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Capitolul 1. Introducere

In prezent capacitatea totald instalati a centralelor electrice conventionale din
Europa este de aproximativ 500 GW, din care aproximativ 20% o reprezintd
centralele de cogenerare. Potrivit Eurostat, capacitatea totald instalata a centralelelor
de cogenerare din UE a cerescut de la 102 GW in 2005 la 109 GW 1n 2012 [1].
Figura 1 prezintd evolutia capacitatii instalate a centralelor de cogenerare in UE28

din 2008.
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Figura 1.1- Evolutia capacitatii electrice instalate a centralelor de cogenerare pe

fiecare tara 2008-2012 ( sursa: Eurostat)

In strategia energetica a Romaniei 2016-2030, a patra arie centrala de interventie
strategica este dezvoltarea cogenerarii de inalta eficientd, in paralel cu modernizarea
sistemelor de alimentare centralizatd cu agent termic (SACET) care, in Romaénia, are
potential ridicat. Strategia promoveaza planificarea integrata la nivel local a
capacitatii de cogenerare de Inaltd eficientd, a modernizarii retelei de distributie si a

programelor de izolare termica.



Inlocuirea vechilor centrale termoelectrice in cogenerare cu unele noi este in
desfasurare si va continua in urmatorii 10 ani, in special in orasele cu o pondere
ridicatd a apartamentelor conectate la SACET. Majoritatea capacitatilor in
cogenerare existente functioneazd pe baza de gaz natural, insa noile capacitati vor
utiliza In tot mai mare masurad biomasa, biogazul si energia geotermald, inclusive

prin deschiderea pietei pentru actori noi.



Capitolul 2. Descrierea functionarii centralei de cogenerare

Pentru realizarea prezentei teze de doctorat am considerat a fi oportund
colectarea de date tehnice (privind echipamentele de producere a energiei, materia
prima necesara si energia produsd) de la prima si totodatd cea mai mare unitate de
producere a energiei In cogenerare ce functioneaza pe baza de biomasa din Romania.

Investitia este denumita ,,Centrald pentru producere prin cogenerare, de energie
electrica si termica din biogaz cu capacitatea de: energie electrica 2,974 MWe/400V,
energie termicd 2,944 MWt din Comuna Moara, sat Vornicenii Mici, Judetul
Suceava", insd, pentru facilitarea exprimadrii, transpunerii unui cadru facil de
informatii in documentatie cat si a evitarii supraincarcarii tezei prin utilizarea intregii
denumiri a proiectului, in cadrul prezentei lucriri, vom utiliza sintagma ,,centrala
Moara”.

Proiectul a fost initiat si dezvoltat de compania TEB Project One, avand ca
actionar majoritar TEB Energy Business SA si a fost preluat in anul 2019 de S.C.
ECOTERRA BIOGAZ SRL. Valoarea totald a invstitiei s-a ridicat la aproximativ
6 300 000 Euro.

Pentru desfasurarea activitatii, sunt prevazute 4 posturi pentru operatorii de
statie de biogaz, care au ca principale atributii:

e  Supravegherea procesului de fermentare,

e Alimentarea cu deseuri solide si lichide a fermenatoarelor;

e Supravegherea instalatiilor prin intermediul softului de automatizare din
punctul de control;

e Activitditi minime de interventie si control pentru punctele cheie de
verificare ale statiei.
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Figura 2.1 — Organigrama centralei de cogenerare Moara

Mentenanta instalatiilor si service-ul sunt asigurate prin intermediul
contractorilor autorizati in sensul desfasurarii serviciilor solicitate de cétre
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beneficiarul Ecoterra Biogaz SRL, in temeiul asigurarii unei bune stari tehnice,
optice si pentru evitarea producerii unui impact asupra mediului, de orice natura, de
orice fel, In contextul functionarii continue centralei.

2.1 Prezentarea activitatii

Activitatea principald desfasuratd de societatea studiatd, din Vornicenii Mici,
judetul Suceava, este cea inclusa sub umbrela codului CAEN 3511-Productia de
energie electrica [2] si mai exact se defineste ca fiind transpusd in producerea de
biogaz prin fermentare anaerobd si utilizarea acestuia ca si combustibil pentru
alimentarea unei centrale de cogenerare pentru producerea de energie termica si
electrica.

Principalele procese tehnologice care au loc in cazul amplasamentului statiei de
biogaz Vornicenii Mici, sunt materializate astfel:

e Achizitionarea, depozitarea si pregatirea materiei prime utilizata in
activitatea principala de producere a biogazului in scopul productiei de energie in
cogenerare;

e Producerea biogazului, In urma activitatii de fermentare anaerobe a
materialului organic;

e Procesarea prin utilizarea biogazului ca si combustibil In cadrul grupurilor
de cogenerare, special concepute si adaptate in vederea productiei de energie
electricasi energie termica.

2.2 Descrierea fluxului tehnologic

Actuala tehnologie implementatd in cadrul instalatiei de biogaz de la Vornicenii
Mici este integral bazatd pe procesul de fermentare anaeroba, umeda si care se
desfasoard in doua etape. Astfel sistemul de fermentare functioneaza pe baza de
biomasa lichida a cédrui continut are in compozitie si aproximativ 10% substante
solide [4].

Dupa completarea procesului de fermentare anaerobd a materiilor prime
introduse in cadrul Fermentatoarelor este planificat ca reziduul rezultat, si anume
Digestatul, sd poata fi folosit ca si fertilizator ce poate fi directionat prin actiuni
controlate pe terenurile agricole din zona.

Biogazul rezultat si colectat in cadrul balonului de biogaz va fi utilizat ca si
combustibil in Centrala de Cogenerare, care va asigura productia de energie
electricasi termica.



Bioprodusul rezultat sub forma de fertilizant sau digestatul este stocat in cele
doud lagune antropice, dotate cu biomembrana inferioara si superioard amplasate in
vecinatatea instalatiei de biogaz, de unde la momentul legal si prielnic d.p.d.v.d.
agricol, digestatul sub forma semi-lichidd cu densitate specifica este transportat cu
cisterne special dedicate imprastierii fertilizantului agricol lichid si distribuit printr-o
tehnologie de ,,spray-ere” pe campurile agricole ce vor fi biofertilizate natural.

Pentru a fi procesate In cadrul fermentatoarelor codificate F1 si respectiv F2
deseurile de naturd organica, materiile prime de tip siloz, elementele vegetale etc.
sunt controlate atent pentru a fi evitate compozitiile inhibatoare, care pot conferi un
proces lent de fermentare, dupa care sunt maruntite mecanic (in cadrul unei instalatii
dotate cu valturi de frezare cu elemente elicoidale si dinti concasori) si apoi sunt
introduse in amestecul suport pentru fermentatie.

2.3 Componenta Centralei de Cogenerare
Centrala de cogenerare pe baza de biomasa este formata din (Figura 2.2) [5]:

1. Fermentatorul F1;

2. Fermentatorul F2;

3. PostFermentatorul F3(N1);

4. Spatiul construit pentru depozitarea materiilor prime ( Siloz porumb) spatii
pentru pastrarea ecologicad a digestatului (biocompostul lichid) rezultat in urma
procesului de fermentare anaeroba;

5. Alimentatoarele cu materie prima necesara procesului de fermentare;

6. Cladirea tehnicd Zl(de tip container metalic) in care sunt amplasate:
pompele, distribuitoarele, sistemele de armare pentru circuitele principale: circuitul
biomasei/substratului de fermentare;

7. Circuitul digestatului (fertilizantului) rezultat in urma procesului de
fermentare;

8.  Circuitul apei tehnologice;

9. Circuitul agentului termic pentru incélzirea fermentatoarelor;

10. Circuitul de aer sub presiune;

11. Rezervorul extern de colectare a biogazului (dotat cu membrana flexibila de
tip cupola)

12. Statia de separare a apelor tehnologice;

13. Bazinul subteran realizat din beton armat, pentru materialele lichide,
codificat V1;



14. Arzatorul, dotat cu flacara de siguranta,
15. Instalatia de condensare si racire a biogazului produs;
16. Centrala de productie energie electrica si energie termica din biogaz (CHP),
formata din:
a. Cladirea motoarelor ;
Motoarele de cogenerare cu ardere interna si generatorul de electricitate ;
Sistemul de racire si de recuperare a agentului termic;
Sistemul de ventilatie ;
Sistemul de Evacuare a gazelor arse;
Postul Trafo, instalatia de joasa si medie tensiune;
Camera de comanda.
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Figura 2.2—-Componenta Centralei de Cogenerare

2.4 Centrala de productie energie electrica si energie termica din biogaz

Centrala de productie Energie Electrica si Energie Termicad din Biogaz (CHP),
este formata din:

e (Cladirea motoarelor;

e  Motoarele de cogenerare cu ardere interna si generatorul de electricitate;
e Sistemul de racire si de recuperare a agentului termic;

e Sistemul de ventilatie ;

e Sistemul de evacuare a gazelor arse;



e Postul trafo, instalatia de joasa si medie tensiune;

Centrala de cogenerare este organizatd In mod unitar, In flux tehnologic
compact, in care toate etapele procesului sunt organizate in constructii specifice.

24.1 Motoarele de cogenerare cu ardere internd si generatorul de
electricitate

Figura 2.3—Vedere din camera motoarelor de cogenerare
Caracteristicile motoarelor de cogenerare (Figura 2.3) [6]:

e Denumirea motorului — JMS420 GS-B25;

e Puterea electrica instalatd la bornele generatorului = 1527kW;

e Puterea electrica scoasa la bornele genaratorului = 1487 kW;

e Randamentul electric ne= 42,2 %;

e Puterea energiei termice colectatd = 1472 kWth;

e Randamentul termic ng= 41,7 %;

e Randamentul total 1,,=83,9%;

e Viteza de rotatie = 1500 rot/min;

e Tensiunea 0,4 kV, frecventa S0Hz;

e  Temperatura gazelor arse la iesirea din motor=424° C;

e Temperatura gazelor arse la iesirea din racitor= 180° C;

e Consum mediu de putere calorifica Pci=3800 Kcal/Nm3=784Nm’/h;
e QGreutatea cu echipament G=16tone, respective 17 tone cu fluide in motor;
e Nr. de cilindrii: 20, dispusi in “V”;

e Dimensiuni gabaritice: (LxIxh)=7,1x1,8x2,2 (m)



Capitolul 3. Parametrii centralei in cogenerare si

performantele ei

3.1. Parametrii electrici ai centralei

Centrala de cogenerare ,,Moara” echipatd cu doud motoare de cogenerare de tip
Jenbacher — JMS 420, produce energie electrica si termica in cogenerare, utilizand
drept combustibil biogazul produs prin fermentarea anaerobd a biomasei, In trei
digestoare.

Parametrii de functionare ai centralei de cogenerare sunt de 1nalta eficientd dar
nu putem vorbi despre aceasta, deoarece energia termica produsd de motoarele de
cogenerare este utilizatd in proportie mai mica de 10%, doar in statia de producere a
biogazului, pentru asigurarea temperaturii optime in digestoarele de fermentare a
biomasei.

Biomasa utilizatda este de mai multe tipuri: culturi energetice — porumb siloz si
diverse tipuri de deseuri obtinute din prelucrarea deseurilor provenite din agricultura
si industriile conexe.

Din motive tehnico-economice s-a optat pentru functionarea motoarelor de
cogenerare 1n orele de varf, 16 ore pe zi, intre orele 7,00 -23,00, deoarece in
conditiile actuale ale pietei de energiei pretul energiei electrice pe timpul noptii este
mai mic decat costul materiei prime, deci nu este justificatd functionarea motoarelor
termice pe timpul noptii.

Statia de producere a biogazului functioneaza non-stop, biogazul produs in
timpul noptii fiind depozitat intr-un rezervor, urmand ca in timpul zilei sd fie
consumat impreuna cu productia de biogaz de pe timpul zilei din fermentatoare.

Intrgul proces tehnologic este automatizat si monitorizat on-line — atat
functionarea centralei de cogenerare cat si functionarea statiei de biogaz, putand fi
controlate si comandate atat din centrala cat si de la distanta.

Functionarea motoarelor de cogenerare este permanent monitorizatd, controlata
si coordonatd de sistemul de comanda si control automatizat, "DIANE" [7].
Parametrii de functionare masurati si inregistati de sistemul de achizitie de date sunt:

a) Functionarea motoarelor de cogenerare (pentru fiecare motor in parte)
- Productia de energie electric;

- Productia de energie termica;

- Consumul de biogaz;

- Orele de functionare zilnice.
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b) Consumul intern de energie electrica (al centralei de cogenerare si al statiei
de producere a biogazului);

¢) Energia electricd furnizata in SEN;

d) Energia electricda achizitionatd din SEN pe timpul noptii necesard
functionarii statiei de biogaz;

e) Cosumul de energie termica al statiei de biogaz.

f) Functionarea statiei de biogaz:

- Cantitatea de biomasd Incdrcatd zilnic in buncdrele care alimenteaza
fermentatoarele, pe tipuri de biomasa utilizate;

- Continutul procentual de biogaz din fiecare fermentator;

- Continutul de sulf al biogazului.

3.2. Performantele centralei pe cogenerare. Achizitii de date

Frecventa datelor colectate in programul de monitorizare este la 8 ore. Ca
urmare a volumului de date colectate, in lucrare au fost prezentate valorile lunare ale
acestor date, masurate si/sau calculate.

Totalitatea datelor colectate si analizate de la Centrala de Cogenerare pe baza de
biomasa sunt prezentate in Anexa 3.

Datele aferente productiei de energie electrica pentru cei trei ani luati in
considerare si analizati (2016, 2017, 2018), pentru fiecare motor in parte, sunt
prezentate in Tabelul 3.1.

Tabelul 3.1 — Productia de energie electricd a motoarelor de cogenerare

Total energie

electrica

M1 Energie electrici M2 Energie electrica produsi

An Luna Produs P med Produs P med M1 +M2

[MWh] [MW] [MWh] [MW] [MWh]
2016 ian 734.961 1.485 736.071 1.478 1471.032
2016 feb 696.007 1.487 682.986 1.482 1378.994
2016 mar 750.807 1.487 453.007 1.466 1203.814
2016 apr 628.908 1.487 122.722 1.461 751.63
2016 mai 349.987 1.471 612.849 1.48 962.836
2016 iun 196.399 1.466 699.363 1.475 895.762
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2016 iul 532.594 1.479 667.69 1.471 1200.284
2016 aug 721.35 1.484 678.994 1.47 1400.344
2016 sep 427.328 1.468 838.983 1.48 1266.311
2016 oct 718.801 1.47 736.28 1.476 1455.081
2016 noi 702.145 1.469 712.271 1.478 1414.416
2016 dec 745.525 1.473 746.165 1.475 1491.69
2016 2%?6 7,204.81 1.479 7,687.38 1.48 14,892.19
2017 ian 749.866 1.473 739.372 1.473 1489.238
2017 feb 678.774 1.472 608.95 1.471 1287.723
2017 mar 691.823 1.466 716.885 1.475 1408.708
2017 apr 683.05 1.469 688.813 1.469 1371.862
2017 mai 694.62 1.469 738.457 1.477 1433.077
2017 iun 570.878 1.464 386.176 1.457 957.054
2017 iul 48.909 1.482 609.541 1.472 658.45
2017 aug 639.897 1.464 454.999 1.468 1094.896
2017 sep 740.737 1.473 658.943 1.458 1399.68
2017 oct 742.844 1.474 724.487 1.476 1467.331
2017 noi 714.866 1.48 721.495 1.491 1436.361
2017 dec 748.58 1.488 714.644 1.489 1463.224
2017 213;17 7,704.84 1.472 7,763 1.474 15,468
2018 ian 703.564 1.487 684.2 1.487 1387.764
2018 feb 628.825 1.487 623.216 1.487 1252.041
2018 mar 702.837 1.483 687.578 1.485 1390.415
2018 apr 703.25 1.484 299.083 1.473 1002.334
2018 mai 710.119 1.486 612.257 1.479 1322.376
2018 iun 673.221 1.483 547.786 1.477 1221.006
2018 iul 554.827 1.48 474.582 1.469 1029.409
2018 aug 185.811 1.475 918.962 1.492 1104.773
2018 sep 688.534 1.484 540.521 1.485 1229.055
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2018 oct 631.862 1.483 637.278 1.485 1269.14
2018 noi 647.367 1.488 573.575 1.463 1220.942
2018 dec 772417 1.488 396.63 1.48 1169.047
2018 213;18 7,602.64 1.485 6,995.67 1.482 14,598.30

Din analiza datelor prezentate referiotare la productiile de energie electrica ale
celor doua motore de cogenerare rezultd ca puterile electrice medii anuale realizate,
fata de puterea electricd nominala a motoarelor de 1,487 MW, au fost:

- 2016 — 1,479 MW, reprezentind 99,46 % fatd de puterea electrica
nominala;

- 2017 -1,472 MW, reprezentind 98,99 % fata de puterea electricd nominald;

- 2018 —1,485 MW, reprezentind 99,86 % fatd de puterea electrica nominala;

In Tabelul 3.2 se regisesc valorile pentru energia electrici produsi, energia
electrica consumata din retea pe timp de noapte, consumul tehnologic al centralei
(statie de biogaz si centrald de cogenerare), pierderile in retea si energia electrica
livratd in SEN.

Tabelul 3.2 - Energia electrica produsa, consumata si livrata in SEN

Total Energieelectrica Total . . Energl%
< 1 Pierderi electrica
A L produs consumati din consum retea livratsin
n una M1 +m2 SEN statie :
’ SEN
MWh MWh cons MWh MWh MWh
noapte
2016 | ian 1471.032 20.344 84.742 25.770 | 1,380.864
2016 | feb 1378.994 17.504 77.454 23.192 | 1,295.852
2016 | mar 1203.814 15.436 71.756 20.830 | 1,126.664
2016 | apr 751.630 13.292 59.026 13.584 | 692.312
2016 | mai 962.836 12.748 64.825 13.103 | 897.656
2016 | iun 895.762 11.992 61.999 10.147 | 835.608
2016 | iul 1200.284 13.528 79.301 14.387 | 1,120.124
2016 | aug 1400.344 12.796 82.856 17.100 | 1,313.184
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2016 | sep 1266.311 7.392 72.377 11.546 | 1,189.780
2016 | oct 1455.081 12.504 78.049 15.360 | 1,374.176
2016 | noi 1414.416 15.348 79.081 16.591 | 1,334.092
2016 | dec 1491.690 19.300 88.520 18.721 | 1,403.748
2016 1;(;116 14,892.194 172.18 899.987 200.33 | 13,964.060
2017 | ian 1489.238 19.432 85.403 19.956 | 1,403.312
2017 | feb 1287.723 15.992 74.401 15.314 | 1,214.000
2017 | mar 1408.708 16.764 79.126 13.482 | 1,332.864
2017 | apr 1371.862 12.368 71.314 13.589 | 1,299.328
2017 | mai 1433.077 12.140 81.440 11.016 | 1,352.760
2017 | iun 957.054 12.924 66.772 | 6.731 896.476
2017 | iul 658.450 14.052 54.614 | 4.567 613.320
2017 | aug 1094.896 14.552 77.554 | 7.874 1,024.020
2017 | sep 1399.680 11.564 82.888 12.676 | 1,315.680
2017 | oct 1467.331 12.856 83.375 14.624 | 1,382.188
2017 | noi 1436.361 13.900 82.052 17.580 | 1,350.628
2017 | dec 1463.224 17.224 87.518 19.346 | 1,373.584
2017 1;(;117 15,468 173.77 926.456 | 157 14,558.16
2018 | ian 1387.764 20.056 87.605 19.039 | 1,301.176
2018 | feb 1252.041 20.536 79.804 17.597 | 1,175.176
2018 | mar 1390.415 19.728 83.414 17.661 | 1,309.068
2018 | apr 1002.334 12.480 65.693 | 9.153 939.968
?g mai 1322.376 11.688 75.013 10.519 | 1,248.532
?g iun 1221.006 12.192 73.315 | 9.431 1,150.452
?g iul 1029.409 14.716 69.491 | 7.890 966.7440
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20

18 | aug 1104.773 3.560 71.262 | 6.607 1,030.4640
20

18 | sep 1229.055 12.476 78.650 12.401 | 1,150.4800
20

18 | oct 1269.140 11.144 74.006 13.042 | 1,193.236
20

18 | noi 1220.942 13.980 73.342 16.253 1145.328
20

18 | dec 1169.047 13.944 73.601 16.178 | 1,093.212
20 | An

18 | 2018 14,598.30 166.50 905.20 | 156 13,703.84

Energia electricd este produsd de motoarele de cogenerare pe timpul zilei,
intre orele 7,00 — 23,00. Aceasta este utilizata pentru a asigura necesarul de energie
electrica — consumul tehnologic — atat pentru centrala de cogenerare cat si pentru
statia de producere a biogazului. Diferenta este livratda in SEN. In timpul noptii
consumul de energie electricd al statiei de biogaz este asigurat din SEN. Pierderile in
retea se referd la pierderile din reteaua electrica (linie electrica in cablu), din statia de
cogenerare pani in punctul de racordare la SEN , avand o lungime de 1200 m. in
punctul de racord la SEN se afld si aparatul de masura utilizat pentru masurarea si
decontarea energiei electrice.

Asa cum am mentionat si In capitolul 2, statia de biogaz a centralei de
cogenerare functioneaza continuu 365 zile/an, procesul de fermenatie putand fi oprit
doar in conditii exceptionale si pentru perioade scurte de timp. Ca materie prima
pentru producerea biogazului in centrala analizata au fost folosite dejectii animaliere,
diverse tipuri de culturi energetice sau deseuri din prelucrarea produselor alimentare
(teitei sfecla de zahar). Conducerea centralei a considerat oportun intr-o prima etapa,
folosirea porumbului forajer, secarei si a taiteilor de sfecla de zahar, aceste materii
prime fiind, 1n acest caz, mai usor de procurat si manipulat. Cantitatea de biomasa
achizitionata este masuratd cu ajutorul cantarelor industriale la intrarea in statia de
biogaz [8], iar materia primad utilizatd zilnic este cantaritd de catre cantarele
electronice montate pe benzile de alimentare ale buncarelelor de alimentare ale
fermentatoarelor.

La achizitia materiei prime necesare pentru producerea biogazului se efectueaza
analize pentru determinarea puterii calorice a fiecarui tip de combustibil [9-11].
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Tabelul 3.3 — Materia prima folosita si puterea calorifica aferenta acesteia

Energia continuti in materia

Materie prima Putere calorifici prima

porumb tiitei Total porumb tiitei porumb taitei Total
An L:ll [t] [t] [t] [MWh/t] | [MWh/t] [MWh] [MWh] [MWh]
2016 | Ian 4,138.74 0 | 4,138.74 1.672 0.211 | 6,919.97 0 | 6,919.97
2016 | Feb 4562.43 0 ] 4,562.43 1.672 0.211 | 7,628.38 0 | 7,628.38
2016 | Mar 1945.87 | 1334.52 | 3,280.40 1.672 0.211 | 3,253.50 281.58 | 3,535.09
2016 | Apr 1124.15 895.98 | 2,020.13 1.672 0.211 | 1,879.58 189.05 | 2,068.63
2016 | Mai 1089.33 | 1201.14 | 2,290.47 1.672 0.211 | 1,821.36 253.44 | 2,074.80
2016 | Iun 2194.35 0 ] 2,194.36 1.672 0.211 | 3,668.97 0 | 3,668.97
2016 | Iul 3282.34 0 | 3,282.34 1.672 0.211 | 5,488.07 0 | 5,488.07
2016 | Aug 4,441.00 0 | 4,441.00 1.672 0.211 | 7,425.35 0 | 7,425.35
2016 | Sept 3802.33 0 ] 3,802.33 2.868 0.0802 | 10,904.92 0 | 10,904.92
2016 | Oct 3661.48 433.73 | 4,095.21 2.868 0.0802 | 10,500.97 34.80 | 10,535.78
2016 | Noi 3597.09 | 1015.54 | 4,612.64 2.868 0.0802 | 10,316.32 81.494 | 10,397.81
2016 | Dec 3547.62 | 1099.37 | 4,647.00 2.868 | 0.2573 10,174.44 282.83 | 10,457.28
2016 2131‘16 37386.75 | 5980.28 | 43367.05 24.848 2.1859 79981.83 1123.20 81105.05
2017 | Ian 3269 470.85 | 3,739.85 2.868 0.435 | 9,375.35 204.81 | 9,580.17
2017 | Feb 2843.26 673.33 | 3,516.59 2.868 0.435 | 8,154.36 292.89 | 8,447.26
2017 | Mar 2705.54 | 1121.24 | 3,826.79 2.868 0.435 | 7,759.40 487.74 | 8,247.14
2017 | Apr 2586.80 | 1185.93 | 3,772.74 2.868 0.435 | 7,418.85 515.88 | 7,934.73
2017 | Mai 2515.25 | 1265.61 | 3,780.87 0.883 0.144 | 2,220.97 182.24 | 2,403.22
2017 | Iun 1853.22 | 673.985 | 2,527.21 0.883 0.144 | 1,636.39 97.05 | 1,733.45
2017 | Iul 1811.36 | 519.096 | 2,330.46 0.883 0.144 | 1,599.43 74.74 | 1,674.18
2017 | Aug 3497.95 0 | 3,497.96 0.883 0.144 | 3,088.70 0 | 3,088.70
2017 | Sept 3631.89 0 ] 3,631.89 1.668 0 | 6,058.00 0 | 6,058.00
2017 | Oct 2877.95 | 1334.73 | 4,212.69 1.633 0.094 | 4,700.97 125.73 | 4,826.71
2017 | Noi 3146.38 | 1195.62 | 4,342.00 2.104 0.094 | 6,619.98 112.38 | 6,732.37
2017 | Dec 3239.51 1242.85 | 4,482.37 2.107 0.094 | 6,825.65 116.82 | 6,942.48
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2017 21(?1‘17 33978.15 | 9683.26 | 43661.42 22.516 2.598 65458.05 2210.34 67668.41
2018 | Jan 3186.92 | 1169.84 | 4,356.76 2.107 0.094 | 6,715.98 109.96 | 6,825.95
2018 | Feb 3905.04 56.954 | 3,962.00 2.107 0.094 | 8,229.33 5.35 | 8,234.68
2018 | Mar 4289.25 0 | 4,289.25 2.107 0 | 9,038.98 0 | 9,038.98
2018 | Apr 2861.96 0 ] 2,861.96 2.107 0 | 6,031.17 0 | 6,031.17
2018 | Mai 3399.17 1103.8 | 4,502.97 3.232 0.099 | 10,986.12 109.27 | 11,095.40
2018 | Tun 2437.93 | 1889.98 | 4,327.91 3.232 0.099 | 7,879.39 187.10 | 8,066.50
2018 | Tul 2593.18 0 | 2,593.19 3.232 0 | 8381.18 0 | 8381.18
2018 | Aug 1862.05 0 ] 1,862.06 3.232 0 | 6,018.16 0 | 6,018.16
2018 | Sept 1860.34 0 ] 1,860.35 1.05 0 | 1,953.24 0 | 1,953.24
2018 | Oct 1726.59 467.2 | 2,193.79 2.536 | 0.451 4,378.63 210.82 | 4,589.45
2018 | Noi 1533.48 | 1355.12 | 2,888.60 2.536 | 0.451 3,888.91 611.48 | 4,500.40
2018 | Dec 1558.60 | 1152.62 | 2,711.23 2.536 | 0.451 3,952.63 520.11 | 4,472.74
2018 21(}1118 31214.55 | 7195.52 | 38410.07 30.014 1.739 77453.72 1754.12 79207.85
Tabelul 3.4. — Consumul de biogaz
M1 m2 Total
An Luna Consum Consum Consum
mii Nmc MWh mii Nmc MWh mii Nmc MWh
2016 ian 349.86 1805 358.29 1849 708.14 3654
2016 feb 336.72 1737 335.69 1732 672.41 3470
2016 mar 361.01 1863 223.28 1152 584.29 3015
2016 apr 302.23 1560 59.99 310 362.22 1869
2016 mai 169.24 873 302.19 1559 471.42 2433
2016 iun 95.99 495 347.14 1791 443.13 2287
2016 iul 261.30 1348 335.15 1729 596.45 3078
2016 aug 354.58 1830 347.94 1795 702.52 3625
2016 sep 212.17 954.74 427.84 1925.27 640.00 2880
2016 oct 351.678 1582.549 368.15 1656.67 719.83 3239
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2016 noi 340.674 1533 354.10 1593 694.78 3126
2016 dec 361.158 1625 376.96 1696 738.12 3322
2016 2‘3;1 6 3496.588 17207.049 3836.705 18789.544 7333.293 35996.59
2017 ian 357.030 1607 375.120 1688 732.15 3295
2017 feb 334.241 1504 306.721 1380 640.96 2884
2017 mar 345.619 1555 366.568 1650 712.19 3205
2017 apr 363.036 1634 372.699 1677 735.74 3311
2017 mai 346.891 1561 386.921 1741 733.81 3302
2017 iun 290.393 1307 200.986 904 491.38 2211
2017 iul 24.436 110 311.005 1400 335.44 1509
2017 aug 320.907 1444 237.655 1069 558.56 2514
2017 sep 365.875 1646 343.493 1546 709.37 3192
2017 oct 356.961 1,606.326 365.041 1643 722.00 3249
2017 noi 336.533 1514 353.738 1592 690.27 3106
2017 dec 351.267 1581 347.943 1566 699.21 3146
2017 213;17 3793.189 17069.351 3967.889 17855.502 7761.078 34924.85
2018 ian 330.945 1489 330.611 1488 661.56 2977
2018 feb 302.267 1360 303.596 1366 605.86 2726
2018 mar 341.832 1538 340.024 1530 681.86 3068
2018 apr 337.222 1517 144.217 648.98 481.44 2166
2018 mai 342.059 1539 297.981 1341 640.04 2880
2018 iun 323.584 1456 268.740 1209 592.32 2665
2018 iul 270.597 1218 235.673 1061 506.27 2278
2018 aug 90.744 408 453.548 2041 544.29 2449
2018 sep 333.907 1670 273.861 1369 607.77 3039
2018 oct 302.961 1515 316.154 1581 619.11 3096
2018 noi 309.516 1548 279.373 1397 588.89 2944
2018 dec 369.025 1845 196.177 981 565.20 2826
2018 213;18 3654.657 17103.660 3439.954 16012.574 7094.611 33116.23
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Capitolul 4. Modelarea parametrilor electrici ai centralei in
cogenerare si optimizarea functionarii ei

4.1. Modelarea parametrilor electrici ai centralei in cogenerare

Din datele prezentate pana acum este clar cd producerea de energie in
cogenerare este una dintre cdile catre dezvoltarea durabila [12].

Pentru a obtine un model al centralei de cogenerare si pentru a optimiza
functionarea ei, am incercat intr-o prima faza sa analizam datele de intrare si iesire
aferente unei singure luni, si anume lunii decembrie 2018.

in luna decembrie 2018, cind s-a efectuat analiza parametrilor, timpul de

functionare al centralei de cogenerare a fost urmatorul: functionarea normald a
motoarelor este de 16 ore pe zi - intre orele 7.00 si 23.00; in perioada 6 decembrie -
17 decembrie, intretinerea preventiva (opretiune programata) a fost efectuata pentru
24000 ore de operare; reviziile programate (intretinere preventiva) se efectucaza la
fiecare 2000 de ore de functionare si in acest timp, motorul M1 a functionat 24 de
ore pe zi; incepand cu data de 16, cantitatea de biomasa intorudsa in fermentatoare a
fost crescuta treptat, reluandu-se astfel productia normala de energie electrica [12].

Cele 2 motoare au functionat astfel:

Motorul 1:

¢ 31 de zile lucrate cu un numar mediu de ore de serviciu zilnic de 16, 7 ore

*  Ore lunare de functionare = 519 ore de functionare / luna;

e putere medie pe ord = 1,488 MW;

e energia medie zilnica produsd = 24,92 MWh / zi;

»  cantitatea lunara de energie electrica produsa este M1 = 772,41 MWh.

Motorul 2:

* 19 zile lucrate cu un numar mediu de ore zilnice de 14,1 ore pe zi;
*  Numar lunar de ore de functionare = 268 ore de functionare / luna;
e putere medie pe ord = 1.480 MW;

e energia medie zilnica produsd = 20,88 MWh / zi;

e energia electrica lunara produsa este M2 = 396,63 MWh.
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in Figura 4.1 este prezentatd energia electricd produsd de motorul 1, respectiv
motorul 2 si energia electrica totald produsa zilnic in decembrie 2018.
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Figura 4.1 - Energia electrica produsa de motorul 1, motorul 2 si enrgia
electrica totala produsda —Decembrie 2018

Energia electricd produsa zilnic de instalatie (cumulativ motorul 1-M1 si
motorul 2-M2), precum si energia electricd zilnica livrata sistemului national de
energie electrica (SEN) sunt ilustrate in Figura 4.2. Rezultd cantitatea totala de
energia electricad produsa de cele doud motoare in decembrie 2018 care a fost de
1169.047 MWh, iar cantitatea de energie electrica livrata la SEN in decembrie 2018
a fost de de 1093.212 MWh.
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Figura 4.2 - Energia electrica produsa si livratd in SEN - December 2018.

Energia electricd furnizata SEN a fost stabilitd pe baza contoarelor de
electricitate utilizate pentru decontare, montate la limita de separare cu reteaua
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operata de distributia raionald a distributiei de energie electrica - DELGAZ GRID
SA (fosta E-ON Moldova).

Acest consum a fost asigurat prin productia motoarelor de cogenerare in timpul
functionarii lor (ziua) si In timpul noptii, cAnd motoarele sunt stationate, consumul
intern al instalatiei de biogaz este asigurat de SEN. Cantitatea de energie
achizitionatd din SEN pentru asigurarea partiala a consumului intern in decembrie
2018 a fost de 13,94 MWh. Consumul intern zilnic mediu a fost de 2.374 MWh / zi.
Din analiza consumului de biogaz la nivel central se concluzioneaza ca consumul
total al biogazului in decembrie 2018 a fost de 2826,01 MWh de combustibil.
Consumul normalizat (conform specificatiilor tehnice ale producétorului - GE
Jenbacer) pentru decembrie 2018 a fost de 2774,96 MWh. Existd o depasire a
consumului standard de combustibil de 1,81%, ceea ce este in conformitate cu
prescriptiile producatorului motorului. Productia de energie electrica a centralei de
cogenerare si consumul total de biogaz sunt prezentate in Figura 4.3.
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% - —Energia
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Timp [zile] produsa

Figura 4.3 - Consumul de biogaz si produtia de energie electrica - Decembrie
2018

Figura 4.4 arata productia zilnica totala de energie electrica si consumul intern al
statiei in decembrie 2018, unde: cantitatea totala de energie electrica produsa de cele
doud motoare in decembrie 2018 este de 1169,047 MWh; cantitatea de energie
electrica necesara acoperirii consumului intern in decembrie 2018 a fost de 73.601
MWh; cantitdtile medii de energie electricd produsa si consumatad zilnic au fost:
pentru energia electricad produsd - 37,711 MWh / zi, si pentru energia electrica
consumata pentru serviciile casnice - 2,374 MWh / zi.
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Figura 4.4 - Consumul electric propriu tehnologic si produtia de energie
electrica - Decembrie 2018

Din cele de mai sus se poate constata cd ponderea consumului intern in
productia totalda de energie electricd reprezintd 6,3%. Acest consum intern este
normal, avand in vedere cumularea serviciilor interne pentru instalatia de cogenerare
si pentru instalatia de biogaz.

Pe baza valorilor prezentate in Figura 4.3 si in Figura 4.4 se poate obtine
dependenta dintre energia electrica produsa de centrala de cogenerare i cantitatea de
biogaz consumata, prezentatd n Figura 4.5. Aceastd dependentd reprezintd chiar
eficienta totald a centralei de cogenerare definita ca fiind

n= Eie§ire/Bcons (4 1)

unde Eieie Inseamnd energia electricd masuratd in MWh, iar B, inseamna
consumul de biogaz masurat in MWh.
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Figura 4.5 - Dependenta productiei de energie electrica de consumul de
biogaz
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Pentru a intelege mai bine comportamentul iesire-intrare al centralei de
cogenerare, a fost dezvoltat un model numeric folosind software-ul Matlab. Functia
de eficientd totald Eiyre (Beons) e€ste obtinutd prin functia de regresie polinomiald
folosind functia ,,cftool”. Functiile polinomiale obtinute, de la ordinul 1 la ordinul 7,
sunt descrise in Tabelul 4.1.

Tabelul 4.1- Functiile polinomiale de la ordinul 1 la ordinul 7 [12]

Functie Ordin
Polyl=—10.1639x + 431.2 Linear
Poly2=—0.01934x> — 0.1627x + 431.3 2 (Quadratic)
Poly3=— 0.000004x* + 0.006x* + 0.19666x + 2.1776 3 (Cubic)
Poly4= 0.009054x" — 0.003995x" — 0.06216x* — 0.1563x + 431.3 4
Poly5=— 0.0001467x° + 0.009238x* — 0.00299x — 0.06282x* — 0.1575x + 431.3 5
Poly6=—0.001076x° + 0.001189x° + 0.01894x* — 0.009659x° — 0.08219x° — 6
0.1521x +431.3
Poly7=— 0.002933x’ + 0.002332x® + 0.03374x" — 0.0066x" — 0.1038x" — ;

0.04506x> —0.09102x +431.3

Urmatorul pas al aproximarii numerice il constituie evaluarea formei de unda
pentru fiecare functie polinomiald generatd. Acest lucru se realizeaza prin calcularea
parametrilor statistici, aratati in Tabelul 4.2, pentru fiecare functie polinomiala,
alegandu-se un interval de incredere de 95%.

Tabelul 4.2 - Parametrii statistici ai modelului de aproximare

Ordinul aproximdrii| oo R2 RMSE R2 ajustat
polinomiale
Linear 146.3208 0.141817 0.403435 0.140863
2 (quadratic) 145.7801 0.144989 0.402913 0.143085
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3 (Cubic) 144.4425 | 0.152834 0.402181 0.146193
4 145.0744 | 0.149128 0.402385 0.145329
5 145.074 0.14913 0.402609 0.144376
6 145.0336 | 0.149367 0.402778 0.143658
7 1445.7455 | 0.145192 0.403089 0.142333

In acest caz functia polinomialad cea mai precisa este cea a carei valoare R? este
cea mai mare si anume cea de ordinul 3:

Eijre = -4E-06Bups + 0.006 Ben® + 01966 Bews + 2.1776
(4.2)

Datorita faptului ca exactitatea unei functii de aproximare se Tmbunatiteste pe
masura ce valoarea lui R se apropie de 1, iar in cazul nostru (R? = 0.152834) aceasta
este departe de valoarea optima, am cdutat alte modalitati de optimizare a centralei
de cogenerare. Realizdnd faptul cd biogazul in functie de care s-a incercat
aproximarea este el nsusi un produs al statiei care apartine centralei de cogenerare,
produs asupra caruia operatorul are foarte putin control, pentru optimizarea

functie de materia prima achizitionata si folosita.
4.2. Modelarea si optimizarea in functie de cantitatea de biomasa

Analiza consumului de biomasa s-a facut pentru ultimii 3 ani pentru care existau
date complete, adica pentru fiecare luna a anilor 2016, 2017, 2018. in fig. 3.10, sunt
prezentate energia electrica produsa in centrala de cogenerare si biomasa consumata
pentru producerea acesteia in perioada 2016-2018.

Programul PyCHARM Community 2019.1 a fost utilizat pentru a determina o
relatie matematica exacta intre energia produsa si consumul de biomasa [13-16].

Folosind datele colectate in ultimii 3 ani, care sunt reproduse in Fig. 3.10 si
folosind codul sursa dezvoltat pentru interpretarea lor, prezentat in Anexa 2, se
obtine dependenta matematica prezentatd in Fig. 4.6. Cea mai buna estimare intre
modelul real si numeric al consumului de biomasa si energia electricd generatd de
cazan Inseamnd a 6-a functie polinomiala, ceea ce implica o eroare mare patratd cu
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R? = 0,3705, departe de valoarea ideald R* = 1. O valoare de 0.3705 inseamna ci
37,05% din varianta variabilei dependente este explicatd de variabilele independente.
Acest rezultat nu este deloc satisfacator, de aceea este propusd o altd metoda de
aproximare in urmatoarea etapa de aproximare.
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y=1E-05x°-0.0017x"+ 0.0783x°- 1.6345x” + 16.846x? - 108.46x+ 1600.1
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Energia electricd produss [Mwh]
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4
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448237
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Figura 4.6 — Dependeta matematica dintre consumul de biomasa si energia
electrica produsa [12]

Valorile exprimate in capitolul 3 au fost ordonate in ordinea crescandda a
cantitdtii de biomasa utilizate, obtindndu-se rezultatele prezentate in Figura 4.7.
Evident aceastd metoda este strans legata de datele mésurate si exprima cea mai reald
dependenta intre aceleasi cantitati de biomasd si valori aproximativ egale ale
productiilor de energie in timp in ani diferiti.
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Figura 4.7 — Consumul de biomasa utilizata in functie crescatoare a cantitatii de

energie produsa [12]

Pentru datele ordonate in acest fel, algoritmul de interpolare polinomiala a fost
aplicat din nou si astfel s-au obtinut functiile descrise in Tabelul 4.3.

Tabelul 4.3 - Functiile polinomiale de ordinul 1-7 pentru intreaga perioada [12]

Functie Ordin R-squared
Polyl= 1.85848846¢-01 x + 6.01263566¢+02 Linear 0.609088
Poly2=-7.81036098¢-07 x2 —1.90987836e-01 x + 2 0.609093
5.93453022¢+02 (Quadratic) | -
Poly3= -1.22015302¢-07 x3 + 1.20559189¢-03x2 - .
3.62432369¢+00 x + 4.41962328¢+03 3 (Cubic) | 0.680802
Poly4d=9.59815069¢-11 x4 -1.36886571e-06 x3 +
7.09873315¢-03 x2 -1.55981997e+01 x + 4 0.702815
1.32281433¢+04
Poly5=-3.84030123¢-14 x5 + 7.23902917¢-10 x4 -
5.38408609¢-06 x3 +1.96244822¢-02 x2 - 5 0.704774
3.46255872e+01 x + 2.44736876e+04
Poly6= 1.96681000e-16 x6 -3.89032294¢-12 x5 +
3.15780296¢-08 x4 -1.34613947¢-04 x3 +3.17810879¢- 6 0.725300
01 x2 -3.93711531e+0 x +2.00689125¢+05
Poly7= 2.55420776e-20 x7 -3.88836946¢-16 x6 +
1.77665792¢-12 x5 + 1.58320012¢-09 x4 - ; 0725451

4.09192841e-05 x3 + 1.45205093e-01 x2 -
2.20174570e+02 x +1.27266003e+05
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Deoarece diferenta dintre R2 pentru functiile de gradul 7 si gradul 6 este foarte
mica, iar complexitatea gradului 7 creste semnificativ fatd de gradul 6, gradul 6 al
functiei polinomiale este considerat cel mai potrivit pentru aproximarea in cauza.

Epupue = 1.96681000e-16 B.,,," -3.89032294¢-12 B’ + 3.15780296¢-08 B,
-1.34613947¢-04 B> +3.17810879¢-01 Beyn’ -3.93711531e+0 Beyps
+2.00689125¢+05 (4.3)

unde E,,,,,~ cantitatea de energie electricd produsd masuratd in MWh

B.ons = cantitatea de biomasa consumata masurata in t.

Pentru a incerca sa crestem precizia functiei de aproximare polinomiald, anul a
fost impartit In 4 trimestre (sferturi), fiecare avand 3 luni: trimestrul 1 ianuarie,
februarie, martie; trimestrul 2 aprilie, mai, iunie; trimestrul 3 iulie, august,
septembrie; trimestrul 4 octombrie, noiembrie si decembrie.

Aplicand acelasi algoritm de interpolare, rezultatele sunt exprimate in Tabelele
4.4,45,4.6s14.7.

Tabelul 4.4 — Functiile polinomiale de ordinul 1-7 pentru trimestul 1[12].

Functie Ordin R-squared

Polyl=1.12075543e-01 x +9.19075480e+02 Linear 0.233129

Poly2=-2.69026781e-04 x2 +2.22399807e¢+00 x - 2 0430852
3.18388747¢+03 (Quadratic) )

Poly3= 2.89179625e-07 x3 -3.66797890e-03 x2 3 (Cubic) 0459028

+1.54532874e+01 x -2.02310326¢+04

Poly4=-3.98546993¢-10 x4 + 6.56590173e-06 x3 -
4.05668409e-02 x2 +1.11405341e+02 x - 4 0.464148
1.13346965e+05

Poly5=-4.84476832¢-12 x5 + 9.46516927¢-08 x4 -
7.36808664e-04 x3 +2.85631735e+00 x2 - 5 0.510650
5.51344208e+03 x + 4.24002845e+06

Poly6=7.52495742e-14 x6 -1.77959206e-09 x5 +

1.74908583e-05 x4 -9.14470812e-02 x3 6 0871552

+2.68228254e+02 x2 -4.18481000e+05 x ’
+2.71306704¢+08

Poly7=-1.50655062¢e-16 x7 +4.23357875e-12 x6 -

5.08757280e-08 x5 + 3.38904630e-04 x4 - i 0:308305
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1.35148952e+00 x3 + 3.22624323e+03 X2 -
4.26862749¢+06 x +2.41470295e+09

Tabelul 4.5 — Functiile polinomiale de ordinul 1-7 pentru trimestul 2 [12]

Functie Ordin R-squared
Polyl=1.04864947¢-01 x + 6.86345737+02 Linear | 0033060
Poly2= -4.94649902¢-04 x” + 3.98798121e+00 x - 2 0.141336
6.85762521e+03 (Quadratic)
Poly3= 1.64966240e-06 x°-1.98844099¢-02 x” 3 (Cubic) 0.289858
+7.94561656e+01 x -1.04105260e+05
Poly4=2.35707483¢-10 x*-2.06249801¢-06 x*+1.93820590¢-03 4 0.290148
x> +2.27084859¢+01 x -4.90349103¢+04
Poly5=4.13917164e-11 x-8.11834613¢-07 x*+ 6.34902535¢-03 5 0.839966
x°-2.47478540e+01 x*-4.80791012¢+04 x -3.72424916¢+07
Poly6=-8.84702678¢-14 x*+2.12794662¢-09 x°-2.12644030e-05 0.920772
x*+1.12996301e-01 x°-3.36743325¢+02 x*+ 5.33601456e+05 x - 6 '
3.51230452¢+08
Poly7=-4.92798532¢-16 x” + 1.35135852¢-11 x°-1.58467412¢- R
07x° + 1.03009247¢-03 x*-4.00865121e+00 x° + 7 '

9.33903799e+03 x°-1.20603765e+07x + 6.65990152¢+09

Tabelul 4.6 — Functiile polinomiale de ordinul 1-7 pentru trimestul 3 [12]

Functie Ordin R-squared
Polyl= 1.04864947¢-01 x + 6.86345737¢+02 Linear 0.033060
Poly2= -4.94649902¢-04 x2 + 3.98798121e+00 x - 2 0141336
6.85762521e+03 (Quadratic) | -
Poly3= 1.64966240¢-06 x3 -1.98844099¢-02 x2 .
+7.94561656e+01 x -1.04105260e+05 3 (Cubic) | 0.289858
Polyd=2.35707483¢-10 x4 -2.06249801¢-06 x3 +1.93820590¢- A 0990148
03 x2 +2.27084859¢+01 x -4.90349103¢+04 :
Poly5=4.13917164e-11 x5 -8.11834613¢-07 x4 + 6.34902535¢-
03 X3 -2.47478540e+01 x2 -4.80791012¢+04 x - 5 0.839966

3.72424916e+07
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Poly6=-8.84702678e-14 x6 +2.12794662¢-09 x5 -

2.12644030e-05 x4 +1.12996301e-01 x3 -3.36743325e+02 x2 + 6 0.920772
5.33601456e+05 x -3.51230452e+08
Poly7=-4.92798532e-16 x7 + 1.35135852e-11 x6 -
1.58467412e-07x5 + 1.03009247¢-03 x4 -4.00865121e+00 x3 + 7 0.985518

9.33903799¢+03 x2 -1.20603765e+07x + 6.65990152¢+09

Tabelul 4.7 — Functiile polinomiale de ordinul 1-7 pentru trimestul 4 [12]

x3 -3.41859071e+04 x2 -7.30538241e+07 x -
6.67950423e+10

Functie Ordin R-squared
Polyl=-1.11805977¢-01 x +2.09514429¢+03 Linear 0.264080
Poly2=-1.35895524¢-04 x2 + 1.57181579¢+00 x - 2 0441242
3.07406111¢+03 (Quadratic) |
Poly3= -3.87098904¢-07 x3 - 7.08583488¢-03 x2 - .
T 303103570401 - 8.807348240+04 3 (Cubic) | 0.648110
Polyd= 1.157792082-09 x4 -2.96663653¢-05 x3 + ) 0711585
2.83594873¢-01 x2 -1.19845618¢+03 x + 1.88996527¢+06 :
PolyS= 1.22634900c-11 x5 -3.92436923¢-07x4 +
5.00946478¢-03 x3 -3.18803944e+01 x2 + 1.01133033¢+05 x 5 0.921211
-1.27908657¢+08
Poly6= -2.76903094c-14 x6 + 1.07872125¢-09x5 -
1.74743062¢-05 x4 + 1.50648448¢-01x3 -7.28915930e-+02 6 0.970026
X2+ 1.87654693e+06 x -2.00788593¢-+09
Poly7= 1.47032333¢-16 x7 -6.64575860¢-12 x6 +
1.28566988¢-07 x5 -1.37990047¢-03 x4 -8.87353583¢+00 - OIS

4.3. Modelarea si optimizarea in functie de energia primara continuta de

materia prima

La achizitionarea materiei prime necesare pentru productia de biogaz se
efectueaza analize pentru a determina puterea calorifica a fiecarui tip de combustibil
[17-21]. Relatia matematica pentru determinarea energiei continutd de materia prima

este urmatoarea:

Bt voomaoia =CAOTic poner, iy QO i AT iC PNy QUi >
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(4.4)

De exemplu in mai 2018 puterea calorificd pentru porumbul forjat a fost,
conform cu buletinul de analiza, 3.232 MWh / t si pentru taitei de secara 0,099 MWh
/ t. Astfel rezulta

E =3.232MWh/ £*3399.172¢+0.099MWh/ £ ¥1103.9¢ =11095.40MWh

‘total raw material
4.4)

Luand in considerare acest lucru, energia totala din materiile prime utilizate in
cei trei ani de studiu in centrala de cogenerare pe baza de biomasa este prezentata in
capitolul 3.

Pentru a determina o legdturda matematicd intre energia electrica produsa de
instalatia de cogenerare si energia continutd in materia prima, am dezvoltat un cod
sursa similar si am folosit acelasi software PyCHARM Community 2019.1.

Functiile matematice obtinute 1n acest fel apar succesiv in Tabelele 4.8-4.11.

Tabelul 4.8 — Functiile polinomiale de ordinul 1-6 pentru intreaga perioada [22]

Functie Ordin | R-squared

Polyl= -9.3135x + 6505.1 1 0.0012

Poly2=-6.0755x2 +215.48x + 5081.4 2 0.0437

Poly3= 0.0985x3 - 11.544x2 +297.53x + 4811.3 3 0.0446

Poly4=-0.097x4 + 7.2716767)138- 183.89x2 + 1760.8x + 4 0.1175

Poly5=-0.0149x5 + 1.2819x4 - 38.407x3 + 463.76x2 - 5 0.2556
1857.8x +7091.7 )

Poly6=0.003x6 - 0.3513x5 + 15.51x4 - 323.85x3 + 6 0.7081
3202.8x2 - 12879x + 19478 ’
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Figura 4.18 — Graficul functiei pentru perioada 2016-2018 [22]

Tabelul 4.9 — Functiile polinomiale de ordinul 1-6 pentru 2016 [22]

Functie Ordin | R-squared
Polyl= 611.51x +2783.9 1 0.4275
Poly2=150.83x2 - 1349.3x + 7359.1 2 0.6702
Poly3= -48.419x3 + 1095x2 - 6457.5x + 13968 0.8873
Poly4=-6.4049x4 + 118.11x3 - 336.96x2 - 1913.7x + 4 0.9181

9971.7
Poly5=3.2044x5 - 110.55x4 + 1350x3 - 6759x2 +
12115x +529.48 > 0.9762
Poly6=-0.2293x6 + 12.148x5 - 245.44x4 + 2337.9x3 6 0.9782
- 10365x2 + 18094x - 2787.9 ’

Tabelul 4.10 — Functiile polinomiale de ordinul 1-6 pentru 2017 [22]

Functie Ordin | R-squared
Polyl= -264.96x + 7361.3 1 0.1152
Poly2=196.03x2 - 2813.3x + 13307 2 0.7035
Poly3= 3.1389x3 + 134.82x2 - 2482.2x + 3 0.7048
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12879
Poly4=-11.532x4 + 302.98x3 - 2443.5x2 +
5699.1x + 5682.9 4 0.8485
Poly5=0.5381x5 - 29.021x4 + 509.86x3 - 5 0.8508
3521.9x2 + 8054.9x + 4097.3 '
Poly6=1.08x6 - 41.581x5 + 606.2x4 - 6 09151
4142.4x3 + 13461x2 - 20103x + 19720 i

Tabelul 4.11 — Functiile polinomiale de ordinul 1-6 pentru 2018 [22]

Functie Ordin | R-squared

Polyl=-440.37x + 9463.1 Linear 0.3994

Poly2=-63.502x2 + 385.16x + 7536.8 2 0.4769

Poly3= 28.904x3 - 627.14x2 + 3434.6x + 3591.4 3 0.6163

Poly4=5.149x4 - 104.97x3 + 524.04x2 - 218.3x +

6304.4 4 0.6522

Poly5=-1.0061x5 + 37.847x4 - 491.76x3 + 2540.4x2 - 5 0.6625
4622.9x + 9769 )

Poly6=-1.2356x6 + 47.181x5 - 688.88x4 + 4830.7x3 - 6 0.7682
16889x2 + 27592x - 8103.9 )

Comparand functiile obtinute pentru fiecare an studiat in parte, cu datele
evidentiate in figura 3.11, putem observa o predictibilitate crescuta pentru anul 2016
(eroare de aproximativ 3%) si 2017 (eroare de aproximativ 9%). Pentru anul 2018
eroarea de aproximare creste la 20%, lucru datorat cel mai probabil puterilor
calorifice diferite si destul de variate ale materiei prime utilizate.

4.4. Analiza cost — beneficiu

4.3.1 Identificarea investitiei si definirea obiectivelor

Societatea care detine centrala pe cogeneare studiata are ca activitate principala
producerea si comercializarea energiei electrice produse din surse regenerabile.

Obiectivul principal al investitiei realizate constd in producerea si
comercializarea energiei electrice prin utilizarea resurselor regenerabile — biomasa si
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accesarea schemei de sprijin pentru producerea energiei electrice din surse
regenerabile.

4.3.2 Perioada de referinta

Perioada de referintd aleasa pentru prezentarea analizei cost-beneficiu este de 15
ani, aceasta fiind si durata de acordare a schemei de sprijin pentru producerea
energiei electrice din surse regenerabile conform prevederilor Legii 220/2008 cu
modificarile si completarile ulterioare.

4.3.3 Analiza financiara

Analiza financiard a proiectului se refera la calcularea indicatorilor de
performantd financiara: fluxul de numerar, valoarea neta de actualizare, rata interna
de rentabilitate, raportul cost-beneficiu, termenul de recuperare a investitiei [23-27].

Obiectivul analizei financiare este de a calcula perfomantele si sustenabilitatea
financiara a investitiei propuse. Scopul principal 1l constituie estimarea unui flux de
numerar pe intreaga perioadd de analizd care sd facd posibild determinarea
indicatorilor de performanta.

4.3.3.1 Ipotezele analizei financiare

Analiza financiara este realizatd pe o perioada de 15 ani, aceasta perioada a fost
aleasa ca urmare a prevederilor Legii 220/2008 referitoare la promovarea producerii
energiei electrice din surse regenerabile.

4.3.3.2 Estimarea veniturilor

Veniturile societatii sunt obtinute din comercializarea energiei electrice livrate
in SEN si din comercializarea certificatelor verzi de care producétorul beneficiaza
conform schemei de sprijin precizata in Legea 220/2008 cu completarile si
modificarile ulterioare pentru stabilirea sistemului de promovare a producerii
energiei din surse regenerabile de energie [28-30].

4333 Estimarea costurilor

Costurile anuale de exploatare (OPEX) cuprind cheltuielile cu materia prima,
cheltuielile de operare si mentenatd (O&M), cu personalul, precum si cheltuielile cu
asigurarile [31-33].
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Ipotezele de calcul pentru determinarea cantitatii de biomasa necesara anual sunt
prezentate in Tabelul 4.12

Coeficient de siguranta 3%
Eficienta electricd a modulelor de cogenerare 42.20%
Numar ore operationale statie biogaz pe an 8,200

Cantitate de combustibil (energie primarda) anualad
necesara [kW] 39,681,523

Cantitate de materie prima (biomasa) necesara anuala
[t] 40,200

4.3.3.4 Rezultatele analizei economico-financiare

Analiza economico-financiard se realizeazd prin metoda cost — beneficiu, cu
determinarea urmatoarele situatii financiare care stau la baza calculului indicatorilor
de eficienta:

e  Contul de profit si pierdere;
e  Fluxul de numerar;
e  Situatia patrimoniului.

Contul de profit si pierdere

Contul de profit si pierdere - indica rezultatul net anual (profit sau pierdere)
obtinut in urma desfasurarii activitatii.

Fluxul de numerar

Fluxul de numerar [34,35] — demonstreaza capacitatea proiectului de a face fata
costului finantarii, respectiv rambursarea creditului si plata dobanzii pentru
imprumuturile bancare, si plata dividendelor pentru capitalul asociatilor.

Situatia patrimoniului
34



Situatia Patrimoniului — aratd pozitia si soliditatea financiara a proiectului in

fiecare an de exploatare

in Tabelul 4.19 sunt prezentati indicatorii de performanti ai proiectului

Tabelul 4.19 - Indicatorii de performanta

Indicatori de performanta

Venit Net Actualizat (VNA) — Euro (rata de rentabilitate 10%) 1304 077
Rata de Rentabilitate a Capitalului Investit (ROCE) - % 19,33%
Durata de Recuperare a Investitiei (TR) - ani 6,3
Rata internd de rentabilitate (RIR) 13,07%
4.3.4 Analiza de risc

Analiza de risc [36,37] a proiectului vizeaza stabilirea distributiei probabile a
valorii indicatorilor de performanta ai proiectului. Au fost determinate influentele
variatiei preturilor materiei prime si certificatelor verzi. Acestea se pot vedea in
Tabelul 4.21.

Pornind de la cele prezentate anterior, se pot extrage urmatoarele concluzii:

Nr.crt

Riscul identificat

Concluzii/ Masuri de diminuare

Riscul de
tranzactionare a
certificatelor verzi la
preturi mai mici decat
cele estimate

Risc de venit crescut

In prezent exista un grad ridicat de
instabilitate legislativa, existdnd posibilitatea
reducerii nivelului minim de tranzactionare al
certificatelor verzi

Masuri de diminuare/eliminare:

Monitorizarea permanenta a pietei interne de
CV si a celei externe de CV, pentru a opta
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pentru cea mai optima variantd de vanzare

Riscul de a achizitiona
materia prima —
porumbul furajer, la
preturi sub cele
estimate

Risc de cost mediu

Pretul cerealelor nu poate fi previzionat cu
exactitate, acesta fiind dependent de conditiile
meteo si de prevederile legislative referitoare
la subventiile agricole.

Masuri de diminuare/eliminare:

Pentru a diminuaacest risc se vor incheia
contracte de achizitie a materiei prime pe
termene lungi (mai mari de 5 ani) cu ferme
agricole care detin suprafete arabile mari si de
preferat dispuse in mai multe regiuni
geografice

Riscul reducerii
pretului de vanzare al
energiei electrice

Risc de venit mediu

Liberalizarea totala a pietei, instabilitatea
legislativa si cresterea productiei de energie
electrica produsa din surse regenerabile la
preturi de cost reduse.

Masuri de diminuare/eliminare:

Monitorizarea tuturor pietelor de energie
electrica si alegerea variantei optime de
comercializare
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Capitolul 5. Concluzii. Contributii originale. Directii viitoare
de cercetare

Concluzii

Eficienta centralelor de cogenerare este doveditd de faptul cd punerea in
functiune a acestui tip de centrale a crescut constant in ultimii ani si se asteaptd ca
acestd crestere sda se mentind constantd si in perioada urmatoare, cel putin pana in
2030.

Romania prezinta si ea un potential mare de instalare al centralelor de
cogenerare, atat in sectorul industrial cat si in cel rezidential, motiv pentru care
ANRE a si pus in functiune o schema de sprijin care sa incurajeze folosirea acestei
tehnologii [98].

O centrald de cogenerare creste randamenul productiei de energie
electricd/termica la aproape 80%, In timp ce intr-o centrald conventionald acest
randament este de 20-30%.

Prin folosirea la scara larga a centralelor de cogenerare se pot obtine economii
considerabile de energie primara.

Prin reducerea consumului de resurse energetice infiintarea de noi centrale de
cogenerare participa si la protectia mediului inconjurator, chestiune tot mai arzatoare
in zilele noastre.

Centrala studiatd in cazul de fatd foloseste ca materie primda biomasa,
contribuind in acest fel la dezvoltarea durabila a zonei in care este amplasata si la
protectia mediului inconjurator.

De asemenea centrala de cogenerare prezentatid este foarte eficientd si din
pucntul de vedere al resurselor umane necesare, fiind nevoie de doar 9 angajati
pentru operarea ei.

in operarea centralei cea mai complicatid problemi este depozitarea biomasei si
operarea statiei de productie a biogazului, infrastructura necesard acestora fiind
costisitoare si complicata.

Pentru a contribui si mai mult la protejarea mediului inconjurator,
biofertilizantul rezultat in urma procesului de producere a biogazului este folosit ca
ingrasamant in agricultura.

Biomasa utilizatd este de mai multe tipuri: culturi energetice — porumb forajer si
diverse tipuri de deseuri obtinute din prelucrarea deseurilor provenite din agricultura

si industriile conexe.
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Parametrii de functionare ai centralei de cogenerare sunt de inaltd eficienta dar
nu putem vorbi despre aceasta, deoarece energia termicd produsd de motoarele de
cogenerare este utilizata in proportie mai mica de 10%, doar in statia de producere a
biogazului, pentru asigurarea temperaturii optime in digestoarele de fermentare a
biomasei.

Din motive tehnico-economice s-a optat pentru functionarea motoarelor de
cogenerare 1n orele de varf, 16 ore pe zi, intre orele 7,00 -23,00, deoarece in
conditiile actuale ale pietei de energiei pretul energiei electrice pe timpul noptii este
mai mic decat costul materiei prime, deci nu este justificatd functionarea motoarelor
termice pe timpul noptii.

Statia de producere a biogazului functioneaza non-stop, biogazul produs in
timpul noptii fiind depozitat intr-un rezervor, urmand ca in timpul zilei sd fie
consumat impreuna cu productia de biogaz de pe timpul zilei din fermentatoare.

Din totalul productiei de energie electrica al centralei, aproximativ 93% este
livratd in SEN, 6% reprezinta consumul propriu tehnologic, iar 1% sunt pierderile de
retea.

Din energia termicd produsd este folositd pentru consumul propriu doar
aproximativ 7%, diferenta nefiind folosita.

Motoarele de cogenerare functioneaza la parametrii specificati de producator,
abaterile de la acestia fiind in medie de 3% pe an [99].

Cantiatea de materie prima folosita diferd de la o luna la alta, In functie de tipul
de biomasa folosita si de puterea calorifica a acesteia.

Randamentele motoarelor de cogenerare pentru cei 3 ani studiati au fost de
constant de peste 80%.

Incercand sa realizim modelarea si optimizarea productiei de energie electrica in
functie de cantiatea de biomasa utilizata, observam ca facand acest lucru pentru o
perioada de 1 an, obtinem erori de pand la 30%, dar dacd reducem perioada la un
trimestru (3 luni) erorile scad considerabil, variind intre 2% si 10%.

Modelarea si optimizarea productiei de energie electrica in functie de energia
primard continutd de materia prima este mult mai precisd, erorile obtinute pe
intervale de timp de 1 an calendaristic fiind In cel mai bun caz de 2% si in cel mai
rau caz de 30% [100].

O astfel de centrala de cogenerare poate fi profitabila si fara vanzarea energiei
termice, desi acest lucru 1i scade considerabil profitabilitatea si 1i creste cu mult
durata de recuperare a investitiei.

Dintr-un total de 16 ani ai duratei de viatd a unei astfel de centrale costurile
investitiei se amorizeaza dupa aproximativ 10 ani.
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Investitia specifica pentru un astfel de proiect este de aproximativ 2 milioane
Euro/MWh,,.

O parte importanta din veniturile unei astfel de centrale o reprezinta vanzarea de
certificate verzi, fara de care o astfel de investitie nu ar fi rentabild din punct de
vedere financiar.

Pretul certificatelor verzi si pretul materiei prime au un impact semnificativ
asupra profitabilitatii unui astfel de proiect.

Analzia de risc pentru o asftel de centrald de cogenerare a evidentiat cd, 1n
prezent, existd un grad ridicat de instabilitate legislativa, existand posibilitatea
reducerii nivelului minim de tranzactionare a certificatelor verzi.

Pretul cerealelor nu poate fi previzonat cu exactitate, acesta fiind dependent de
conditiile meteo si de prevederile legislative referitoare la subventiile agricole.

Contributii originale

In prezenta lucrare s-au analizat parametri de functionare ai primei centrale in
cogenerare care functioneaza pe biomasa din Romania si s-au realizat modelarea si
optimizarea acestora, in stransa legaturd cu consumul de materie prima. Deoarece
costurile cu materia prima reprezintd aproximativ 60% din costurile totale de operare
a unei astfel de centrale, ele influenteaza semnmificativ functionarea eficientd a
centralei.

Pentru optimizarea acestor costuri s-a urmarit o predictie a consumului de
biomasa cu scopul de a evita achizitionarea In exces a acesteia sau degradarea
calitatii ei in timpul depozitarii pe o perioadd mai lunga de timp.

Contributiile originale din aceasta teza de doctorat sunt urmatoarele:

. Descrierea amanuntitd a structurii tehnologice si a functionarii
centralei pe cogenerare, realizata in capitolele 1 si2 .

. Identificarea parametrilor electrici ai centralei si efectuarea unor
seturi complete de masurdtori in decursul a trei ani 2016-2018, prezentate in
capitolul al 3-lea.

. Modelarea matematica, folosind mediul de programare MathLab,
a consumului de biomasa care s permitd o prognoza cat mai exactd a cantitatii de
biomasa ce urmeaza a fi folosita n centrala realizata in capitolul 4.

. Modelarea matematicd, folosind mediul de programare MathLab
si PyCHARM Comunity, a productiei de energie electrica in functie de cantitate de
biomasa folositd, care a condus la o aproximare cu o eroare de 2% a productiei pe o
perioada de 3 luni (capitolul 4).
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. Modelarea matematica, folosind mediul de programare MathLab
si PyCHARM Comunity, a productiei de energie electrica in functie de cantitatea de
energie (puterea calorificd) continutd de materia prima. Aceste functii de aproximare
maresc perioada pentru care se poate face predictia la 1 an de zile si introduc o
eroare de doar 3% pentru acest interval de timp (capitolul 4).

. Analiza cost-beneficiu a acestei centrale care se bazeaza pe o serie
de predictii matematice privind profitabilitatea unei astfel de investitii. Aceasta
analizd este prezentatd in capitolul 4 si acopera o perioada de 16 ani care reprezinta
durata de viatd a motoarelor de cogenerare.

Directii viitoare de cercetare

Pe viitor, este interesant de cercetat modul in care o astfel de centrala de
cogenerare ce functioneaza pe biomasd poate fi utilizatd, pe langd productia de
energie electrica si termicd, si ca valorificator pentru tratarea si eliminarea deseurilor
nepericuloase.

Astfel statia de biogaz a unei astfel de centrale poate oferi sprijin pentru
valorificarea deseurilor de origine animald si vegetala in vederea valorificarii
energetice a unor resurse cu caracter regenerabil, avand ca rezultat producerea de
energie verde.

Principalele deseuri ce pot fi introduse spre procesare/valorificare vor fi
deseurile agricole, culturile agricole energetice si In amestec cu deseuri de natura
organica animald, alimentara si nedestinate consumului uman, astfel printr-un proces
trasabil de fermentare anaeroba dirijata, desfasurat in instalatia de producere a
biogazului, va rezulta un compus gazos avand in componentd, in principal metan si
dioxid de carbon.

Acest lucru poate avea un impact financiar considerabil asupra unei astfel de
centrale de cogenerare, datorat faptului cd reduce cantiatea de materie prima
achizitionata, primind totodatd si o suma de bani pentru anumite deseuri ce vor fi
preluate si folosite la produceerea energiei electrice si termice, urmand ca ulterior sa
fie transformate 1n Ingrasamant agricol.

Va fi interesant de cercetat cum aceastd folosire a deseurilor nepericuloase
afecteaza si modeleaza parametrii unei astfel de centrale de cogenerare.
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Chapter 1. Introduction

At the moment, the total installed capacity of conventional power plants in
Europe is about 500 GW, of which about 20% is cogeneration plants. According to
Eurostat, the total installed capacity of cogeneration plants in the EU required 102
GW in 2005 to 109 GW in 2012 [1]. Figure 1 shows the evolution of the installed
capacity of cogeneration plants in the EU28 since 2008.
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Figure 1.1 - Evolution of the installed electricity capacity of cogeneration plants

in each country 2008-2012 (source: Eurostat)

In Romania's energy strategy 2016-2030, the fourth central area of strategic
intervention is the development of high efficiency cogeneration, in parallel with the
modernization of centralized heating systems (SACET) which, in Romania, has high

potential. The strategy promotes integrated local planning of high-efficiency
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cogeneration capacity, distribution network modernization and thermal insulation

programs.

The replacement of the old thermoelectric power plants in cogeneration with
new ones is underway and will continue in the next 10 years, especially in cities with
a high share of apartments connected to SACET. Most of the existing cogeneration
capacity is based on natural gas, but the new capacity will increasingly use biomass,

biogas and geothermal energy, including by opening the market to new players.
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Chapter 2. Description of cogeneration plant operation

In order to carry out this doctoral thesis, we considered it appropriate to collect
technical data (on energy production equipment, raw material required and energy
produced) from the first and also the largest cogeneration energy production unit
operating on the basis of biomass from Romania.

The investment is called "Plant for cogeneration, electricity and heat production
from biogas with a capacity of: electricity 2,974 MWe / 400V, heat energy 2,944
MWt from Moara Commune, Vornicenii Mici village, Suceava County", but to
facilitate the expression, In order to transpose an easy framework of information in
the documentation as well as to avoid overloading the thesis by using the full name
of the project, in this paper, we will use the phrase "Moara power plant".

The project was initiated and developed by the company TEB Project One,
having as majority shareholder TEB Energy Business SA and was taken over in 2019
by S.C. ECOTERRA BIOGAZ SRL. The total value of the investment amounted to
approximately EUR 6 300 000.

In order to carry out the activity, 4 jobs are provided for the biogas station
operators, whose main attributions are:

e  Supervision of the fermentation process,

e  Supply of solid and liquid waste to fermenters;

e Supervision of the installations through the automation software from the
control point;

e Minimum intervention and control activities for the key checkpoints of the
station.

MANAGER MANAGER DE
UREGLEM:N'MRE U LOCATIE

OPERATOR OPERATOR OPERATOR MUNCITOR MUNCITOR MUNCITOR MUNCITOR
STATIE L. STATIE L NECALIFICAT L NECALIFICAT L. NECALIFICAT u NECALIFICAT

L

Figure 2.1 - Organization chart of the Mill cogeneration plant
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The maintenance of the installations and the service are ensured through the
authorized contractors in the sense of performing the services requested by the
beneficiary Ecoterra Biogaz SRL, based on ensuring a good technical and optical
condition and to avoid an impact on the environment, of any nature, of any kind. in
the context of the continuous operation of the plant.

2.5 Presentation of the company's activity

The main activity carried out by the studied company, from Vornicenii Mici,
Suceava County, is the one included under the umbrella of CAEN code 3511-
Electricity production [2] and more precisely is defined as being transposed in the
production of biogas by anaerobic fermentation and its use as fuel to power a
cogeneration plant for the production of heat and electricity.

The main technological processes that take place in the case of the Vornicenii
Mici biogas plant are materialized as follows:

e Acquisition, storage and preparation of raw materials used in the main
activity of biogas production for the purpose of cogeneration energy production;

e Biogas production, following the activity of anaerobic fermentation of
organic material;

e Processing by using biogas as a fuel in cogeneration groups, specially
designed and adapted for the production of electricity and heat.

2.6 Description of the technological flow

The current technology implemented within the biogas plant from Vornicenii
Mici is entirely based on the anaerobic, wet fermentation process that takes place in
two stages. Thus, the fermentation system works on the basis of liquid biomass
whose content also contains about 10% solids [4].

After completing the process of anaerobic fermentation of raw materials
introduced into the Fermenters, it is planned that the resulting residue, namely
Digestate, can be used as a fertilizer that can be directed by controlled actions on
agricultural land in the area.

The resulting biogas collected in the biogas tank will be used as fuel in the
Cogeneration Plant, which will ensure the production of electricity and heat.

The resulting bioproduct in the form of fertilizer or digestate is stored in the two
anthropogenic lagoons, equipped with the lower and upper biomembrane located in
the vicinity of the biogas plant, from where at the legal and favorable moment
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d.p.d.v.d. agricultural, the digestate in semi-liquid form with specific density is
transported with special tanks dedicated to the spreading of the liquid agricultural
fertilizer and distributed through a “spray-era” technology on the agricultural fields
that will be naturally biofertilized.

In order to process in the fermenters coded F1 and F2 respectively the waste of
organic nature, the raw materials of silo type, the vegetal elements etc. are carefully
controlled to avoid inhibitory compositions, which can cause a slow fermentation
process, after which they are mechanically crushed (in a plant equipped with milling
rollers with helical elements and crushing teeth) and then introduced into the
fermentation support mixture.

2.7 Structure of the Cogeneration Plant
The biomass-based cogeneration plant consists of (Figure 2.2) [5]:

17. F1Fermenter;

18. F2 Fermenter;

19. F3Postfermetner (N1);

20. The space built for the storage of raw materials (Corn silage), spaces for the
ecological storage of the digestate (liquid biocompost) resulting from the anaerobic
fermentation process;

21. Feeders with raw material necessary for the fermentation process;

22. Technical building Z1 (metal container type) in which are located: pumps,
distributors, reinforcement systems for the main circuits: biomass / fermentation
substrate circuit;

23. The circuit of the digestate (fertilizer) resulting from the fermentation
process;

24. Technological water circuit;

25. The circuit of the thermal agent for heating the fermenters;

26. Pressurized air circuit;

27. External biogas collection tank (equipped with flexible dome membrane)

28. Technological water separation station;

29. Underground basin made of reinforced concrete, for liquid materials, coded
Vi;

30. The burner, equipped with a safety flame,

31. Biogas condensing and cooling plant produced;

32. Biogas power and heat generation plant (CHP), consisting of:
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Engine building;

Internal combustion cogeneration engines and electricity generator;
Thermal cooling and recovery system;

Ventilation system;

Flue gas exhaust system;

Transformation station, low and medium voltage installation;
Control room.

N

Figure 2.2 — Structure of the Cogeneration Plant

2.8 Biogas electricity and thermal power plant

The Biogas Electricity and Thermal Energy (CHP) production plant consists of:

e Engine building;

e Internal combustion cogeneration engines and electricity generator;
e Thermal cooling and recovery system;

e  Ventilation system;

e  Flue gas exhaust system;

e  Transformer station, low and medium voltage installation;

Centrala de cogenerare este organizatd In mod unitar, In flux tehnologic
compact, in care toate etapele procesului sunt organizate in constructii specifice.
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2.8.1 Internal combustion cogeneration engines and electricity
generator

Figure 2.3 — View from the cogeneration engine chamber

Characteristics of cogeneration engines (Figure 2.3) [6]:

[ ]

[ ]
engine;

[ ]

Name of the engine - IMS420 GS-B25;

Electrical power installed at the generator terminals = 1527kW;

Electric power output at the generator terminals = 1487 kW;

Electric efficiency nel = 42.2%;

Collected thermal energy power = 1472 kWth;

Thermal efficiency nth = 41.7%;

Total yield ntot = 83.9%;

Rotation speed = 1500 rpm;

Voltage 0.4 kV, frequency 50Hz;

Flue gas temperature at the outlet of the engine = 4240 C;

Flue gas temperature at the outlet of the cooler = 1800 C;

Average calorific value consumption Pci = 3800 Kcal / Nm3 = 784Nm3 / h;
Weight with Gt equipment = 16 tons, respectively 17 tons with fluids in the

No. of cylinders: 20, arranged in "V";
Overall dimensions: (LxWxH) = 7.1x1.8x2.2 (m)
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Chapter 3. Parameters of the cogeneration plant and its

performances

3.3. Electrical parameters of the cogeneration plant

The “Moara” cogeneration plant, equipped with two Jenbacher cogeneration
engines - JMS 420, produces electricity and heat in cogeneration, using as fuel the
biogas produced by the anaerobic fermentation of biomass, in three digesters.

The operating parameters of the cogeneration plant are highly efficient but we
cannot talk about it, because the thermal energy produced by the cogeneration
engines is used in a proportion of less than 10%, only in the biogas production
station, to ensure the optimal temperature in the digesters. biomass fermentation.

The biomass used is of several types: energy crops - corn silage and various
types of waste obtained from the processing of waste from agriculture and related
industries.

For technical and economic reasons, it was decided to operate the cogeneration
engines during peak hours, 16 hours a day, between 7.00 and 23.00, because in the
current conditions of the energy market, the price of electricity during the night is
lower than the cost of the raw material, so the operation of heat engines during the
night is not justified.

The biogas production station operates non-stop, the biogas produced during the
night being stored in a tank, and will be consumed during the day together with the
biogas production during the day from the fermenters.

The entire technological process is automated and monitored online - both the
operation of the cogeneration plant and the operation of the biogas plant, which can
be controlled and controlled both from the plant and remotely.

The operation of cogeneration engines is constantly monitored, controlled and
coordinated by the automated command and control system, "DIANE" [7].

The operating parameters measured and recorded by the data acquisition system
are:

g) Operation of cogeneration engines (for each engine separately)
- Electricity production;

- Thermal energy production;

- Biogas consumption;

- Daily operating hours.
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h) Internal electricity consumption (of the cogeneration plant and of the biogas
production station);

i)  Electricity supplied in NPS

j)  Electricity purchased from NPS during the night necessary for the operation
of the biogas plant

k)

1) The thermal energy consumption of the biogas plant

m)

n) Operation of the biogas plant:

- The amount of biomass loaded daily in the bunkers that feed the fermenters,
by types of biomass used;

- Percentage of biogas in each fermenter;

- Sulfur content of biogas.

3.4. Cogeneration plant performance. Data acquisitions

The frequency of data collected in the monitoring program is 8 hours. As a
result of the volume of data collected, the paper presented the monthly values of
these data, measured and / or calculated.

All data collected and analyzed from the Biomass-Based Cogeneration Plant are
presented in Annex 3.

The data related to electricity production for the three years considered and
analyzed (2016, 2017, 2018), for each engine, are presented in Table 3.1.

Table 3.1 - Electricity production of cogeneration engines

Total

electricitu

Electricity M1 Electricity M2 produced

Year Month Product P med Product P med M1 +M2

[MWh] [MW] [MWh] [MW] [MWh]

2016 ian 734.961 1.485 736.071 1.478 1471.032
2016 feb 696.007 1.487 682.986 1.482 1378.994
2016 mar 750.807 1.487 453.007 1.466 1203.814
2016 apr 628.908 1.487 122.722 1.461 751.63
2016 mai 349.987 1.471 612.849 1.48 962.836
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2016 iun 196.399 1.466 699.363 1.475 895.762
2016 iul 532.594 1.479 667.69 1.471 1200.284
2016 aug 721.35 1.484 678.994 1.47 1400.344
2016 sep 427.328 1.468 838.983 1.48 1266.311
2016 oct 718.801 1.47 736.28 1.476 1455.081
2016 noi 702.145 1.469 712.271 1.478 1414.416
2016 dec 745.525 1.473 746.165 1.475 1491.69
2016 2%?6 7,204.81 1.479 7,687.38 1.48 14,892.19
2017 ian 749.866 1.473 739.372 1.473 1489.238
2017 feb 678.774 1.472 608.95 1.471 1287.723
2017 mar 691.823 1.466 716.885 1.475 1408.708
2017 apr 683.05 1.469 688.813 1.469 1371.862
2017 mai 694.62 1.469 738.457 1.477 1433.077
2017 iun 570.878 1.464 386.176 1.457 957.054
2017 iul 48.909 1.482 609.541 1.472 658.45
2017 aug 639.897 1.464 454.999 1.468 1094.896
2017 sep 740.737 1.473 658.943 1.458 1399.68
2017 oct 742.844 1.474 724.487 1.476 1467.331
2017 noi 714.866 1.48 721.495 1.491 1436.361
2017 dec 748.58 1.488 714.644 1.489 1463.224
2017 2%?7 7,704.84 1.472 7,763 1.474 15,468
2018 ian 703.564 1.487 684.2 1.487 1387.764
2018 feb 628.825 1.487 623.216 1.487 1252.041
2018 mar 702.837 1.483 687.578 1.485 1390.415
2018 apr 703.25 1.484 299.083 1.473 1002.334
2018 mai 710.119 1.486 612.257 1.479 1322.376
2018 iun 673.221 1.483 547.786 1.477 1221.006
2018 iul 554.827 1.48 474.582 1.469 1029.409
2018 aug 185.811 1.475 918.962 1.492 1104.773
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2018 sep 688.534 1.484 540.521 1.485 1229.055
2018 oct 631.862 1.483 637.278 1.485 1269.14
2018 noi 647.367 1.488 573.575 1.463 1220.942
2018 dec 772417 1.488 396.63 1.48 1169.047
2018 213;18 7,602.64 1.485 6,995.67 1.482 14,598.30

From the analysis of the presented data referring to the electricity productions of
the two cogeneration engines, it results that the average annual electric powers
achieved, compared to the nominal electric power of the motors of 1,487 MW, were:

- 2016 - 1,479 MW, representing 99.46% compared to the nominal electric
power;

- 2017 - 1,472 MW, representing 98.99% of the nominal electric power;

- 2018 - 1,485 MW, representing 99.86% of the nominal electric power;

Table 3.2 shows the values for the electricity produced, the electricity consumed
from the network at night, the technological consumption of the plant (biogas plant
and cogeneration plant), the losses in the network and the electricity delivered to the
NPS.

Table 3.2 - Electricity produced, consumed and delivered in SEN

Year Month pr};g:?cled coi‘;ﬁ:‘: lftl?lom c:z:?lln?;?ir:)tn Nle(:::::k dflliicet:(;cilzo

M1 +M2 SEN SEN

MWh ct‘lglhn:';ﬁ};; MWh MWh MWh

2016 | ian 1471.032 20.344 84.742 25.770 | 1,380.864

2016 | feb 1378.994 17.504 77.454 23.192 | 1,295.852

2016 | mar 1203.814 15.436 71.756 20.830 | 1,126.664
2016 | apr 751.630 13.292 59.026 13.584 | 692312
2016 | mai 962.836 12.748 64.825 13.103 | 897.656
2016 | iun 895.762 11.992 61.999 10.147 | 835.608

2016 | iul 1200.284 13.528 79.301 14.387 | 1,120.124
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2016 | aug 1400.344 12.796 82.856 17.100 | 1,313.184
2016 | sep 1266.311 7.392 72.377 11.546 | 1,189.780
2016 | oct 1455.081 12.504 78.049 15.360 | 1,374.176
2016 | noi 1414.416 15.348 79.081 16.591 | 1,334.092
2016 | dec 1491.690 19.300 88.520 18.721 | 1,403.748
2016 1;(;116 14,892.194 172.18 899.987 200.33 | 13,964.060
2017 | ian 1489.238 19.432 85.403 19.956 | 1,403.312
2017 | feb 1287.723 15.992 74.401 15.314 | 1,214.000
2017 | mar 1408.708 16.764 79.126 13.482 | 1,332.864
2017 | apr 1371.862 12.368 71.314 13.589 | 1,299.328
2017 | mai 1433.077 12.140 81.440 11.016 | 1,352.760
2017 | iun 957.054 12.924 66.772 6.731 896.476
2017 | iul 658.450 14.052 54.614 4.567 613.320
2017 | aug 1094.896 14.552 77.554 7.874 1,024.020
2017 | sep 1399.680 11.564 82.888 12.676 | 1,315.680
2017 | oct 1467.331 12.856 83.375 14.624 | 1,382.188
2017 | noi 1436.361 13.900 82.052 17.580 | 1,350.628
2017 | dec 1463.224 17.224 87.518 19.346 | 1,373.584
2017 1;(;117 15,468 173.77 926.456 157 14,558.16
2018 | ian 1387.764 20.056 87.605 19.039 | 1,301.176
2018 | feb 1252.041 20.536 79.804 17.597 | 1,175.176
2018 | mar 1390.415 19.728 83.414 17.661 | 1,309.068
2018 | apr 1002.334 12.480 65.693 9.153 939.968
?g mai 1322.376 11.688 75.013 10.519 | 1,248.532
?g iun 1221.006 12.192 73.315 9.431 1,150.452
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20

18 | iul 1029.409 14.716 69.491 7.890 966.7440
20

18 | aug 1104.773 3.560 71.262 6.607 1,030.4640
20

18 | sep 1229.055 12.476 78.650 12.401 | 1,150.4800
20

18 | oct 1269.140 11.144 74.006 13.042 | 1,193.236
20

18 | noi 1220.942 13.980 73.342 16.253 1145.328
20

18 | dec 1169.047 13.944 73.601 16.178 | 1,093.212
20 | An

18 | 2018 14,598.30 166.50 905.20 156 13,703.84

Electricity is produced by cogeneration engines during the day, between
7.00 and 23.00. It is used to provide the necessary electricity - technological
consumption - for both the cogeneration plant and the biogas plant. The difference is
delivered in SEN. During the night, the electricity consumption of the biogas plant is
provided by SEN. Network losses refer to losses in the mains (cable power line)
from the cogeneration station to the connection point to the SEN, with a length of
1200 m. At the connection point to the SEN is also the measuring device used for
electricity measurement and settlement.

As mentioned in Chapter 2, the biogas plant of the cogeneration plant operates
continuously 365 days / year, the fermentation process can be stopped only in
exceptional conditions and for short periods of time. Animal manure, various types
of energy crops or food processing waste (sugar beet oil) were used as raw material
for the production of biogas in the analyzed plant. The management of the plant
considered it appropriate in a first stage, the use of fodder corn, rye and sugar beet
noodles, these raw materials being, in this case, easier to procure and handle. The
amount of biomass purchased is measured using industrial scales at the entrance to
the biogas plant [8], and the raw material used daily is weighed by the electronic
scales mounted on the feed strips of the fermenter feeders.

When purchasing the raw material needed for biogas production, analyzes are
performed to determine the calorific value of each type of fuel [9-11].
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Table 3.3 — Raw material used and its calorific value

Energy contained in the raw

Raw material Calorific Power material

Maize Noodles Total Maize Noodles Maize Noodles Total
Year | Mo. [t] [t] [t] [MWh/t] | [MWh/t] [MWh] [MWh] [MWh]
2016 | Ian 4,138.74 0 | 4,138.74 1.672 0.211 | 6,919.97 0 | 6,919.97
2016 | Feb 4562.43 0 | 4,562.43 1.672 0.211 | 7,628.38 0 | 7,628.38
2016 | Mar 1945.87 1334.52 | 3,280.40 1.672 0.211 | 3,253.50 281.58 | 3,535.09
2016 | Apr 1124.15 895.98 | 2,020.13 1.672 0.211 | 1,879.58 189.05 | 2,068.63
2016 | Mai 1089.33 1201.14 | 2,290.47 1.672 0.211 | 1,821.36 253.44 | 2,074.80
2016 | Iun 2194.35 0 | 2,194.36 1.672 0.211 | 3,668.97 0 | 3,668.97
2016 | Iul 3282.34 0 | 3,282.34 1.672 0.211 | 5,488.07 0 | 5,488.07
2016 | Aug 4,441.00 0 | 4,441.00 1.672 0211 | 7,425.35 0 | 7,425.35
2016 | Sept 3802.33 0 | 3,802.33 2.868 0.0802 | 10,904.92 0 | 10,904.92
2016 | Oct 3661.48 433.73 ]| 4,095.21 2.868 0.0802 | 10,500.97 34.80 | 10,535.78
2016 | Noi 3597.09 1015.54 | 4,612.64 2.868 0.0802 | 10,316.32 81.494 | 10,397.81
2016 | Dec 3547.62 1099.37 | 4,647.00 2.868 | 0.2573 10,174.44 282.83 | 10,457.28
2016 21(?1n6 37386.75 5980.28 43367.05 24.848 2.1859 79981.83 1123.20 81105.05
2017 | Ian 3269 470.85 | 3,739.85 2.868 0.435 | 9,375.35 204.81 | 9,580.17
2017 | Feb 2843.26 673.33 | 3,516.59 2.868 0.435 | 8,154.36 292.89 | 8,447.26
2017 | Mar 2705.54 1121.24 | 3,826.79 2.868 0.435 | 7,759.40 487.74 | 8,247.14
2017 | Apr 2586.80 1185.93 | 3,772.74 2.868 0.435 | 7,418.85 515.88 | 7,934.73
2017 | Mai 2515.25 1265.61 | 3,780.87 0.883 0.144 | 2,220.97 182.24 | 2,403.22
2017 | Iun 1853.22 673.985 | 2,527.21 0.883 0.144 | 1,636.39 97.05 | 1,733.45
2017 | Iul 1811.36 519.096 | 2,330.46 0.883 0.144 | 1,599.43 74.74 | 1,674.18
2017 | Aug 3497.95 0 | 3,497.96 0.883 0.144 | 3,088.70 0 | 3,088.70
2017 | Sept 3631.89 0 | 3,631.89 1.668 0 ] 6,058.00 0 | 6,058.00
2017 | Oct 2877.95 1334.73 | 4,212.69 1.633 0.094 | 4,700.97 125.73 | 4,826.71
2017 | Noi 3146.38 1195.62 | 4,342.00 2.104 0.094 | 6,619.98 112.38 | 6,732.37
2017 | Dec 3239.51 1242.85 | 4,482.37 2.107 0.094 | 6,825.65 116.82 | 6,942.48

69




2017 2131n7 33978.15 | 9683.26 | 43661.42 | 22.516 2.598 65458.05 | 2210.34 | 67668.41
2018 | ITan 3186.92 1169.84 | 4,356.76 2.107 0.094 | 6,715.98 109.96 | 6,825.95
2018 | Feb 3905.04 56.954 | 3,962.00 2.107 0.094 | 8,229.33 535 | 8,234.68
2018 | Mar 4289.25 0 | 4,289.25 2.107 0 | 9,038.98 0 | 9,038.98
2018 | Apr 2861.96 0 | 2,861.96 2.107 0 | 6,031.17 0 | 6,031.17
2018 | Mai 3399.17 1103.8 | 4,502.97 3.232 0.099 | 10,986.12 109.27 | 11,095.40
2018 | Tun 2437.93 1889.98 | 4,327.91 3.232 0.099 | 7,879.39 187.10 | 8,066.50
2018 | Tul 2593.18 0 | 2,593.19 3.232 0 | 8381.18 0 | 8381.18
2018 | Aug 1862.05 0 | 1,862.06 3.232 0 | 6,018.16 0 | 6,018.16
2018 | Sept 1860.34 0 | 1,860.35 1.05 0 | 1,953.24 0 | 1,953.24
2018 | Oct 1726.59 467.2 | 2,193.79 2.536 | 0.451 4,378.63 210.82 | 4,589.45
2018 | Noi 1533.48 1355.12 | 2,888.60 2.536 | 0451 3,888.91 611.48 | 4,500.40
2018 | Dec 1558.60 1152.62 | 2,711.23 2.536 | 0451 3,952.63 520.11 | 4,472.74
2018 2131118 31214.55 | 719552 | 38410.07 | 30.014 1.739 77453.72 1754.12 | 79207.85
Table 3.4. — Biogas consumption
Ml M2 Total
Year Mo. Consumption Consumption Consumption
10° Nmc MWh 10° Nme MWh 10° Nme MWh
2016 ian 349.86 1805 358.29 1849 708.14 3654
2016 feb 336.72 1737 335.69 1732 672.41 3470
2016 | mar 361.01 1863 223.28 1152 584.29 3015
2016 apr 302.23 1560 59.99 310 362.22 1869
2016 | mai 169.24 873 302.19 1559 471.42 2433
2016 iun 95.99 495 347.14 1791 443.13 2287
2016 iul 261.30 1348 335.15 1729 596.45 3078
2016 | aug 354.58 1830 347.94 1795 702.52 3625
2016 sep 212.17 954.74 427.84 1925.27 640.00 2880
2016 oct 351.678 1582.549 368.15 1656.67 719.83 3239
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2016 noi 340.674 1533 354.10 1593 694.78 3126
2016 dec 361.158 1625 376.96 1696 738.12 3322
2016 2‘3;1 6 3496.588 17207.049 3836.705 18789.544 7333.293 35996.59
2017 ian 357.030 1607 375.120 1688 732.15 3295
2017 feb 334.241 1504 306.721 1380 640.96 2884
2017 mar 345.619 1555 366.568 1650 712.19 3205
2017 apr 363.036 1634 372.699 1677 735.74 3311
2017 mai 346.891 1561 386.921 1741 733.81 3302
2017 iun 290.393 1307 200.986 904 491.38 2211
2017 iul 24.436 110 311.005 1400 335.44 1509
2017 aug 320.907 1444 237.655 1069 558.56 2514
2017 sep 365.875 1646 343.493 1546 709.37 3192
2017 oct 356.961 1,606.326 365.041 1643 722.00 3249
2017 noi 336.533 1514 353.738 1592 690.27 3106
2017 dec 351.267 1581 347.943 1566 699.21 3146
2017 213;17 3793.189 17069.351 3967.889 17855.502 7761.078 34924.85
2018 ian 330.945 1489 330.611 1488 661.56 2977
2018 feb 302.267 1360 303.596 1366 605.86 2726
2018 mar 341.832 1538 340.024 1530 681.86 3068
2018 apr 337.222 1517 144.217 648.98 481.44 2166
2018 mai 342.059 1539 297.981 1341 640.04 2880
2018 iun 323.584 1456 268.740 1209 592.32 2665
2018 iul 270.597 1218 235.673 1061 506.27 2278
2018 aug 90.744 408 453.548 2041 544.29 2449
2018 sep 333.907 1670 273.861 1369 607.77 3039
2018 oct 302.961 1515 316.154 1581 619.11 3096
2018 noi 309.516 1548 279.373 1397 588.89 2944
2018 dec 369.025 1845 196.177 981 565.20 2826
2018 213;18 3654.657 17103.660 3439.954 16012.574 7094.611 33116.23
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Chapter 4. Modeling the electrical parameters of the

cogeneration plant and optimizing its operation

4.5. Modeling of the electrical parameters of the cogeneration plant

From the data presented so far it is clear that the production of energy in
cogeneration is one of the ways to sustainable development [12].

In order to obtain a model of the cogeneration plant and to optimize its
operation, we tried in a first phase to analyze the input and output data for a single
month, namely December 2018.

In December 2018, when the analysis of the parameters was performed, the
operating time of the cogeneration plant was as follows: the normal operation of the
engines is 16 hours a day - between 7.00 and 23.00; between December 6 and
December 17, preventive maintenance (scheduled shutdown) was performed for
24,000 operating hours; scheduled overhauls (preventive maintenance) are
performed every 2000 hours of operation and during this time, the M1 engine has
been running 24 hours a day; since the 16th, the amount of biomass introduced into
the fermenters has been gradually increased, thus resuming normal electricity
production [12].

The 2 engines worked as follows:

Engine 1:

* 31 days worked with an average number of daily service hours of 16.7
hours per day;

*  Monthly operating hours = 519 operating hours / month;

e Average hourly power = 1.488 MW;

*  Average daily energy produced = 24.92 MWh / day;

e The monthly amount of electricity produced is M1 = 772.41 MWh.

Engine 2:

e 19 days worked with an average number of daily hours of 14.1 hours per
day;

*  Monthly number of operating hours = 268 operating hours / month;

e Average hourly power = 1,480 MW;

*  Average daily energy produced = 20.88 MWh / day;
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*  The monthly electricity produced is M2 = 396.63 MWh.

Figure 4.1 shows the electricity produced by motor 1, respectively motor 2 and
the total electricity produced daily

in December 2018.
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Figure 4.1 - Electricity produced by motor 1, motor 2 and total electrical energy

produced - December 2018

The electricity produced daily by the installation (cumulatively motor 1-M1 and
motor 2-M2), as well as the daily electricity delivered to the national electricity
system (SEN) are illustrated in Figure 4.2. The result is the total amount of
electricity produced by the two engines in December 2018, which was 1169,047
MWh, and the amount of electricity delivered to SEN in December 2018 was

1093,212 MWh.
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Figure 4.2 - Electricity produced and delivered in SEN - December 2018.
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The electricity supplied to SEN was established on the basis of the electricity
meters used for settlement, installed at the limit of separation with the network
operated by the district electricity distribution - DELGAZ GRID SA (former E-ON
Moldova).

This consumption was ensured by the production of cogeneration engines during
their operation (day) and during the night, when the engines are stationary, the
internal consumption of the biogas plant is ensured by SEN. The amount of energy
purchased from SEN for the partial insurance of domestic consumption in December
2018 was 13.94 MWh. The average daily domestic consumption was 2,374 MWh /
day. The analysis of biogas consumption at the central level concludes that the total
biogas consumption in December 2018 was 2826.01 MWh of fuel. The normalized
consumption (according to the technical specifications of the manufacturer - GE
Jenbacer) for December 2018 was 2774.96 MWh. There is an excess of standard fuel
consumption of 1.81%, which is in accordance with the engine manufacturer's
requirements. The electricity production of the cogeneration plant and the total
biogas consumption are shown in Figure 4.3.
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Figure 4.3 - Biogas consumption and electricity production - December 2018

Figure 4.4 shows the total daily electricity production and domestic
consumption of the station in December 2018, where: the total amount of electricity
produced by the two engines in December 2018 is 1169.047 MWh; the amount of
electricity needed to cover domestic consumption in December 2018 was 73,601
MWh,; the average quantities of electricity produced and consumed daily were: for
electricity produced - 37,711 MWh / day, and for electricity consumed for domestic
services - 2,374 MWh / day.
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Figure 4.4 - Technological electricity consumption and electricity
production - December 2018

From the above it can be seen that the share of domestic consumption in total
electricity production is 6.3%. This domestic consumption is normal, given the
cumulation of domestic services for the cogeneration plant and the biogas plant.

Based on the values shown in Figure 4.3 and Figure 4.4, the dependence
between the electricity produced by the cogeneration plant and the amount of biogas
consumed, shown in Figure 4.5, can be obtained. This dependence even represents
the total efficiency of the cogeneration plant defined as

n= Eouput/Bcons (41)
where Equp means electricity measured in MWh, and B,,s means biogas

consumption measured in MWh.
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Figure 4.5 - Dependence of electricity production on biogas consumption
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To better understand the output-input behavior of the cogeneration plant, a
numerical model was developed using Matlab software. The total efficiency function
Eouput (Beons) 15 obtained by the polynomial regression function using the "cftool"
function. The polynomial functions obtained, from order 1 to order 7, are described
in Table 4.1.

Table 4.1- Polynomial functions from order 1 to order 7 [12]

Function Order
Polyl=—10.1639x + 431.2 Linear
Poly2=—0.01934x> — 0.1627x + 431.3 2 (Quadratic)
Poly3=— 0.000004x* + 0.006x* + 0.19666x + 2.1776 3 (Cubic)
Poly4= 0.009054x" — 0.003995x" — 0.06216x* — 0.1563x + 431.3 4
Poly5=— 0.0001467x° + 0.009238x* — 0.00299x — 0.06282x* — 0.1575x + 431.3 5
Poly6=—0.001076x° + 0.001189x° + 0.01894x* — 0.009659x° — 0.08219x° — 6
0.1521x +431.3
Poly7=— 0.002933x’ + 0.002332x® + 0.03374x" — 0.0066x" — 0.1038x" — ;

0.04506x> —0.09102x +431.3

The next step of the numerical approximation is the evaluation of the waveform
for each polynomial function generated. This is done by calculating the statistical
parameters, shown in Table 4.2, for each polynomial function, choosing a 95%
confidence interval.

Table 4.2 - Statistical parameters of the approximation model

Order of polynomial

L. SSE R-square RMSE Adjusted r-square
approximation
Linear 146.3208 0.141817 0.403435 0.140863
2 (quadratic) 145.7801 0.144989 0.402913 0.143085
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3 (Cubic) 144.4425 0.152834 0.402181 0.146193
4 145.0744 | 0.149128 0.402385 0.145329
5 145.074 0.14913 0.402609 0.144376
6 145.0336 | 0.149367 0.402778 0.143658
7 1445.7455 | 0.145192 0.403089 0.142333

In this case, the polynomial function most accurate is the one of order 3:
Eoutup = “4E-06Bons’ + 0.006 Beons” + 0.1966 Beons +2.1776 (4.2)

Due to the fact that the accuracy of an approximation function improves as the
value of R2 approaches 1, and in our case (R2 = 0.152834) this is far from the
optimal value, we looked for other ways to optimize the cogeneration plant.
Realizing that the biogas according to which the approximation was tried is itself a
product of the station belonging to the cogeneration plant, a product over which the
operator has very little control, to optimize the operation of the plant we tried other
possibilities to approximate the energy produced depending on the matter. premium
purchased and used.

4.6. Modeling and optimization according to the amount of biomass

The analysis of biomass consumption was made for the last 3 years for which
there were complete data, ie for each month of 2016, 2017, 2018. In fig. 3.10, are
presented the electricity produced in the cogeneration plant and the biomass
consumed for its production in the period 2016-2018.

The PyCHARM Community 2019.1 program was used to determine an exact
mathematical relationship between energy produced and biomass consumption [13-
16].

Using the data collected in the last 3 years, which are reproduced in Figs. 3.10
and using the source code developed for their interpretation, presented in Annex 2,
we obtain the mathematical dependence presented in Fig. 4.6. The best estimate
between the real and numerical model of biomass consumption and the electricity
generated by the boiler means the 6th polynomial function, which implies a large
square error with R2 = 0.3705, far from the ideal value R2 = 1. O value of 0.3705
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means that 37.05% of the variant of the dependent variable is explained by the
independent variables. This result is not at all satisfactory, therefore another
approximation method is proposed in the next approximation step.
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Figure 4.6 - Mathematical dependence between biomass consumption and

electricity produced [12]

The values expressed in Chapter 3 were ordered in ascending order of the
amount of biomass used, obtaining the results shown in Figure 4.7. Obviously this
method is closely related to the measured data and expresses the most real
dependence between the same amounts of biomass and approximately equal values
of energy production over time in different years.

ENERGIE W]

800.000 00,000 A8D0.000

BIOMASA [T]

Figure 4.7 - Consumption of biomass used as an increasing function of the

amount of energy produced [12]
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For the data ordered in this way, the polynomial interpolation algorithm was
applied again and thus the functions described in Table 4.3 were obtained.

Table 4.3 - Polynomial functions of order 1-7 for the whole period [12]

Function Order R-squared
Polyl= 1.85848846¢-01 x + 6.01263566¢+02 Linear 0.609088
Poly2=-7.81036098e-07 x2 —1.90987836e-01 x + 2 0.609093
5.93453022e+02 (Quadratic) '

Poly3= -1.22015302e-07 x3 + 1.20559189¢-03x2 -

3.62432369¢+00 x + 4.41962328¢+03 3 (Cubic) | 0.680802

Poly4=9.59815069¢-11 x4 -1.36886571e-06 x3 +
7.09873315e-03 x2 -1.55981997e+01 x + 4 0.702815
1.32281433e+04

Poly5=-3.84030123e-14 x5 + 7.23902917e-10 x4 -
5.38408609¢-06 x3 +1.96244822¢-02 X2 - 5 0.704774
3.46255872e+01 x +2.44736876e+04

Poly6=1.96681000e-16 x6 -3.89032294e-12 x5 +
3.15780296e-08 x4 -1.34613947e-04 x3 +3.17810879¢- 6 0.725300
01 x2 -3.93711531e+0 x +2.00689125¢+05

Poly7=2.55420776e-20 x7 -3.88836946e-16 x6 +
1.77665792e-12 x5 + 1.58320012¢-09 x4 -
4.09192841e-05 x3 + 1.45205093e-01 x2 -

2.20174570e+02 x +1.27266003e+05

7 0.725451

Since the difference between R2 for degree 7 and degree 6 functions is very
small, and the complexity of degree 7 increases significantly compared to degree 6,
degree 6 of the polynomial function is considered the most appropriate for the
approximation in question.

E puipus= 1.96681000e-16 B,,,," -3.89032294¢-12 B..,,;" + 3.15780296€-08 B,,,"
-1.34613947¢-04 B,,,> +3.17810879¢-01 B,,,> -3.93711531e+0 B,
+2.00689125¢+05 (4.3)

where E,« means the electric energy output measured in MWh, and By,
means the biogas consumption measured in tonnes [t].
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In order to increase the accuracy of the polynomial approximation function, the
year was divided into 4 quarters (quarters), each having 3 months: the quarter of
January 1, February, March; quarter April 2, May, June; quarter July 3, August,

September; quarter of October, November and December.

Applying the same interpolation algorithm, the results are expressed in Tables

44,45,4.6 and 4.7.

Table 4.4 - Polynomial functions of order 1-7 for quarter 1 [12].

Function Order R-squared
Polyl= 1.12075543¢-01 x + 9.19075480¢+02 Linear 0.233129
Poly2= 2.69026781¢-04 x2 + 2.22399807¢+00 x - 2 043085
3.18388747¢+03 (Quadratic) |
Poly3= 2.89179625¢-07 x3 -3.66797890¢-03 x2 .
545328740501 % -2.023103260+04 3 (Cubic) | 0.459028
Polyd=-3.98546993¢-10 x4 + 6.56590173¢-06 X3 -
4.05668409¢-02 x2 + 1.11405341¢+02 x - 4 0.464148
1.13346965¢+05
PolyS= -4 84476832¢-12 x5 + 9.46516927¢-08 x4 -
7.36808664¢-04 x3 2.85631735¢+00 X2 - 5 0.510650
5.51344208¢+03 x + 4.24002845¢-+06
Poly6=7.52495742¢-14 x6 -1.77959206¢-09 x5 +
1.74908583¢-05 x4 -9.14470812¢-02 x3 ; 087155
12.68228254¢+02 x2 -4.18481000e-+05 x :
12.71306704¢+08
Poly7=-1.50655062¢-16 x7 +4.233578756-12 X6 -
5.08757280¢-08 x5 + 3.38904630¢-04 x4 -
1351489526100 x3 + 3.22624323¢+03 X2 - i e
426862749¢+06 x +2.41470295¢-+09

Table 4.5 - Polynomial functions of order 1-7 for quarter 2 [12]

Function Order R-squared

Polyl= 1.04864947¢-01 x + 6.86345737c+02 Lincar | 0033060

Poly2= -4.94649902¢-04 x> + 3.98798121¢+00 x - 2 0.141336
6.85762521e+03 (Quadratic)
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Poly3= 1.64966240¢-06 x°-1.98844099¢-02 x 3 (Cubic) 0.289858
+7.94561656e+01 x -1.04105260e+05
Poly4=2.35707483¢-10 x*-2.06249801¢-06 x*+1.93820590¢-03 4 0.290148
x> +2.27084859¢+01 x -4.90349103e+04
Poly5=4.13917164e-11 x>-8.11834613¢-07 x'+ 6.34902535¢-03 s 0.839966
x>-2.47478540e+01 x>-4.80791012e+04 x -3.72424916e+07
Poly6=-8.84702678¢-14 x*+2.12794662¢-09 x°-2.12644030e-05 0.920772
x*+1.12996301e-01 x>-3.36743325e+02 x>+ 5.33601456e+05 x - 6 :
3.51230452¢+08
Poly7=-4.92798532¢-16 x” + 1.35135852¢-11 x°-1.58467412¢- R
07x> + 1.03009247¢-03 x*-4.00865121e+00 x>+ 7 :
9.33903799¢+03 x>-1.20603765¢+07x + 6.65990152¢+09
Table 4.6 - Polynomial functions of order 1-7 for quarter 3 [12]
Function Order R-squared
Polyl= 1.04864947¢-01 x + 6.86345737¢+02 Linear 0.033060
Poly2= -4.94649902¢-04 x2 + 3.98798121¢+00 x - 2 0.141336
6.85762521e+03 (Quadratic) :
Poly3= 1.64966240e-06 x3 -1.98844099¢-02 x2 .
+7.94561656e+01 x -1.04105260e+05 3 (Cubic) | 0.289858
Poly4=2.35707483¢-10 x4 -2.06249801e-06 x3 +1.93820590¢- 4 0.290148
03 x2 +2.27084859¢+01 x -4.90349103¢e+04 '
Poly5=4.13917164e-11 x5 -8.11834613¢-07 x4 + 6.34902535¢-
03 x3 -2.47478540e+01 x2 -4.80791012¢+04 x - 5 0.839966
3.72424916e+07
Poly6=-8.84702678¢-14 x6 +2.12794662¢-09 x5 -
2.12644030e-05 x4 +1.12996301e-01 x3 -3.36743325e+02 x2 + 6 0.920772
5.33601456e+05 x -3.51230452¢+08
Poly7=-4.92798532¢-16 x7 + 1.35135852¢-11 x6 -
1.58467412¢-07x5 + 1.03009247¢-03 x4 -4.00865121e+00 x3 + 7 0.985518
9.33903799¢+03 x2 -1.20603765¢+07x + 6.65990152¢+09
Table 4.7 - Polynomial functions of order 1-7 for quarter 4 [12]
Function Order R-squared
Polyl=-1.11805977¢-01 x +2.09514429¢+03 Linear 0.264080
Poly2=-1.35895524¢-04 x2 + 1.57181579¢+00 x - 2 0.441242
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3.07406111e+03 (Quadratic)
Poly3= -3.87098904¢-07 x3 - 7.08583488¢-03 x2 - .
T 303193570101 - 8.807348240+04 3 (Cubic) | 0.648110
Polyd= 1.15779208¢-09 x4 -2.96663653¢-05 x3 + ) 0711585
2.83504873¢-01 x2 -1.19845618¢+03 x + 1.88996527¢+06 :
Poly5= 1.22634900¢-11 x5 -3.92436923¢-07x4 +
5.00946478¢-03 x3 -3.18803944e+01 x2 + 1.01133033¢+05 x 5 0.921211
11.27908657¢+08
Poly6= -2.76903094¢-14 x6 + 1.07872125¢-09x5 -
1.74743062¢-05 x4 + 1.50648448¢-01x3 -7.28915930¢-+02 6 0.970026
X2 + 1.87654693¢+06 x -2.00788593¢--09
Poly7= 1.47032333¢-16 x7 -6.64575860¢-12 x6 +
128566988¢-07 x5 -1.37990047¢-03 x4 -8.87353583¢-+00 - OIS

x3 -3.41859071e+04 x2 -7.30538241e+07 x -
6.67950423e+10

4.7. Modeling and optimization according to the primary energy contained

in the raw material

When purchasing the raw material needed for biogas production, analyzes are
performed to determine the calorific value of each type of fuel [17-21]. The
mathematical relationship for determining the energy contained in the raw material is

as follows:

E total raw material — Calorific POWCT aw material 1 * Quantity raw material 1 + Calorific
POWET raw material 2 * Quaﬂtlty raw material 2 (44)

For example, in May 2018, the calorific value for forged corn was, according to
the analysis bulletin, 3,232 MWh / t and for rye noodles 0.099 MWh/t.

E. ., =3230MWh/1*3399.172%-+0.099MWh/ *1103.9t=11095 400

4.4)

With this in mind, the total energy from the raw materials used in the three years
of study in the biomass cogeneration plant is presented in Chapter 3.

To determine a mathematical link between the electricity produced by the
cogeneration plant and the energy contained in the raw material, we developed a
similar source code and used the same PyCHARM Community 2019.1 software.

The mathematical functions obtained in this way appear successively in Tables

4.8-4.11.
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Table 4.8 - Polynomial functions of order 1-6 for the whole period [22]

Function Order | R-squared
Polyl= -9.3135x + 6505.1 1 0.0012
Poly2=-6.0755x2 + 215.48x + 5081.4 2 0.0437
Poly3= 0.0985x3 - 11.544x2 + 297.53x + 4811.3 3 0.0446
Poly4=-0.097x4 + 7.2716767xl38- 183.89x2 + 1760.8x + 4 0.1175
Poly5=-0.0149x5 + 1.2819x4 - 38.407x3 + 463.76x2 - 5 0.2556

1857.8x +7091.7

Poly6=0.003x6 - 0.3513x5 + 15.51x4 - 323.85x3 + 6 0.7081

3202.8x2 - 12879x + 19478

12,000.00

10,000.00

8,000.00

6,000.00

4,000.00

Total energyfrom raw materials [Mwh]

2,000.00
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Figure 4.18 - Function Chart for 2016-2018 [22]

Table 4.9 - Polynomial functions of order 1-6 for 2016 [22]

Function Order | R-squared
Polyl= 611.51x +2783.9 1 0.4275
Poly2=150.83x2 - 1349.3x + 7359.1 2 0.6702
Poly3= -48.419x3 + 1095x2 - 6457.5x + 13968 3 0.8873
Poly4=-6.4049x4 + 118.11x3 - 336.96x2 - 1913.7x + 4 0.9181
9971.7
Poly5=3.2044x5 - 110.55x4 + 1350x3 - 6759x2 +
12115x + 529.48 3 0.9762
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Poly6=-0.2293x6 + 12.148x5 - 245.44x4 + 2337.9x3

- 10365x2 + 18094x - 2787.9 6 0.9782

Table 4.10 - Polynomial functions of order 1-6 for 2017 [22]

Function Order | R-squared
Polyl= -264.96x + 7361.3 1 0.1152
Poly2=196.03x2 - 2813.3x + 13307 2 0.7035
Poly3= 3.1389x3 + 134.82x2 - 2482.2x +
12879 3 0.7048

Poly4=-11.532x4 + 302.98x3 - 2443.5x2 +

5699.1x + 5682.9 4 0.8485

Poly5= 0.5381x5 - 29.021x4 + 509.86x3 - 5 0.8508
3521.9x2 + 8054.9x + 40973 :

Poly6= 1.08x6 - 41,5815 + 606.2x4 - ; CoT5]

4142.4x3 + 13461x2 - 20103x + 19720

Table 4.11 - Polynomial functions of order 1-6 for 2018 [22]

Function Order | R-squared

Polyl=-440.37x + 9463.1 Linear 0.3994

Poly2=-63.502x2 + 385.16x + 7536.8 2 0.4769

Poly3= 28.904x3 - 627.14x2 + 3434.6x + 3591.4 3 0.6163

Poly4=5.149x4 - 104.97x3 + 524.04x2 - 218.3x +

6804 4 4 0.6522

Poly5=-1.0061x5 + 37.847x4 - 491.76x3 + 2540.4x2 - 5 0.6625
4622.9x + 9769 )

Poly6=-1.2356x6 + 47.181x5 - 688.88x4 + 4830.7x3 - 6 0.7682
16889x2 + 27592x - 8103.9 )

Comparing the functions obtained for each year studied separately, with the data
highlighted in Figure 3.11, we can see an increased predictability for 2016 (error of
about 3%) and 2017 (error of about 9%). For 2018, the approximation error increases
to 20%, which is most likely due to the different and quite varied calorific values of
the raw material used.
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4.8. Cost benefit analysis
4.3.5 Identifying the investment and defining the objectives

The company that owns the studied cogeneration plant has as main activity the
production and sale of electricity produced from renewable sources.

The main objective of the investment is to produce and sell electricity through
the use of renewable resources - biomass and access to the support scheme for the
production of electricity from renewable sources.

4.3.6 Reference period

The reference period chosen for the presentation of the cost-benefit analysis is
15 years, this being the duration of granting the support scheme for the production of
electricity from renewable sources according to the provisions of Law 220/2008 with
subsequent amendments and completions.

4.3.7 Financial analysis

The financial analysis of the project refers to the calculation of the financial
performance indicators: cash flow, net discount value, internal rate of return, cost-
benefit ratio, return on investment [23-27].

The objective of the financial analysis is to calculate the performance and
financial sustainability of the proposed investment. The main purpose is to estimate a
cash flow over the entire analysis period that would make it possible to determine
performance indicators.

4.3.7.1 Assumptions of the financial analysis

The financial analysis is performed for a period of 15 years, this period was
chosen as a result of the provisions of Law 220/2008 regarding the promotion of
electricity production from renewable sources.

4.3.7.2 Estimation of income

The company's revenues are obtained from the sale of electricity delivered to
SEN and from the sale of green certificates from which the producer benefits
according to the support scheme specified in Law 220/2008 with subsequent
additions and amendments to establish the system to promote energy production
from renewable energy sources [28 -30].
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4.3.7.3 OPEX Estimation

Annual operating costs (OPEX) include raw material costs, operating and
maintenance costs (O&M), personnel, and insurance costs [31-33].

The calculation assumptions for determining the amount of biomass required
annually are presented in Table 4.12

Table 4.12 - Calculation hypotheses

Safety factor 3%
Electrical efficiency of cogeneration modules 42.20%
Number of operating hours biogas station per year 8,200

Annual required amount of fuel (primary energy)

(kW] 39,681,523
Annual required amount of raw material (biomass) [t] 40,200
4.3.7.4 The results of the economic-financial analysis

The economic-financial analysis is performed by the cost-benefit method, with
the determination of the following financial statements underlying the calculation of
efficiency indicators:

e  Profit and loss account;
e Cash flow;
e The situation of the patrimony.

Profit and loss account

Profit and loss account - indicates the annual net result (profit or loss) obtained
from the activity.
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Cash flow

Cash flow [34,35] - demonstrates the ability of the project to meet the cost of
financing, namely loan repayment and interest payment for bank loans, and the
payment of dividends for the capital of the partners.

The situation of the patrimony

Patrimony situation - shows the position and financial soundness of the project
in each year of operation.

Table 4.19 shows the project performance indicators

Performance indicator

Updated Net Income (NAV) - Euro (10% rate of return) 1304 077
Return on Investment Rate (ROCE) -% 19,33%
Investment Recovery Duration (RT) - years 6,3
Internal rate of return (IRR) 13,07%
4.3.8 Risk analysis

The risk analysis [36,37] of the project aims to establish the probable
distribution of the value of the project performance indicators. The influences of the
variation of raw material prices and green certificates were determined. These can be
seen in Table 4.21.

Based on the above, the following conclusions can be drawn:

No. Identified risk Conclusions/ Mitigation measures

1 | The risk of trading
green certificates at Currently there is a high degree of legislative
lower than estimated instability, with the possibility of reducing the
minimum trading level of green certificates.
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prices

Increased income risk

Reduction / elimination measures: Permanent
monitoring of the internal CV market and the
external CV market, in order to opt for the
best sales option

The risk of purchasing
the raw material -
fodder corn, at prices
below the estimated
ones

Medium cost risk

The price of cereals cannot be accurately
predicted, as it is dependent on weather
conditions and legislative provisions on
agricultural subsidies.

Reduction / elimination measures:

In order to reduce this risk, long-term (more
than 5 years) raw material procurement
contracts will be concluded with agricultural
holdings with large arable areas and
preferably located in several geographical
regions.

The risk of reducing
the selling price of
electricity

Medium income risk

Total market liberalization, legislative
instability and increasing production of
electricity produced from renewable sources
at low cost prices.

Reduction / elimination measures:

Monitoring all electricity markets and
choosing the optimal marketing option
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Chapter 5. Conclusions. Original contributions. Future

directions of research

Conclusions

The efficiency of cogeneration plants is evidenced by the fact that the
commissioning of this type of plant has increased steadily in recent years and this
growth is expected to remain constant in the next period, at least until 2030.
Romania also has a high potential for the installation of cogeneration plants, both in
the industrial and residential sectors, which is why ANRE has put in place a support
scheme to encourage the use of this technology [98]. A cogeneration plant increases
the efficiency of electricity / heat production to almost 80%, while in a conventional
plant this efficiency is 20-30%.

By using cogeneration plants on a large scale, considerable primary energy
savings can be achieved.

By reducing the consumption of energy resources, the establishment of new
cogeneration plants also participates in the protection of the environment, an issue
that is becoming more and more hot nowadays.

The plant studied in this case uses biomass as a raw material, thus contributing
to the sustainable development of the area where it is located and to the protection of
the environment.

Also, the cogeneration plant presented is very efficient from the point of view of
the necessary human resources, requiring only 9 employees for its operation.

In the operation of the plant the most complicated problem is the storage of
biomass and the operation of the biogas production station, the necessary
infrastructure being expensive and complicated.

To further contribute to the protection of the environment, the biofertilizer
resulting from the biogas production process is used as a fertilizer in agriculture.

The biomass used is of several types: energy crops - fodder maize and various
types of waste obtained from the processing of waste from agriculture and related
industries.

The operating parameters of the cogeneration plant are highly efficient but we
cannot talk about it, because the thermal energy produced by the cogeneration
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engines is used in a proportion of less than 10%, only in the biogas production
station, to ensure the optimal temperature in the digesters. biomass fermentation.

For technical and economic reasons, it was decided to operate the cogeneration
engines during peak hours, 16 hours a day, between 7.00 and 23.00, because in the
current conditions of the energy market the price of electricity during the night is
lower than the cost of the raw material, so the operation of heat engines during the
night is not justified. The biogas production station operates non-stop, the biogas
produced during the night being stored in a tank, and will be consumed during the
day together with the biogas production during the day from the fermenters. Of the
total electricity production of the plant, approximately 93% is delivered in SEN, 6%
is its own technological consumption, and 1% are network losses. Of the thermal
energy produced, only about 7% is used for own consumption, the difference not
being used.

Cogeneration engines operate at the parameters specified by the manufacturer,
the deviations from them being on average 3% per year [99].

The amount of raw material used differs from month to month, depending on the
type of biomass used and its calorific value.

The yields of cogeneration engines for the 3 years studied were constantly over
80%.

Trying to model and optimize electricity production according to the amount of
biomass used, we notice that doing this for a period of 1 year, we get errors of up to
30%, but if we reduce the period to a quarter (3 months) errors they decrease
considerably, varying between 2% and 10%.

The modeling and optimization of electricity production according to the
primary energy contained in the raw material is much more accurate, the errors
obtained at intervals of 1 calendar year being in the best case of 2% and in the worst
case of 30% [ 100].

Such a cogeneration plant can be profitable even without the sale of thermal
energy, although this considerably decreases its profitability and greatly increases its
return on investment.

Out of a total of 16 years of the life of such a plant, the investment costs begin
after about 10 years.

The specific investment for such a project is approximately 2 million Euro /
MWhel.

An important part of the revenues of such a plant is the sale of green certificates,
without which such an investment would not be financially profitable.
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The price of green certificates and the price of raw materials have a significant
impact on the profitability of such a project.

The risk analysis for such a cogeneration plant showed that there is currently a
high degree of legislative instability, with the possibility of reducing the minimum
trading level of green certificates.

The price of cereals cannot be accurately predicted, as it is dependent on
weather conditions and legislation on agricultural subsidies.

Original contributions

In this paper, the operating parameters of the first cogeneration plant operating
on biomass in Romania were analyzed and their modeling and optimization were
performed, in close connection with the consumption of raw material. As raw
material costs represent approximately 60% of the total operating costs of such a
plant, they significantly influence the efficient operation of the plant.

In order to optimize these costs, a prediction of biomass consumption was
followed in order to avoid its excessive purchase or degradation of its quality during
storage for a longer period of time.

The original contributions from this doctoral thesis are the following:

. Detailed description of the technological structure and operation
of the cogeneration plant, made in chapters 1 and 2.

. Identifying the electrical parameters of the plant and performing
complete sets of measurements during three years 2016-2018, presented in Chapter
3.

. Mathematical modeling, using the MathLab programming
environment, of biomass consumption to allow a more accurate forecast of the
amount of biomass to be used in the plant made in Chapter 4.

. Mathematical modeling, using the MathLab and PyCHARM
Community programming environment, of electricity production according to the
amount of biomass used, which led to an approximation with an error of 2% of
production over a period of 3 months (Chapter 4).

. Mathematical modeling, using the MathLab and PyCHARM
Community programming environment, of electricity production according to the
amount of energy (calorific value) contained in the raw material. These
approximation functions increase the period for which the prediction can be made to
1 year and introduce an error of only 3% for this time interval (Chapter 4).
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. The cost-benefit analysis of this plant which is based on a series
of mathematical predictions regarding the profitability of such an investment. This
analysis is presented in Chapter 4 and covers a period of 16 years which represents
the lifespan of cogeneration engines.

Future research directions

In the future, it is interesting to investigate how such a biomass cogeneration
plant can be used, in addition to the production of electricity and heat, and as a
recovery plant for the treatment and disposal of non-hazardous waste.

Thus, the biogas plant of such a plant can provide support for the recovery of
animal and plant waste in order to recover energy from renewable resources,
resulting in the production of green energy.

The main wastes that can be introduced for processing / recovery will be
agricultural waste, energy crops and mixed with waste of organic animal nature, food
and not intended for human consumption, thus through a traceable process of
directed anaerobic fermentation, carried out in the production facility of biogas, will
result in a gaseous compound consisting mainly of methane and carbon dioxide.

This can have a considerable financial impact on such a cogeneration plant, due
to the fact that it reduces the amount of raw material purchased, while also receiving
a sum of money for certain waste that will be taken over and used to produce
electricity and heat, following to be subsequently converted into agricultural
fertilizer.

It will be interesting to investigate how this use of non-hazardous waste affects
and shapes the parameters of such a cogeneration plant.
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