 042 483 8.36 476 8.25 13.02
3Jan | 7 3 352 491 | 059 | 040 487 6.53 4.80 6.43 11.23
4Jan | 6 0 3.95 641 | 057 | 041 5.40 8.45 5.34 8.35 13.69
5Jan | 7 2 3.50 735 | 062 | 038 486 9.64 479 9.54 14.33
6Jan | 14 | 0 1.80 641 | 059 | 043 267 8.46 2.60 8.36 10.96
7Jan | 13 | 0 2.26 633 | 060 | 039 3.26 8.34 3.20 8.24 11.44
gJan | 8 1 306 590 | 063 | 047 430 7.84 423 7.72 11.96
9Jan | 6 1 3.96 582 | 062 | 046 5.45 7.73 5.38 7.61 13.00
10Jan | 5 1 4.46 593 | 064 | 034 6.10 7.79 6.03 771 13.74
11-Jan | 7 4 3.48 443 | 056 | 040 4.80 5.91 474 5.81 10.55
12-Jan | 5 1 4.49 581 | 064 | 037 6.14 766 6.07 7.57 13.64
13Jan | 1 2 5.81 736 | 061 | 037 7.81 9.64 7.74 9.55 17.29
14an | 2 | 7 7.25 965 | 060 | 057 9.64 13'6 9.58 1255 | 2213
15Jan | 5 | -7 8.80 980 | 067 | 053 11.67 12'8 11.60 | 12.73| 2433
16Jdan | 2 | -8 726 | 1010 | 071 | 058 9.72 12'2 9.65 1313 |  22.78
17-Jan | 6 5 3.94 879 | 061 | 054 5.42 1;5 535 11.44 |  16.79
18Jan | 9 1 2.97 687 | 058 | 042 416 9.05 4.09 8.94 13.04
19Jan | 8 1 3.03 688 | 057 | 043 423 9.07 417 8.96 13.13
20dan | 3 1 497 683 | 064 | 043 6.75 9.00 6.68 8.90 15.58
210an | 1 1 5.82 677 | 066 | 045 7.85 8.94 7.78 8.83 16.61
22.3an | 1 1 5.85 685 | 064 | 036 7.88 8.98 7.81 8.89 16.70
23Jan | 2 2 5.40 734 | 066 | 038 7.31 9.62 7.24 953 16.77
243an | 1 -6 5.87 929 | 063 | 043 7.90 1@'1 7.83 1204 |  19.87
25Jan | 1 8 592 | 1026 | 065 | 043 7.97 12'3 7.90 1328 |  21.19
26dan | 2 | -10 535 | 1099 | 064 | 056 7.24 1‘5'4 717 1426 |  21.43
27.Jan | 4 8 490 | 1006 | 058 | 049 6.63 13'1 6.56 1305 | 19.61
28Jan | 4 8 488 | 1026 | 058 | 042 6.60 12'3 6.54 1328 |  19.82
290an | 8 -3 3.05 776 | 060 | 035 427 1?1'1 421 10.06 |  14.26
30dan | 13 | o0 225 631 | 058 | 043 3.24 8.34 317 8.23 11.40
31:dan | 11 | -2 2.80 723 | 058 | 042 3.94 951 3.88 9.40 13.28
Average | 526 | -2.39 | 4.41 749 | 061 | 044 6.02 9.85 5.95 9.74 15.70
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Table 4.6. Dta measured during Janudry January 31 for the power plant

electrial consumption cost single
Temperatte consumption price consumption cost differential total
Date Kwh Kwh price
day night day night day night lei lei lei

1-Jan 12 -2 7.93 22.47 4.901533 13.888707 4.04 8.35 12.39
2-Jan 7 0 10.86 20.05 6.712566 12.392905 554 7.45 12.99
3-Jan 7 3 11.13 15.45 6.879453 9.549645 5.68 5.74 11.42
4-Jan 6 0 12.34 20.29 7.627354 12.541249 6.29 7.54 13.83
5-Jan 7 -2 10.90 23.10 6.73729 14.27811 5.56 8.58 14.14
6-Jan 14 0 5.63 20.00 3.479903 12.362 2.87 7.43 10.30
7-Jan 13 0 7.19 19.88 4.444139 12.287828 3.67 7.39 11.05
8-Jan 8 1 9.68 18.45 5.983208 11.403945 4,94 6.86 11.79
9-Jan 6 1 12.47 18.07 7.707707 11.169067 6.36 6.71 13.07
10-Jan 5 1 13.93 18.83 8.610133 11.638823 7.10 7.00 14.10
11-Jan 7 4 10.91 14.08 6.743471 8.702848 5.56 5.23 10.80
12-Jan 5 1 14.13 18.43 8.733753 11.391583 7.20 6.85 14.05
13-Jan 1 -2 18.21 22.93 11.255601 | 14.173033 9.29 8.52 17.81
14-Jan -2 -7 22.62 30.03 13.981422 | 18.561543 11.53 11.16 22.0
15-Jan -5 -7 27.73 30.44 17.139913 18.814964 14.14 11.31 25.45
16-Jan -2 -8 22.94 31.50 14.179214 19.47015 11.70 11.71 23.40
17-Jan 6 -5 12.43 27.95 7.682983 17.275895 6.34 10.39 16.72
18Jan 9 -1 9.43 2151 5.828683 13.295331 481 7.99 12.80
19-Jan 8 -1 9.41 21.83 5.816321 13.493123 4.80 8.11 12.91
20-Jan 3 -1 15.60 21.64 9.64236 13.375684 7.95 8.04 16.00
21-Jan 1 -1 18.47 21.06 11.416307 13.017186 9.42 7.83 17.24
22-Jan 1 -1 18.30 21.50 11.31123 13.28915 9.33 7.99 17.32
23-Jan 2 -2 17.02 22.91 10.520062 14.160671 8.68 8.51 17.19
24-Jan 1 -6 18.31 29.30 11.317411 18.11033 9.34 10.89 20.22
25-Jan 1 -8 18.84 32.02 11.645004 19.791562 9.61 11.90 2151
26-Jan 2 -10 16.69 34.77 10.316089 21.491337 8.51 12.92 21.43
27-Jan 4 -8 15.22 31.79 9.407482 19.649399 7.76 11.81 19.57
28-Jan 4 -8 15.51 32.36 9.586731 20.001716 7.91 12.02 19.93
29-Jan 8 -3 9.69 24.52 5.989389 15.155812 4.94 9.11 14.05
30-Jan 13 0 7.12 19.69 4.400872 12.170389 3.63 7.32 10.95
31-Jan 11 -2 8.83 22.94 5.457823 14.179214 4.50 8.52 13.03
Average 5.3 -2.39 13.85 23.54 8.56 14.55 7.06 8.75 15.81
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Table 4.7. Data generated by implementing the optimization function during Januamudary 31 using the
dual heating system

Temperatue consunption costprice total cost
pate Day Night Day Night
1-Jan 12 -2 3.57 8.35 11.92
2-Jan 7 0 4,76 7.45 12.22
3-Jan 7 3 4.80 5.74 10.54
4-Jan 6 0 5.34 7.54 12.88
5-Jan 7 -2 4.79 8.58 13.38
6-Jan 14 0 2.60 7.43 10.04
7-Jan 13 0 3.20 7.39 10.58
8-Jan 8 1 4.23 6.86 11.09
9-Jan 6 1 5.38 6.71 12.10
10-Jan 5 1 6.03 7.00 13.03
11-Jan 7 4 4.74 5.23 9.97
12-Jan 5 1 6.07 6.85 12.92
13-Jan 1 -2 7.74 8.52 16.26
14-Jan -2 -7 9.58 11.16 20.74
15-Jan -5 -7 11.60 11.31 2291
16-Jan -2 -8 9.65 11.71 21.35
17-Jan 6 -5 5.35 10.39 15.74
18-Jan 9 -1 4.09 7.99 12.09
19-Jan 8 -1 4.17 8.11 12.28
20-Jan 3 -1 6.68 8.04 14.72
21-Jan 1 -1 7.78 7.83 15.61
22-Jan 1 -1 7.81 7.99 15.80
23-Jan 2 -2 7.24 8.51 15.76
24-Jan 1 -6 7.83 10.89 18.72
25-Jan 1 -8 7.90 11.90 19.80
26-Jan 2 -10 7.17 12.92 20.09
27-Jan 4 -8 6.56 11.81 18.38
28-Jan 4 -8 6.54 12.02 18.56
29-Jan 8 -3 421 9.11 13.32
30-Jan 13 0 3.17 7.32 10.49
31-Jan 11 -2 3.88 8.52 12.40
Average 5.258065 -2.3871 7.06 8.75 14.70
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The synthesis of the information in Tables 4.5, 4.6 and 4.7 fierpexd in Table 4.8, in which

the situation of the total costs realized in the 3 studied scenarios is presented: heating with a
power plant, with a gas boiler respectively with the mixed system proposed in this paper. The
last two columns of this table mfto the economy achieved by the optimized dual heating
system, in absolute and relative values, and the last line represents the average value of the

costs for the three types of heating systems and the realized economy.
Table 4.8 Total cost of elecic, gas and mixed heating (optimized)

Date Gas Boiler Power Plant Nl(i();st(ijn:‘;:gng '\élti;r:)ig]ou,?y % Minimum Economy
1-Jan 12.98 12.39 11.92 0.47 3.94%
2-Jan 13.02 12.99 12.22 0.77 6.30%
3-Jan 11.23 11.42 10.54 0.69 6.55%
4-Jan 13.69 13.83 1288 0.81 6.29%
5-Jan 14.33 14.14 13.38 0.76 5.68%
6-Jan 10.96 10.3 10.04 0.26 2.59%
7-Jan 11.44 11.05 10.58 0.47 4.44%
8-Jan 11.96 11.79 11.09 0.7 6.31%
9-Jan 13 13.07 121 0.9 7.44%
10-Jan 13.74 14.1 13.03 0.71 5.45%
11-Jan 10.55 10.8 9.97 0.58 5.826
12-Jan 13.64 14.05 12.92 0.72 5.57%
13-Jan 17.29 17.81 16.26 1.03 6.33%
14-Jan 22.13 22.69 20.74 1.39 6.70%
15-Jan 24.33 25.45 22.91 1.42 6.20%
16-Jan 22.78 23.4 21.35 1.43 6.70%
17-Jan 16.79 16.72 15.74 0.98 6.23%
18-Jan 13.04 12.8 12.09 0.71 5.87%
19-Jan 13.13 12.91 12.28 0.63 5.13%
20-Jan 15.58 16 14.72 0.86 5.84%
21-Jan 16.61 17.24 15.61 1 6.41%
22-Jan 16.7 17.32 15.8 0.9 5.70%
23-Jan 16.77 17.19 15.76 1.01 6.41%
24-Jan 19.87 20.22 18.72 1.15 6.14%
25-Jan 21.19 2151 19.8 1.39 7.02%
26-Jan 21.43 21.43 20.09 1.34 6.67%
27-Jan 19.61 19.57 18.38 1.19 6.47%
28-Jan 19.82 19.93 18.56 1.26 6.79%
29-Jan 14.26 14.05 13.32 0.73 5.48%
30-Jan 114 10.95 10.49 0.46 4.39%
31-Jan 13.28 13.03 12.4 0.63 5.08%
Average 15.70 15.81 14.70 0.88 5.87%
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Figure 4.15 shows the chart of the total costs of the three types of heating systems
during January 2018. It is observed that in all days subjected to comparison the function of
mixed heating (obtained by applying the optimal function) gives the bestféosncy.

Figure 4.15. Consumption of electric, gas and mixed heating (optimized)

For the mathematical modeling of the cost functions for the three types of gas central
heating, the power plant respectively the dual heating system will be usesl fofidtving,
the polynomial interpolation.

Thus for calculating the polynomial function (C) of degree | we used in the MATLAB
the polyfit function.

C = polyfit (x, v, i) 4.7)

C(xX)=Clxn+C2xn « &Q[ &Q (4.8)
An example of the source code used in MATLAB to generate the polynomial function
cost function time (for a period of one month, January 2018) for the gas boiler, starting from
grade 1 to grade 7 is shown below:
x=1:31;
x1=1:0.2:31;
y=[12.98,13.02,11.23,13.691133,10.96,11.44,11.96,13.00,13.74,10.55,13.64,17.29,22.13,24.
33,22.78,16.79,13.04,13.13,15.58,16.61,16.70,16.77,19.87,21.19,21.43,19.61,19.82,14.26,11.
40,13.28]
figure
hold on
grid on
plot(x,y,™)
fori=1:7
c=polyfit(x,y,i)
yl=polyval(c,x1)
plot(x1,y1)

end

where
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Figure 4.24. Chart comparing polynomial regression to degree 7 cost vs. time for gas boiler

From the calculation of the RMS indicator for the 7 interpolation polynomials

presented below

RMS for degree 1 = 3.77400756372683

RMS for degee 2 = 3.43934682231227

RMS for degree 3 = 3.21834685992715

RMS for degree 4 = 3.21830608017397

RMS for degree 5 = 3.06624977424221

RMS for degree 6 = 2.94953794514356

RMS for degree 7 = 2.54090898615598
it turns out that the best value of this accuradidator is that of the degree 7 interpolation
function.

Similarly, the polynomial interpolation is performed to approximate the cost function

of the power station during the period studied January 2018. In figuregt 825the graphs
of the approximatio functions from degree 1 to degree 7 are presented. The electrodes using
the FFT transform are shown in Figure 4.32 and in Figure 4.33, the graphs of the interpolation
polynomials from degree 1 to degree 7 are presented in comparison.
From the calculatiorof the RMS indicator for the 7 interpolation polynomials presented
below

RMS for degree 1 = 3.50004296818429

RMS for degree 2 = 3.24343306307566

RMS for degree 3 = 3.03130852580817

RMS for degree 4 = 3.03099100851271

RMS for degree 5 = 2.87705427567345

RMS for degree 6 = 2.76295742878641

RMS for degree 7 = 2.43610540102821
it turns out that the best value of this accuracy indicator is that of the degree 7 interpolation
function.

33



Figure 4.33. Chart comparing polynomial regression to degree 7 cost votirpewer plant

Therefore it was approximated with the polynomial regression and the RMS indicator,
that the @inction of degree 7 which approximates the cost of the power station respectively the
gas one, would be the closest to the valeebe measured. But from the definition of the
objective function which is a minimum of operating costs and from the \ariati this
function we find that the closest graph of the polynomial regression functions is the second
degree. For this reason, in figure 4.34 which shows the comparativieicoson graph of the
polynomial regressions at the gas boiler, the power pawot at the dual consumption
optimized system, the degree 2 polynomial regression was used.

According to thechartin figure 4.34 the data obtained with the optimal function
approximate best the results generated with the polynomial regression of the cetmarfor
the onemonth study period. By increasing the degree of regression functions we obtain a
function that fits the data but deviates from the optimal function found.

We wish that the study carried out over a period of one month could be ex&dgolat
similar or even different periods (another season), therefore, even if according to the theory
the polynomial regression of degree 7 in this case provided the closest approximations, it was
found from the comparison to other data containing largeati@ns at the beginning or end
of periods, that secondegree polynomial regression remains the best choice for
approximating the optimal function model.
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Figure 4.34. Chart comparing cost time function regression gas central, power station, mininessiaoeg
optimal function using polynomial regression of degree 2

It is also important to analyze the cost variation of the three types of gas, electric and
dual heating depending on the outdoor temperature, which can be done using the data in
tables 4.54.6 and 4.7. Thus thehartsin figures 4.35, 4.36 and 4.37 are constructed.

Figure 4.35. Cost by outside temperature chart for gas boiler

Figure 4.36. Cost by outside temperature chart for power plant
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Figure 4.37. Cost by outside temperature rthiar dual heating system

From the comparativehartof the cost of the three types of heating depending on the
external temperature presented figure 4.38, it is observed that throughout the period
analyzed, even at the time of starting (charge)hef gjower plants and gas, the optimized
system ( dual heating system) has the best operating cost. At the same time from figures 4.35,
4.36, 4.37, 4.38 we observe that during the whole period analyzed (January 2018) the
efficiency of the gas and electricwyger stations is different, not always being a single power
station for the period with the lowest cost. For this reason, by using the objective function and
the cost minimization algorithm, we notice that the dual heating system that uses the
programmableénachine has achieved the purpose for which it was created.

Figure 4.38. Chart comparing cost by outside temperature chart for gas boiler,power plant and optimized dual
heating system

36



4.4.4. Calculation of the depreciation of the investmeior transformation of the
traditional heating system into a dual heating system
We will consider two hypotheses for which we will use the lineapréciation
method:
1. Calculation of the depreciation of the primary investmemé start from the premise that
the emlosure already has a heating system consisting of gas and heaters, and as an investment
we will consider the power plant PROTHERM 24 kw, 400V, three solenoid valves (for hot
water, for heating and flow and return), set of sensors for temperature mgnaodnthe
communication and control interface between the two control URiiSq.
2. Calculation of the depreciation of the primary investment from point one and of the On
Grid photovoltaic system 25 kWp / 125kW day Berkgonius.
4.4.4.1 Calculation oprimary investment depreciation
From an accounting point of view, the amortization of the investment will be made
over a period of 12 years and will represent a value of 241.66 lei / year or 31.39 lei / month.

Tabel 4.10+Total cost of consumption ofestric, gas and mixed heating (optimized) and the difference in cost
between gas boiler heating and mixed heating
-lei -

Economy using mixed
Date Gas Boiler Power Plant Mixed Heating (optimized) system instead of gag
boiler
1-Jan 12.98 12.39 11.92 1.06
2-Jan 13.02 12.99 12.22 0.8
3-Jan 11.23 11.42 10.54 0.69
4-Jan 13.69 13.83 12.88 0.81
5-Jan 14.33 14.14 13.38 0.95
6-Jan 10.96 10.3 10.04 0.92
7-Jan 11.44 11.05 10.58 0.86
8-Jan 11.96 11.79 11.09 0.87
9-Jan 13 13.07 12.1 0.9
10-Jan 13.74 14.1 13.03 0.71
11-Jan 10.55 10.8 9.97 0.58
12-Jan 13.64 14.05 12.92 0.72
13-Jan 17.29 17.81 16.26 1.03
14-Jan 22.13 22.69 20.74 1.39
15-Jan 24.33 25.45 2291 1.42
16-Jan 22.78 23.4 21.35 1.43
17-Jan 16.79 16.72 15.74 1.05
18Jan 13.04 12.8 12.09 0.95
19-Jan 13.13 12.91 12.28 0.85
20-Jan 15.58 16 14.72 0.86
21-Jan 16.61 17.24 15.61 1
22-Jan 16.7 17.32 15.8 0.9
23-Jan 16.77 17.19 15.76 1.01
24-Jan 19.87 20.22 18.72 1.15
25-Jan 21.19 21.51 19.8 1.39
26-Jan 21.43 21.43 20.09 1.34
27-Jan 19.61 19.57 18.38 1.23
28-Jan 19.82 19.93 18.56 1.26
29-Jan 14.26 14.05 13.32 0.94
30-Jan 114 10.95 10.49 0.91
31-Jan 13.28 13.03 12.4 0.88
TOTAL 486.55 490.15 455.69 30.86

If we calculate the economy produced by the use of the mixed dual heating system for
January 2018, we will find that an economy of 30.86 lei was made. At a first comparison with
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the calculated accounting depreciation rate, we could consider that the implementation of such
a system does not bring profit from the accounting point of viewsbaiioss generator since
the monthly depreciation (31.39 lei) is greater than the economy produced by the heating
system implementatior{30.86 lei). At the same time we must bear in mind that the
measurements were made on a space of 50 square met¢hng, fplants used can easily heat a
space at least 5 times larger than this. Thus, if we take into account the new information we
will find that the economy made by using the dual heating system for a space 5 times larger
for which the purchased plant wastally designed is proportionally 5 times larger, ie 30.86
* 5 =154 , 30 lei. According to this calculation it follows that the use of the dual heating
system at least 7 weeks a year in the cold season (which in our country is at least 16 weeks)
producesa greater savings than the depreciation calculated according to the accounting
norms.

If we take into account the fact that the cold season in our country is at least 16 weeks
and the heating space is 256, then we can recalculate the time to recovir ithvestment
by reducing it considerably, to 5 yedrsus it is found that although the accounting
depreciation is 12 years, the effective recovery of the investment is made in 5 years resulting
in an ROI of 255% of the investment's lifetime.

4.4.4.2 Catulation of primary investment and photovoltaic system amortization 25

kWp / 125kW day BengFronius

From an accounting point of view, the amortization of the investment will be made over
a period of 12 years and will represent a value of 5825 lei /oyet85.42 lei / month.

If in the previous paragraph 4.4.4.1 we talked about the amortization of the investment
represented by the power plant, solenoid valves, sensors and the interface of communication
and control between the two plants, in this paragridyghamortization of a photovoltaic
system that produces electricity and the surplus of electricity is analyzed. is delivered to the
grid as green energy.

Thus the photovoltaic system has the following component elements:

1. SMA On Grid Inverter [97], [98]

2. Photovoltaic panels Black Frame Polycrystalline Beng 265W,
3. Roof fixing system,

4. AC / DC protection panel,

5. Cable connection set.

Figure 4.39. Location coordinates of on grid photovoltaic system
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For the analysis regarding the recovery of tineestment made with the photovoltaic system
on grid (ROI- return of investment), we used the dedicated software PV * sol to be able to
generate the efficiency of the photovoltaic cells used depending on the location where they

will be mounted (longitude ral latitude) [99] [100] [101]. The location where the
PHDVXUHPHQWY ZHUH PDGH LV ORFDWthe@odrdnai® RtitudeW L KDY

44.95577 ° and longitude25.98904 °, figares 4.39 and 4.40.

Figure 4.43. Annual chart of energy prodaotand consumption using On Grid photovoltaic system generated
by PV * sol software

By determining the location coordinates of the photovoltaic system, in conjunction
with the analysis performed by the dedicated software PV * sol, we determined theislect

production realized by the photovoltaic system.
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According to the data generated by the PV * sol software we have an annual electricity
production of 34,556 kWh, and the system uses for its own consumption (for heating the
premises of its own produoh) 3648 kWh, and the remaining 4481 kWh needed for heating
are purchased from the grid. By using the photovoltaic system, CO2 emissions are reduced by
18,487 kg / year.

This system will produce energy as follows:

1. The daily average of energy produce®4 kwh
2. The monthly average of energy produced is 2,879;kWh
3. The annual average of energy produced is 34,556 kWh.

If we provided monthly on the grid the energy produced by the photovoltaic system at
an average cost of 0.3 lei / kWh, we would regist monthly income of 863.70 lei. On a
simple calculation, considering that the monthly depreciation calculated is 485.42 lei for the
entire system including the power plant, solenoid valves, temperature sensors, the
communication and control interfacetiween the two plants, we find that the investment in
the a photovoltaic system, which results in a ROI twice the accounting depreciation.

If we extrapolate and no longer analyze depreciation as an accounting phenomenon
and calculate the time to recover theestment, we find that we will recover the investment
of the photovoltaic system and the power plant in about 6 years and 9 months (81 months). At
the same time, it must be taken into account that the photovoltaic system has a life of about 25
years, wich will lead to a profit 3 times greater than the initial investment.

In light of the conclusions made in the previous paragraph regarding the amortization
of the investment regarding the power plant, solenoid valves, the temperature monitoring
system andhe communication and control interface between the two plants, we can consider
that they are amortized by themselves by simply using the dual power system. heating, and
On Grid photovoltaic system 25 kWp / 125kW day Beikgonius will be depreciated thes
years faster.

At the same time, if we consider the fact that the Romanian village subsidizes the
installation of green energy production systems with the amount of 20,000 lei, we find that the
investment recovery period is reduced by 2 years, so tHeré&®hes somewhere below 5
years.
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CHAPTER 5
CONCLUSION. ORIGINAL CONTRIBUTIONS. FURTHER
DEVELOPMENTS

In this doctoralthesis were analyzed the heating systems of various types, which were
used both individually and in combination.

The mixed use of héiag systems is based on reducing specific consumption, but also
on providing greater safety when using two primary heating sources, especially when one of
these sources can be switched off.

The work is structured in five chapters. The first chapter givesef presentation of
the current state of electric heating and fossil fuel technologies, describing the heating
systems and their classification. From the systems described we list thermal power plant with
solid fuel (biomass, coal, wood, etc.), gast@drheating, electric underfloor heating, heating
using radiant panels, heating using HAKXOMISA system, heating with electric fireplaces,
pumps of heat.

In the second chapter we studied the intelligent buildings, the monitoring and control
system of thig dual heating processes, by performing a comparative analysis of the efficiency
of the heating systems. Also, a modern system for monitoring and controlling the heating of
the premises has been designed in order to make energy consumption more affetitnt
reduce costs. This system refers to the rational use of two types of power plants, one on fuel
(methane gas, coal, biomass, wood, etc.).

The system thus created for monitoring and controlling the heating of homes has the
following main objectives:

9 Increasing the efficiency of the energy consumption necessary for the heating of the
enclosures by implementing an algorithm and operating program based on the predetermined
choice of hours and the temperature at which the space must be heated and tmitexiop
choice of operating hours on a type of boiler (the one on wood, gas or biomass and electricity)
depending on the unit price of the energy suppliers. In addition, the program implements
additional conditions introduced by the user, which can crestective conditions imposed
by the amounts they would have available for the payment of the energy used for heating. In
this way an optimal relationship between price, consumption and user resources will be
obtained;

9 Reducing the financial expenses tmthe context of the current economic crisis is
a necessary measure of capital conservation for both individuals and especially for small and
medium enterprises where the costs of heating during the cold season are much higher;

9 Reducing the emissions pbllutants by operating approximately 50% of the time
on the power plant.

The system thus designed is structured on 5 main hardware components:

9 Heated system (enclosure / living space)

9 Gas boiler

9 Power plant

9 The communication interface between the two w@nunits (programmable
automaton AP) is the equipment that will fully control the operating time and alternation.

9 The algorithm that will program thBLC through which the functioning of the
entire system is controlled.

Depending on the requirements the client (the end user) it will trigger a power
station and stop the other at wa#fined time intervals, whenever it is needed in a day. The
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programming of the communication interface can be done for any period, thus the operating
cycle of the dual syem can be daily, weekly, monthly, yearly or at any number of days,
depending on the program of use of the location. The database is efficiently organized, with
updated information, including unit costs of electricity and natural gas.

In the third chaptewe studied procedures for reducing energy consumption and
heating costs of the premises, studying the efficiency of energy consumption compared to the
experimental measurements made. The electrical parameters of the gas and electric boiler
were measured, mich simultaneously heat, under the same initial temperature conditions, two
symmetrical enclosures located in the same building.

For the efficiency of the electricity consumption of the heating systems of the
enclosures, the development of optimizatiogoathms was studied, which were detailed in
chapter 4. In this chapter we presented general aspects regarding the optimization problems,
classification of the optimization problems. Logical schemes have been developed for the
fixed temperature procedurthe fixed budget procedure and the mixed procedure. These
procedures were then used in modeling and simulating the optimized operation of the dual
heating system and in determining the objective monitoring function. In the final part of this
chapter, usinghe polynomial interpolation, the cost functions of the three types of heating
studied have been modeled, that is, the two independent ones with the gas central heat source
and the central onesespectively, the dual heating system in which the two tsitee
optimally used. The operating conditions are related to the same enclosures and with the same
initial temperature conditions. The depreciation of the investment in a dual heating system
was considered, considering the initial existence of a ga®rbaihd heat exchangers
(radiators). It is proposed to introduce a photovoltaic system to supply the dual heating system
and calculate the overall depreciation of the investment.

The original contributions of this thesis are the following:

¥ ,QWUR GeéwrtofecgptDof @nclosure heating called "dual heating system” or
"duatheating” that ensures an efficient consumption of electricity and / or thermal agent (gas,
biomass, fossil fuel, etc.), as well as autonomy and energy security.

f ODNLQJ SXUFKDVHV IRU HOHFWULFDO SDUDPHWHUV
specific consumption of the two types of gas and electric boilers that heat the same enclosure,
during the same time period and with the same initial temperature conditions.

¥ Defining a function of optimization of heating costs according to different
parameters specific to the plants studied.

¥ HYHORSPHQW RI DOJRULWKPV IRU GHWHUPLQLQJ V
optimize in order to minimize it.

¥ ODWKHPDWL bfdHe cBIsGfHn@dpendlent operation respectively in the dual
system of the power plant and the gas boiler and the choice of optimal models that ensure
accuracy with respect to the results of the measurements made.

t &RPSDUDWLYH FRVW DBeeiaisVdf Viedtiny tiéKpremidas,Utkd
independent systems and one dual.

f &aDOFXODWLRQ Rl WKH SHULRG RI GHSUHFLDWLRQ RI
boiler is considered and then it is invested in the new dual heating system, which ishen by t
AP according to the optimized algorithm. Also, the calculation of the depreciation is
continued in the case of the introduction of a photovoltaic system used to supply the dual
heating system with electricity.

In the following period | propose the imphentation of a pilot project in the studied
premises, which will validate for as long a period of the proposed dual heating system. The
results obtained will be provided publicly, on a dedicated site, so as to be a real reference for
any other implementatn of the proposed system.
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