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CUVINTE CHEIE

Smart grid, compatibilizare, componente, on-grid, off-grid, sisteme energetice, surse hibride,
energie regenerabild, fotovoltaic, hidroelectric, acumulatori, echipamente de putere,
monitorizare, control, management, eficientizare, consumatori, algoritm, IoT, locuinte,
cladiri, microsistem, master, slave, Arduino, shield, 12C, wireless, HTML, server, electronica,

achizitie de date.

OBIECTIVELE SI SCOPUL LUCRARII DE DOCTORAT

o Obiectivele si scopul cercetarii din lucrarea de doctorat constau in:

- analiza strategiilor actuale de dezvoltare in domeniul abordat;

- conceperea unei idei de ansamblu asupra unui sistem automat de monitorizare
si management al energiei electrice, care sd suplineascd necesitatile energetice ale unei
locuinte off-grid cu o familie tipicd de 3 membri (2 adulti si 1 copil);

- dimensionarea, compatibilizarea si calcularea echipamentelor necesare ale
sistemului global abordat;

- dezvoltarea unui sistem hardware de monitorizare si management energetic, cu
surse hibride de energie alternativa, al unei locuinte;

- dezvoltarea unui algoritm software de monitorizare si control programat pentru
eficientizarea energetica.

. Cercetarea realizata in cadrul acestei teze de doctorat si-a propus sa solutioneze

probleme precum:

- compatibilizarea pentru utilizare In sistem inteligent si exploatare a diferitelor
surse de energie alternativa pentru consumul domestic;

- asigurarea independentei energetice totale a locuintelor si a cladirilor off-grid,
prin compatibilizarea sistemului, utilizand surse multiple de energie regenerabila;

- indeplinirea necesitatilor energetice ale unei familii pe parcursul fiecarei zile,
printr-un program de consum prestabilit si optimizat;

- preluarea supraconsumului energetic al locuintei prin alternative energetice,
pentru evitarea descarcarii acumulatorilor sub pragul minim de siguranta si pentru asigurarea
unui aport energetic suficient pana la reincarcarea lor pe timpul zilei;

- analiza starii de incarcare a acumulatorilor care stocheaza energie electrica
furnizata de la panourile fotovoltaice, cu masuratori pentru doua sezoane diferite;

- optimizarea consumului energetic al aparatelor electrice aferente locuintei,
printr-o exploatare inteligenta programata;

- formarea unui model comportamental responsabil si constient asupra
exploatarii surselor proprii de energie electrica ale prosumatorului.
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SINTEZA STRUCTURII TEZEI DE DOCTORAT

Capitolul 1, intitulat ANALIZA SITUATIEI ACTUALE SI A SOLUTIILOR
DISPONIBILE IN DOMENIUL RETELELOR ENERGETICE DE TIP "SMART GRID",
prezintd o analizd asupra retelelor inteligente Smart Grid si implementarea de proiecte cu
aplicatii inteligente, atat la nivelul Uniunii Europene precum si la nivelul Roméniei. De
asemenea, sunt luate in calcul si obiectivele si pachetele legislative pe care tirile membre UE

trebuie sa le indeplineasca, pentru o dezvoltare durabila a sistemului energetic global.

Capitolul 2, intitulat ANALIZA OPORTUNITATILOR DE IMPLEMENTARE ALE
SISTEMELOR INTELIGENTE OFF-GRID CU SURSE HIBRIDE DE ENERGIE
REGENERABILA, abordeaza oportunitatile si necesitatile compatibilizarii si implementarii
de sisteme hibride energetice in locuintele izolate energetic, pentru a acoperi un anumit deficit
de energie electricd pentru consumul domestic, prin eficientizarea programatd a

echipamentelor aferente surselor generatoare de energie electrica.

Capitolul 3, intitulat DEZVOLTAREA SI COMPATIBILIZAREA UNUI SISTEM
INTELIGENT DE MONITORIZARE, MANAGEMENT SI CONTROL ENERGETIC
OFF-GRID, CU SURSE REGENERABILE HIBRIDE, descrie alcatuirea unui sistem
electronic inteligent de monitorizare si control (MACHRES), pentru compatibilizarea si
managementul componentelor electrice ale unui sistem fotovoltaic si ale unui sistem
hidroelectric, pe baza unor algoritmi si a unui orar de operare prestabilit, implementate intr-0

locuinta off-grid.

Capitolul 4, intitulat ACHIZITIA S1 MODELAREA DATELOR
EXPERIMENTALE, MASURATORI SI CALCULE ALE SISTEMULUI OFF-GRID
STUDIAT, puncteaza etapele de achizitie si prelucrare ale datelor experimentale necesare,
utilizdnd atat calcule teoretice, cat si masurdtori practice, asupra sistemului electronic de

monitorizare si control (MACHRES) si asupra sistemului energetic hibrid.

In Capitolul 5, intitulat sugestiv  CONCLUZII, sunt sintetizate observatiile si

.....

enumerate de asemenea si contributiile originale dar si posibilele directii de dezvoltare
ulterioara ale sistemului, prin imbunatatiri si extinderi ale capabilitatilor acestuia, pentru alte

aplicatii adiacente la locuinte off-grid, si nu numai.
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CAP. 1 ANALIZA SITUATIEI ACTUALE SI A SOLUTIILOR DISPONIBILE iN
DOMENIUL RETELELOR ENERGETICE DE TIP "SMART GRID"

In contextul modificarilor climatice din prezent, la nivel global, atat guvernele
mondiale cét si marile companii din domeniul energetic, au ca agenda comuna, atat reducerea
poludrii si a emisiilor de CO», cat si exploatarea surselor alternative de energie electrica,

facandu-se treptat o renuntare la energiile conventionale pe baza de combustibili fosili [1].

Avantajele implementarii acestei tehnologii “inteligente”, atat pentru producatori,

distribuitori, cat si pentru consumatori sunt [7]:

- Eficienta energetica crescuta,
- Siguranta in exploatare;
- Poluare si emisii de CO; scazute;

- Flexibilitate si adaptabilitate.

Uniunea Europeania (UE), cel mai mare promotor al acestui concept, a jucat si inca
joaca un rol activ in implementarea proiectelor Smart Grid, in cadrul tarilor membre
europene. Conform rapoartelor periodice emise de catre Centrul Comun de Cercetare
Europeand (JRC — Joint Research Centre), numarul cel mai mare de proiecte Smart Grid, la
nivel mondial, implementate, sau in curs de implementare, se regdseste preponderent in
Europa [9]. Exista insa si probleme cu care se confrunta UE in sectorul energetic, precum:
cererea crescandd de energie electricd, impactul sectorului asupra mediului, preturi oscilante

si Intreruperi de aprovizionare cu energie electrica.

In consecinta, Uniunea Europeani, fiind un mare sustinitor al energiei “verzi”, a
Laaed p > 5 g >
inceput sa dezvolte pachete legislative cu masuri si strategii foarte coerente care vin in

intdmpinarea acestor probleme, pentru toate tarile membre, si care au ca obiective [10]:

- Durabilitatea;
- Competitivitatea;

- Securitatea aprovizionarii.

In prezent, Comisia Europeani a stabilit numeroase obiective in materie de energie si
mediu, trasate pe cateva decenii, mai precis pentru anul 2020, pentru anul 2030 si pentru anul

2050, dintre care mentionam [13]:



Obiective UE stabilite pentru anul 2020:

- Un procent de 20% sa reprezinte energia din sursele regenerabile;
- O reducere a emisiilor de gaze cu efect de serd cu cel putin 20% fatd de nivelurile
din anul 1990;

- O crestere cu 20% a eficientei energetice.
Obiective UE stabilite pentru anul 2030:

- Cresterea eficientei energetice cu 27% pana la 30%;

- Nivelul de interconectare electricd sa ajungd la 15% (adica 15% din energia
electrica produsd intr-o tarda membrd sda poatd fi transportatd cétre alte tari
membre);

- Reducerea emisiilor de gaze cu efect de sera pana la 40%;

- Peste 27% din energia electrica din Uniunea Europeand sd fie obtinutd din surse

regenerabile.
Obiective UE stabilite pentru anul 2050:

- O reducere a emisiilor de gaze cu efect de serad cuprinsd Intre 80% si 95% fata de

anul 1990.

Conform unui centralizator intocmit de catre Asociatia Romana pentru Smart City si
Mobilitate (ARSCM), in cadrul programului pilot de identificare a dezvoltarii proiectelor
Smart City in Romania, s-a implementat un numar de 129 de proiecte Smart City in 24 de

judete. Printre proiectele Smart City analizate de catre ARSCM [18], mentionam céteva:

- Monitorizarea consumului de apa;

- Sistem de monitorizare si analiza al veniturilor bugetare;

- Sistem de dispecerizare urgente;

- Aplicatie de programare online a césatoriilor;

- Sistem de monitorizare al traficului;

- Iluminare inteligentd;

- Statii de incarcare ale vehiculelor electrice;

- Monitorizarea calitatii aerului;

- Sistem de consultare si informare al cetatenilor pe diverse teme;

- Sistem de management al parcarilor.



CAP. 2 ANALIZA OPORTUNITATILOR DE IMPLEMENTARE ALE SISTEMELOR
INTELIGENTE OFF-GRID CU SURSE HIBRIDE DE ENERGIE REGENERABILA

La nivel international, conform rapoartelor prezentate de catre: “Agentia
Internationalda pentru Energiile Regenerabile” (IRENA) [29], ONG-ul “Energii Sustenabile
pentru Toti” (SEE4ALL) [30] si “Banca Mondiala” (WB) [31], un numar de peste 1,16
miliarde de oameni din toatd lumea (15% din populatia mondiald in 2014) inca traieste in

locuinte deconectate de la reteaua electrica nationala sau chiar fara electricitate.

Un alt raport intocmit de catre “Banca Mondiala” [32], realizat pentru anul 2014, cu
privire la accesul comunitatilor la electricitate, releva faptul ca rata cea mai scazuta, la nivel
mondial, o detine continentul African, cu un procent cuprins intre 24% si 40% in functie de

tara.

Conform datelor extrase din rapoartele Bincii Mondiale, mentionam si state din afara
continentului African, care au probleme similare si unde se fac eforturi de implementare n
ceea ce priveste gradul de electrificare, precum: India (mai ales regiunea Tripura), Birmania,
Yemen, Cambodia, Bangladesh, Laos, Papua Noua Guinee, Coreea de Nord, Haiti (figura 2.1)
[34].

I 40-40 p S == - o
I :0-c0 ” A o oifi
. :0-100 - 2 y 9% »
data B ™
4 e,
u
&

Figura. 2.1. Diagrama geografica cu tarile in curs de dezvotlare, care inca au un procent

scazut de electrificare, conform legendei [35].
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Tn Romania, “Agentia Romani pentru Dezvoltarea Durabild a Zonelor Industriale”
(A.R.D.D.Z.1.), a intocmit un studiu [37], in care 97.805 de gospodarii apartinand a 2.284 de

localitati, sunt neelectrificate, unde:

- 2.822 de gospodarii amplasate in 97 localitati sunt total neelectrificate;
- 60.540 de gospodarii amplasate in 2018 localitati rurale sunt partial electrificate;

- 34.443 de gospodarii amplasate in 169 localitati urbane care necesita extinderi.

Cunoscand faptul ca atat procesul de electrificare rurald, cat si cel de electrificare al
locuintelor izolate, este deosebit de costisitor pentru companiile de distributie de energie
electrica (necesitdnd in primul rand infrastructura si logisticd), din cauza dispersiei mari a
consumatorilor in teritoriu, cat si din cauza consumului relativ mic pentru fiecare consumator
(aprox. 5kWh/zi), se pot aborda variante alternative de alimentare cu energie electrica

utilizand instalatiile cu surse de energie regenerabild precum:

- Eoliene;
- Solare;

- Microhidrocentrale;
, sau sisteme hibride adaptate la conditiile specifice locului initial.

Facand o analogie la sistemul energetic hibrid abordat de catre noi in lucrarea
doctorald, unde s-au utilizat doua surse regenerabile de energie, putem spune ca integrarea
mai multor surse regenerabile de energie reprezintd o oportunitate pentru eficientizarea

consumului energetic la o locuinta oriunde in lume.

Conform raportului furnizat de catre Autoritatea Nationald de Reglementare in
domeniul Energiei (ANRE), cu privire la productia de energie electricd a Romaniei, pentru
anul 2016, s-a realizat un procent de 42,38% din surse regenerabile si un procent de
57,62% din surse conventionale [40]. Astfel, potrivit datelor, hidrocentralele au asigurat un
procent de 28,86% din productia de energie electrica din surse regenerabile, 10,13%
instalatiile eoliene, 2,60% sistemele fotovoltaice, 0,75% centralele cu biomasa si 0,05%

din alte surse regenerabile.

Dintre sursele conventionale generatoare de energie electrica mentionam: carbunele

care a ocupat locul doi cu 24,47% din totalul productiei, energia nucleara de la Cernavoda cu
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17,49%, gazele naturale cu 14,99%, pacura cu 0,28% si alte surse conventionale care au

nregistrat un procent insumat de 0,39%.

Tot in 2016, conform aceluiasi raport, s-a Inregistrat la nivel national o productie de

energie electrica de 61,80TWh, in scadere cu un procent de 1,3% fata de anul 2015.

In urma generirii de energie electrica, in ceea ce priveste media emisiilor de CO,, a
rezultat o valoare de 287,11g/kWh in timp ce deseurile radioactive au inregistrat o valoare
medie de 0,003g/kWh. Tn concluzie, emisiile de CO, din sectorul energetic, la nivel national,

au ajuns la o valoare de 17.743.398 de tone.

Romania ocupa un loc fruntas in Europa in ceea ce priveste resursele de apa si
raportul de distributie al apelor in teritoriu, astfel, la momentul actual, Romania detine un
numar de 11 bazine hidrografice din care mentionam: bazinul Cerna-Jiu, bazinul Olt, bazinul
Arges-Vedea, bazinul lalomita-Buzau, bazinul Dobrogea, bazinul Prut, bazinul Siret, bazinul

Somes-Tisa, bazinul Crisuri, bazinul Mures si bazinul Banat.

Conform masuratorilor realizate in intervalul anilor 2010-2016 de catre ANM
(Administratia Nationald de Meteorologie), pentru radiatia solard incidenta anuala pe teritoriul
Roméniei, rezultd ca media se situeaza la aproximativ 3,56kWh/m%/zi. Asadar Roménia este o
tara cu potential energetic solar notabil, dat fiind faptul ca aproximativ 210 zile pe an sunt
Tnsorite, Tnregistrand astfel un flux energetic solar anual cuprins intre 1200-1600kWh/m?/an in
functie de regiunea radiatd [46]. Trebuie mentionat faptul ca potentialul solar maxim pe
teritoriul Romaniei este atins n luna iulie, Tnregistrand valoarea de aproximativ
6,41kWh/m%/zi, in timp ce potentialul solar minim este atins in luna decembrie, cu pragul de
aproximativ 1,12kWh/m?/zi [48].

Prin flexibilitatea si modularitatea sa, sistemul de monitorizare si Mmanagement
energetic cu surse hibride de energie regenerabila, propus in lucrare, poate face obiectul de

implementare Tn multiple aplicatii precum:

- Gospodarii izolate;

- Statii de incarcare ale vehicule electrice;
- Baze militare;

- Campusuri sau tabere;

- Teatre de operatiune;

- Spitale de campanie;
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- Zone calamitate;

- Laboratoare mobile de cercetare;

- Statii de observare si colectare de date;
- Zone inaccesibile sau sarace;

- Case de vacanta.

Avantajele reale ale unui astfel de sistem cu componenti hidroelectrica, constau n:
costurile scizute ale echipamentelor hidroelectrice, infrastructura minimala,
implementare usoara si rapida prin modularitate, consum electric mic pentru umplerea

bazinului cu apa, utilizare si in alte aplicatii care necesitd un flux de apa.

Sistemul hidroelectric cu stocare in rezervor la indltime al apei, poate fi adaptat sa
functioneze si in regim utilitar, in gospodaria proprie, pentru diverse aplicatii adiacente, dintre

care mentionam:

- Irigatii;
- Stingerea incendiilor din proximitate;
- Apa menajera si potabila;

- Sisteme care necesitd racire/spalare cu apa sau actionari hidraulice.

O abordare foarte dezbatuta in mediul stiintific si academic la momentul actual, in
domeniul surselor regenerabile de energie electrica la locuintele izolate, este reprezentatd de
sistemele de tip HRES (Hybrid Renewable Energy Sistem), care au rolul de a compensa si
eficientiza consumul electric. Desi in foarte multe lucrari stiintifice, care au ca abordare pico-
hidrocentralele integrate in HRES [50], se promoveaza ideea constructiei unui sistem pe baza
de caderi de apa cu surse in amonte (in special in zone sarace/inaccesibile) [51], singurul
avantaj fiind reprezentat de continuitatea furnizarii de electricitate, totusi existind numeroase

probleme ridicate de abordarea unui astfel de sistem.

Noutatea din lucrarea noastrd este reprezentata de o solutie alternativa ieftina de
energie regenerabila, prin integrarea unui sistem HRES (solar si hidro), care surclaseaza
sistemul clasic, pe baza de combustibili fosili, al generatoarelor electrice insulare sau al

generatoarelor eoliene, urmarindu-se in acelasi timp Tnlocuirea acestor surse.

Un alt avantaj al sistemului hidroelectric cu stocare de apa in rezervor, fata de celelalte
sisteme energetice auxiliare insulare, este ca poate furniza o energie electrica constanta (in

functie de dimensionarea sa) timp de aproximativ 3 ore (3,81kWh), daca bazinul este plin.
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Principalele provociri care trebuie depasite Tn domeniul tehnologiei fotovoltaice
sunt: reducerea costurilor si cresterea eficientei de conversie a radiatiei solare in energie

electrica [56].

Desi companiile mari precum Google, Mircosoft si Amazon detin in portofoliile lor
solutii IoT si Cloud pentru monitorizarea dispozitivelor, controlul locuintelor si stocarea de
date, pe baza de abonamente lunare sau anuale, pentru toate segmentele de consumatori,
aceste servicii sunt in totalitate dependente de o conexiune la internet pentru a opera prin

intermediul clientului API (Application Programming Interface) intre server si utilizator [65].

Sistemul MACHRES utilizeaza un serviciu de externalizare al datelor cu privire la
masuratorile consumului casnic spre un server de tip API, dar cu abonament gratuit, aceasta
fiind doar o functie auxiliara, care poate fi oricand dezactivata pentru a folosi serviciul intern
de date care nu necesita conexiune la internet. Astfel, avantajele sistemului MACHRES

identificate de catre noi sunt:

- Nu exista costuri implicate pentru abonamentul serviciilor IoT externe;

- Daca este necesar un serviciu extern de monitorizare, sistemul necesiti doar un
cont online gratuit pe serverul API, ThingSpeak (sau orice alt server API similar);

- Sistemul are implementatd si functia offline de monitorizare a consumului casnic
printr-un server HTML, dezvoltata de catre noi, atunci cand o conexiune la internet
nu este valabila pentru monitorizarea online;

- Toate datele de monitorizare sunt stocate pe serverul offline HTML, intr-un fisier
CSV, pe un card micro-SD, oricand la dispozitia prosumatorului;

- Sistemul a fost conceput astfel incat sa afiseze in timp real datele de monitorizare,
pe portul serial, la un calculator, atunci cand nici functia de server online sau
server offline nu functioneaza, din cauza unei probleme de firmware sau din lipsa
operarii unui echipament de retea, precum un switch sau router;

- Sistemul este compatibil atat cu PC-urile care functioneaza cu sistemele de operare
Windows si Linux cat si cu sistemele mobile Android si IOS pentru telefoane si
tablete, prin limbajul HTML 4.0 si mediul JavaScript/jQuerry;

- Consumul total al sistemului este mai mic de 2,5Wh;

- Sistemul este foarte flexibil prin faptul ca poate fi modularizat si echipat cu senzori
analogici sau digitali aditionali, pentru functii suplimentare precum: monitorizarea

meteo, monitorizarea scurgerilor de gaze sau monitorizarea incendiilor domestice.
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CAP.3 DEZVOLTAREA SI COMPATIBILIZAREA UNUI SISTEM INTELIGENT
DE MONITORIZARE, MANAGEMENT SI CONTROL ENERGETIC OFF-GRID, CU
SURSE REGENERABILE HIBRIDE

Sistemul MACHRES (Monitoring And Control of Hibrid Renewable Energy System),
dezvoltat de catre noi, este definit ca un sistem electronic pentru eficientizarea consumului
electric al unei locuinte izolate, prin managementul surselor de energie regenerabila solara si
hidroelectrica si prin managementul consumatorilor mari. Sistemul electronic de monitorizare,
management si control energetic, permite compatibilizarea intre diverse entitdti generatoare
de energie electrica, utilizdnd algoritmi de decizie, bazati atat pe informatiile primite de la
senzori cat si pe parametrii prestabiliti deja dar si prin intermediul echipamentelor electrice

selectate special pentru a indeplini sarcina de comutare intre cele doud surse energetice.
Acest sistem (figura 3.2) este Tmpartit in trei subsisteme distincte:

- Sistemul electronic de monitorizare, management si control energetic;
- Sistemul fotovoltaic insularizat cu stocare in acumulatori;

- Sistemul hidroelectric insularizat cu multiple surse de alimentare cu apa.

Sistemul hidroelectric a fost elaborat sa functioneze doar pe timp de noapte pentru a
suplini carentele energetice la momentul respectiv. Fiind reprezentat in principal de un bazin
de stocare al apei, sistemul hidroelectric va acumula apa in bazin pe timp de zi, utilizand o
parte din energia solard produsd, in timp ce noaptea, apa eliberatd din bazin catre grupul
hidro-generator va furniza o energie electrica de aproximativ 3,8 1kWh, pentru un total de trei

ore. Acesta poate fi configurat sa lucreze in doud regimuri:

- Ca sistem de generare energie electrica in paralel pentru acumulatorii care au
depasit 30% din procentul de descarcare;

- Casistem de preluare al consumului al unui aparat electrocasnic cu consum ridicat,
utilizat In momentul respectiv, indiferent de starea de descarcare a acumulatorilor

(ex: o masina de spadlat, un fier de célcat sau o plita electrica).
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Pentru achizitionarea, stocarea si afisarea datelor cu privire la consumul electric al
locuintei, microsistemul master a fost configurat si comunice cu microsistemul slave prin
protocolul 12C. Microsistemul master a fost programat astfel incat sa stocheze datele pe un
card microSD local si sd afiseze simultan aceste date prin portul serial de comunicatie la un
calculator, pe pagina locala a serverului HTML si in contul serverului client ThingSpeak [66]
prin functia API [67]. Astfel proprietarii locuintei vor fi informati in timp real cu privire la
consumul electric domestic, prin mijloace multiple. In figura 3.3 este reprezentati o diagrama

de interfatare a server-ului master si comunicatia realizata intre mediul hardware si software.

Microsistemul master Arduino YUN

CLIENT SERVER

[JThingSpeak™

Grafic cont server client

Field 3 Chart (o 2

10T energy monitor

% ';"Ja:!silB‘ll:SQSS
Microsistemul master = g R g 10300
g % e
2.0 12
Date
Grafic pagina HTML server local
Microsistemul slave s =

Figura. 3.3. Diagrama de interfatare hardware-software intre microsistemul master si

echipamentele ethernet pentru transmisia de date (afisare tensiune, curent si putere).
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In figura 3.4 este descrisd o diagrama cu interfatarea echipamentelor si a senzorilor cu

microsistemul slave, in care distingem doua categorii de echipamente.
Echipamente cu date de intrare in microsistemul slave (achizitie de date):

- CT (Current Transformer) — reprezinta transformatorul de curent;

- VT (Voltage Transformer) — reprezinta transformatorul de tensiune;

- WS (Water Sensor) — reprezinta senzorul de nivel de apa al turnului WT;

-  RTC (Real Time Clock) — reprezinta modulul de ceas in timp real pentru afisarea
timestamp-ului (datd/ora/minut/secunda);

- CC (Charge Controller) — reprezinta incarcatoarele in curent continuu pentru

acumulatori de la sistemul fotovoltaic si sistemul hidroelectric.
Echipamente cu date de iesire de la microsistemul slave (executie de proceduri):

- LC (Large Consumer) — reprezinta un consumator (ex: o masinad de spalat);

- WP (Water Pump) — reprezinta pompa de apa pentru umplere;

- EV (Electrovalve) — reprezinta electrovalva pentru eliberarea apei din turn;

- RA (Relay Array) — reprezinta modulul pentru comanda releelor pentru: LC, WP
si EV.

Microsistemul slave Arduino MEGA

¢

Figura. 3.4. Diagrama de interfatare hardware-hardware intre microsistemul slave,

echipamentele electrice si senzori.
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Prin configurarea echipamentelor de monitorizare si control la nivel logic, si a
sistemului fotovoltaic cu cel hidroelectric si echipamentele de putere aferente, va rezulta o

schema cu rol orientativ, de interfatare si functionare a intregului sistem (figura 3.5).

5 : Turn de apa
Panouri fotovoltaice
e Pompa de apa si
electrovalva

Incarcatoare DC

i ]
Hidrogenerator b

Microsisteme slave/master

Invertor

Locuinta off-grid

Banc acumulatori

Figura. 3.5. Schema simplificata de interfatare hardware-hardware intre sistemul de

monitorizare, management si control si sistemele energetice cu echipamentele aferente.

Astfel pentru dezvoltarea unui algoritm decizional automatizat care sa asigure atit o
functionare corecta a sistemului, dar si o imbunatatire vizibila a eficientizarii energetice a unei
locuinte, am realizat o schema-cadru cu blocurile tuturor echipamentelor care trebuie

compatibilizate si care sunt interdependente (figura 3.6).

Pentru distingerea componentelor sistemului energetic global, s-au utilizat blocuri de
diverse culori, astfel: componentele hardware de putere (blocurile rosii/portocalii),
componentele hardware logice (blocurile albastre), componentele software (blocurile verzi).
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In urma proceselor de documentare, cercetare si evaluare in laboratoarele din cadrul
ICSTM [68], am dezvoltat un prototip electronic, optimizat pentru monitorizarea consumului
electric si controlul sistemului hidroelectric compatibilizat cu un sistem energetic fotovoltaic

(MACHRES), instalat la o locuinta off-grid, alcatuindu-se astfel:

- Platforma electronici de monitorizare a puterii electrice inregistrate de la
consumatorii electrocasnici ai locuintei (platforma reprezentata de microsistemul
embedded Arduino YUN, cu rolul de unitate “master”);

- Platforma electronicd de management si control al sistemului hidroelectric si al
consumatorilor electrocasnici mari, precum o masind de spalat (platforma
reprezentata de microsistemul embedded Arduino MEGA, cu rolul de unitate
“slave”);

- Senzorii: de apa, de tensiune si de curent;

- Modulul RTC si modulul cu releele de comanda.

Microsistemul master poate fi configurat ca punct de acces, router sau server atat prin
limbajul de programare open-source Arduino IDE [69], cat si prin pagina PHP cu panoul de
administrare. In aplicatia noastri, acesta a fost configurat si indeplineasca doud roluri, ca

server offline si server online, dupa cum urmeaza in descriere:

- ca server offline, acesta stocheaza datele primite de la terminalul slave pe un card
SD, in fisiere CSV, dupa care citeste aceste date din fisiere si le afiseaza in timp
real sub forma de grafice pe o pagind HTML locala, care poate fi accesatad atat de
pe un PC, cat si de pe un telefon mobil sau tabletd;

- ca server online, acesta trimite datele in timp real de la terminalul slave direct
catre un server client extern, gratuit (ThingSpeak), ce poate fi accesat online de

oriunde din lume, pentru a vizualiza valorile citite sub forma de grafice.

Potentialul microsistemului slave, este exploatat aproape in limitele maxime, avand

roluri multiple, precum:

- citirea datelor prin ADC [75] de la senzorul de curent si tensiune;

- citirea datelor prin porturile digitale de intrare de la senzorul de apa, incarcatorul
CC solar cu releu programabil (SCC), incarcatorul CC hidroelectric cu releu
programabil (HCC);

- transmisia de informatii prin protocolul I12C la microsistemul master;
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- citirea datelor prin protocolul 12C a modulului RTC;
- controlul releelor pentru electrovalva turnului de apa, pompa de apa, consumator

electrocasnic cu consum mare (masina de spalat).

Pentru a beneficia de toate avantajele acestui microsistem, am proiectat si dezvoltat in
cadrul laboratorului pentru prototipare de cablaje imprimate electronice al [76], un shield
modular, specializat, care sa faciliteze o interfatare mai usoara cu modulele externe, dar si o
filtrare a datelor citite de la senzori (figura 3.9). Acest circuit electronic a fost proiectat intr-un
program de tip Cad Design (EagleCAD [77]) pentru cablaje imprimate si debitat cu masina
CNC de prototipare cablaje imprimate de la LPKF , modelul Protomat S103 [78].

Figura. 3.9. Figura descriptiva a modulelor si a conectorilor de pe shield-ul dedicat: a-
conector port 12C (SDA, SCL si GND) la microsistemul master; b-conector alimentare
externa CC dedicata; c-conector jack transformator de curent CT; d-amplificator operational
cu filtrarea semnalului al senzorului de curent; e-conector optional ptr. senzorul analogic cu
offset la 2,5V ¢c; f-conector transformator de tensiune VT; g,h-conectori optionali senzori
analogici fara offset; i-conectori 5V¢c si GND; j-conectori pini digitali 1/0; k-modul sursa

reglabila in comutatie externa de tensiune CC; l-rezistente pull-up pentru portul 12C.

22



Sistemul fotovoltaic insular pe care s-au realizat achizitiile de date, masuratorile si

testele, este alcatuit din urmatoarele echipamente:

- Modulele fotovoltaice integrate in cladire;

- Acumulatorii pentru stocarea energiei fotovoltaice, localizati la subsolul cladirii;
- Sistemul BMV pentru monitorizarea acumulatorilor;

- Regulatorul de incéarcare CC al acumulatorilor plumb acid;

- Invertorul sistemului fotovoltaic insular.

Sistemul hidroelectric (figura 3.35) are rolul auxiliar de a suplimenta deficientele
energetice pe timp de noapte la o locuintd independenta din punct de vedere energetic.
Sistemul hidroelectric implementat in cadrul sistemului energetic general insular, este

complementar sistemului energetic fotovoltaic si este alcatuit din urmatoarele componente:

Turnul de apa pentru stocare;

- Pompa de apa centrifugala;

- Grupul turbina-generator;

- Regulatorul de incércare CC pentru acumulatori;
- Electrovalva;

- Surse de apa pentru alimentare.

- Legenda componente sistem hibrid energetic intr-o locuinta

1 Instalatic fotovoltaica

Trun de apa cu rezervor de stocare

2 3 Sursa de apa externa (lac/rau)
' 4 | Piscina
l = h] Put/famtana
] H 6 Grup pompa-turbina-generator-clectrovalva

g il AU W |III
: GEGene

FREMEUUIY oo famor, 6 I AR R WAL

1

3 >

m{:m‘nmm\m\\1\\munm\\l\m\lxi.\umnwmmunmuumun : .‘ ol

Figura. 3.35. Imaginea de ansamblu a unei locuinte/cladiri ce are integratd un sistem
energetic hibrid, compus dintr-o platforma fotovoltaica cu stocare in acumulatori si un sistem

pico-hirdoelectric care se alimenteaza din trei surse cu apa: lac, piscin si put.
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CAP. 4 ACHIZITIA SI MODELAREA DATELOR EXPERIMENTALE,
MASURATORI SI CALCULE ALE SISTEMULUI OFF-GRID STUDIAT

Pentru a valida posibilitatea de implementare si functionalitate a sistemului de
monitorizare, management si control energetic cu surse regenerabile hibride (MACHRES), s-
au realizat mai multe procese de simulare, experimentare, cercetare si analiza, in conditii

reale, asupra elementelor cheie constitutive precum:

- Propunerea unui model de circuit de simulare a semnalului analogic si de
interpretare a rezultatelor obtinute;

- Reprezentarea si modelarea matematica a semnalului analogic;

- Realizarea de masuratori experimentale la un consumator electrocasnic rezistiv si
calculele aferente;

- Compararea datelor achizitionate in paralel de la sistemul hardware dezvoltat si de
la un multimetru industrial de masurare a puterii active;

- Reprezentarea graficd a masuratorilor prin aplicatiile software dezvoltate;

- Constructia algoritmilor pentru modul de functionare Tn caz real al sistemului
MACHRES;

- Calcule utilizate Tn dimensionarea sistemului fotovoltaic si hidroelectric;

- Achizitia, reprezentarea si interpretarea datelor colectate de la sistemul BMV cu
privire la regimul Tncarcarii/descarcarii acumulatorilor, in functie de sezon;

- Bilantul energetic al aparatelor electrocasnice intr-o cladire rezidentiala off-grid;

- Studiu de caz (profilul energetic al prosumatorului): un exemplu tipic de familie
compusa din doi adulti si un copil;

- Calculul financiar privind investitia in componentele sistemului.

Dezvoltarea prototipului MACHRES a presupus mai multe etape secventiale, prima
etapd debutand cu simularea sofware teoretica si caracterizarea semnalului analogic de la
senzorul CT, utilizdnd un circuit electronic de conditionare. Aceasta a reprezentat o etapa
esentiald pentru dezvoltarea aplicatiei de mésurare a puterii electrice la locuinta respectiva,

prin intermediul mircosistemului slave.

In figura 4.1 este reprezentati o captura cu simularea software a circuitului electronic
de conditionare pentru parametrizarea semnalului analogic a transformatorului de curent, n

vederea procesarii in valori numerice de microsistemul slave. Punctul forte al simularii il
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reprezinta amplificatorul operational LM358 in configuratie, mai putin tipica, de neinversor-
sumator-atenuator [123]. Aceasta configuratie specifica a fost preferatd pentru minimizarea
spatiului si a componentelor electronice de pe shield-ul microsistemului slave, dar si pentru a

indeplini cele trei criterii necesare pentru prelucrarea semnalului analogic:

- modificarea offset-ului semnalului analogic la 2,5V¢c pentru incadrarea valorilor
minime si maxime ale semnalului, in limitele ADC-ului placii de achizitie;

- diminurea amplitudinii semnalului de iesire in marja maxima de sub 5Vz.y pentru
a-1 incadra in specificatiile electrice ale portului de intrare analogic aferent placii
de achizitie;

- filtrarea semnalului analogic cu componente pasive (condensatori ceramici) pentru

a elimina zgomotul si varfurile de tensiune nedorite la achizitia de date.

311Vpk
50Hz
0° f !
1 cT R1 :
=Y R A :
To R 100kQ J V1A 7
o b R2 LM358D (V)
o 1800 620 L_ann—— .~ TR2
7] { 1
5 o 100kQ ,
w ml £
@
3
w

Figura. 4.1. Simularea software teoretica in Multisim, a unui circuit electronic care genereaza,

prelucreaza si masoara valoarea rms a unui semnal sinusoidal.

In simularea circuitului de conditionare, s-a utilizat o sursa de curent continuu de 5V,
o sursa de curent alternativ de 220V si un transformator de curent CT, cu parametri similari
celui real, conectat in paralel cu rezistorul de sarcina R,. Pentru realizarea offset-ului,
rezistoarele R1 si R2 au fost conectate in circuit ca divizor de tensiune intre cele doua tipuri

de surse, avand valori mari pentru a minimiza consumul de la placa de achizitie.

Achizitia semnalelor de intrare (rosu) si de iesire (albastru) din circuitul electronic de
conditionare sunt afisate cu ajutorul osciloscopului virtual XSCI intr-o perioada de 50ms. De
asemenea se poate observa offset-ul dintre cele doud semnale, care confirma functionarea

conform cerintelor noastre, a circuitului dezvoltat (figura 4.2).
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Figura. 4.2. Graficul cu rezultatele simularii teoretice in Multisim pentru semnalul de intrare

(rosu) in circuit si cel de iesire (albastru) din circuit, capturate de instrumentul virtual XSC1.

Cea de-a doua etapa experimentald este marcata de realizarea de masuratori in
conditii de laborator cu sistemul MACHRES, asupra unui consumator ideal pur rezistiv (setat

la treapta maxima), pentru verificarea si eventuala calibrare a parametrilor de citire si calcul

din algoritmul de procesare.

O astfel de masuratoare preliminara a fost elaboratd cu un osciloscop conectat la
iesirea semnalului din Infasurarea secundara a senzorului de curent CT si la iesirea semnalului
din circuitul de conditionare catre portul ADC de pe placa de achizitie a sistemului
MACHRES (figura 4.3).
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Figura. 4.3. Masuratoarea practica cu osciloscopul de laborator a semnalului de intrare (fara
offset, 329 mV.t.v¢) si a semnalului de iesire (cu offset 2,5V si atenuat, 200 mV ), al
senzorului de curent SCT-013-030 conectat la un consumator pur rezistiv.
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Analiza semnalului realizatd pe mai multe perioade intr-o baza de timp de 20ms,
confirma rezultatele teoretice discutate anterior in ceea ce priveste corectitudinea valorii rms,

prin calcule.

Masuratorile realizate cu sistemul MACHRES, pe un consumator ideal pur rezistiv, au
fost confruntate in paralel (perechi per unititi de mdsurd) cu masurdtorile unui multimetru
industrial de categoria 1V, certificat si calibrat conform standardului IEC 61010 [125], in
tabelul 4.1.

Tabelul 4.1. Masuratori paralele cu multimetrul Chauvin Arnoux F607 versus MACHRES.

Masuratori paralele-perechi (Curent, Tensiune si Putere)
n (a) — esantioane multimetru, (b) — esantioane MACHRES (slave)
et Ues P
- a b a b a b

1 8.19 8.186 217 217.6 1777 1781
2 8.2 8.19 217 217.8 1779 1783
3 8.19 8.185 218 218.2 1785 1785
4 8.19 8.185 218 218.3 1785 1786
5 8.19 8.185 217 217.9 1777 1783
6 8.19 8.186 217 217.8 1777 1782
7 8.19 8.186 217 217.7 1777 1782
8 8.19 8.185 217 217.7 1777 1781
9 8.18 8.178 218 218.1 1783 1783
10 8.18 8.178 218 218.2 1783 1784
11 8.18 8.178 218 218.1 1783 1783
12 8.18 8.177 217 217.9 1775 1781
13 8.19 8.186 218 218 1785 1784
14 8.19 8.185 217 217.9 1777 1783
15 8.18 8.181 217 217.8 1775 1781
16 8.18 8.184 218 218.1 1783 1784
17 8.18 8.183 218 218.3 1783 1786
18 8.18 8.183 218 218.4 1783 1787
19 8.18 8.182 218 218.2 1783 1785
20 8.18 8.184 218 218.4 1783 1787
SSD 0.006 0.003 0.51 0.244 3.606 1.959
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Desi masuratorile au fost efectuate pe un interval de cateva ore, am sintetizat datele

inregistrate sub forma a 20 de esantioane relevante pentru evaluarea nivelului de abatere de la

media setului de date, utilizdnd metoda SSD (Sample Standard Deviation), conform relatiei

(4.9):

(4.9)

, unde n este numarul de esantioane, X este media fiecarui esantion, iar X; este valoarea

fiecarui esantion.

In figura 4.4, este descris un grafic comparativ cu o serie de 60 de esantioane

reprezentative din masuratorile realizate cu cele doud echipamente mentionate anterior, cu

privire la puterea electricd masuratd in circuit.
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Figura. 4.4. Graficul comparativ intre puterea masurata cu sistemul slave si multimetru.

Atat din grafic, cat si din tabel, concluziondm cd masuratorile Tnregistrate sunt foarte

apropiate, luand ca reper reprezentativ de calibrare, multimetrul profesional industrial.

Masuratorile prezentate au caracter intermediar, fiind reluate prin testari succesive si

corectii de eroare operate in algoritmul de prelucrare al informatiilor, pentru o Imbunatatire a

rezultatelor afisate, ca dezvoltare ulterioard a sistemului.
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A treia etapa de dezvoltare a sistemului, este reprezentata de calculul matematic al
sistemului asupra puterii active, bazat pe masurdtorile efectuate si afisarea datelor
achizitionate pentru accesul si informarea prosumatorului in timp real, asupra puterii electrice

active absorbite Tn circuit, la momentul respectiv.
In concluzie, puterea activa poate fi exprimati ca [127]:

Uy L

l T
P e :?jp(t)dt: cosp=U, -l .-cosp=U-Il-cose (4.14)
0
, astfel in sistemul abordat unde consumatorul este rezistiv ideal si atat tensiunea (U)
cat si curentul (I) sunt in faza, iar factorul de putere este 1, valoarea puterii aparente in cazul

de fata este egald cu valoarea puterii active, relatia finala fiind:
S=P=U-1 (4.15)

Dupa cum am discutat in capitolele anterioare, sistemul MACHRES dispune de mai

multe optiuni de afisare a datelor, fie in serverul intern offline fie in serverul client online

[128].

Tn figurile 4.6(a),4.6(b) si 4.6(c) sunt plotate pe serverul online pe un interval de 15
minute, valorile (tensiunii, curentului si puterii calculate) trimise de catre microsistemul
master, valori care sunt achizitionate de la microsistemul slave, in timp real. Pornirea
consumatorului este evidentiatd in grafice, unde observam o crestere brusca de la valoarea 0

citita, la cea initiald de functionare.

Avantajul serverului offline este ca aceste date raman permanent stocate si pot fi
accesate oricand de prosumator, in timp ce datele online afisate pe serverul client, sunt

volatile si nu ofera optiunea stocarii acestora, decat contra cost.

Pe pagina HTML a sistemului offline, unde sunt afisate cele trei valori inregistrate, am
implementat optiunea de salvare a graficului ca fisier cu format jpeg sau pdf, astfel utilizatorul
nu este nevoit sa caute manual, dupa data, un set specific de valori in fisierul datalog (CSV)

din microsistemul master.
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Thing5speak.com

Figura. 4.6(a). Afisare server ThingSpeak, campul cu valorarea tensiunii (V) inregistrate.

Field 2 Chart = o & =
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Figura. 4.6(b). Afisare server ThingSpeak, cdmpul cu valorarea curentului (A) inregistrat.

Field 2 Chart == o »
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o910 0S:15 0920

Date
ThingSpeak-com

Figura. 4.6(c). Afisare server ThingSpeak, cdmpul cu valorarea puterii (W) inregistrate.

in paralel este prezentati o captura (figura 4.7) cu monitorizarea si afisarea furnizata
de serverul master offline, pe o pagina HTML care poate fi accesatd fie de pe un calculator,

fie de pe un telefon mobil, sau tableta. (figura 4.8).
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Figura. 4.7. Afisare pe pagina HTML a serverului master offline, cu valorile citite de la

microsistemul slave (interogare server cu calculator).

R - (R P

MACHRES - IoT pawer monitor

Figura. 4.8. Afisare pe pagina HTML a serverului master offline, cu valorile citite de la

microsistemul slave (interogare server cu telefon mobil).

Microsistemul master a fost configurat sa indeplineasca cinci functii principale:

- sa achizitioneze datele binare prin portul I12C de la microsistemul slave si sa le
transforme in date numerice (putere, tensiune si curent);

- sa stocheze pe un card SD datele numerice sub forma fisierelor CSV cu timestamp-
ul inregistrarilor;

- sa afiseze grafic pe o pagina web locala cele trei valori citite din fisierele CSV;
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sa afiseze datele numerice de la senzorii de curent si de tensiune pe portul serial
(9600 bps);
sd trimitd datele numerice, in timp real, pe un server client extern (ThingSpeak)

care sd afigseze aceste date sub forma de grafice separate accesibile oriunde online.

Aceste functii au fost implementate de catre noi pentru a veni in ajutorul

prosumatorului (care produce si consuma in acelasi timp energie electrica), informandu-I cu

privire la consumul aparatelor electrocasnice din propria gospodarie. Acest lucru ajuta la

responsabilizarea, modelarea si constientizarea rezidentilor din cladirea off-grid asupra

obiceiurilor de consum electric zilnic, pentru necesitdtile umane, versus energia electrica

Microsistemul slave a fost configurat sa indeplineasca sapte functii principale:

sd achizitioneze datele analogice de la senzorii de curent si de tensiune;

sd achizitioneze datele digitale de la senzorul de nivel de apa;

sa achizitioneze datele digitale de la incarcatorul CC solar cu releu programabil
(SCC) si de la incarcatorul CC hidroelectric cu releu programabil (HCC);

sd achizitioneze data si timpul de la modulul RTC, prin protocolul I2C;

sa trimitd datele numerice de la senzorii de curent si de tensiune prin protocolul
12C, la microsistemul master;

sa controleze electrovalva (EV), pompa de apa (WP) si un consumator mare (LC);
sa afiseze datele numerice de la senzorii de curent si de tensiune pe portul serial

(9600 bps).

Microsistemul slave reprezintd piesa de rezistenta a sistemului electronic global si a

sistemului energetic. Rolul acestuia este unul foarte important si anume de a procesa toate

informatiile primite de la dispozitivele de intrare, si de a executa anumite proceduri din

algoritm, prin dispozitivele de iesire, conditionate de informatiile primite.

Pentru executia functiilor automate in timpul zilei/noptii, s-au constituit in algoritmul

microsistemului slave, patru cazuri conditionale distincte.

Cazul 1 — daca la ora prestabilitd din RTC exista radiatie solard sesizata de
incarcatorul CC solar cu releu programabil (SCC) si daca senzorul de nivel de apa

(WS) sesizeaza cd turnul de apa este gol — atunci electrovalva (EV) este inchisa si
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consumatorul mare (LC) dezactivat, iar pompa de apd (WP) va porni pand cand
senzorul de nivel de apa (WS) va sesiza umplerea toatald a turnului de apa;

- Cazul 2 - daca la ora prestabilita din RTC existd radiatie solard sesizata de
incarcatorul CC solar cu releu programabil (SCC) si daca senzorul de nivel de apa
(WS) sesizeaza ca turnul de apa este plin — atunci va porni doar consumatorul
mare (LC), implicit masina de spalat;

- Cazul 3 - daca la ora prestabilita din RTC nu existd radiatie solara sesizatd de
incarcatorul CC solar cu releu programabil (SCC) si daca senzorul de nivel de apa
(WS) sesizeaza ca turnul de apa este gol — atunci toate dispozitivele sistemului
hidroelectric vor fi dezactivate pentru a facilita doar incarcarea acumulatorilor
sistemului fotovoltaic pe parcursul intregii zile;

- Cazul 4 - daca la ora prestabilita din RTC nu exista radiatie solara sesizata de
incarcatorul CC solar cu releu programabil (SCC) si daca senzorul de nivel de apa
(WS) sesizeaza ca turnul de apa este plin — atunci toate dispozitivele sistemului
hidroelectric vor fi dezactivate pentru a facilita doar incarcarea acumulatorilor
sistemului fotovoltaic pe parcursul intregii zile; in timp ce turnul de apa va fi
folosit pe parcursul noptii pentru incarcarea acumulatorilor cand incarcatorul CC
hidroelectric cu releu programabil (HCC) sesizeaza daca acumulatorii au atins un

prag de descarcare (DOD) de maximum 30%.

Pentru a putea realiza o analizd asupra starii de incarcare si descarcare a bancului de
acumulatori de la sistemul fotovoltaic studiat, am executat o achizitie de date si o reprezentare
a lor pe doua perioade diferite, respectiv lunile iunie-iulie ale anului 2017 si luna noiembrie
2016. Intervalul de timp pe care s-au facut masuratorile a fost de 7 zile, unde in timpul zilei a
avut loc un proces de incdrcare al acumulatorilor cu energie solard, iar pe timpul noptii, un
proces de descdrcare prin 12-20 consumatori reprezentati de niste stilpi de iluminat cu
tehnologie LED, cu un consum unitar de S0W, instalati in campusul universitar. Acest sistem
smart-grid insular este in Intregime automatizat pentru eficientizarea energetica, Intrucat
consumatorii au integrat prin constructie, un circuit electronic cu senzori fotoelectrici care
permit un consum adaptabil in functie de gradul de iluminare naturala in zona respectivd a
fiecarui stalp. Puterea totala a acestora este de aproximativ 0,6kW respectiv 1kW. Tn scenariul
de vara, conform graficelor, constatam ca toate zilele au fost insorite, pastrandu-se un tipar
asemanator a stirii de Incarcare a acumulatorilor pana la 100% (figura 4.11; figura 4.12;

figura 4.13; figura 4.14).
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Pentru scenariul de toamnd, conform datelor, se poate observa o diferentd notabila a
regimului de incarcare al acumulatorilor, unde 4 zile au fost insorite iar acumulatorii au fost
incarcati pana la capacitatea maxima, in timp ce pentru 3 zile consecutive a fost innorat, astfel
in acest interval de timp, capacitatea acumulatorilor a ramas stabilizata la aproximativ 58%

(figura 4.15; figura 4.16; figura 4.17; figura 4.18).

Ca masura de protectie, sistemul smart-grid insular a limitat consumul stélpilor de

iluminat la cateva ore pe noapte.

Un aspect care trebuie mentionat, este faptul ca in scenariul de vard (2017), au
functionat 12 consumatori (insumand o putere absorbitd de 600W) in timp ce pentru scenariul

de toamna (2016), au functionat 20 de consumatori (insumand o putere absorbita de 1kW).
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Figura. 4.15. Reprezentarea grafica a tensiunii inregistrate la bancul de acumulatori, pe o

perioada de 7 zile pentru luna noiembrie 2016.
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Figura. 4.17. Reprezentarea grafica a starii de incarcare/desc

acumulatori, pe o perioada de 7 zile pentru luna noiembrie 2016.
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Figura. 4.18. Reprezentarea grafica a puterii consumate inregistrate la bancul de acumulatori,

pe o perioada de 7 zile pentru luna noiembrie 2016.

Am realizat un tabel cu consumul energetic estimativ al tuturor electrocasnicelor pe o
perioada de o zi pe timp de vara [133], care si se incadreze in limitele sistemului descris, dar

care 1n acelasi timp sd satisfacd toate nevoile umane pentru o familie (tabelul 4.3).

Tabelul 4.3. Calcul consum electric electrocasnice, pentru 24h, la o locuinta rezidentiala.

) Consum
_ Nr. Putere nominala Timp de

Tip consumator - total

Buc. totalia (W) utilizare )

(kWh/zi)
TV 1 55 8h 0,440
Laptop 1 32 3h 0,096
Centrala termica (butelie/retea) 1 130 2h 0,260
Becuri LED 6 60 5h 0,300
Plita electrica 1 1200 40min 0,800
Aspirator 1 800 20min 0,270
Masina de spalat 1 1600 40min 1,066
Frigider 1 88 24h 0,704
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Altele n 500 1h 0,500
Total - 4465 - 4,43
Medie consum kW/h - - - 0,18

Tn concluzie, potrivit calculelor teoretice, un consum estimativ de 4,43kWh/zi este

suficient pentru o familie de trei membri in sezonul de vard, astfel din analiza de mai sus

rezultdnd cd bancul de acumulatori poate avea o autonomie de cel putin doud zile fard energie

solard, 1n limita de siguranta de 30% procent de descarcare (daca este incarcat 100%).

Desi este foarte dificil de prezis un comportament de consum al energiei de catre un

prosumator casnic, consumul fiind intotdeauna neliniar, am considerat un scenariu teoretic

unde ocupantii locuintei lucreaza zilnic, in baza unui serviciu cu program de lucru de 8h/zi

cuprins intre orele 8:00-16:00, consumatorii permanenti fiind frigiderul, care nu poate fi

deconectat de la retea, si consumatorii in regim stand-by conectati permanent la reteaua

electrica, precum si masina de spalat care lucreaza conditionat (figura 4.19).
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Figura. 4.19. Reprezentarea grafica teoreticd a consumului si a productiei energetice de la

sistemul fotovoltaic, pe o perioada de 24h — zi nsorita/sezon de vara.
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Masina de spdlat este considerata cel mai mare consumator din locuinta care poate fi
operat automat de sistemul MACHRES, fara supraveghere in timpul zilei, intre orele 11:00-
12:00 - setate din RTC si cand este detectata radiatie solara de cétre Incarcatorul solar SCC,
astfel scutindu-se consumul pe timp de noapte pentru operarea sa cu energie exclusiv din
acumulatori. Prin urmare, ntre orele 16:00-00:00 ocupantii consuma energie electricd pentru

activitatile zilnice dupa cum reiese din grafic.

Tn tabelul 4.4 este prezentat un calcul financiar detaliat pentru achizitia si instalarea
atat a sistemului electronic MACHRES cat si a sistemului hidroelectric. Amintim faptul ca
doar investitia pentru platforma fotovoltaica s-a ridicat undeva la valoarea de 25000 de euro,
in comparatie cu sistemul propus de catre noi, care a Insumat un total de aprox. 12000 de

euro.

Tabelul 4.4. Calcule aproximative ale costurilor de achizitie, transport si instalare ale
sistemului MACHRES/hidroelectric.

Componente Cost t;\lu 2 Garantie

Sistem MACHRES (microsisteme master/slave) 100 € 1 10 ani
Rezervor de apa din PP 4,360 € 1 15 ani
Schela, cabluri de ancorare si dale de beton (pt. rezervor) 3,850 € 1 30 ani
Pompa de apa 56 € 1 6 ani
Turbina-generator 226 € 1 6 ani
Electrovalva 47 € 1 8 ani
Instalatie de circulatie a apei (conducte si racorduri) 825 € 1 30 ani
;3;;[5 ac}[g I’1.’;r0‘[ecpe exterior (pt. pompa de apa si turbina- 200 € 1 12 ani
Tablou electric cu conectori si sigurante (sistemul .
hidr;g;ei;?c) u conectori si sigurante (sistemu 150 € 1 12 ani
Senzori si module (senzor ap_é, senzor curent, senzor tensiune, 50€ 5 10 ani
modul RTC, modul relee, shield electronic)

Alimentatoare CC (12V/5V) 11€ 2 10 ani
Aplicatie software 100 € 1 N/A
Cabluri electrice si alte accesorii electrice 100 € 1 50 ani
Costuri de instalare + transport 2,000€ | N/A N/A
Total costuri 12,075€ | N/A N/A

Pentru a reduce cheltuielile ntr-un procent cat mai mare, se poate apela la solutii
alternative, precum componente reconditionate sau din materiale reciclate, ecologice; toate
fiind vandute mult mai ieftin in cadrul licitatiilor, in special pentru cele cu costuri ridicate,

precum rezervorul de apa si schela metalicd de rezistenta.
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CAP. 5 CONCLUZII

Abordarea noastra din lucrarea prezentatd propune o solutie pentru prosumatorii
rezidentiali si nu numai, care functioneazia in regim insularizat, prin intermediul unui
sistem inteligent (MACHRES), capabil de a realiza atdt o monitorizare a puterii
consumate de electrocasnice cat si 0 compatibilizare Tntre componentele energetice ale
sistemului general, utilizind doua surse de energie alternativa (solara si hidro), cu un

anumit control al consumului pe timp de zi si pe timp de noapte.

Dat fiind faptul ca un astfel de sistem implicd costuri mult prea mari pentru a fi
realizat in cadrul unei teze doctorale, iar complexitatea sa impiedica o predictie precisa a unor
rezultate reale, am abordat separat fiecare sistem energetic prin intermediul calculelor
teoretice (sistemul hidroelectric) si al masuratorilor (sistemul fotovoltaic cu

consumatori).

Avand in vedere faptul cd masuratorile pe toate categoriile de consumatori
electrocasnici se pot realiza doar de catre un personal autorizat, s-a abordat o metoda
simplificatd ludnd ca etalon un consumator rezistiv ideal pentru testarea functiei de
monitorizare a sistemului. De asemenea, s-a generat un scenariu posibil de productie si

consum, care poate fi relativ in functie de programul de consum al rezidentilor si in functie de

Masuratorile realizate pe bancul de acumulatori al platformei fotovoltaice s-au axat pe:
valoarea tensiunii initiale a bancului; valoarea curentului de intrare in banc pe timp de zi
si cel absorbit la consumul pe timp de noapte de catre sistemele de iluminat stradal (sistemul
BMV reprezinta in CSV curentul absorbit din banc, cu simbolul “-* in fata valorii citite);
valoarea stirii de incircare/descarcare ciclica a bancului, si bineinteles, consumul stéalpilor

de iluminat stradal, exprimat in wati.

Pentru fiecare sezon, s-a impus realizarea de masurdtori zilnice (zi si noapte) timp de
7 zile la rand, unde in functie de cantitatea de lumina sesizata de senzorii fotoelectrici ai
stalpilor de iluminat stradal, s-a permis ih mod automat, de catre sistemul insular, un
consum proportional din bancul de acumulatori. In cazul unde starea de descarcare a
bancului a scazut sub 30%, sistemul a micsorat automat si durata de consum permisa

pentru stalpii de iluminat.
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Varietatea de aplicatii in care poate fi implementat acest sistem flexibil sunt
nenumarate, tinand cont si de costurile reduse, configurarea rapida si timpul scurt de

instalare.

In contextul actual al modificarilor climatice globale si in urma procesului accelerat de
antropizare, guvernele tarilor cat si marii dezvoltatori si producatori din sectorul
energetic, incearca in continuare sa identifice solutiile cele mai potrivite pentru reducerea
emisiilor de CO,, eficientizarea consumului de energie dar si acoperirea cererii de
consum energetic prin sursele regenerabile de energie, aceasta fiind in crestere de la un an

la altul.

In consecintd, att la nivel national cét si la nivel international, firmele private si
institutiile de stat, cu implicarea proactiva a mediului academic, au demarat numeroase
programe, proiecte, initiative, coroborate cu idei si contributii stiintifice de
implementare, pentru: contoare inteligente in orase inteligente [135], statii inteligente de
incircare ale vehiculelor electrice [136], sisteme expert de monitorizare si diagnoza
bazate pe tehnici de inteligenta artificiala [137], sisteme inteligente de control pentru
eficientizarea iluminatului public stradal [138], sisteme automate de actioniri
electromecanice [139], sisteme de conditionare in achizitia de date [140], integrarea
surselor regenerabile in cladiri [141], si asa mai departe; toate acestea, ca un pas decisiv

spre viitoarele retele inteligente de dimensiuni foarte mari.

In acelasi timp s-au demarat si actiuni de descentralizare ale surselor de energie
electrica, prin izolarea entitatilor generatoare/consumatoare de energii regenerabile
constituite sub forma de microretele insularizate, de sursele energetice clasice cu

combustibili fosili.

Astfel asistaim la o schimbare de paradigma cu privire la identificarea
producitorului si a consumatorului de energie electrici, care a avut ca rezultat aparitia
unui nou tip de element, reprezentat de prosumatorul care joaca un dublu rol: acela de
producdtor si consumator de energie electrici. In concluzie, putem spune ca pentru viitor,
implicarea prosumatorului in schema de productie energetici creste probabilitatea ca
sistemele clasice de productie si de furnizare a energiei, asa cum le cunoastem, sa suporte

transforméari majore sau chiar sa dispara, prin procesul de descentralizare.
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Contributii originale

In prezenta lucrare am propus o solutie accesibili, ieftin:i si realizabila, pentru
compatibilizarea echipamentelor energetice moderne dintr-o locuinta sau cladire insulara,
astfel incat sa existe o eficientizare echilibratd, intre nivelul de generare si nivelul de
consum al energiei electrice. Acest lucru s-a putut realiza prin dezvoltarea unui sistem
electronic de monitorizare si control, bazat pe senzori, algoritmi de executie si citire de date,
care, coroborat cu doua sisteme de energie alternativi in regim hibrid, pot prelungi
autonomia energetica a locuintei, in cazul in care existd un consum neprevazut pe timp de

noapte.

Pe scurt, cea mai importanta contributie originald din lucrarea prezentata, o constituie
introducerea unui concept nou de hibridizare a doua entitati energetice, prin
compatibilizarea componentelor sale la nivel electric dar si la nivel logic. Acest concept este
desavarsit de sistemul MACHRES care integreaza atat elemente hardware cit si elemente
software, pentru o operare optima si care are ca scop definitiv, eficientizarea consumului
electric dintr-o locuintd independenta energetic, utilizind un sistem hidroelectric cu rol de

“baterie” sau “buffer energetic”.
In continuare vom enumera punctual, contributiile originale ale autorului:

- Propunerea unui sistem electronic de monitorizare a puterii active, care
compatibilizeaza si controleaza prin echipamentele electrice, un consumator
electrocasnic (cu orar prestabilit de funcfionare a unui consumator
electrocasnic de consum mare - masina de spdlat) si doud surse de energie
regenerabila in regim hibrid-insular: fotovoltaica si hidroelectrica (cu stocarea
apei in bazin), pentru eficientizarea energiei electrice la o locuintd — CAP 3;

- Dezvoltarea si implementarea aplicatiei software pentru afisarea datelor in timp
real (server online si server offline) si pentru managementul sistemului
hidroelectric si al unui consumator electrocasnic — CAP 4;

- Identificarea necesitatilor si oportunitdtilor pentru implementarea unui sistem
hibrid cu surse regenerabile — CAP 2 ;

- Realizarea de masurdtori experimentale asupra unui consumator electrocasnic

si achizitii de date de la sistemul fotovoltaic insular in doud sezoane diferite —

CAP 4.
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Directii de cercetare si dezvoltare ulterioara

Sistemul MACHRES poate fi utilizat in multiple aplicatii unde existd mai multe surse
de energie regenerabild si unde se doreste minimizarea si eficientizarea consumului de energie
electrica intr-un regim insularizat. Dintre aceste aplicatii posibile de implementare, enumeram

cateva dintre ele:

- Gospodarii izolate;

- Statii de incarcare vehicule electrice;

- Baze militare;

- Campusuri sau tabere;

- Teatre de operatiune;

- Spitale de campanie;

- Zone calamitate;

- Laboratoare mobile de cercetare;

- Statii de observare si colectare de date;
- Zone inaccesibile sau sarace;

- Case de vacanta.

De asemenea, sistemul mentionat poate fi configurat sa functioneze si pentru
turnurile de apa dezafectate sau nefolosite, de pe teritoriul oricarei tari [142], pentru a

genera energie electrica la cerere, locuintelor din proximitatea sa.

Prin adaugirea unor module electronice cu senzori si prin dezvoltarea unui firmware
conform, sistemul poate fi imbunatatit astfel incat sa indeplineasca si functia de statie meteo,
pentru informarea prosumatorului asupra conditiilor exterioare locuintei; sau poate sa

functioneze ca sistem de avertizare pentru incendii si scurgeri de gaze.

Tn concluzie, putem spune ci prin flexibilitatea si modularitatea sistemului abordat,

eficientizarea energetica, sunt practic nelimitate.

Dezvoltarea ulterioard a sistemului implicd atat imbunataitiri pentru o eficientizare
energetica mai mare dar si implementiri de functii noi, care vin in sprijinul

prosumatorului prin procesul de smartificare, precum:
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Introducerea functiei de afisare a energiei electrice consumate in 24h (kWh/zi)
pe pagina web a serverului intern;

Imbunatatirea preciziei de calcul a algoritmului pentru valorile masurate;
Introducerea functiei de control wireless a tuturor consumatorilor electrici
utilizand relee de tip SSR, pentru optimizarea consumului energetic la cerere;
Introducerea functiei de control automat al electrovalvei pentru un flux constant
de apa;

Introducerea unui subsistem de monitorizare si aproximare iterativa a rezervei
de energie electrica pe care o poate furniza turnul de apd, raportatd la nivelul de
apda de la momentul respectiv;

Introducerea functiei de detectare si preventie a incendiilor si a scurgerilor de
gaze, cu sistem de alarmare acustic, optic si transmisie de date prin GSM;
Introducerea functiei de statie meteo cu afisarea valorilor inregistrate pe pagina
web a serverului intern;

Dotarea bazinului de apd cu o izolatie exterioara speciald@ pentru a putea fi
utilizat si pe timp de iarnd;

Dotarea acoperisului si a fatetelor bazinului de apa cu panouri solare flexibile,

dispuse radial, pentru eficientizarea energetica si constructivd.
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OBJECTIVES AND PURPOSE OF THE DOCTORAL WORK

The objectives and purpose of the research in the doctoral thesis consist in:

- analysis of the current development strategies in the field;

- designing an overview of an automated electricity monitoring and management
system to meet the energy needs of an off-grid household with a typical family of 3
members (2 adults and 1 child);

- sizing, compatibilization and calculation of the necessary equipment of the
approached global system;

- developing a hardware monitoring and management system with hybrid
alternative energy sources of a home;

- development of a scheduled monitoring and control software algorithm for
energy efficiency.

The research carried out within this doctoral thesis is aimed at solving problems

such as:

- compatibility for intelligent use and exploitation of different alternative energy
sources for domestic consumption;

- ensure total energy independence of dwellings and off-grid buildings through
system compatibility using multiple renewable energy sources;

- meeting a family's energy needs throughout the day through a pre-defined and
optimized consumption program;

- balancing the energy over-consumption of the dwelling through energy
alternatives to avoid discharging the batteries below the minimum safety threshold and
to ensure sufficient energy input until recharging during the day;

- analyzing the state of charge of the batteries that store the electricity supplied
from photovoltaic panels for two different seasons;

- optimizing the energy consumption of household electrical appliances through
smart programming;

- the initiation of a responsible and conscious behavioral model on the
exploitation of the prosumer's own electricity sources.



SYNTHESIS OF THE STRUCTURE OF THE DOCTORATE THESIS

Chapter 1, entitled STATE OF THE ART REGARDING THE "SMART GRID"
ELECTRICAL NETWORKS, presents an analysis of Smart Grids and the implementation of
projects with smart applications, both in the European Union as well as in Romania. It is also
taken into account, the objectives and legislative packages that EU member countries have to

meet, for the sustainable development of the global energy system.

Chapter 2, entitled ANALYSIS OF IMPLEMENTATION OPPORTUNITIES FOR
INTELLIGENT OFF-GRID SYSTEMS WITH HYBRID RENEWABLE ENERGY
SOURCES, addresses the opportunities and needs of compatibilization and implementation of
hybrid energy systems in insular households, to cover a certain electricity shortage for

domestic consumption, through scheduled efficiency of equipment for power generation.

Chapter 3, entitled DEVELOPMENT AND COMPATIBILIZATION OF AN
INTELLIGENT MONITORING, MANAGEMENT AND OFF-GRID ELECTRICAL
CONTROL SYSTEM, WITH HYBRID RENEWABLE SOURCES, describes the
composition of an intelligent electronic system for monitoring and control (MACHRES), with
the compatibilization and management of the electrical components of a photovoltaic system
and a hydroelectric system, based on algorithms and a predefined schedule, implemented in

an off-grid houehold.

Chapter 4, entitled ACQUISITION AND MODELING OF EXPERIMENTAL
DATA, MEASUREMENTS AND CALCULATIONS OF THE STUDIED OFF-GRID
SYSTEM, identifies the steps of acquiring and processing of the required experimental data,
using both theoretical calculus and practical measurements, over the electronic monitoring

and control system (MACHRES) and over the hybrid energy system.

In Chapter 5, suggestively entitled CONCLUSIONS, are synthesized the
observations and main conclusions about the real possibility of implementing such a
system, mentioning as well, the original contributions and also the directions for further
development of the system, through improvements and extensions of its capabilities, for

other adjacent applications to off-grid homes, and much more.



CH.1STATE OF THE ART REGARDING THE "SMART GRID" ELECTRICAL
NETWORKS

In the context of today's global climate change, both global governments and major
energy companies have a common agenda, both to reduce pollution and CO2 emissions, and
to exploit alternative sources of electricity, gradually giving up the conventional fossil fuel

based energy production [1].

The benefits of implementing this "smart" technology for both manufacturers,
distributors and consumers are [7]:

- Increased energy efficiency;
- Safety in exploitation;
- Low pollution and CO2 emissions;

- Flexibility and adaptability.

The European Union (EU), the largest promoter of this concept, has played and still
plays an active role in implementing Smart Grid projects within European countries.
According to periodic reports issued by the Joint Research Center (JRC), the largest number
of Smart Grid projects worldwide, implemented or under implementation, is found mostly in
Europe [9]. However, there are also problems facing the EU in the energy sector, such as the
increasing demand for electricity, the impact of the sector on the environment, oscillating
prices and electricity disruptions.

As a result, the European Union, as a major advocate of "green" energy, has begun to
develop legislative packages with very coherent measures and strategies that address these

issues for all member countries and which have the following objectives [10]:

- Sustainability;
- Competitivity;
- Security of supply.

At present, the European Commission has set a number of energy and environmental
targets for several decades, namely for 2020, for 2030 and for 2050, of which we mention
[13]:

EU targets set for 2020:



- A 20% share of energy to be from renewable sources;
- Areduction of greenhouse gas emissions by at least 20% compared to 1990 levels;

- A 20% increase in energy efficiency.
EU targets set for 2030:

- Increasing energy efficiency by 27% to 30%;

- The electricity interconnection level should reach 15% (being 15% of the
electricity produced in a member country can be transported to other member
countries);

- Reducing greenhouse gas emissions to 40%;

- More than 27% of electricity in the European Union is to be obtained from

renewable sources.
EU targets set for 2050:

- A reduction in greenhouse gas emissions of between 80% and 95% compared to
1990.

According to a centralizer set up by the Romanian Association for Smart City and
Mobility (ARSCM), a number of 129 Smart City projects in 24 counties have been
implemented within the pilot project to identify Smart City development in Romania. Among
the Smart City projects analyzed by the ARMS [18], thus we mention a few:

- Monitoring of water consumption;

- System of monitoring and analysis of budget revenues;

- Emergency dispatching system;

- Online marriage programming application;

- Traffic monitoring system;

- Intelligent lighting;

- Vehicle charging stations;

- Air quality monitoring;

- Citizens' consultation and information system on various topics;

- Parking management system.



CH. 2 ANALYSIS OF IMPLEMENTATION OPPORTUNITIES FOR INTELLIGENT
OFF-GRID SYSTEMS WITH HYBRID RENEWABLE ENERGY SOURCES

At international level, according to the "International Energy Agency for Renewable
Energy” (IRENA) [29], Sustainable Energy for All (SEE4ALL) [30] and World Bank (WB)
[31], more than 1.16 billion people worldwide (15% of the world's population in 2014) are

still living in disconnected homes from the national electricity grid or even without electricity.

Another report conducted for 2014 by the World Bank [32], on access to electricity
communities topic, reveals that the world's lowest share is held by the African continent, with

a percentage of 24 % and 40% depending on country.

According to data extracted from World Bank reports, we also mention states outside
the African continent that have similar problems and where implementation efforts are being
made in terms of electrification, such as: India (especially the Tripura region), Burma,
Yemen, Cambodia , Bangladesh, Laos, Papua New Guinea, North Korea, Haiti (Figure 2.1)
[34].

Figure. 2.1. Geographic chart with developing countries, which still have a low electrification

rate, as in legend [35].

10



In Romania, the "Romanian Agency for Sustainable Development of Industrial
Areas" (A.R.D.D.Z.1.) has produced a study [37], in which 97,805 households belonging to

2,284 villages, are non-electrified where:

- 2,822 households located in 97 localities are totally disconnected,;
- 60,540 households located in 2018 rural localities are partially electrified;

- 34,443 households located in 169 urban areas requiring expansions.

Bearing in mind that both the rural electrification and the electrification process of
isolated dwellings are particularly costly for electricity distribution companies (primarily
requiring infrastructure and logistics) due to the large dispersion of consumers in the territory,
and due to the relatively small consumption for each consumer (around 5 kWh / day), other

power alternatives can be approached using renewable energy sources such as:

- Wind;
- Solar;
- Pico-hydroelectric plants;

, or hybrid systems adapted to the specific conditions of the location.

By making an analogy to the hybrid energy system that we have approached in the
doctoral thesis, where two renewable sources of energy were used, we can say that the
integration of more renewable energy sources is an opportunity to make energy consumption

more affordable for a home anywhere in the world.

According to the report provided by the National Regulatory Authority for Energy
(ANRE), regarding Romania's electricity production for the year 2016, a percentage of
42.38% from renewable sources and 57.62% from conventional sources [40] were
obtained. Thus, according to the data of the production of electricity from renewable sources,
the hydropower plants provided 28.86%, 10.13% for the wind power plants, 2.60% for the
photovoltaic systems, 0.75% for the biomass plants and 0.05% from other renewable

sources.

Of the conventional power generating sources we mention: the second-place coal
with 24.47% of the total production, the Cernavoda nuclear power with 17.49%, the natural
gas with 14.99%, the tar with 0.28% and the other conventional sources that recorded a

combined figure of 0.39%.
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Also in 2016, according to the same report, an electricity production of 61.80TWh was
registered at national level, down 1.3% compared to 2015.

As a result of the generation of electricity, the average CO2 emissions resulted in a
value of 287.11g / kWh while the radioactive waste had an average value of 0.003g / kWh. In
conclusion, CO2 emissions in the energy sector at national level reached a value of
17,743,398 tons.

Romania has a leading position in Europe in terms of water resources and the water
distribution ratio in the territory, so at present, Romania has a number of 11 hydrographic
basins, including: the Cerna-Jiu basin, the Olt basin, the basin Arges-Vedea, lalomita-Buzau
Basin, Dobrogea Basin, Prut Basin, Siret Basin, Somes-Tisa Basin, Crisuri Basin, Mures

Basin and Banat Basin.

According to the measurements carried out in the years 2010-2016 by the NAM
(National Meteorological Administration), for annual incident solar radiation on the territory
of Romania, it results that the average is about 3.56 kWh/m?/day. So Romania is a notable
solar energy country, given that about 210 days a year are sunny, thus recording an annual
solar energy flux of 1200-1600kWh/m?/year depending on the radiated region [46]. It should
be mentioned that the maximum solar potential in Romania is reached in July, registering the
value of approximately 6.41kWh/m?/day, while the minimum solar potential is reached in
December, with the threshold of approximately 1.12kWh/m?/day [48].

Through its flexibility and modularity, the renewable energy hybrid monitoring and
management system, proposed in the paper, can be implemented in multiple applications such

as.

- Isolated households;

- Charging stations for electric vehicles;
- Military bases;

- Campuses or camps;

- Theaters of operation;

- Campaign hospitals;

- Calamity zones;

- Mobile research laboratories;

- Observation and data collection stations;

12



- Inaccessible or poor areas;
- Holiday Houses.

The real advantages of such a hydroelectric system consist of: low cost of
hydroelectric equipment, minimal infrastructure, easy and fast modular implementation,
low electrical consumption for filling the water basin, useage in other applications

requiring a flow of water.

The hydroelectric system with storage in the water tank can be adapted to operate in

the utility mode in its own household for various adjacent applications, including:

- lrrigation;
- Extinguishing fires in the vicinity;
- Usage and drinking water;

- Systems requiring cooling/washing or hydraulic drives.

A highly debated approach in today's scientific and academic environment in the field
of renewable energy sources in isolated homes is represented by the Hybrid Renewable
Energy System (HRES) systems, which are designed to compensate and increase energy
efficiency. Although in many scientific papers, which address the pico-hydropower integrated
in HRES [50], the idea of building a waterfall system with upstream sources (especially in
poor / inaccessible areas) [51] is being promoted, the only advantage being the continuity of

electricity supply, however there are many problems raised by the approach of such a system.

The novelty of our work is a cheap alternative renewable energy solution by
integrating a HRES (solar and hydro) system, which surpasses the classical fossil fuel
system, island electrical generators or wind generators, pursuing at the same time the

replacing of these sources.

Another advantage of the hydroelectric system with water storage in the reservoir,
compared to the other islands auxiliary energy systems, is that it can provide constant

electricity (depending on its sizing) for about 3 hours (3,81kWh) if the basin is full.

The main challenges to be overcome in the field of photovoltaic technology are:
cost reduction and increased conversion efficiency of solar radiation in electricity [56].
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While large companies such as Google, Mircosoft and Amazon have in their
portfolios, 10T and Cloud solutions for monitoring devices, housing control and data storage
based on monthly or annual subscriptions for all segments of consumers, these services are
totally dependent on a Internet connection to operate through the Application

Programming Interface (API) between the server and the user [65].

The MACHRES system uses a data outsourcing service for household consumption
measurements to an API server, but with a free subscription, which is only an auxiliary
function that can be disabled at any time, to use the internal data service that does not require
a connection at the Internet. Thus, the advantages of the MACHRES system identified by

us are:
- There are no costs involved in subscribing to external 10T services;

- If an external monitoring service is required, the system only requires a free online

account on the API server, ThingSpeak (or any similar API server);

- The system also implements the offline household monitoring function through an
HTML server, developed by us, when an internet connection is not available for online

monitoring;

- All monitoring data is stored on the offline HTML server, in a CSV file, on a micro-

SD card, whenever available to the prosumer;

- The system was designed to display real-time monitoring data on the serial port, on a
computer, when neither online server nor offline server works because of a firmware

problem, or the lack of operating equipment network, such as a switch or router;

- The system is compatible with both PCs running on Windows and Linux operating
systems, as well as Android and 10S for phones and tablets, using HTML 4.0 and

JavaScript/jQuerry languages;
- Total system consumption is less than 2.5Wh;

- The system is very flexible in that it can be modularized and equipped with
additional analogue or digital sensors for additional functions such as: weather

monitoring, gas leak monitoring, or home fire monitoring.
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CH. 3 DEVELOPMENT AND COMPATIBILIZATION OF AN INTELLIGENT
MONITORING, MANAGEMENT AND OFF-GRID ELECTRICAL CONTROL
SYSTEM, WITH HYBRID RENEWABLE SOURCES

The MACHRES system (Monitoring and Control of Hybrid Renewable Energy
System) developed by us, is defined as an electronic system for increasing the efficiency of
the electrical consumption of an isolated home, through the management of solar and
hydroelectric power sources and the management of large consumers. The electronic
monitoring, management and control system, enables the compatibility between various
electricity generating entities, using decision algorithms based on both the sensor input and
the pre-set parameters, but also based on the electrical equipment specifically selected to meet

the switching purpose between the two energy sources.
This system (Figure 3.2) is divided into three distinct subsystems:

- Electronic monitoring, management and control system;
- Insular photovoltaic system with storage in batteries;

- Insular hydroelectric system with multiple water supply sources.

The hydroelectric system was designed to operate at night only to fill energy gaps at
the time. Being mainly a water storage basin, the hydroelectric system will accumulate water
during daytime, using some of the solar energy produced, while the water released from the
basin to the hydro-generator will provide energy electrical power of about 3.81kWh, for a

total of three hours. This system can be configured to work in two modes:

- As a parallel power generation system for accumulators that exceed 30% of the
discharge percentage;

- As a power take-off system of a high-powered home appliance currently in use,
regardless of the state of discharge of the batteries (eg a washing machine, an iron

or an electric hob).
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For acquiring, storing and displaying data over home electrical consumption, the
master microsystem has been configured to communicate with the 12C protocol of the slave
microsystem. The master microsystem has been programmed to store data on a local microSD
card and simultaneously display this data through the serial communication port to a
computer, on the local HTML server page, and on the ThingSpeak client server [66] through
the API function [67]. Thus, homeowners will be informed in real time about domestic
electrical consumption by multiple means. Figure 3.3 shows a master server interfacing

diagram and the communication between the hardware and software environment.

Microsistemul master Arduino YUN

CLIENT SERVER

[JThingSpeak™

Grafic cont server client

Field 3 Chart O £ x

10T energy monitor

% ‘ Wans 1841.5985
Microsistemul master = g 121615 GMT 10200

U -i: 1700
g

na 00 P 12 10 12 1%

Date
Grafic pagina HTML server local
Microsistemul slave sttt =

Figure. 3.3. The hardware-software interface between the master microsystem and the

ethernet equipment for data transmission (voltage, current and power display).
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Figure 3.4 describes a diagram with equipment and sensor interfacing with the slave

microsystem, in which we distinguish two categories of equipment.

The equipment with data input to slave microsystem (data acquisition):

CT (Current Transformer) — represents the current transformer;

VT (Voltage Transformer) — represents the voltage transformer;

WS (Water Sensor) — represents the water level sensor of the WT tower;

RTC (Real Time Clock) — represents the real-time clock module for displaying
the timestamp (date / hour / minute / second);

CC (Charge Controller) — represents the DC battery chargers from the

photovoltaic system and the hydroelectric system.

The equipment with data output from the slave microsystem (execution of data):

LC (Large Consumer) — represents a consumer (eg: a washing machine);

WP (Water Pump) — represents the water pump for filling;

EV (Electrovalve) — represents the valve for releasing the water from the tower;
RA (Relay Array) — represents the module for controlling relays for: LC, WP and
EV.

Microsistemul slave Arduino MEGA

Figure. 3.4. The hardware-hardware interfacing diagram between the slave microsystem,

electrical equipment and sensors.
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By setting up the monitoring and control equipment at the logical level, and of the
photovoltaic and hydroelectric system with its power equipment, will result in an interfacing

and operating orientative scheme of the whole system (Figure 3.5).

: : Turn de apa
Panouri fotovoltaice

y ¢ Pompa de apa si
G electrovalva

Incarcatoare DC

Microsisteme slave/master

Invertor

Locuinta off-grid

Banc acumulatori

Figure. 3.5. Simplified hardware-hardware interfacing scheme between the monitoring,

management and control system and power systems with related equipment.

Thus, for the development of an automated decision-making algorithm to ensure both
a correct functioning of the system and a visible improvement of the energy efficiency of a
dwelling, we have developed a diagram with the blocks of all the equipment that must be

compatible and interdependent (Figure 3.6) .

In order to distinguish the components of the global energy system, blocks of various
colors were used, such as: power hardware components (red / orange blocks), logical

hardware components (blue blocks), software components (green blocks).
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Following the documentation, research and evaluation processes in the ICSTM [68]
laboratories, we have developed an electronic prototype optimized for monitoring electrical
power and control of a hydroelectric system that is hybridized with a photovoltaic power plant

installed in an off-grid housing, thus the following:

- The electronic platform for power monitoring of the household appliances (the
platform represented by the embedded Arduino YUN microsystem, acting as a
master unit);

- The electronic platform for the management and control of the hydroelectric
system and large household consumers, such as a washing machine (the platform
represented by the embedded Arduino MEGA microsystem, slave unit);

- Sensors for: water, voltage and current;

- The RTC module and the control relays module.

The master microsystem can be configured as an access point, router or server, both
through the Arduino IDE open source programming language [69] and through the PHP
administration page. In our application, it has been configured to fulfill two roles, as offline

server and online server, as follows:

- as an offline server, it stores the data received from the slave terminal on an SD
card as CSV files, and then reads this data from the files and displays them in real-
time as graphics on a local HTML page that can be accessed both on a PC, as well
as on a mobile phone or tablet;

- as an online server, it sends the real-time data from the slave terminal, directly to
a free (ThingSpeak) external client server, accessible online from anywhere in the

world, to view the values read in graphical form.

The potential of the slave microsystem is exploited almost within the maximum limits,

having multiple roles, such as:

- data reading via ADC [75] from the current and voltage sensor;

- reading data via the digital input ports from the water sensor, the solar CC charger
with programmable relay (SCC), the hydroelectric CC charger with programmable
relay (HCC);

- information transmission via 12C protocol to the master microsystem;

- data reading through 12C protocol of the RTC module;
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- control of relays for electrovalve, water pump, high consumption household
appliance (washing machine).

In order to take advantage of all the benefits of this microsystem, we designed and
developed within the prototype laboratory, for PCB [76], a modular, specialized shield that
facilitates easier interface with external modules, as well as data filtering, read from the
sensors (Figure 3.9). This electronic circuit was designed in a Cad Design program
(EagleCAD [77]) for printed circuit boards and made with a micro-CNC machine, Protomat
S103 [78].

Figure. 3.9. Descriptive figure of the modules and connectors on the dedicated shield: a-12C
port connector (SDA, SCL and GND) to the master microsystem; b-dedicated external DC
connector; c-jack connector for CT current transformer; d-operational amplifier with signal
filtering for CT sensor; e-optional connector for analog sensor with offset at 2.5Vpc; f-
connector for voltage transformer VT; g,h-optional connectors for analog sensors without
offset; i-5Vpc and GND connectors; j-digital 1 / O pin connectors; k-adjustable external DC

switching power supply module; I-pull-up resistors for the 12C port.
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The islanded photovoltaic system on which data acquisition, measurements and tests
were made, is made up of the following equipment:

- Photovoltaic modules integrated into the building;

- Storage batteries for photovoltaic power, located in the basement of the building;
- BMV system for battery monitoring;

- Lead acid battery charge controller CC;

- Islanded photovoltaic system inverter.

The hydroelectric system (Figure 3.35) has the auxiliary role of supplementing energy
deficiencies at night in an energy-independent home. The hydroelectric system implemented
in the islanded general energy system is complementary to the photovoltaic power system and

consists of the following components:

- Storage water tower;

- Centrifugal water pump;

- Turbine-generator group;

- CC charging controller for batteries;
- Electrovalve;

- Water supply sources.

Legenda componente sistem hibrid energetic intr-o locuinta

Instalatic fotovoltaica

Trun de &pa cu rezervor de stocare

1
2 3 Sursa de apa externa (lac/rau)
' 4 Piscina
5 Put/fantana

Grup pompa-turbina-gencrator-clectrovalva
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Figure. 3.35. The overall picture of a home / building incorporating a hybrid energy system,
consisting of a photovoltaic platform with battery storage and a pico-hydroelectric system that
feeds from three sources of water: lake, pool and shaft.
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CH. 4 ACQUISITION AND MODELING OF EXPERIMENTAL DATA,
MEASUREMENTS AND CALCULATIONS OF THE STUDIED OFF-GRID SYSTEM

In order to validate the implementation and functionality of the monitoring,
management and energy control system, with the hybrid renewable sources (MACHRES),
several simulation, experimentation, research and analysis processes have been carried out in

real conditions, on key elements such as:

- Proposal of a circuit model for the simulation of the analog signal and interpret the
obtained results;

- Representation and mathematical modeling of the analog signal;

- Making experimental measurements on a resistive household appliance with the
related calculations;

- Comparison of data acquired in parallel from the developed hardware system and
from an industrial power metering device;

- Graphic representation of measurements through developed software applications;

- Building algorithms for MACHRES real-mode operation mode;

- Calculations used in the sizing of photovoltaic and hydroelectric systems;

- Acquisition, representation and interpretation of the data collected from the BMV
system on the charge / discharge status of the batteries, according to the season;

- The total, approximate, energy consumption table of household appliances in an
off-grid residential building;

- Case study (prosumer's energy profile): A typical family example consisting of
two adults and one child,;

- Financial calculation for investment in system components.

The development of the MACHRES prototype involved several sequential steps, the
first stage starting with the theoretical software simulation and the analog signal
characterization from the CT sensor, using an electronic conditioning circuit. This was an
essential stage for the development of the electrical power measurement application at the

respective home, through the slave microsystem.

Figure 4.1 shows a software simulation of the electronic conditioning circuit for the
analog signal calibration of the current transformer, for the processing in numerical values by

the slave microsystem. The strong point of the simulation is the LM358 operational amplifier
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in the less typical, non-inverse-summing-attenuator configuration [123]. This specific
configuration was preferred for minimizing space and electronic components on the slave

microsystem shield, but also to meet the three criteria required for analog signal processing:

- changing the analog signal offset to 2.5Vpc for adjusting the minimum and
maximum values of the signal, within the limits of the acquisition board’s ADC;

- compensating the amplitude of the output signal to the maximum margin below
SVokpk to fit it into the electrical specifications of the analog input port, on the

acquisition board;

- analog signal filtering with passive components (ceramic capacitors) to eliminate
unwanted noise and spikes when acquiring data.
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Figure. 4.1. The theoretical software simulation in Multisim, an electronic circuit that
generates, processes and measures the rms value of a sinusoidal signal.

In the simulation of the conditioning circuit it was used, a 5Vpc supply, a 220Vac
supply and a current transformer with similar parameters to the real one, connected in parallel
with the load resistor Ry. For the offset, the R1 and R2 resistors have been connected to the

circuit as a voltage divider between the two types of sources, having high values to minimize
the consumption on the acquisition board.

The acquisition of the input signal (red) and the output signal (blue), from the
electronic conditioning circuit is displayed with the virtual oscilloscope XSC1, over a 50ms
period. Also, the offset between the two signals, which confirms the operation according to

our requirements, of the developed circuit (Figure 4.2) can also be observed.
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Figure. 4.2. The graph with the theoretical simulation results in Multisim for the input signal
(red) in the circuit and the output signal (blue) out the circuit, captured by the virtual
instrument XSCL1.

The second experimental stage is marked by performing measurements in laboratory
conditions with the MACHRES system, on a purely resistive ideal consumer (set at the

maximum), for checking and eventually calibrating the reading and calculation parameters in
the processing algorithm.

Such a preliminary measurement was made with an oscilloscope connected to the
output of the signal from the secondary winding of the CT current sensor, and the output of

the signal from the conditioning circuit, to the ADC port, on the acquisition board of the
MACHRES system (Figure 4.3).
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Figure. 4.3. Practical measurement with the laboratory oscilloscope of the input signal
(without offset, 329 mV k) and the output signal (offset 2.5V and attenuated, 200 mV pypk),
with the current sensor SCT-013-030 connected to a purely resistive consumer.

26



Multiple-period signal analysis over a 20ms time base, confirms the theoretical results
previously discussed with regard to the accuracy of rms by calculations.

Measurements made with the MACHRES system on a purely resistive consumer were
compared in parallel (pairs per unit of measure) with the measurements of an industrial
category IV multimeter, certified and calibrated according to IEC 61010 [125], in Table 4.1.

Table 4.1. Parallel measurements with Chauvin Arnoux F607 versus MACHRES.

Parallel-Pair Measurements (Current, Voltage and Power)
n a) - multimeter samples, (b) - samples MACHRES (slave)
Irms Urms P
- a b a b a b
1 8.19 8.186 217 217.6 1777 1781
2 8.2 8.19 217 217.8 1779 1783
3 8.19 8.185 218 218.2 1785 1785
4 8.19 8.185 218 218.3 1785 1786
5 8.19 8.185 217 217.9 1777 1783
6 8.19 8.186 217 217.8 1777 1782
7 8.19 8.186 217 217.7 1777 1782
8 8.19 8.185 217 217.7 1777 1781
9 8.18 8.178 218 218.1 1783 1783
10 8.18 8.178 218 218.2 1783 1784
11 8.18 8.178 218 218.1 1783 1783
12 8.18 8.177 217 217.9 1775 1781
13 8.19 8.186 218 218 1785 1784
14 8.19 8.185 217 217.9 1777 1783
15 8.18 8.181 217 217.8 1775 1781
16 8.18 8.184 218 218.1 1783 1784
17 8.18 8.183 218 218.3 1783 1786
18 8.18 8.183 218 218.4 1783 1787
19 8.18 8.182 218 218.2 1783 1785
20 8.18 8.184 218 218.4 1783 1787
SSD 0.006 0.003 0.51 0.244 3.606 1.959
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Although the measurements were performed over a few hours, we synthesized the data
recorded as 20 samples relevant for assessing the deviation level from the data set media
using the Sample Standard Deviation method (4.9):

, Where n is the number of samples, x is the average of each sample, while x; is the
value of each sample.

In Figure 4.4, a graph is described with a number of 60 representative samples of the
measurements, made with the two above mentioned equipments with respect to the electrical
power measured in the circuit.
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Figure. 4.4. The comparative graph between the power measured with the slave system and

the multimeter.

From both the chart and the table, we conclude that the recorded measurements are

very close, taking as representative calibration benchmark the industrial multimeter.

The measurements presented are intermediate, being resumed by successive tests and
trial and error corrections, performed in the processing algorithm, to improve the displayed
results, as a further development of the system.
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The third stage of system development is represented by the mathematical calculation
of the system on active power, based on the measurements made and the display of the data
acquired for real-time access and information of the prosumer, over the active electrical

power absorbed in the circuit at that time.

In conclusion, the active power can be expressed as [127]:

1% U,y
P e :?I p(t)dt =TC05€0=Urms |, -C0s@=U-1-cose (4.14)
0
, thus in our case where the consumer is an ideal resistor, both the voltage (U) and the
current (1) are in phase, and the power factor is 1, the value of the apparent power being equal

to the value of the active power:
S=P=U-1 (4.15)

As discussed in the previous chapters, MACHRES has several options for displaying

data, either on the offline server or on the online client server [128].

In the Figures 4.6 (a), 4.6 (b) and 4.6 (c), it is plotted on the on-line server, over a 15
minute interval, the values (voltage, current and power calculated) sent by the master
microsystem, values taken from the slave microsystem, in real time. Powering the consumer,

is highlighted in graphs, where we see a sudden increase from 0 value to the initial read value.

The advantage of the offline server is that these data remain permanently stored and
can be accessed by the prosumer at any time, while the online data displayed on the client

server is volatile and does not offer the option of storing it for free.

On the offline HTML page where the three recorded values are displayed, we have
implemented the graph save option as a jpeg or pdf file, so the user does not have to manually
look for a specific set of values in the dataset (CSV) from the master microsystem.
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Figure. 4.6 (a). ThingSpeak server display, recorded voltage value (V) field.
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Figure. 4.6 (b). ThingSpeak server display, recorded current value (A) field.
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Figure. 4.6 (c). ThingSpeak server display, recorded power value (W) field.

In parallel, we made a capture (Figure 4.7) with the monitoring plot provided by the
offline master server, shown on an HTML page that can be accessed either from a computer
or from a mobile phone or tablet (Figure 4.8).
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Figure. 4.7. Plot of the offline master server's HTML page, with the values read from the

slave microsystem (server query with computer).
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Figure. 4.8. Plot of the offline master server's HTML page with the values read from the slave

microsystem (server query with mobile phone).
The master microsystem has been configured to perform five main functions:

- acquire binary data via the 12C port from the slave microsystem and convert them
into numerical data (power, voltage and current);

- stores numerical data in the form of CSV files with the timestamp of the records
on an SD card,;

- graphically display the three values read from CSV files on a local web page;
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display the numerical data from the current and voltage sensors on the serial port
(9600 bps);
send real-time numeric data to an external client server (ThingSpeak) to display

these data as separate graphs accessible anywhere online.

These functions have been implemented by us to help the prosumer (who produces

and consumes electricity at the same time) informing him about the consumption of

household appliances in his own household. This helps empowering, modeling, and

awareness of residents in the off-grid building on daily electrical consumption habits for

human needs versus power produced.

The slave microsystem has been configured to perform seven main functions:

acquire analog data from current and voltage sensors;

acquire digital data from the water level sensor;

acquire digital data from the DC solar charger with programmable relay (SCC) and
the DC hydroelectric charger with programmable relay (HCC);

acquire the date and time from the RTC module through the 12C protocol;

send the numerical data from the current and voltage sensors via the 12C protocol
to the master microsystem;

control the electrovalve (EV), the water pump (WP) and a large consumer (LC);
display the numeric data from the current and voltage sensors on the serial port
(9600 bps).

The slave microsystem represents the main core of the global electronic system and

the power system. Its role is a very important one, namely to process all the information

received from the input devices, and to execute certain procedures from the algorithm through

the output devices, depending on the information received.

For the execution of automatic day / night functions, there were four distinct

conditional cases in the slave microsystem algorithm:

Case 1 — if at the preset time in the RTC, solar radiation is detected by the DC
solar charger with programmable relay (SCC), and if the water level sensor (WS)
detects an empty water tank — then the electrovalve (EV) stays closed and the large
consumer (LC) deactivated, while the water oump (WP) will start until the water
level sensor (WS) will detect a filled water tank;
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- Case 2 - if at the preset time in the RTC, there is solar radiation detected by the
DC solar charger with programmable relay (SCC), and if the water level sensor
(WS) senses that the water tank is full - then it will only start the large consumer
(LC) or washing machine;

- Case 3 - if at the preset time in the RTC, there is no solar radiation detected by the
DC solar charger with programmable relay (SCC), and if the water level sensor
(WS) notices that the water tank is empty - then all the hydroelectric system
devices will be deactivated to facilitate just charging the photovoltaic system
batteries throughout the day;

- Case 4 - if at the preset time in the RTC, there is no solar radiation detected by the
DC solar charger with programmable relay (SCC), and if the water level sensor
(WS) notices that the water tank is full - then all hydroelectric devices will be
deactivated to facilitate just the charging of the photovoltaic system's batteries
throughout the day; while the water tank will be used overnight to charge the
batteries, when the DC hydroelectric charger with programmable relay (HCC)
detects whether the battery has reached a DOD of no more than 30%.

In order to analyze the state of charge of the battery bank from the studied
photovoltaic system, we performed a data acquisition and representation, on two different
periods, namely June-July 2017 and November 2016. The time taken for the measurements
was 7 days, where during the day there was a charging process of the batteries with solar
energy, and during the night, a process of discharge by using 12-20 consumers represented by
LED poles for street lighting, with a power consumption of 50W/unit, installed in campus.
This insular smart-grid system is fully automated and configured for energy efficiency, as
consumers have built-in electronic circuit with photoelectric sensors that allow an adaptive
consumption depending on the degree of natural illumination in the area of each pole. Their
total power nonsumption is approximately 0.6kW or 1kW respectively. In the summer
scenario, according to the graphs, we find that all the days were sunny, keeping a similar
pattern of battery state of charge to 100% (Figure 4.11, Figure 4.12, Figure 4.13, Figure 4.14).
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Figure. 4.11. Graphic representation of battery voltage for a period of 7 days for June-July
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Figure. 4.12. Graphic representation of current at the battery bank for a period of 7 days for
June-July 2017 period.
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Figure. 4.13. Graphic representation of the state of charge/discharge of the battery bank for a
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Figure. 4.14. Graphic representation of power consumption recorded at the battery bank for a
period of 7 days for June-July 2017 period.




For the fall scenario, according to the data, one can notice a notable difference in the
charging regime of the batteries, where 4 days were sunny and the batteries were charged up
to the maximum capacity, while for 3 consecutive days it was cloudy, so this time, the
capacity of the batteries remained stable at about 58% (Figure 4.15, Figure 4.16, Figure 4.17,
Figure 4.18).

As a measure of protection, the islanded smart-grid system has limited the lighting

poles power consumption to several hours a night.

One aspect to note is that in the summer scenario (2017), there were 12 consumers
(totaling 600W absorbed power) while for the fall scenario (2016), there were 20 consumers
(totaling the absorbed power 1kW).
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Figure. 4.15. The graphic representation of the voltage recorded at the battery bank for a
period of 7 days for November 2016 period.
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Figure. 4.16. Graphic representation of current at the battery bank over a 7-day period for

-40
-60

120
100
80
60
40
20
o]

37

Figure. 4.17. Graphic representation of the state of charge/discharge of the battery bank for a
period of 7 days for November 2016 period.
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Figure. 4.18. Graphic representation of power consumption recorded at the battery bank over

a 7-day period for November 2016 period.

We have compiled a table with the estimated energy consumption of all household
appliances for a one-day summertime [133] that falls within the limits of the described system

but at the same time satisfies all human needs for a family (Table 4.3 ).

Table 4.3. Appliances electrical consumption calculation for 24h in a residential home.

) Total
Nb. Total nominal ] )
Consumer type Usage time | consumption
Pc. power (W)
(kWh/day)
TV 1 55 8h 0,440
Laptop 1 32 3h 0,096
Central heating (gas tank/grid) 1 130 2h 0,260
LED bulbs 6 60 5h 0,300
Electric stove 1 1200 40min 0,800
Vacuum cleaner 1 800 20min 0,270
Washing machine 1 1600 40min 1,066
Refrigerator 1 88 24h 0,704
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Others n 500 1h 0,500

Total - 4465 - 4,43

Consumption mean kW/h - - - 0,18

In conclusion, according to the theoretical calculations, an estimated consumption of
4.43kWh / day is sufficient for a family of three members in the summer season, so the above
analysis results in the battery bank having at least two days of autonomy without solar energy,
within the 30% discharge limit (if loaded 100%).

Although it is very difficult to predict a household energy consumption behavior by a
household prosumer, the consumption being always nonlinear, it is considered a theoretical
scenario where the occupants of the dwelling are working daily on the basis of an 8h / day
work program, ranging from 8:00 o'clock to 16:00 o’clock, permanent consumers being the
refrigerator, which can not be disconnected from the grid, and the permanently connected
stand-by consumers in the electricity grid, as well as the washing machine that works

conditionally (Figure 4.19).
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Figure. 4.19. Theoretical graphical representation of energy consumption and production

from the photovoltaic system over a 24h - sunny / summer season.
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The washing machine is considered to be the largest consumer in the dwelling that can
be operated automatically by the MACHRES system without supervision during the day
between 11:00 and 12:00 - set from the RTC and when solar radiation is detected by the SCC
solar charger, thus eliminating the night-time power consumption from the battery bank.
Therefore, between 16:00 and 00:00 the occupants consume electricity for daily activities as
shown in the graph.

Table 4.4 presents a detailed financial calculus for the acquisition and installation of
both the MACHRES electronic system and the hydroelectric system. We recall that only the
investment for the photovoltaic platform was worth in approx. 25.000 euros, compared to the

system proposed by us, which summed up a total of approx. 12.000 euros.

Table 4.4. Approximate calculations of acquisition, transport and installation costs of the
MACHRES / Hydroelectric system.

Components Cost E? Warranty

MACHRES system (master / slave microsystems) 100 € 1 10 years
Water tank PP type 4,360 € 1 15 years
Scaffolding, anchor and concrete slabs (for water tank) 3,850 € 1 30 years
Water pump 56 € 1 6 years
Turbine-generator 226 € 1 6 years
Electrovalve 47 € 1 8 years
Water circulation system (pipes and fittings) 825 € 1 30 years
External protective box (for water pump and turbine-generator) 200 € 1 12 years
Electrical panel with connectors and fuses (hydroelectric system) 150 € 1 12 years
Sensors and modules (water sensor, current sensor, voltage sensor, RTC

module, relay module, shield) S0 € 6 10 years
DC Power Supplies (12V / 5V) 11€ 2 10 years
Software application 100 € 1 N/A
Electrical cables and other electrical accessories 100 € 1 50 years
Installation costs + shipping 2,000 € N/A N/A
Total costs 12,075€ | N/A N/A

To reduce the spending as much as possible, alternative solutions such as
reconditioned components or recycled, environmentally friendly materials can be used; all
being sold much cheaper at auctions, especially for those with high costs such as the water

tank and metal scaffolding.
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CH. 5 CONCLUSIONS

Our approach, in the presented paper, proposes a solution for residential and non-
residential prosumers, that operate off-grid, through an intelligent system (MACHREYS),
able to achieve both a monitoring of the power consumed by the appliances and a
compatibility between the electrical components of the general system, using two
alternative energy sources (solar and hydro), with a certain daytime and night-time

consumption control.

Given that such a system involves costs too high to be achieved in a doctoral thesis,
and its complexity prevents a precise prediction of actual results, we have separately
addressed each energy system, by means of theoretical calculations (hydroelectric system)

and of practical measurements (photovoltaic system with consumers).

Considering that measurements on all categories of household appliances can only be
carried out by authorized personnel, a simplified approach has been approached by taking the
ideal resistive consumer to test the system's monitoring function. Also, a possible scenario of
production and consumption has been generated, which may be relative to the residents
consumption scheme and depending on the energy generation possibilities of the system at
that time.

The measurements made on the battery bank of the photovoltaic platform, were
focused on: the initial voltage of the bank; the value of the daily input current to the battery
bank and the absorbed current at night by the street lighting systems (BMV system
represents in the CSV file the current absorbed from the bank, with the symbol "-" in front of
the reading); the value of the cyclic charge/discharge state of the battery bank, and of
course, the consumption of street lighting poles, expressed in watts.

For each season, daily measurements were made (day and night) for 7 days in a row,
where depending on the amount of light sensed by the photoelectric sensors of the street
lighting poles, it was automatically allowed by the islanded system, a proportional
consumption from the battery bank. If the bank’s state of discharge has dropped below
30%, the system has automatically reduced the consumption time for the poles.
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The variety of applications where this flexible system can be deployed are countless,
also taking into account the low costs, quick setup and short installation time.

In the current context of global climate change and the accelerated process of
anthropology, both countries governments and major energy sector developers and
producers are still trying to identify the most appropriate solutions for reducing CO2
emissions, making energy consumption more efficient and meeting the demand of energy

consumption through renewable energy sources, that is increasing by each year.

Consequently, at both national and international level, private firms and state
institutions, with the proactive involvement of the academic environment, have launched
numerous programs, projects, initiatives, in conjunction with ideas and scientific
contributions for implementation, for: smart meters in smart cities [135], smart charging
stations for electric vehicles [136], expert monitoring and diagnostics systems based on
artificial intelligence techniques [137], smart control systems for street street lighting
efficiency [138], automatic electromechanical drive systems [139], conditioning systems
for data acquisition [140], integration of renewable sources into buildings [141], and so

on; all this, as a decisive step towards future smart grids of very large size.

At the same time, actions of decentralization of electric energy sources were
initiated, by the isolation of the generating/consuming renewable energy entities
constituted in the form of insular micro-networks, from the classic energy sources with

fossil fuels.

Thus, we are witnessing a paradigm shift in the identification of the electricity
producer and consumer, which resulted in the emergence of a new type of element,
represented by the prosumer who plays a double role: that of the producer and consumer
of electricity. In conclusion, we can say that for the future, the prosumer’s involvement in
the energy production scheme increases the likelihood that the classical systems of
production and distribution of energy, as we know, will undergo major transformations

or even disappear through the process of decentralization.
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Original contributions

In the present paper we have proposed an affordable, cheap and achievable solution
for the compatibility of modern energy equipments in a dwelling or islanded building so
that there is a balanced efficiency between the power generation level and the consumption
level. This could be achieved by developing an electronic monitoring and control system
based on sensors, execution algorithms and data reading, which, combined with two
alternative hybrid energy systems, can prolong the energy autonomy of the dwelling, if

which there is an unexpected consumption at night.

Shortly, the most important original contribution of the presented paper is the
introduction of a new concept of hybridization of two energy entities, by the
compatibilization of its components at both the electrical and logical levels. This concept is
accomplished by the MACHRES system that integrates both hardware and software
components for optimal operation and has the ultimate goal of energy consumption
efficiency in an independent energy building, using a hydroelectric system with a "battery" or

"energy buffer” role.
Below we will enumerate the original contributions of the author:

- Proposing an electronic power monitoring system that matches and controls,
through electrical equipment, an electrical consumer (with a preset operating
time of a large household consumer - washing machine) and two renewable
energy sources in hybrid-islanded configuration: photovoltaic and hydroelectric
(with water storage in the basin), for energy efficiency in a home - CH 3;

- Development and implementation of the real-time data display software (online
server and offline server) and for the management of the hydroelectric system
and household appliance - CH 4;

- ldentification of the needs and opportunities for implementing a hybrid system
with renewable sources — CH 2;

- Making experimental measurements on an electrical consumer and data

acquisition from the islanded photovoltaic system for two seasons — CH 4.

43



Research and development directions

The MACHRES system can be used in multiple applications where there are multiple
renewable energy sources and where it is desirable to minimize and streamline electricity
consumption in an insular regime. Of these possible implementation applications, we list

some of them:

- Isolated households;

- Charging stations for electric vehicles;

- Military bases;

- Campuses or camps;

- Theaters of operation;

- Campaign hospitals;

- Calamity zones;

- Mobile research laboratories;

- Observation and data collection stations;
- Inaccessible or poor areas;

- Holiday houses.

The system can also be configured to work for disabled or unused water towers
from the territory of any country [142] to generate electricity on demand, to the homes in its

vicinity.

By adding electronic sensors modules and by developing a conformable firmware, the
system can be improved to perform the function of a weather station to inform the
prosumer of the conditions outside the dwelling; or may act as a fire and leakage warning

system.

In conclusion, we can say that with the flexibility and modularity of the approached
system, the possibilities regarding the development of automations with 10T applications for

energy efficiency are virtually limitless.

Further development of the system implies both improvements for greater energy
efficiency but also new functions implementations that support the prosumer through the

process of smartification such as:
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Developing a 24-hour power consumption (KWh / day) feature, on the internal
server web page;

Improving the algorithm precision of calculation for the measured values;
Introduction of the wireless control function of all electric consumers using SSR
relays to optimize energy consumption on demand;

Introduction of automatic electrovalve control function for constant flow of
water;

Introducing a monitoring subsistem and iterative approximation of the
electricity supply that the water tower holds, related to the water level at that
time;

Introduction of fire and gas leak detection and prevention function with
acoustic, optical alarm and GSM data transmission system;

Inserting the weather station function, displaying the values recorded on the
internal server web page;

Equipping the water basin with a special outer insulation to be used in the
winter;

Equipping the roof and faces of the water basin with flexible, radial solar panels
for energy and construction efficiency.

45



SCIENTIFIC WORK

Journals:

1. Viorel MIRON-ALEXE, ,Remote Smart Metering For Multiple Utilities”, 2014,
SBEEF, pp.42-47, no.1, vol. 25, ISSN: 1843-6188 (Link:
http://www.buletinfie.ro/ro/numere2014-1/Articol_7.pdf).

2. Viorel MIRON-ALEXE, ,,Remote Energy Sharing”, 2015, SBEEF, pp.21-26, no.2,
vol. 30, ISSN: 1843-6188 (Link: http://buletinfie.ro/ro/numere2015-2/Articol_4.pdf).

3. Nicolae VASILE, Viorel MIRON-ALEXE, Bogdan SALISTEANU, Andrei
NEDELSCHI, Ramona CHIRESCU, Cristian DIVOIU, ,,Systemic analysis strategy in
the renewable energy sources”, 2015, SBEEF, pp.19-23, no.4, vol. 32, ISSN: 1843-
6188 (Link: http://www.buletinfie.ro/en/numere2015-4/Articol_03.pdf).

4. Viorel MIRON-ALEXE, ,,lot Power Consumption Monitoring System For Off-Grid
Households”, 2017, UPSB, pp.13-20, no.2, vol.17, elSSN: 2344-2166 (Link:
http://bulletin.feccupit.ro/archive/pdf/2017_2_2.pdf).

5. Viorel MIRON-ALEXE, Ion VASILE, ,,Mathematical Calculus For Analog Signal
Processing Algorithm Of Sensors Used In Household Power Monitoring System”,
2017, JOSA, pp.853-860, no.4, wvol. 41, ISSN: 1844-9581 (Link:
http://www.icstm.ro/DOCS/josa/josa_2017_4/c_04_Miron.pdf).

6. lon VASILE, Vicentiu VASILE, Viorel MIRON-ALEXE, Emil DIACONU, lon
CACIULA, Horia ANDRE]I, ,,Simulation And Modeling Of Battery Operation Used In
Real-Time Monitoring Equipments Of Vital Human Parameters”, 2017, JOSA,
pp.861-870, no.4, vol. 41, ISSN: 1844-9581 (Link:
http://www.icstm.ro/DOCS/josa/josa_2017_4/c_05_Vasile.pdf).

Proceedings:

1. Viorel MIRON-ALEXE, ,,Comparative Study Regarding Measurements of Different
AC Current Sensors”, International Symposium on Fundamentals of Electrical
Engineering - (ISFEE 2016), IEEE Xplore, 2016, DOI: 10.1109/ISFEE.2016.7803152
(Link: http://ieeexplore.ieee.org/document/7803152/ ).

46



2. Viorel MIRON-ALEXE, Iulian BANCUTA, Nicolaec VASILE, ,,Hydroelectric
Backup System for Off-Grid Households: Hybrid renewable energy sources
management system”, Electronics Computers and Artificial Intelligence - (ECAI
2017), |EEE  Xplore, 2017, DOI: 10.1109/ECAI.2017.8166448  (Link:
http://ieeexplore.ieee.org/document/8166448/).

3. Viorel MIRON-ALEXE, Iulian BANCUTA, Nicolae VASILE, ,,Renewable Energy
Management Using Embedded Smart Systems”, Conference for Sustainable Energy -
(CSE 2017), Springer, 2017, DOI: 10.1007/978-3-319-63215-5 3 (Link:
https://link.springer.com/chapter/10.1007/978-3-319-63215-5_3).

SELECTIVE REFERENCES

[1] Howell, S., Rezgui, Y., Hippolyte, J.-L., Jayan, B., Li, H. ,,Towards The Next Generation Of Smart
Grids: Semantic And Holonic Multiagent Management Of Distributed Energy Resources”, Renewable and
Sustainable Energy Reviews, vol. 77, pp.193-214, 2017.

[7] Strasser T., Andrén F., Merdan M., Prostejovsky A., ,,Review of Trends and Challenges in Smart Grids:
An Automation Point of View”, In: Matik V., Lastra J.L.M., Skobelev P. (eds) Industrial Applications of
Holonic and Multi-Agent Systems. HoloMAS 2013. Lecture Notes in Computer Science, vol 8062. Springer,
Berlin, Heidelberg 2013.

[9] http://ses.jrc.ec.europa.eu/sites/ses.jrc.ec.europa.eu/files/u24/2014/project_maps_28 april_2014.html
[10] https://europa.eu/european-union/topics/energy_ro

[13] https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/2030-energy-strategy

[18] http://romaniansmartcity.ro/

[29] http://www.irena.org

[30] https://www.seforall.org

[31] http://www.worldbank.org

[32] https://data.worldbank.org/indicator/eg.elc.accs.zs

[34] http://datatopics.worldbank.org/sdgatlas/SDG-07-affordable-and-clean-energy.html

[35] http://datatopics.worldbank.org/sdgatlas/images/figures-png/figure7c.png

[37] http://arddzi.minind.ro

[40] http://www.anre.ro/download.php?f=hKh%2Fgg%3D%3D &t=vdeyut7dlcecrLbbvbY%3D

[46] http://www.termo.utcluj.ro/regenerabile/2_1.pdf

[48] http://www.termo.utcluj.ro/regenerabile/2_1 b.pdf

[50] A. Chauhan and R. P. Saini, ,,Renewable energy based power generation for stand-alone applications: A
review”, International Conference on Energy Efficient Technologies for Sustainability, Nagercoil, 2013, pp. 424-
428, 2013.

[51] Glasnovic Zvonimir, Margeta Jure, ,,The features of sustainable Solar Hydroelectric Power Plant”,
Renewable Energy, Elsevier, vol. 34,(no.7, pp. 1742-1751, 2009.

[56] http://www.fapesp.br/pdf/5023/PFPMCG_2702_forbes.pdf

[65] https://www.webopedia.com/TERM/A/APIL.html

[66] https://thingspeak.com

[67] https://despretot.info/api-application-programming-interface/

[68] http://916.icstm.ro

[69] https://www.arduino.cc/en/Main/Software

[75] https://www.arduino.cc/reference/en/language/functions/analog-io/analogread/

[76] http://916.icstm.ro/content/dotari

[77] https://www.autodesk.com/products/eagle/overview

[78] http://www.1pkf.com/products/rapid-pcb-prototyping/circuit-board-plotter/protomat-s103.htm

47



[123] Adascalitei A. Adrian, ,,Teoria circuitelor Electrice”, ed. Performantica, lasi, pp. 387, 2015, ISBN 978-
606-685-301-9.

[125]  http://iwww.ti.com/lit/wp/slyy055/slyy055.pdf

[127] Cazacu E., ,,Bazele Electrotehnicii — Teoria Circuitelor Electrice”, ed. Matrix-Rom, Bucuresti, pp. 308,
2004, ISBN: 973-685-684-4.

[128] Miron-Alexe V, ,Jot Power Consumption Monitoring System For Off-Grid Households”, 2017, UPSB,
pp.13-20, no.2, vol.17, el SSN: 2344-2166.

[133] Miron-Alexe V., Bancuta 1., Vasile N., ,Renewable Energy Management Using Embedded Smart
Systems”, Conference for Sustainable Energy - (CSE 2017), Springer, 2017, DOI: 10.1007/978-3-319-63215-
5_3.

[135] Eremia M., Toma L.,” Catre Orasele Inteligente Ale Viitorului — Smart Cities”, in: ,,Lucrarile celei de-a
VIl-a editii a Conferintei anuale a ASTR” - Buletine AGIR, no. 2048.

[136] M. Clemente, M. P. Fanti, W. Ukovich, ,,Smart Management of Electric Vehicles Charging Operations:
the Vehicle-to-Charging Station Assignment Problem”, in: Proceedings of the 19th World Congress The
International Federation of Automatic Control Cape Town, South Africa. August 24-29, 2014,

[137] Popescu M.O., Popescu C.L., Gheorghe S., Ghita C., ,,Sisteme expert pentru diagnoza echipamentelor
electrice”, Editura Electra, Bucuresti, pp. 124, 2002, ISBN: 9738067685, 9789738067684.

[138] Andrei H., Cepisca C., Dogaru V., Ivanovici T., Stancu L., Andrei P.C., ,,Measurements Analysis of
Advanced System for Reducing the Energy Consumption of Public Street Lighting Systems”, PowerTech IEEE
Bucharest, pp. 684-690, 2009.

[139] Gheorghe M., ,,Sisteme automate de actionare electromecanica”, Editura Universitaria, Craiova, 2004,
ISBN: 973-8043-525-5.

[140] Dogaru-Ulieru V., ,,Overview On Signal Conditioning In Data Acquisition Systems”, 2009, SBEEF,
pp.7-11, no.1, ISSN: 1843-6188.

[141] Olariu, N., Ispas, F., Ivan, A., Let, D., Mantescu, G., Vaduva, E., Olteanu, L., ,,Testing results of the
first Romanian BIPV application”, in: 19th European Photovoltaic Solar Energy Conference and Exhibition,
France, 2004, ISBN 3-936338-14-0.

[142] Roshan Varghese Rajan, K. Suresh, Sanu Ipe, Arjun K. Kurup, Aby M. George, ,,Pico-Hydro Electric
Power Generation from Residential Water Tank”, in: Int. J. Chem. Sci.: vol. 14, no. 1, pp. 421-426, 2016.

48



o
—

europass

Curriculum vitae
Europass

Personal Information
Surname / Name
Address

Telephone

E-mail

Nationality
Birth Date
Gender

Occupational domain

Experienta profesionala

Period
Occupation
Main activities and responsibilities

Employer name and address

Activity domain
Education

Period
Qualifications / diplomas

Main disciplines / acquired professional
skills

Name and type of education institution
[ training provider

MIRON-ALEXE Viorel
Str. Avram lancu, Bl 26, Sc C, Ap 51, cod postal 130066
Mobile: +40 722275588

alexev84@yahoo.com  viorel.miron.alexe@gmail.com

Romanian
19 ianuarie 1984
Masculine

Research assistant

R.a. since 2014 - till prezent
Research assistant

Scientific research, dissemination in specialized publications and conferences / seminars, participation
in research projects (national and international) carried out within the "Valahia" University of Targoviste
-ICSTM

Valahia University of Targoviste - Multidisciplinary Scientific and Technological Research Institute
Aleea Sinaia, Nr. 13, Targoviste, jud. Dambovita, Romé&nia — postal code 130004

Research
2012-2018 2008-2009 2003-2008/2010-2013
PhDs Master's degree Bachelor's degree

Electrical Engineering /
Engineering Sciences

Applied electronics, logic
circuits, electronic circuits

Applied electronics, special mathematics,
power circuits, electronic circuits

simulations simulations
Economics
PhD Master Faculty
Specialization; "Electrical ~ Specialization: "Modern Specialization: "Applied Electronics"
Engineering" Telecommunication Specialization: "Management" (DL)

Systems, Processing and
Transmission of Information"

"Doctoral School for
Engineering Sciences" -
"Valahia" University of
Targoviste

“Valahia" University of
Targoviste - "Faculty of
Electrical Engineering"

"Valahia" University of Targoviste -
"Faculty of Electrical Engineering"
"Valahia" University of Targoviste -
"Faculty of Economics"



Personal skills and
competences

Native language

Foreign languages
Self-assessment
European level (*)

English language

German language

Social skills and competences

Organisational skills and
competences

Technical skills and competences

Computer skills and competences

Skills and merits at work - ICSTM

Romanian

English, german

comprehension speech writing
Listening Reading Conversation Oral speech Writing level

C2| Independentuser | C2| Independentuser | C2 Independentuser | C2| Independentuser | C2| Independent user

A1 Basic user A1 Basic user A1 Basic user A1 Basic user A1 Basic user

Team spirit, open to feedback.

Managerial and organizational skills, structured thinking, vision, generation of ideas and solutions.

Knowledge in electrical engineering and CAD: SMD / TH electronic components, development of
printed wiring and electronic circuits, microcontrollers and automation, sensors (alanogic / digital) and
sensor development, intelligent applications, laboratory measurements, electronic products evaluation,
retro-engineering , embedded / open-source platforms, Proteus, EagleCad, CircuitPro, Matlab, Arduino
& Shields, Multisim, AVR programming, monitoring systems and energy efficiency, renewable energy
systems, electronic consumer products development, stereolithography / 3D printing, loT.

Knowledge of computer operating under Windows / Linux, Office, programming and hardware /
software, IT & C configurations.

- participation in ICTSM equipment training:

September. 2014-Training "Oriental Instruments Ige-200" Quantum Efficiency Characterization
System, UVT-ICSTM (PV Training)

September. 2014-Training "Laboratory-Oscillator, Multitest, Clampmeter, Form Gender, Power
Analysis, Soldering Station", UVT-ICSTM (PV Training)

September. 2014-Training "Cartel System for Oriel Sol3a solar photovoltaic modules and cells / solar
simulator", UVT-ICSTM (PV training)

October. 2014-Training "Fluke Ti400 Thermal Imaging Camera", UVT-ICSTM (PV Training)
September. 2015-Training "Spin-On Spinning Apparatus"”, UVT-ICSTM (PV Training)

February. 2015-Training "Stereolithography installation (Sla)", UVT-ICSTM (PV training)

February. 2015-Training "LPKF Printed Wire Prototyping Line S", UVT-ICSTM (PV Training)
September. 2015-Training "Wire-bonding Welding Apparatus", UVT-ICSTM (PV Training)

-the quality of organizer and participant with articles at national conferences organized by ICSTM-
DCEM:

2015 - Organizer conf. CNSNRE UVT-ICSTM, 29-30 October 2015, hitp://cnsnre2015.valahia.ro
2016 - Organizer conf. CNSNRE UVT-ICSTM, 20-22 October 2016, http://cnsnre2016.valahia.ro
2017 - Organizer conf. CNSNRE UVT-ICSTM, 23-24 November 2017, http://cnsnre2017 .valahia.ro
- Project member quality from 2014 to 2017: "Prototypes of autonomous robotic systems for medical /
social assistance and servicing of manufacturing processes in metalurgy, ceramics, glass and
automotive - Prorobsis - PN-II-PT-PCCA-2013- 4-0686 ".

-Diseminating scientific results in conferences and journals, with the participation of articles.

- multidisciplinary collaboration for the development of new products and ideas.

- certificate of participation at the RENAR conference - April 28, 2015 Valahia - Targoviste
"Considerations regarding the requirements of national, European and international regulations
regarding accreditation, metrology, notification for laboratories (tests, calibration, medical analyzes),
inspection and certification bodies ".

- various diplomas for participation in specialized conferences.




Other skills and competences = Trainer's Degree in Electrical Engineering.
Internet Administrator diploma.
CCNA diploma.
Articles and conferences:
Publications in specialized journals (BDI + ISl):
1. Viorel MIRON-ALEXE, ,Remote Smart Metering For Multiple Utilities”, 2014, SBEEF, pp.42-47,
no.1, vol. 25, ISSN: 1843-6188 (Link: http://www.buletinfie.ro/ro/numere2014-1/Articol _7.pdf).
2. Viorel MIRON-ALEXE, ,Remote Energy Sharing”, 2015, SBEEF, pp.21-26, no.2, vol. 30, ISSN:
1843-6188 (Link: http://buletinfie.ro/ro/numere2015-2/Articol_4.pdf).
3. Nicolae VASILE, Viorel MIRON-ALEXE, Bogdan SALISTEANU, Andrei NEDELSCHI, Ramona
CHIRESCU, Cristian DIVOIU, ,Systemic analysis strategy in the renewable energy sources”, 2015,
SBEEF, pp.19-23, no.4, vol. 32, ISSN: 1843-6188 (Link: http://www.buletinfie.ro/en/numere2015-
4/Articol_03.pdf).
4. Viorel MIRON-ALEXE, ,lot Power Consumption Monitoring System For Off-Grid Households”,
2017, UPSB, pp.13-20, no.2, vol.17, elSSN: 2344-2166 (Link:
http://bulletin.feccupit.ro/archive/pdf/2017_2_2.pdf).
5. Viorel MIRON-ALEXE, lon VASILE, ,Mathematical Calculus For Analog Signal Processing
Algorithm Of Sensors Used In Household Power Monitoring System”, 2017, JOSA, pp.853-860, no.4,
vol. 41, ISSN: 1844-9581 (Link: http://www.icstm.ro/DOCS/josal/josa_2017_4/c_04_Miron.pdf).
6. lon VASILE, Vicentiu VASILE, Viorel MIRON-ALEXE, Emil DIACONU, lon CACIULA, Horia
ANDREI, ,Simulation And Modeling Of Battery Operation Used In Real-Time Monitoring Equipments
Of Vital Human Parameters”, 2017, JOSA, pp.861-870, no.4, vol. 41, ISSN: 1844-9581 (Link:
http://www.icstm.ro/DOCS/josaljosa_2017_4/c_05_Vasile.pdf).
Publications in specialized conferences (BDI + ISI proceedings):
1. Viorel MIRON-ALEXE, ,Comparative Study Regarding Measurements of Different AC Current
Sensors”, International Symposium on Fundamentals of Electrical Engineering - (ISFEE 2016), IEEE
Xplore, 2016, DOI: 10.1109/ISFEE.2016.7803152 (Link: http://ieeexplore.ieee.org/document/7803152/

).

2. Viorel MIRON-ALEXE, lulian BANCUTA, Nicolae VASILE, ,Hydroelectric Backup System for Off-
Grid Households: Hybrid renewable energy sources management system”, Electronics Computers and
Artificial Intelligence - (ECAI 2017), IEEE Xplore, 2017, DOI: 10.1109/ECAI.2017.8166448 (Link:
http://ieeexplore.ieee.org/document/8166448/).

3. Viorel MIRON-ALEXE, lulian BANCUTA, Nicolae VASILE, ,Renewable Energy Management Using
Embedded Smart Systems”, Conference for Sustainable Energy - (CSE 2017), Springer, 2017, DOI:
10.1007/978-3-319-63215-5_3 (Link: https://link.springer.com/chapter/10.1007/978-3-319-63215-5_3).



		2018-07-18T09:59:33+0300
	COLTUC DINU




