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TOM TAT

Su phét trién nhanh chéng cia cac ngudn nang luong tai tao phan tan (Distributed Energy
Resources — DERSs), dac biét 1a dién mat tro1 va dién gio, da va dang dat ra nhiing thach thirc 16n
ddi véi tinh 6n dinh va do tin cay cua H¢ théng dién truyén théng. Trong bdi canh d6, md hinh
Nha may dién ao (Virtual Power Plant — VPP) ni 1én nhu mot giai phép tiém ning, cho phép tich
hop va diéu phdi hiéu qua cac ngudn DERs, hé thong luu trit ning luong, cling nhu céc tai c¢6 kha
ning diéu chinh. Tuy nhién, viéc trién khai VPP ciing dit ra nhitng vin dé méi lién quan dén tac
dong cua nd ddi voi viée van hanh Hé théng dién, nhat 1a trong diéu kién bién dong cao cua cac
ngudn tai tao.

B4o c4o nghién ciru ndy tap trung danh gia toan dién cac ché do van hanh cia Hé thong dién
khi ing dung mé hinh VPP. Thong qua viéc sir dung cac cong cu, phan mém md phong va hd tro
nhu MATLAB/Simulink, PSS/E, Python va AutoCAD, nhém nghién ctru tién hanh phan tich hiéu
qua van hanh va xac dinh anh huong ciia VPP dén cac dic tinh k¥ thuat ciia hé thong trong cac
kich ban van hanh khéac nhau, cung véi do 1a lap ké hoach t6i wu van hanh cho VPP trong tuong
lai nham giam dang ké ganh ning tinh toan thdi gian thyc, tranh cac thuét toan phirc tap phai chay
lién tyc trong moi truong c6 do tré thap. Két qua nghién ctru nham dé xuat cac quan diém rd rang
va c6 co sO vé vai trd cia VPP trong viéc cai thién kha nang t6i uu héa van hanh, ting cudng do

on dinh, va nang cao hi¢u qua tich hop nguodn tai tao vao ludi dién.

Tir khéa: Nha may dién ao (VPP), ning luong tai tao, diéu khién hé thong, tdi wu hoa hé thong
dién, tich hop ludi dién.



DAI HOC DA NANG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PAI HOC BACH KHOA Doc lap - Ty do - Hanh phuc
KHOA: PIEN

NHIEM VU PO AN TOT NGHIEP

STT Ho va tén Lop MSSV Nganh
1 Van Ngoc Quy 20DCLC2 105200209 K¥ thuat dién
Tran Van Hai 20DCLC3 105200228 K¥ thuat dién
3 Nguyén Trudng Phudc 20DCLC3 105200241 K¥ thuat dién

1. Tén @é tai @6 dn: “Panh gia anh hudng ctia nha méy dién do ddi véi cac ché do van hanh hé
thong dién”.
2. Pé tdi ’thuéc di_én."D Co ky két théa thudn sé hitu tri tué doi voi két qua thuec hién
3. qu s0 liéu ban dau:
So6 liéu ludi diép IEEE ,3 9-BUS New England
4. Noi dung cac phan thuyét minh va tinh todan:
Chuong 1: Téng quan vé md hinh Nha may dién ao
Chuong 2: M6 phong nha may dién ao va lap ké hoach van hanh tdi uu trong cac diéu kién
Chuong 3: Giao thirc két ndi luéi dién
Chuong 4: Kich ban van hanh va anh hudng cia Nha may dién 4o
Chuong 5: Két luan va dé xuat hudng phat trién
5. Cdc ban vé, do thi (ghi ré cdc logi va kich thiedc bin vé):
Ban v&, d0 thi dugc trinh chiéu trén slide béo cdo.
6. Ho tén nguoi huong dan:

I | PGS. TS. Lé Binh Duong Giang vién, Khoa DPién, Truong Pai hoc Bach | Huéng dan

khoa — Pai hoc Ba Ning chinh
Chi nhanh Cong ty TNHH MTV Van hanh h¢ Pdne huén
2 | ThS. Luong Phu Nhan thong dién va thi truong dién Qudc gia - din & &

Trung tm Diéu do Hé théng dién mién Trung

7. Ngay giao nhiém vu dé dn: 24/02/2025
8. Ngay hoan thanh dé dn: 08/06/2025
Pa Nang, ngay  thang  ndm 2025
Phu trach B mon Pong huwong din Ngudi hwéng din

TS. Lé Hong Lam ThS. Lwong Pha Nhan PSG. TS. Lé Dinh Dwong




LOINOI DPAU

Trong bdi canh hién nay, cung véi sy phat trién manh mé ciia cdc nganh cong nghiép, nhu
cau tiéu thy dién nang khong nging gia ting, dit ra yéu cau cip thiét vé& viéc san xuit va truyén
tai dién mot cach an toan, hiéu qua va bén viing. Diéu nay di va dang tao nén nhitng thach thirc
to 1én cho nganh Pién, doi héi sy doi mai, tién phong trong coéng cudc cong nghiép hoa — hién dai
hoa dat nudc. Do d6, viéc dao tao ngudn nhén lyc c6 trinh dd chuyén mon cao, dap Gmg duoc yéu
cau ngay cang khit khe cta thyc tién 14 nhiém vu trong tAm va cap béach.

Trude hét, chung em xin bay t6 1ong biét on sau sic dén PGS. TS. Lé Pinh Dwong, ngudi
thiy da tan tinh hudng din, dinh hudng nghién ctru va ludn déng hanh cing ching em trong sudt
qua trinh thyc hién d6 4n tot nghiép. Nhitng kién thirc quy bau, su tin tAm va tinh than trach nhiém
ctia Thay 1a dong luc to 16n giup chung em hoan thanh cong trinh ndy mot cach hiéu qua nhat.

Pong thoi, chung em xin giri 10 cam on chan thanh téi ThS. Lwong Phi Nhan — Cén bo
doanh nghiép dong hudng dan (Chi nhanh Cong ty TNHH MTV Van hanh HTP va TTP Qudc
gia — Trung tim Diéu do Hé thong dién mién Trung), ngudi da hd trg chung em rat nhiéu trong
viéc tiép can thuc tién, gop phan lam rd va b sung nhitng khia canh quan trong cho dé tai. Su
dong hanh va chia sé kinh nghiém thuc té ctia Anh 1 mot phan khong thé thiéu trong qué trinh
hoan thién bao cdo nay.

Cubi cung, ching em xin trin trong cam on Hdi ddng bao vé, gom cac Thay/Co di danh
thoi gian quy bau dé doc, nhan xét va phan bién bao cdo. Nhiing ¥ kién dong gop thang than va
mang tinh xay dung cia quy Thay/C6 1a dong luc dé ching em tiép tuc hoc hoi, hoan thién ban
than va nang cao chat lugng nghién ciru.

Du d3 nd luc hét minh trong qua trinh thuc hién, song do han ché vé kién thire va kinh
nghiém, béo cao chic chin khong tranh khoi nhitng thiéu sét. Chiing em rat mong nhan duoc
nhiing y kién dong goép quy bau tir quy Thay/Co va cac dong nghiép dé tiép tuc hoc hoi va rén

luyén, phuc vu tot hon cho cong viéc trong tuong lai.

Nhom sinh vién thuc hién

Vin Ngoc Quy - Tran Vian Hai - Nguyén Truong Phudc



LOI CAM DOAN

Téi xin cam doan rang trong sudt qué trinh thuc hién dd 4n tot nghiép, luén nghiém tic tuan

thii cac quy dinh vé liém chinh hoc thuat, cy thé nhu sau:

- Khéng gian 1an, bia dit, dao van hodc tiép tay cho ngudi hoc khic vi pham quy dinh hoc
thuat.

- Trung thyc trong viéc trinh bay, thé hién cac hoat dong hoc thuat ciing nhu két qua nghién
ctru cua ban than.

- Khong lam gia hoic stra chita hd so hoc thuat dudi bat ky hinh thic nio.

- Khong sir dung cac bién phap khong hop phap hoic trai quy dinh nham tao loi thé ca nhan.

- Chu dong tim hiéu va tuan thi cac quy dinh lién quan dén liém chinh hoc thuat va ludt s¢
htru tri tué.

Ludn trich dan rd rang ngudn gdc khi sit dung sdn pham hoc thuat ctia nguoi khac.

Chung t6i xin cam doan rang tit ca sé liéu va két qua nghién ciru trong dd an nay 1 trung
thuc, do chinh ching t61 thuc hién, va chua tung dugc str dung dé bao vé bat ky hoc vi nao trudce
d6. Moi su ho trg trong qua trinh thyc hién dd 4n d3 duogc ghi nhan, va cac tai liéu tham khao déu

duoc trich dan rd rang, tuan thi quy dinh va dugc phép cong bo.

Nhom sinh vién thuc hién

Vin Ngoc Quy - Tran Vian Hai - Nguyén Truong Phudc
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Ki hiéu/ viét tat

Dién giai

NLTT Nang luong tai tao

VPP Nha may dién do (Virtual Power Plant)

VREs Ning luong tai tao co tinh bién d6i (Variable Renewable Energy
sources)

IBR Tai nguyén niang luong dién ma két ndi voi ludi dién thong qua bd
nghich luu (Inverter-Based Resources)
Quy hoach phat trién dién lyc quc gia thoi ky 2021 - 2030, tim

PDPS nhin dén nam 2050 goi tat la Quy hoach dién VIII (Vietnam’s
Eighth National Power Development Plan)

MolT B6 Cong Thuong Viét Nam

REDS Hé théng nang luong tai tao va ludi dién thong minh (Renewable
Energy and Smart Grid Systems)

DER Nguén niang lwong phén tan (Distributed Energy Resources)

PPA Hop dong mua ban dién (Power Purchase Agreement)

HVAC Hé théng sudi, thong gio va diéu hoa khong khi (Heating,
Ventilation, and Air Conditioning)

CHP Nhiét dién két hop (Combined Heat and Power)

P2P Mang ngang hang (Peer to peer)

PCC Diém két n6i chung (Common connection point)

EV Xe dién (Electric Vehicle)

SOC Trang thai sac (State of Charge)
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

MO DAU

1. B6i canh toan ciu va xu huéng chuyén dich niing lwong

Toan cau dang chimg kién mot sy chuyén dich manh m& hudng t6i cac ngudn ning
lwong bén virng, chu yéu do nhitng lo ngai vé bién d6i khi hau va nhu ciu dam bao an ninh
nang luong. Su gia ting dp dung cac cong nghé nang lugng tai tao (NLTT) nhu dién mat
tro1 va dién gio da tro thanh xu hudng chu dao nho chi phi ngay cang gidm va nhitng loi ich
vé moi trudng ma ching mang lai. Tuy nhién, su thay doi cin ban tir hé thdng phat dién tap
trung, dua trén nhién liéu hoa thach co thé diéu khién sang cac nguff)n nang luong tai tao
phan tan, co tinh bién d6i, dang dit ra nhitng thach thirc khong nho cho viéc quan 1y va van
hanh lu6i dién truyén thong. Su chuyén d6i nay khong chi don thuan 1a thay thé cac nguon
nang luong ma con 13 mot cude cach mang vé cau triic va phuong thirc van hanh cia toan
bd hé thdng ning luong, doi hoi su thay doi trong cach thirc tiép can quan 1y ludi dién hién
tai [1, 2].

Mot trong nhiing thach thirc 16n nhat cua viéc tich hop cac ngudn niang lugng téi tao
c6 tinh bién d6i (VREs) 1a sy khong on dinh va tinh gian doan cia ning luong so cip. San
luong dién tir nang luong mat troi chi ¢6 khi c6 blrc xa dnh sdng mat troi, va dién gié phu
thudc vao toc do gio, nhiét do, mat do khong khi va do am. Vi tinh khong thé du doan trudce
gay kho khin cho cac nha van hanh luéi dién trong viéc 1ap ké hoach va quan 1y dong nang
lugng mot cach hiéu qua [3]. Cac hé théng ludi dién truyén thong von duoc thiét ké dé hoat
dong véi céac nguén cung cép dién co thé du bao duge, do do, su bat dinh cta nang lugng
tai tao doi hoi cac giai phap quan 1y tién tién va linh hoat dé duy tri sy cin bang giita cung
va cau dién ning trong thoi gian thyc [4, 5].

Viéc duy tri sy can bang giira san xudt va tiéu thy 13 yéu t6 then chdt dé dam bao su 6n
dinh cua luéi dién. Bén canh d6, viée kiém soét tan sd va dién ap on dinh cling rat can thiét
dé dam bao kha ning cung cip dién lién tuc va an ninh hé théng. Mot yéu t6 khac can xem
xét 13 quan tinh cta ludi dién [1]. Cac nha may dién truyén théng véi cac tuabin va may
phat dién quay tao ra quan tinh, giup hé théng c6 kha ning chdng lai cac su cd hodc su bién
dong dot ngot cuia nguff)n hodc tai. Tuy nhién, két ndi véi hé théng qua cac bd bién d6i cong
suat (IBR - Inverter-Based Resources) nhu dién mat troi, dién gié gan nhu khong tao ra

quan tinh. Sy thiéu quan tinh ndy 1am giam kha ning dap tng ctia hé thong dién khi cé su
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

mat cin bang dot ngdt ctia ngudn va tai, din dén nguy co mét on dinh tan s va c6 thé gay
mét dién dién rong néu khong c6 su giam sat va diéu chinh kip thoi.

Tinh khong 6n dinh cta cac ngudon NLTT phu thudc vao diéu kién thoi tiét, doi hoi
phai c6 cac ngudn dién dy phong hodc cac giai phap luu trit ning lugng dé dam bao ngudn
cung cap dién on dinh khi cong suat cia NLTT bj bién dong. Do d6, hé thong dién can phai
sir dung da dang cac loai hinh ngudn dién, két hop véi cac thiét bi luu trit dé dam bao kha
ning cung cap dién an toan, lién tuc va tin cdy. Ngoai ra, viéc cac ngudon NLTT phat cao dot
bién trong nhimg ngdy ngudn ning luong so cap cao (birc xa mit troi cao, gié manh...) c6
thé gay ra tinh trang qua tai cuc b cho ludi dién. Pé giam tai cho hé théng, co kha ning
phai khéng ché cong suat phat cia cac ngudn dién nay [1].

Viéc duy tri tan s6 va dién ap 6n dinh tré nén phire tap hon khi ¢ sy tham gia ciia cac
ngudn NLTT. Mot s6 kich dong trén hé thong c6 thé gay ra mat 6n dinh tan s6 hodc dién ap,
dan dén nguy co mat dién hodc hu hong thiét bi. Tan sb ludi 1a mot chi sb phan anh sy can
bang giira cong suat phat cia ngudn dién va cong suat tiéu thu cua tai. Su bién dong nhanh
ctia nguon NLTT c6 thé pha v& su can bang ngudn - tai, doi hoi phai diéu chinh nhanh chong

tir cac nguon khac hodc cac hé thong diéu khién tién tién [6].

2. Hé thong Pién Viét Nam va thach thire trong qua trinh chuyén dich
2.1. Nhiét dién than va twong lai ning luwgng tai Viét Nam

Dién than di va dang 13 ngudn cung cip dién chu yéu cta Viét Nam, chiém gan 50%
téng san lugng dién trong nhimg nim gan day va dat ky luc 64,6% vao thang 4 nim 2024
[7]. Biéu nay cho thiy, bt chip nhitng nd lyc manh m& hudng t6i nang luong tai tao, than
d4 van 1a mot thanh phan quan trong trong co cdu ning luong cua Viét Nam, phan anh
nhirng thach thic trong viéc chuyén d6i tir mot ngudn ning luong da duoc thiét 1ap va dang
tin cdy sang cac ngudn ning luong mai hon trong bdi canh nhu cau ngay cang ting cao.
Xem xét cac lya chon nhu dét kém sinh khdi va amoniac trong cic nha may nhiét dién, cling
nhu trién khai cac hé théng thu gitt carbon. Viéc thay thé nhiét dién than & Viét Nam 1a mot
nhiém vu phtc tap, lién quan dén cac yéu t6 kinh té, x4 hdi va ky thuat, bao gém viéc quan
1y cac khoan dau tu hién ¢, dam bao do tin cay cua luoi dién va giam thiéu nhirng tdc dong
tiéu cuc dén viéc lam trong nganh than. Mot qua trinh chuyén doi niang luong cong bang
doi hoi su lap ké hoach can than va sy tham gia cua tAt ca cac bén lién quan dé dam bao mot

su thay d6i sudn sé va cong bang [7].
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Hinh 1: Panh gid thong ké vé nang heong

2.2. Chinh sach phat trién ning lwong tai tao

Viét Nam thé hién cam két manh mé d6i voi qua trinh chuyén doi nang luong toan cau
va muc tiéu khir cacbon, bao gdm muc tiéu dat phat thai rong bang khong vao nim 2050.
Chién lugc phat trién ning lugng tai tao giai doan 2016-2030, tim nhin dén niam 2050
(REDS) di dit ra cac muyc tiéu trung va dai han 1 rang cho viéc trién khai nang lugng tai
tao. Quy hoach phat trién dién luc qudc gia lan thr VIII (PDP8) dat muc tiéu ting dang ké
ty trong ning luong tai tao trong co cau ning luong qudc gia, hudng tdi trén 60% vao nim
2050. PDPS§ thé hién mét sy thay d6i chinh sach quan trong hudng téi nang luong tai tao &
Viét Nam, ghi nhan tdm quan trong ctia né d6i voi ca sy bén vitng méi truong va an ninh
nang luong. Ké hoach dﬁy tham vong nay bao hi¢u mdt cam két dai han ddi véi viée chuyén
doi nganh nang lugng cta Viét Nam, tao ra co hoi dau tu va phat trién cac cong nghé nang
luong tai tao [8, 9].

Tuy nhién, B Cong Thuong (MolIT) da dé xuat nim 2030, cong suét dién gi6 trén bo
dat 21.880 MW (T6ng tiém nang ki thuat ciia Viét Nam khoang 221.000 MW). Phat huy tbi
da tiém nang ki thuat dién gid ngoai khoi (khoang 600.000 MW) dé san xuit dién va ning
lugng mai.

Udc tinh dén nim 2030, cong sudt dién gi6 ngoai khoi phuc vu cho nhu cau dién trong

nude dat khoang 6000 MW; quy mo c6 thé ting thém trong trudng hop cong nghé phat trién
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nhanh, gia dién va chi phi truyén tai hop 1y. Pinh hudng dén nam 2050 dat 70.000 — 91.500
MW.

Dinh huéng phat trién manh dién gié ngoai khoi két hop véi cac loai hinh ning lugng
tai tao khac (dién mat troi, dién gio trén bo...) dé san xuét nang lugng méi (hydro, amoniac
xanh...) phuc vu nhu cau trong nudc va xuat khau. Cac ngudn dién ning luong tai tao san
xudt nang luong méi phuc vu nhu cau trong nude va xuat khau dugc wu tién/cho phép phat
trién khong gidi han trén co so bao dam an ninh qudc phong, an ninh ning luong va mang
lai hiéu qua kinh té cao, tré thanh mot nganh kinh té moi cua dat nudc.

Udc tinh cong suit ngudn dién gié ngoai khoi dé san xuit ning lwong méi khoang
15.000 MW dén nam 2035 va khoang 240.000 MW dén nam 2050.

Vé chuyén ddi ning luong cong bang: Phat trién manh cic ngudn ning luong tai tao
phuc vu san xuat dién, dat ty 1€ khoang 30,9 - 39,2% vao nam 2030, hudng t61 muc tiéu ty
1€ nang luong tai tao 47% voi diéu kién cac cam két theo Tuyén b6 chinh tri thiét 1ap Quan
hé ddi tac chuyén ddi nang luong cong bang (JETP) voi Viét Nam duoc cac ddi tac quoc té
thuc hién dﬁy du, thuc chat. Pinh hudng dén nam 2050 ty 1€ nang lugng tai tao 1én dén 67,5
- 71,5%.

Co cau nguon dién dén nam 2023: Tong cong sudt cac nha may dién phuc vu nhu cau
trong nudc 150.489 MW (khong bao gom xuat khau, dién mit troi mai nha hién hiru, ning
luong tai tao dé san xuat nang lugng méi), trong dé:

— Dién gio6 trén b 21.880 MW (14,5% tong cong sut cac nha may dién).
- Dién gi6 ngoai khoi 6.000 MW (4,0%), truong hop cong nghé tién trién nhanh, gia
dién va chi phi truyén tai hop 1y thi phat trién quy mé cao hon.
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Bang 1: Muc tiéu nang luong tdi tao cua Viét Nam (Dua trén PDP8 va REDS)

Muc tiéu Cong suat

Ty 18 NLTT trong | Ty 1é Cong suit Dién Tai | Muc tiéu Cong DN
. = . e @ . i o o . bién Gié (wdc tinh, bao
Niam | Tong Cong suat Lap | tao cho cac Cong ty Phat suat Dién Mat NN ..
. . v, L gom ca trén bo' va ngoai
dat (PDPS) dién Lon (REDS) troi (woc tinh) X
khoi)
2020 - 3% - -
27.880 MW
2030 | Khoang 30.9-39% 18.5% - (bao gom ca trén bod
va ngoai khot)
70.000 - 91.500 MW
2050 67.5-71.5% 29.4% -

(ngoai khot)

2.3. Thach thirc d6i véi viéc tich hop ning lwong tai tao tai Viét Nam

Mot trong nhitng tr¢ ngai chinh cho viée tich hgp mot lugng 16n nang lugng tai tao co

tinh bién d6i 1a co s& ha tang ludi dién chua bét kip su bung nd ciia nguon NLTT trong thoi

gian ngan. Hé thong ludi dién truyén tai va phan phdi tai mot sé khu vuc tap trung ngudn

NLTT 16n chua duoc nang cap, cai tao hodc xay dung bo sung do d6 gay kho khan cho viéc

giai tdéa cong suét phat cua loai hinh nguén nay. Co s¢ ha téng Iudi dién hién tai ¢ Viét Nam

chu yéu duoc thiét ké cho phat dién tap trung va can dugc hién dai héa va mo rong dang ké

dé co thé dap tng duoc su gia tang cua cac nguon nang luong tai tao phéan tan va co tinh

gian doan. Néu khong c6 nhiing dau tu dang ké vao viéc nang cap ludi dién, Viét Nam s€

khoé ¢6 thé tan dung hét tiém nang nang lugng tai tao ctia minh va dam bao su on dinh cua
ludi dién [10, 11].
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Bang 2: Cdc théch thirc va gidi phdp tiém nang cho viéc tich hop

Thach Thirc Mo ta Thach Thirc Giai Phap Tiem Niang (bao gom VPP)
o L Dau tu nang cap va mé rong ludi dién,
P Ludi dién lac hau va khong 2 o _ .
HanchéveCo | === o trién khai ludi dién thong minh, stir dung
o du kha nang dap ung luong e A ,
sO ha tang o . . VPP dé t61 uu héa viéc str dung cac
o 16n nang lugng tai tao bién . o ) .
Ludi dién i nguon phan tan va giam ap luc 1én ludi
Oi. )
truyén tai.
o \ Cung cap cac uu dai tai chinh, tao di€u
) ; Chi phi dau tu ban dau cao, i . o
Théach Thuc L .+ | kién thuan lgi cho viéc tiép can cac
o kho khan trong viéc ti€p can N o L
Tai chinh N ngudn von, phat trién cac co ché tai
nguodn von va quan ly ng. ] )
chinh sang tao.
» SO lugng chuyén gia co . o . . .
Thiéu hut ) i . Dau tu vao cac chuong trinh dao tao va
. ___ | kinh nghi¢m trong linh vuc o . A ,
Chuyén gia Ky | _ y . phat trién ngudn nhan lyc, thu hut
N nang lugng tai tao con han o . o
thuat né chuyén gia trong va ngoai nudc.
che.

3. Ly do chon dé tai

Viéc tich hop ngay cang nhiéu ngudn ning luwong tai tao nhu dién mat troi va dién gid
vao hé théng dién quéc gia dang dat ra nhiéu thach thirc vé mat ky thuat va van hanh, dac
biét trong bdi canh ludi dién Viét Nam con ton tai nhiéu han ché vé kha nang linh hoat.
Trong bbi canh d6, Nha may dién a0 (VPP) ndi 1én nhu mot giai phap day tiém niang nham
hd trg qua trinh chuyén dich nang lwong va hién dai hoa ha tang luéi dién.

VPP cho phép tong hop va diéu phdi hiéu qua nhiéu ngudn ning luong phéan tan
(DERs) nhu hé thdng pin nang lugng mit troi, tua-bin gid, pin luu trir, va phu tai c6 thé diéu
khién dugc. Thong qua viéc két ndi va van hanh tip trung bang cong nghé sd, VPP co thé
gitip khic phuc tinh khong 6n dinh vén c6 cta cac ngudn ning luong tai tao, lam diu su bién
dong trong ngudn cung va nang cao do tin cdy cho hé thong dién.

Bén canh do, VPP con c6 kha nang cung cép nhiéu dich vu phu trg quan trong cho ludi
dién nhu diéu chinh tan sb, 6n dinh dién ap va cin bing cung — cdu theo thoi gian thuc.
Nhitng chirc ning ndy ngdy cang trd nén cap thiét khi ty trong cta ning luong ti tao bién

do1 trong co cau nguon di¢n tang cao.

SVTH: Van Ngoc Quy GVHD: PGS. TS. Lé binh Duong
Tran Van Hai DBHD: ThS. Luong Phu Nhén
Nguyén Truong Phudc 6



Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Khong chi vay, VPP con mang lai g1 ich kinh té va ky thuat thong qua viéc t6i uu hoa
viéc su dung cac nguén nang lugng phan tan tai chd. Nho do, co thé giam sy phu thudc vao
hé thdng truyén tai dudong dai va han ché nhu cau phai dau tu mé rong quy mé ludi dién
truyén théng. Pay 1a hudng di pht hop véi dinh huéng phat trién hé théng dién thong minh,
linh hoat va bén viing ma Viét Nam dang theo dudi.

Tt nhitng 1y do trén, dé tai nghién ciru vé nha may dién ao (VPP) khong chi c6 y nghia
khoa hoc ma con mang tinh img dung thuc tién cao, gop phan giai quyét cic bai toan quan
trong trong qua trinh phat trién nang lugng sach tai Viét Nam.

Nhan thay nhiing tiém ning d6 nhom quyét dinh thuc hién nghién ciru va lay tén dé
tai: “DANH GIA ANH HUONG CUA NHA MAY PIEN AO POI VOI CAC CHE PQ
VAN HANH HE THONG PIEN”

Céc phuong an nghién ctru:

- Nghién ctru céc tai liéu sach bao, gido trinh, tap chi, cac trang web chuyén nganh H¢
théng Pién.

- Tim hiéu phan mém Matlab/Simulink nham hd tro mé phong moé hinh VPP

- Tim hiéu phan mém PSS/E dé tinh toan trio luu cong suét, theo ddi thong sd ludi
dién.

- Script Python dugc chon 1am ngén ngit chinh dé thyc hién giao thirc lién két

- Tao ra nhitng kich ban su cd trén ludi dién nham kiém tra va danh gia mirc 46 hod

trg cuia VPP d6i voi ludi dién duoc ap dung.

4. Muc tiéu va phuwong phap nghién ciru
Muc tiéu téng quat cua dd an 1a mé phong hoat dong cia mot nha may dién 4o, danh
gia vai tro va anh huéng cua VPP dén cac ché do van hanh hé théng dién. Cu thé:
- Phantich téng quan ly thuyét vé mé hinh VPP: céu truc, nguyén ly hoat dong, loi ich
va thach thue.
- Xay dung mé hinh mé phong VPP sir dung phan mém MATLAB/Simulink va PSS/E.
- Lap ké hoach van hanh cho Nha méy Thuy dién tich ning.
- Tao ra cac kich ban gia dinh lién quan dén sy ¢d, bién dong tai va nguén, nham danh
gi4 phan mg ctia hé thong c6 va khong c6 VPP.
- Phan tich dir li€u, rat ra cac nhan xét dinh lugng va dinh tinh vé anh huong cua VPP

dén do on dinh, kha nang di€u tan, diéu ap, va to61 uu hoa van hanh.
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- Dé xuat giai phap k¥ thuat va khuyén nghi chinh sach nham trién khai hiéu qua mo

hinh VPP trong thuc té.
Phuong phéap nghién ciru bao gom:

- Thu thap va tong hop tai liéu khoa hoc, tiéu chuan ky thuat, va kinh nghiém qudc té
lién quan dén VPP,

- Thiét ké mé hinh gia 1ap hé thong dién cé tich hop VPP bang MATLAB/Simulink.

- Thuc hién tinh toan trao luu céng sudt bang PSS/E.

- Xay dung cac thuét toan diéu d6 don gian st dung Python dé mé phong giao thirc
lién két va diéu khién dong bo.

5. Bo cuc de tai

Noi dung dé tai dugc chia lam 5 Chuong
Chuwong 1: Téng quan vé md hinh Nha may dién ao
Chuwong 2: M6 phong nha may dién ao va lap ké hoach van hanh tdi vu trong cac
diéu kién
Chuwong 3: Giao thirc két ndi ludi dién
Chuong 4: Kich ban van hanh va anh huéng cia nha may dién ao
Chuwong 5: Két luan va dé xuat hudng phat trién
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Chwong 1: TONG QUAN VE MO HINH NHA MAY PIEN AO

1.1. Giéi thi¢u

Nha may dién 4o (Virtual Power Plant - VPP) 1a mot hé thong diéu phdi phi tap trung,
cho phép tich hop va diéu khién tap trung cac ngudn ning luong phan tan (DERs) nhu dién
mat troi, dién gio, hé théng luu trir ning luong, may phat diesel nhé va cac phu tai diéu
khién dugc. VPP hoat dong nhu mot nha may dién thuc thy, c6 kha nang cung cép dién
nang, diéu tan, diéu ap va cac dich vu phu tro khéc.

VPP gitip nang cao d¢ linh hoat ctia hé théng dién, toi vu héa chi phi van hanh va hd
trg tich hop hiéu qua ngudn niang luong tai tao vao ludi dién. Ngoai ra, VPP con c6 thé tham
gia thi truong dién canh tranh nhu mot chu thé doc l1ap, mang lai loi ich kinh té cho cac don
vi DER nho 1é.

_ l l l Power Gnd
Wind Power B[—E
Household demand
Electric Vehicle 4 I m

‘ Industrial Demand

= I VIRTUAL POWER PLANT
A B £

+ 5" - =
[ ———]

St = ; + Commercial Demand
Residential fuel cell fe—1

Battery Storage System

Solar Power

Hinh 1.1: M6 hinh nha may dién ao (VPP)

Nha may dién ao (VPP) c6 thé duoc phan loai theo nhiéu cip d6 hodc mé hinh to chirc
khac nhau, tiy thudc vao murc do phdi hop va tich hop cila cac tai nguyén ning luong phan
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tan (DER). O cap d6 co ban, VPP c¢6 thé bao gdm cac DER van hanh doc 1ap, phan hoi tin

hiéu diéu khién cuc bd nham cung cr?ip cac dich vu phu tr¢ cho luéi dién. Tuy nhién, & cép

d6 tich hop cao hon, cac DER nay dugc tip hop va diéu phdi tap trung, cho phép chiing hoat
dong nhu mot thue thé thong nhit, c6 kha ning dap tng linh hoat theo yéu ciu cua hé thong
dién hodc tham gia thi trudng dién ban budn véi tu cach mot ngudn cung duy nhat.

C6 2 dang mo hinh VPP diéu phdi chinh bao gdm Mo hinh diéu phdi tap trung

(Centralized VPP) va M6 hinh diéu phdi phan tan (Decentralized VPP) [15], trong d6:

a. VPP diéu phdi tap trung 1a mot mo hinh trong hé thong ning lugng thong minh, noi cac
ngudn ning lugng phan tan (DERs) nhu dién mit troi, dién gid, pin luu trir, may phat
dién diesel nho, va thiét b tiéu thu dién linh hoat. ..

- duoc két ndi, giam sat va diéu khién tap trung thong qua mot trung tdm diéu phdi.

- Trung tim diéu phdi duoc xem nhu 12 b ndo ciia nha méay dién 4o véi vai tro thu
thap dir liéu tr tat ca cac nguff)n DERs (san luogng, trang thai hoat dong, du bao
thoi tiét...).

- Tinh todn phuong 4n tdi wu cin bang cung — cau ndi bo, tdi uu hoéa hidu suat va
ca chi phi van hanh.

- Trung tim gri tin hiéu diéu khién xubng timg DER tuong ung.

b. VPP diéu phdi phan tan 1a mot mo hinh hién dai hon, trong d6 cac ngudn ning luong
phan tan (DERs) c6 kha nang ty giam sat, phan tich va dua ra quyét dinh diéu khién ¢
mirc dia phuwong, thay vi hoan toan phu thudc vao mot trung tdm diéu phdi nhu trong mo
hinh tap trung.

- MJdi DER hodc cum DER c6 thé tu diéu chinh cong suét phat, tiéu thu hoac luu
trit dya trén diéu kién cuc bd va muc tiéu chung.

- Céac DERs trao dbi thong tin véi nhau thong qua mang ngang hang (peer-to-peer)
nham phéi hop cung — cau dién niang trong khu vue, t6i vu hoa viée st dung ning
lugng tai tao va luu trit, c6 thé giao tiép v4i ludi dién hodc trung tim néu can.

- Lam tang sy linh hoat va kha ning chong chiu, dong thoi giam phu thudc vao

trung tAm diéu khién chinh.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Bang 1.1: So sanh moé hinh VPP tdp trung va VPP phan tan

Tiéu chi VPP diéu phoi tip trung VPP diéu phoi phan tin
Co ché diéu khién Tap trung qua control center Tu chu, phi tap trung
Kha ndng mé rong Han ché khi quy mé 16n Cao
Chi phi trién khai | Thap — phu thudc trung tam Cao ban dau, vé 1au dai téi uu
Tinh linh hoat Thép ban dau, cao khi mé rong | Cao, tung nut tu diéu chinh
Rui ro sy ¢b Hé thong | Cao néu trung tm gip 15 Thép hon vi phan tan rui ro

1.2. CAu triic ciia VPP
Mot nha may dién a0 (VPP) bao gdm nhitng thanh phan thiét yéu phdi hop v6i nhau

dé c6 thé hoat dong mot cac tot nhat cac chirc nang cua no:

1.2.1. Cdc nguon ning lwong phén tin (DER)
Pay 1a xuong song cia VPP, bao gdbm mot loat cic cong nghé c6 kha ning san xuét,
luu trr hodc quan 1y dién nang.

- Céc cong nghé vé nang luong tai tao bao gff)m hé théng dién mat troi mai nha, mat dat,
tuabin gi6, nha mdy thuy dién, nha may dién sinh khéi va cac don vi nhiét dién két hop
(CHP). Cac hé thong nay cung cap ning lugng cho ludi dién, mic du san lugng cia
chiing c6 thé thay ddi tiy thudc vao diéu kién thoi tiét va thoi gian trong ngay.

- Haé thong luu trit ning luong déng mot vai tro quan trong bao gdm pin, xe dién (EV)
c6 kha nang sac hai chiéu va cac hé théng luu trit nhiét. Cac thiét bi nay co thé luu trix
nang lugng du thira khi san xuét cao hodc nhu cau thap va giai phong no khi can thiét,
gitip can bang cung va cau [12].

- Céac ngudn linh hoat vé nhu cau bao gdm cac thiét bi thong minh, hé théng HVAC va
thiét bi cong nghiép ma mirc tiéu thu ning luong ¢ thé duoc diéu chinh dé dap tng
cac tin hiéu cua ludi dién. Bang cach giam muec tiéu thy trong thoi gian cao diém, cac

nguon luc nay giap 6n dinh ludi dién.

1.2.2. Co sé ha ting truyén thong:
Kha ning giam sat, diéu khién va phdi hop cac DER theo thoi gian thuc 14 rit quan
trong ddi v6i hoat dong ciia VPP. Diéu nay doi hoi mot co sé ha ting truyén thong tot, dam

bao giao thirc an toan va cac thiét bi diéu khién tir xa. Giao tiép hai chiéu cho phép truyén
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

ca 1énh diéu khién va dir liéu theo thoi gian thuc, tao diéu kién cho phan tmg nhu cau kip
thoi, chinh xac [13].

1.2.3. H¢ thong diéu khién trung tim:

Hé thong nay déng vai trd 13 b ndo ciia VPP, chiu trach nhiém thu thap va phan tich
dir liéu tir cac DER, du bao san luong va nhu cau ning luong, tdi wu hoa viéc diéu phbi tai
nguyén va phan hdi cac tin hiéu cua ludi dién. Cac thuat toan duoc st dung dé nang cao
hiéu qua va hiéu qua cua hoat dong VPP, cho phép du doan chinh xac hon va chién luoc
diéu phdi toi uu hoa [14].

1.2.4. Giao dién thi truong:
VPP tuong tac voi thi trudng dién, bao gdm ca thi truong ban budn va ban 1¢, cung cap
cac dich vu phu tro. Cac nha tong hop doéng mot vai trd quan trong trong viéc quan 1y su

tham gia thi truong cua VPP.

1.3. Nguyén ly hoat dong

Nha may dién 40 (VPP) 1a hé thong tich hop cac ngudn ning luong phéan tan (DERs)
nhu dién mat tro1, dién gio, hé théng luu trit nang lugng (battery storage), may phat di¢n
nho va cac phuy tai c6 kha nang diéu khién duoc, thong qua nén tang diéu khién va quan ly
tap trung dua trén cong nghé sd. Mic du khong c6 hinh dang vat 1y nhu mét nha may dién
truyén théng, VPP hoat dong nhu mot thuc thé théng nhat trong hé théng dién, c6 thé cung
céip dién nang va céc dich vu phu tro cho ludi dién mét cach chu dong va linh hoat.

Nguyén 1y hoat dong cdt 16i ctia VPP dua trén kha ning giam sat, diéu khién va téi vu
hoa hoat dong cua cac DERs théng qua nén tang phan mém trung tim sir dung céac thuat
toan diéu do thong minh, dir li¢u thoi gian thyc va du bdo phu tai cling nhu san luong tur
nang lugng tai tao.

Ngoai viéc cung cép dién nang, VPP con ddm nhiém cac dich vu diéu d6 ludi nhu diéu
chinh tan s6, 6n dinh dién ap va diéu phdi cong suat phan khang. Nho c6 kha nang phan tng
nhanh va linh hoat, VPP déng vai trd quan trong trong viéc duy tri d6 6n dinh ctia hé thong
dién hién dai, dic biét khi ty trong nang luong téi tao bién doi ngay cang tang. Hon nita,
viéc tan dung cac ngudn dién tai chd gitp giam ap luc 1én ludi truyén tai va han ché ton that

dién nang.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

VPP hoat dong nhu mét trung tam diéu hanh thong minh, c¢6 kha nang phdi hop va tbi

uu hoa su van hanh cua nhi€éu nguon dién nho 1€, qua d6 gdp phan nang cao hi¢u qua van

hanh hé thng dién, ting cuong kha ning tich hop ning luong tai tao.

1.4. Lgiich va thach thirc
1.4.1. Lgi ich ciia VPP

Tang cudng do tin cdy va kha ning phuc hoi cua ludi dién: VPP gitip duy tri su 6n
dinh cua ludi dién bé‘lng cach cung cép céc dich vu nhu diéu chinh tan sd, hd tro dién
ap va du phong cong suat.

Cit dinh phu tai: VPP c6 thé huy dong niang luong tir cic ngudn dién mat troi, dién
gi6, va hé thong luu trir nang luong dé cung cap cho ludi dién trong gid cao diém.
Diéu nay giup ting cudng ngudn cung cap dién va giam su phu thudc vao cac nha
may dién truyén thong.

Téi wu héa viée str dung niang luong va giam lang phi: VPP quan Iy va diéu phdi
thong minh cac ngudn ning luong phan tan, cho phép tan dung t6i da tiém ning cua
NLTT va diéu chinh viéc cung cip ning luong theo nhu cau thyc té.

Giam chi phi ning lugng: Bang cach tdi uu hoa viéc st dung cac ngudn ning lugng
c6 chi phi thép hon (vi dy: mat troi, gi6) va giam su phu thudc vao cac nha may dién
dat tién trong thoi gian cao diém.

Hd trg tich hop ning luong tai tao: VPP dong mot vai trd quan trong trong viéc tich
hop lién mach céc nguén NLTT bién d6i (vi du: dién mat tro1, dién gi0) vao ludi
dién. Kha niang diéu chinh cong suat va can bang tai gitp giam thiéu cac van dé lién
quan dén tinh khong lién tuc ciia cac ngudn nay.

Giam thiéu khi thai va bao vé méi truong: Bang cach uvu tién sit dung NLTT va t6i
uu hoa hi€u qua s dung nang lugng, VPP giup gidm sy phu thudc vao nhién li¢u

héa thach, tir 46 giam luong khi thai gay hiéu tng nha kinh va 6 nhiém méi trudng.

1.4.2. Thach thiwrc cua VPP

- Véan dé quy dinh va chinh sach: Hién tai, thiéu mot khuon kho chinh sach va quy

dinh toan dién duoc thiét ké dic biét dé phu hop véi cac dic diém riéng cia VPP.
Su khong chac chan cua tai nguyén nang luong tai tao: San luong dién tir cac ngudn
NLTT nhu gi6 va mit troi c6 tinh thay doi theo thoi gian, gdy kho khin cho viéc du

bao chinh xac va dam bao hoat dong 6n dinh.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Quan Iy va van hanh phirc tap: Viéc quan 1y va diéu phdi mot sb lugng 16n cac DER
phan tan doi hoi cac hé thong diéu khién va truyén thong phirc tap.

Rao can cong nghé va co sé ha tang: Viéc trién khai VPP quy mé 16n doi hoi dau tu
dang ké vao cong nghé va co so ha tang, bao gdm phan mém va phan cimg tién tién
dé quan 1y dong dién va dam bao su 6n dinh cua ludi dién.

Van dé vé do tin cay va tinh on dinh: Mic du VPP c6 thé tdng cuong do tin cay,
nhung viéc dwa vao cac DER phan tan c6 thé khién VPP dé bi anh hudng boi su gian

doan do thoi ti€t hodc cac yéu t6 khac hon so véi cac nha may dién truyén thong.

1.5. Ung dung

1.5.1. Tiém nang mang lai

Nha may dién a0 (VPP) ¢ nhiéu tng dung tiém nang trong hé thong nang lugng hién

dai, giai quyét nhiéu thach thirc ma ludi dién phai d6i mat va thic ddy mot twong lai nang

lugng bén ving hon:

Can bang cung va cau: Mot trong nhitng tmg dung chinh cia VPP 1a kha ning can
bang cung va cau dién. Bang cach tong hop cac ngudn nang lugng phan tan va dicu
chinh murc tiéu thu, VPP ¢ thé giup 6n dinh tan sb va dién ap cua luoi dién, dac biét
trong thoi gian nhu cau cao diém hodc khi c¢6 su bién dong trong san xuat nang luong
tai tao.

Tich hop ning luong tai tao: VPP tao diéu kién thuan loi cho viéc tich hop ngay cang
nhiéu ning luong tai tao vao ludi dién. Chiing c6 thé quan 1y tinh khong lién tuc cia
dién mat troi va dién gi6 bang cach sir dung cac ngudn linh hoat khac nhu pin va
phan tmg nhu cau dé dam bao ngudn cung cap dién 6n dinh.

Cung cap cac dich vu phu trg: VPP ¢6 thé cung cip nhiéu dich vu phu tro cho luéi
dién, chang han nhu diéu chinh tan sd, hd trg dién ap va du phong quay.

Nang cao kha ning phuc hoi cua ludi dién: Tinh chat phan tan cia VPP lam cho
chung c6 kha niang phuc hoi tot hon trudc cac sy kién thoi tiét khac nghiét hodc cac
su ¢6 khac. Néu mot phén cua ludi dién bi anh hudéng, cac DER khéc trong VPP van
c6 thé tiép tuc hoat dong binh thudng.

Ho tro cac muc tiéu giam phat thai cacbon: Béng cach tao diéu kién thuan loi cho
viéc st dung nhiéu nang luong tai tao hon va giam sy phu thudc vao cac nha may
dién chay bang nhién liéu héa thach, VPP gdp phan vao cic nd luc giam phat thai

cacbon nganh nang lugng.
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1.5.2. M6 hinh nha mdy di¢n do trén thé gidi

Hién nay, trén thé gi6i di ap dung nhiéu mo hinh nha may dién ao (VPP) bao gom 1én
va nho, tiéu biéu c6 thé ké dén mo hinh Next Kraftwerke ctia Ptrc. Pay duoc xem 13 mot
trong nhitng mo hinh 16n nhat Chau Au v6i hon 10000 don vi ning luong tham gia (g0m
nang luong mit troi, gio, thiy dién nho, pin luu trit...) véi tong cong suat dat hon 10 GW.
M6 hinh Next Kraftwerke co tru s¢ chinh tai Cologne, hién da dugc mé rong ra nhiéu nudc
chau Au nhu Bi, Ha Lan, Thuy Si, Ao, Ba Lan... [14].

Hinh 1.2: M6 hinh nha may dién ao Next Kraftwerke

Next Kraftwerke van hanh mot nén tang k¥ thuat s6 trung tim goi 1a Next Pool:

- Céc don vi phat dién phan tan (DER) nhu dién gio, dién mat troi, thiy dién nho, ...
duoc két ndi qua Internet.

- Dit lidu tir cac ngudn nang luong nay (san lugng, tinh trang k¥ thuat, thoi tiét, v.v.)
duoc gui vé trung tim diéu khién.

- Hé théng Al va diéu do sé& ra quyét dinh diéu phdi: tang, giam san luong, luu trit hodc
giai phong dién nang.

Céc thanh phan chinh gém cé:

- Nguén phat dién phan tan, bao gém dién mat troi, dién gid, thiy dién nho va pin luu

trlr, day la cac don vi san xuét dién doc 1ap dugc tich hop vao hé théng.
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- Céc thiét bj tiéu thu co thé diéu khién, ching han nhu thiét bi lam lanh, may bom
hoic day chuyén cong nghiép, cho phép diéu chinh muc tiéu thy dién theo tin hi¢u
diéu do nham can bang cung — cau dién ning.

~ Thiét bj truyén thong (gateway), gitip thu thap dit liéu tir timg don vi va gui vé trung
tam diéu khién, dong thoi nhan cac 1énh van hanh.

- Trung tam diéu khién chinh (Next Pool) noi st dung tri tu¢ nhan tao va h¢ théng
giam sat theo thoi gian thyc dé phan tich dit lidu, du doan san luong téi tao, va diéu
phéi toan bo hé thong mot cach tbi wu.

- Toan bd VPP dugc két ndi voi thi trudng dién, noi cac don vi c6 thé mua ban dién

truc tiép hodc cung cép dich vu phu tr¢g nhu can béng tai va diéu tan.

Quy trinh van hanh ctia m6 hinh Nha may dién 4o (VPP) do Next Kraftwerke trién khai
dugce to chire theo hudng tu dong hoa cao, dua trén nén tang diéu phéi k¥ thuat sb tap trung
va cong nghé phan tich dit liéu tién tién. Trude hét, cac don vi phét dién phan tan (DERs)
va cac tai ti€u thy linh hoat duogc tich hgp vao hé¢ théng thong qua cac thiét bi truyén thong
(gateway), cho phép thu thap dit liéu thoi gian thuc lién quan dén cong suét phat, trang thai
thiét bi va cac yéu t ngoai canh nhu diéu kién thoi tiét. Dir liéu nay dugc truyén vé trung
tam diéu phdi Next Pool, 4p dung cac mo hinh du bao dé xay dung ké hoach van hanh toan
hé thong [14].

Dua trén phan tich tong hop vé kha niang cung cap dién tir cic ngudn tai tao va nhu cau
phu tai du kién, hé théng s& thiét 1ap cac chién lugc diéu dd nham tbi wu hoa van hanh. Bao
gém phan bo cong suét phat, diéu chinh muec tiéu thy, sac hodc xa nang lugng luu trit, déng
thoi chuan bi cac ngudn cong suit du phong dé dam bao tinh linh hoat van hanh. Céc tin
hiéu diéu khién duoc guri dén timg thanh phan trong mang ludi thong qua hé thong truyén
thong hai chiéu, voi kha nang phan tng trong thoi gian thuc, cho phép hé thong thich Gng
nhanh chong trudc cac bién dong tir thi trudng dién hodc su ¢d ky thuat trong ludi dién [14].

Bén canh d6, VPP con dong vai tro chu thé tham gia truc tiép vao cac thi truong dién
ning, bao gdbm thi trudng dién giao ngay (spot market), thi trudng cin bang tai (balancing
market) va thi truong dich vu phu tro (ancillary services). Vi tong cong suat huy dong 16n
va kha nang diéu khién linh hoat, VPP c¢6 thé cung cap céc dich vu twong duong hoic tham
chi vuot troi so voi cac nha may dién tap trung truyén thong, dong thoi gop phan quan trong

vao viéc tich hgp nang lugng tai tao vao h¢ thong dién quoc gia mot cach hi€u qua va bén

viing [14].
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1.6. Tong két chwong 1

Puogc danh gia 1a phi hop va tiém ning cao trong bdi canh qudc gia nay dang chuyén
dich manh m@ sang phat trién nang lugng tai tao va hudng téi hién dai hoa hé théng dién.
Chung ta hoan toan c6 thé tmg dung mo hinh VPP (nhu ciia Next Kraftwerke) tai Viét Nam.

S& hitu ngudn nang lwong phan tan doi dao véi hang chuc nghin hé thong dién mat troi
ap mai, nhiéu nha mdy dién gi6 va thiry dién, cing véi su xuat hién ngay cang pho bién cta
cac hé thong luu trit nang luong. Tuy nhién, do hé théng truyén tai dién con han ché va thiéu
cong cu diéu d6 linh hoat, mot phén dang ké cong suét tai tao d3 va dang bi cit giam. VPP,
v6i kha ning diéu phdi tap trung cac ngudn phat va tai tiéu thu phén tan, co thé giup giai
quyét hién twong nay bang cach t6i wvu hoa van hanh ndi ving va han ché phu thudc vao ha
tang ludi truyén thong.

Bén canh do, Viét Nam dang hudng dén van hanh thi truong dién canh tranh toan phﬁn
theo 19 trinh quy dinh, trong d6 viéc cho phép cac don vi nhé 1é tham gia thi truong thong
qua hinh thirc tap hop 1a xu hudéng tit yéu. M6 hinh VPP cho phép tap hop nhiéu don vi nho
thanh mét thuc thé co kha nang giao dich hiéu qua trén thi truong di€n, tir d6 thic déy su
tham gia rOng rai cua cac hd tiéu dung va nha san xuat dién doc lap.

Tiém ning 13 thé, song ciing khong it kho khin va thach thirc dit ra khi thuc hién. Do
d6, dé hién thuc hoa tiém nang cua VPP, can ¢6 su nd luc déng bo tur ca phia Nha nudc,
doanh nghiép va cong dong khoa hoc — cong nghé trong viéc hoan thién chinh sach, dau tu
cong nghé, dao tao ngu@)n nhan luc va nang cao nhan thirc xa hoi. Chi khi d6, VPP mai c6
thé phat huy tron ven vai tro 1a mot trong nhitng giai phap then chét cho hé théng dién bén

virng, thong minh va linh hoat cia Viét Nam trong tuong lai.
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Chwong 2: MO PHONG NHA MAY PIEN AO VA LAP KE HOACH VAN

HANH TOI UU TRONG CAC PIEU KIEN

2.1. Gi6i thiéu tdng quan vé MATLAB/Simulink

MATLAB/Simulink 1a mot nén ting mé phong va thiét ké hé théng dwa trén mé hinh

(Model-Based Design) duoc phat trién boi MathWorks. Simulink cung cdp mot giao dién

dd hoa truc quan dé mo phong céac hé théng dong hoc chéng han nhu hé théng dién, co, diéu

khién, tin hiéu va ning luong bang cach str dung so dd khéi (block diagrams).

Cac dac diém chinh:

Giao dién kéo-tha truc quan: Cho phép xy dung hé thong bang cac khéi chirc ning
mo phong cac thanh phan vat 1y.

Kha ning mo phong thoi gian thyc: D& dang kiém tra va toi uu mo hinh trude khi
trién khai thuc té.

Tich hop tot véi MATLAB: C6 thé két hop xur 1y s6 liéu, lap trinh script va diéu
khién mé hinh bang ngén ngit MATLAB.

Thu vién khéi da dang: Bao gém cac khdi mo phong dién luc, co khi, diéu khién,
truyén thong, va ning luong tii tao (trong cic toolbox nhu Simscape,

SimPowerSystems, Simulink Control Design...).

Muc dich cua viéc xay dung mo6 hinh VPP béng Simulink:

Mo phéng hoat dong ctia VPP: Kiém tra kha nang tich hop, diéu phdi va van hanh
cac ngudn nang lwong phan tan trong diéu kién thyc té (thay doi tai, ngudn, mat két
nbi...).

Thiét ké va kiém tra chién luoc diéu khién: Nhu diéu khién phan tan, diéu khién trung
tam, t6i wu hoa chi phi, diéu khién theo thoi gian thyec. ..

Panh gia hiéu qua nang luong va d6 6n dinh hé théng: Qua céc chi sé nhu cong suat
phat, dap ting tan sd, dién ap, dung luong luu trit. ..

Thtr nghiém céc tinh huéng gid dinh: Mét nguén, su ¢d truyén tai, su thay doi gia
dién, phan tmg véi tin hiéu diéu do tir ludi dién. ..

HO tro dao tao va nghién ctru: La cong cu hoc tap va nghién ctru hiéu qua cho sinh

vién va k¥ su nganh dién - nang lugng.

SVTH: Van Ngoc Quy GVHD: PGS. TS. Lé binh Duong

Tran Vin Hai DBHD: ThS. Luong Phu Nhén
Nguyén Truong Phudc 18



Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

2.2. Tong quan md hinh VPP

Mo hinh nha may dién 40 VPP trong pham vi nghién ctru duoc xay dung bao gdom:
- Tb may phat dién: Nha may thay dién tich ning, trang trai gio.
- DPon vi luu trlt nang lugng.
- Phuy tai hé thong.

HO chira thuy dién dugc xem nhu 1a mdt don vi luu trit béi vi nha may thuy dién tich
ning c6 hd chira nude 10n, luong nudc trong hd ¢6 thé duge coi 1a mot dang luu trir ning
lugng tiém nang. Khi can thiét, nude tir hd duge xa xuéng dé chay turbine, tao ra dién, khi
thira dién, nudc ¢ thé duge bom ngugce 18n ho. Pidu niy cho phép nha may thiy dién diéu
chinh san lugng dién mot cach linh hoat, giéng nhu mot hé théng pin luu trir 16n.

Nghién ctru tai Thuy Dién chi ra ring nha may thity dién c6 thé dugc st dung hiéu qua
dé bu ddp cho luong cong suat bién thién ciia ngudn dién gié & Thuy Pién. Ning luong gi6
12 ngudn nang lugng khong on dinh, phu thudc vao diéu kién thoi tiét. Khi cong suat gio
thay d6i dot ngot, c6 thé gy mat can bang trong hé thong dién. Nha may thuy dién co thé
nhanh chéng diéu chinh cong suat dé bu dap cho sy bién dong ciia nang luong gio.

Vi du, khi gi6 manh, nha may thay dién tich ning c6 thé giam cong suat hodc bom
nude 1én ho. Khi gid yéu, nha may co thé ting cong suat. Diéu nay cho thiy tiém ning cia
viéc sir dung nha may thuy dién tich ning nhu mét don vi luu trit ning luong trong hé théng

dién co ty 1€ ndng lugng tai tao cao.
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Transmission Line
(Infinite bus)

wind farm

Power Customer (Industiral/Residential) Hydro Power Plant

Hinh 2.1: Thiét ké mé hinh VPP trong mé phong
Nhu vy, hé thong mé hinh dugc xdy dung s& gom 4 phan chinh bao gom:
- Nt hé thong: Dai dién cho diém két ndi véi ludi truyén tai dién qudc gia.
- Nha may thuy dién tich nang: Cung cép va diéu chinh san luong dién.
- Phu tai hé théng: Nhu cau tiéu thu dién cua nguoi dan va doanh nghiép.

- Trang trai gi6: Cung cép ning luong gio.

2.3. Xay dung mo6 hinh

Trong bdo cdo nay, phﬁn mém MATLAB/Simulink duoc sit dung 1am cong cu chinh
dé mo phong va phan tich mo hinh nha may dién do (VPP). MATLAB 12 mot méi truong
tinh toan sb manh mé&, hd trg xur 1y dir 1i€u, m6 phong hé théng va t6i uu hoa. Trong khi do,
Simulink 12 mot nén tang moé phong do hoa tich hop, cho phép thiét ké hé thong dong theo
thoi gian thyuc thong qua so do khéi.

Simulink dic biét phii hgp cho viéc mo hinh hoa cac hé thong dién nhung, hé thong
nang luong tai tao, hé théng diéu khién va truyén thong. Véi thu vién Simscape Electrical,
phan mém cung cap day di cac mo hinh linh kién nhur ngudn dién, bién tan, pin luu tri, tai,
ludi dién. .. giup xay dung mé hinh VPP sat véi thyc té. Ngoai ra, kha ning mé phong thoi
gian thuc va hd tro tich hop thuat toan diéu khién phan tan/tap trung cling la diém manh noi
bat trong nghién ciru va phat trién cac hé thong nang luong thong minh.
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Viéc sir dung MATLAB/Simulink trong bai bao cdo khong chi gitip truc quan hoa qua
trinh diéu phdi ning lwong ma con cho phép thuc hién cic phan tich dénh gia hiéu suat, tinh

6n dinh va kha nang phan tng cta hé thong VPP trong céac diéu kién khac nhau.

Hinh 2.2: M6 hinh VPP trong Simulink

Mo hinh VPP bao gom:
- Nha may thuy dién tich nang.
- Tai hé thong.
- Trang trai gio.
- Céc thanh phan nay dugc két ndi v6i nhau qua cac duong day truyén tai.

Day 1a mot hé thong gom 4 BUS duoc bd tri & cac goc cia mot hinh vudng. Hé thong
nay c6 dang vong (ring-shape), cho phép dong dién di qua tat ca cac BUS qua chu trinh
khép kin. BUS 1 két n6i v6i ludi truyén tai, BUS 2 két ndi véi nha may thity dién tich ning,
BUS 3 két ndi véi tai hé thong, BUS 4 két ndi véi trang trai gio.

2.3.1. Khéi lwéi truyén tii

Luéi truyén tai duoc biéu dién bdi mot BUS vo han (infinite bus) duoc két ndi véi
ngudn khong c6 dién trd va cam khang. Vi khong co dién trd va cam khang, ludi truyén tai
dai dién cho mot hé thong truyén tai 16n véi dién ap khong doi tai diém BUS. Diéu kién cta
cong suat phan khang trong VPP khong anh hudng dén dién ap tai BUS 1. Chirc nang chinh
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

ctia khdi nay 1a mo ta chinh xac hanh vi ctia dudng day truyén tai gdbm mé phong thong sb
duong day, phan tich thiét ké Hé thong dién, ... [16]

-—a | —a
=1 1 o |
— i

Bus 1 Transmission Grid
Hinh 2.3: Khoi ludi truyén tai

Bang 2.1: Théng sé khéi hedi truyén tdi

Tén thong sd Gia tri
bién ap pha 33kV
Tan s6 (Hz) 50

Pién tro nguon (Ohms)

Cam khang nguon (H)

2.3.2. Bus bar (thanh gop)

Thanh gop két ndi cac don vi trong hé théng v6i nhau thong qua dudng day truyén tai.
Podng thoi, né do cac gia trj dién ap va dong dién tai mdi bus bar va giri cac gid tri do luong
nay téi hé thong do luong. Do cac phién ban méi ciia Simulink khong cung cép khéi bus
bar, nén khoi bus bar duoc biéu dién bang khdi "Three-Phase VI Measurement” trong
Simulink [16].
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

—a [l —

s

—a [l —
Bus 1

Hinh 2.4: Bus Bar

Bang 2.2: Théng sé khoi Bus bar

Tén thong s6 Gia tri

Do ludong dién ap | Pha-dat

Do luong dong dién Co

2.3.3. Puong day truyén tai

Khéi duong day truyén tai duoc dat gitta hai nit trong hé théng dién dé mo phong viéc
truyén cong Sut tir nguén dén phu tai, hodc gitra hai tram bién ap. Cac dau ra c6 thé duoc
theo doi béng céc thiét bi do dong, dién ap va cong suét, nhu Voltage Measurement hodc
Powergui. Viéc mo phong chinh xac dudng day truyén tai dong vai tro then chét trong viée
danh gia hién tuong qua tai, dao dong di¢n ap, hoac kiém tra hiéu qua diéu khién cua cac

giai phap nhu nha may dién ao (VPP) trong hé théng dién hién dai [16].

L2

||
Il

Hinh 2.5: Khoi dwong ddy truyén tdi
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Bang 2.3: Thong sé khoi dwong ddy truyén tdi

Tén thong s6 | Gid tri

Kiéu nhanh RL

bién tr¢ (Ohms) |

Cam khang (H) | le-3

2.3.4. Nha may thuy dién tich nang

alls alA
alle a|8  P_hydro §—<[Control_command]
alls alC

Bus 2 Hydro plant

Hinh 2.6: Nha may thuy dién tich nang

Nha may thity dién tich nang nhan 1énh diéu khién tir hé théng diéu khién thay lyc. N6
duoc biéu dién bang mot may dong bo.

May dong bo diéu khién dién ap tai cac cuc ctia n6 thong qua hé thong kich thich. Dién
ap danh dinh tai cac cuc duoc dat 1a 1 pu. Dién &p pha doc (d-axis) va pha ngang (g-axis)
duogc do va guri toi hé théng kich thich. Khéng c¢6 bd on dinh dién ap duoc st dung, nén
cong "vstab" dugc ndi dat. Bé don gian hoa viée didu khién goc rotor, bd diéu khién may
phat ty dong (automatic generator controller) khong dugc thém vao & ddy. Cong suat tac
dung dau ra dugc diéu khién tryc tiép bang lénh gui tir trung taim diéu khién. Gia tri khoi
tao clia may dong bd da duoc tdi uu hoa bang cach sir dung “Cong cu Khoi tao May cua

Powergui” [16].
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

wm
<Rotor speed wm (pu)>
»(2D
<Electrical power Pe (pu)> »(3)
<Stator voltage v Fe
<Stator voltage vd {pu)>
Founer Analysis
(Vs
" va
IZ]—-’ vref
P vd
vf
— R0 - Vabc
@—» vstab
Excitation )
System : 3>
Synchronous Machine Bus 33 kv
pu Fundamental
P_hydro

Hinh 2.7: M6 hinh nha mdy thity dién tich ndng bén trong khoi

Bdng 2.4: Théng sé khoi mdy dong bo

Tén thong sb Gia tri
Pau vao co hoc Cong suat co hoc Pm
Loai rotor Rotor cuc 10i
Cong suat dinh mirc (VA), dién ap diy (Vrms), Tan so (Hz) 250E6, 33 kV, 50 Hz
Cac thong s6 stator [Dién trd Rs, dién cam Li, dién cam tur hoa truc | 0.00285, 0.114, 1.19,
doc Lmd, di¢n cadm tur hoa truc ngang Lmq] (pu) 0.36
Cac thong s6 cudn day kich thich [Rf, LIfd] (pu) 0.000579, 0.114
0.0117, 0.182,
Céc thong s6 bo giam chan [Rkd, Llkd, Rkql, Llkq1] (pu) 0.0197, 0.384
Hé s6 quan tinh, hé sb ma sat, s6 cip cuc [H(s), E(pu), p ()] 0.7,0,0.2
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Bdng 2.5: Théng sé khoi hé théng kich thich

Tén thong s6 Gia tri
Hing s6 thoi gian bd loc bac thap Tr (s) 0.02
Heé s6 va hang s thoi gian bo diéu chinh [Ka (s), Ta(s)] 300, 0.001
Hé s6 kich thich [Ke (s), Te(s)] 1,0
Hé s6 giam ting cuong [Th(s), Tce(s)] ] 0,0
Heé s6 va hang s thoi gian bo giam dao dong [Kf (), Tf(s)] 0.001, 0.1
Gi6i han dau ra bo diéu chinh [Efmin, Efmax (pu), Kp ()] -11.5,11.5,0
Gia tri ban dau cua dién ap dau cuc va dién ap truong [Vt0 (pu), VO 1, 1.42611
(pu)]

2.3.5. Tdi hé thong

Tai hé thong duoc bicu dién bang mot khoi tai dong trong Simulink. Nhan & goc trén
bén phai chi ra rﬁng dit liéu lich str thuc té dugc doc tir mot tép *.mat cung dudng dan, véi
48 diém dir liéu, dai dién cho 48 chu ki, 1 chu ki twong duong 30 phut trong mot ngay (24
gi®). Cong suat phan khang dugc dat 1a 0 Var trong nghién ctru nay [16].

[t, P_load]
Q_lecad
System Load
Als al s
Blw ]
Cle all =
Load Bus 3

Hinh 2.8: Tai hé thong
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

V_load > pq [&——1)

Load power
A

P_load > m P ._@ :

Q_load > c|m B .@

Load C

Hinh 2.9: M6 hinh tai déng bén trong khoi

Lénh tir trung tdm diéu khién di vao cong PQ & gbc trén bén phai. Tai tiéu thu cong
suit hoat dong dua trén lénh nay. Khi tin hiéu cé gia tri duong, tai ti€u thu di¢n nang. Khi

tin hi¢u am, tai phat dién. Trong truong hop nay, tai luén co gia tri duong [16].

2.3.6. Wind Farm

Trang trai gi6 (Wind Farm) 1a mot hé thong gom nhiéu turbine gié duoc lap dat dé khai
thac nang luong gié va chuyén do6i thanh dién ning. Mdi turbine gid hoat dong dya trén
nguyén 1y: Khi gié thoi lam quay canh quat, co ning duoc truyén qua truc dén may phat
di€n, tao ra dién nang. Cac turbine thuong c6 cong sudt tir vai tram kW dén vai MW, va hé
thong dién dau ra dugc diéu chinh thong qua bd bién tan hodc bién doi dé phu hop véi ludi
dién. Trang trai gié duoc trang bi hé thong giam sat va diéu khién giup theo ddi toc do gio,
hiéu suat phat dién va dam bao an toan khi c6 gié manh vuot ngudng. Trong mé hinh nha
may dién ao (VPP), trang trai gié dong vai tro 1a mot ngudn phat ning luong tai tao c6 cong
suat thay do6i theo diéu kién gi6. Khi moé phong trong Simulink, trang trai gi6 c6 thé duoc
tich hop bang cac khéi nhu Wind Turbine va sir dung dir liéu tde d6 gid lam dau vao, tir d6
danh gia kha ning cung cip dién cho hé thong tai, pin luu trit hoic hoa ludi dién moé phong
[16].
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Q_wind
Wind power
A |p——————alla
8 | o
C |#——aln
Wind farm Bus 4

Hinh 2.10: Trang trai gio

2.3.7. Hé théng do lwong

Khéi do ludng dong vai tro thu thap va xir Iy cac thong sd dién quan trong tai cac thanh
g6p (bus bar), bao gom dong dién va dién 4p. Cac cam bién do luong dong va ap duogc dat
tai cac vi tri thich hop trong mang dién dé ghi nhan gia tri tirc thoi cia cac dai luong dién.
Dt liéu thu thap duoc sau dé duoc truyén dén khdi tinh toan cong suat ba pha, cu thé 1a
khéi Three-Phase Power Measurement (PQ), nham xéac dinh cong suét tac dung (P) va cong
suat phan khang (Q) tai timg diém nut trong hé thong.

Sau khi dugc xtr 1y, cac gia tri do luong nay s& duoc chuyén tiép dén hé théng dicu
khién, noi dir liéu dugc sir dung dé dua ra cac quyét dinh diéu do phu hop hoic kich hoat
cac chie ning phan tng nhu hd tro tir nha may dién do (VPP). Pong thoi, hé thong ciing st
dung cac khéi hién thi dang song (Scope) dé trinh bay truc quan cac tin hiéu dong, ap, cong
sudt va dap ung hé thong theo thoi gian thuc. Ngoai ra, cac dit liéu hién thi c6 thé dugc cau
hinh dé luu trir tu dong dudi dinh dang tép *.mat thong qua tuy chon luu dir li€u trong
Scope, phuc vu muc dich phan tich hau ky hodc danh gid hiéu qua van hanh hé théng [16].
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Measurements

Hinh 2.11: Khoi do luong

Vabe :!"

M

labe

Vabe

labe

b Vabe

fabc

Vabe

onan e

il

fabe

Hinh 2.12: Khoi do leong bén trong

Cong suit hoat ddng va phan khang di qua cac BUS gom: BUS 1, BUS 2, BUS 3
va BUS 4.

Cong suat hoat dong qua ludi truyén tai.

Cong suét hoat dong tiéu thu cua tai hé théng.

Cong suit hoat dong phat ra tir trang trai gio.

Cong suit hoat dong dau ra tir nha may thay dién tich ning.

Két qua dugc hién thi qua khéi hién thi bén kénh.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

2.4. Mo phéng hoat ddng ti wu cia VPP (MATLAB Optimization Toolbox)
Trong phan nay, tap trung xdy dung mé hinh tdi wu cho hé théng két hop giita ning
luong gi6é va thiy dién tich nang. Hé thdng duoc van hanh theo nguyén tic:
- Khi gia dién cao, ca gi6 va thity dién tich nang ciing phét dé toi da hoa loi nhuén.
- Khi gia thap, khong ban dién ma dung cong suat gié dé bom nudc 1én hd chira
cho thuy dién tich nang.
- Khi hd di duoc tich ddy, hé théng sin sang phat trd lai.
Ngodi ra, trong trudng hop ludi can hd tro cong suat, hé théng s& wu tién phat dién dé
hd trg theo thir ty 1an luot: Gio trude, thuy dién sau. Mo hinh dugc giai bang cong cu tdi uu
hoa trong MATLAB va cho théy hiéu qua van hanh phu thuéc manh vao bién dong gia va

kha nang dap (mg cong suat kip thoi ciia tirg ngudn.

2.4.1. M6 hinh t6i wu héa két hop dién gié — thiiy dién tich nang

Trong qua trinh van hanh mot hé théng dién ao (VPP), viéc diéu phdi cac ngudn phat
phan tan nhu dién gi6 va thuy dién tich nang khong chi can dam bao cung cap dién lién tuc
ma con phai dat hiéu qua kinh té cao nhét c6 thé. Trong thuc té, cong suat gi6 bién dong
theo thoi gian va thudng khong dong bd voi thoi diém gia dién cao trén thi trudng. Vi vy,
néu khong co chién lugc didu do phu hop, hé théng c6 thé phai ban dién vao luc gia thap
hozc tham chi khong tan dung duge hét ngudn tai nguyén sin co.

Phéan 16n ciac md hinh md phong VPP trong Simulink thudng tap trung vao hanh vi
dong, mo phong thoi gian thuc va kiém tra phan Gmg cta hé théng véi cac su kién nhu su
cd hay thay doi tai. Tuy nhién, trong méi trudng thi truong dién hién dai, yéu t6 toi wu hoa
loi nhuan va can bang ning luong ciling dong vai tro séng con, dic biét 1a khi cac ngudn
nang luong tai tao c6 dic diém bién thién va khong diéu khién dugc.

Viéc bo sung md hinh téi wu hoa cho VPP gitip hé thong gitp tu dong phan phdi cong
suat gi6 thanh ba muc tiéu:

- Baén ra thi truong (khi gia cao).
- Dung dé bom nuée (khi gia thap).
- HO tro tai ndi bo va tai hé thdng (néu can va duoc vu tién trude).

Cung véi d6, diéu khién thiy dién tich ning sao cho phat dung luc, khong gay du thira
cong suét hodc vi pham gidi han ho chtra. Lya chon hanh dong tdt nhat tai mdi gi0 dya trén

dur bao cong suat gio va gia dién trong 24 gid toi.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

2.4.2. Loiich ciia vigc két hop téi wu héa vao mé hinh VPP
a. Tdi da hoa lgi nhuén thi trudng dién:

Trong bdi canh thi truong dién dang dan chuyén dbi sang mo hinh canh tranh véi gia
dién bién dong theo thoi gian thyc, viéc ap dung cac chién luoc toi uu hoa van hanh hé
thong dién tré nén ngay cang quan trong. Mot trong nhirg hudng di hiéu qua 1a chién lugc
“t61 da hoa loi nhuan thi trudng dién” thong qua viéce luu trit ning luong gid trong cac khung
gior c6 gia dién thap va chi ban ra khi gia dién ting cao.

Chién lugc ndy gitp nang cao bién loi nhuén rd rét so véi phuong thic truyén thong
1a phat bao nhiéu ban by nhiéu. Khi lya chon thoi diém bén t6i wu, doanh thu ban dién ting
dang ké nho tan dung cac khung gid gia cao, dong thoi gitip giam tai cho ludi dién trong
gid thap diém. Ngoai ra, chién luoc nay con phi hop véi dinh hudng phat trién ning luong
thong minh va linh hoat.

Hién nay, riéng tai Viét Nam dang c6 su phan héa theo thoi gian va loai hinh phat dién.
Céac nha may dién gi6 chii yéu ky hop dong mua ban dién (PPA) véi muc gia ¢ dinh. Tuy
nhién, v&i su phat trién cua thi truong ban budn dién canh tranh, kha nang tham gia truc tiép
vao thi truong va chi dong diéu chinh chién lugc ban dién theo gi thi trudong sé& 13 xu hudng

tat yéu.

b. Pon gian hoa diéu khién thyc té:

Trong md hinh két hop gitra di€n gi6 va thuy dién tich nang, viéc tdi wu hoa lich van
hanh tr¢ thanh yéu t6 then chdt dé dam bao hiéu qua kinh té va su 6n dinh cho hé thong.
Mot trong nhitng chién lugc dugc ap dung phd bién 1a 1ap ké hoach van hanh t6i uu trude
48 chu ki (tuong g 24h). La cac quyét dinh vé nap/xa thuy dién tich ning va phan bo cong
sudt gi6 duge xac dinh tir trude dua trén cac du bao vé gio, gia dién va nhu cau tiéu thu.

Diéu nay mang dén nhing loi ich rd rang co thé ké dén nhu:

- Giam dang ké ganh ning tinh toan thoi gian thyc, tranh cc thuat toan phirc tap phai
chay lién tuc trong mdi truong cé do tré thap.

- Tang do tin cdy van hanh, vi hé thong da co6 san kich ban xtr Iy cho ting khung thoi
gian cu thé.

- Tbi vu hiéu suét tich trit/xa cua thuy dién tich ning, vi da can nhic k¥ luong nuéc,
cong suit turbin/pump va rang budc luéi dién tir trude.

- Nang cao kha niang phdi hop voi ngudn gio, von c6 tinh bat dinh cao, théng qua viéc

“dém” bang thuy dién tich nang dé 6n dinh cong suat dau ra.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Viéc tich hop chit ché giita dién gi6 va thuy dién tich nang doi hoi dau vao du bao phai
c6 d0 chinh x4c cao, dic bi¢t la du bao cong suét gi6 trong 24h t61, du bao gia dién theo thi
truong thoi gian thuc hodc thi trudng ngdy téi cling nhu phu tai lién quan dén nha may dién
tich hop tu tiéu thy.

c. Tac dong chién luge bao vé moi trudng:

Ngodi cac van dé lién quan dén phat thai khi nha kinh, ting hi¢u qua str dung NLTT,
giam 4p luc ha ting gitp kéo dai tudi tho thiét bi, ... Nhom tac gia dé cap thém vé van dé
thiét thyc va nhan van trong quy hoach va van hanh cac cong trinh thuy dién tich nang d6
1a duy tri muc nude 6n dinh nhim bao vé hé sinh thai dudi long hd. Pay ciing 1a mot yéu tb
quan trong giup can bang gitta phat trién ning luong va bao ton moi trudng tu nhién.

Pé giam thiéu rui ro nay, viéc ap dung chién lugc duy tri muc nudce tdi thiéu (muc
nude sinh thai hay con goi 1a dung tich chét) tai ho chira 1a rat quan trong. Pay 1a muc nudc
da duogc xac dinh thong qua dénh gia tdc dong moi trudng va cadc mod hinh sinh thai thuy,
nham:

- Duy tri 16p nudc da sau dé bao vé ving sinh trudng cua sinh vat day va dong vat
thuy sinh.

- Dbam bao néng do oxy hoa tan va nhiét do nudce 6n dinh, tranh hién tuong “sdc nhiét”
hodc thiéu oxy khi muc nudc thay d6i nhanh.

- Han ché hién tugng phoi ddy ho, vén c6 thé ddn dén chét sinh vat, phat sinh khi doc
(H2S, CH4) va mat cin bang hé sinh thai.

Can phén biét 16 muc nudc chét va dung tich chét trong trudng hop ndy, mirc nudc
chét 1a muc d6 cao so v6i mirc nude bién dat thip nhat ma tai d6 nude trong hd khong thé
chay ra tu nhién qua ctra léy nuoc hodc ctra xa day dé phuc vu muc dich phat dién hodc cung
cap nudc. Quy dinh phai cong bd 16 mirc nudc chét trong ho so cip phép khai thac, sir dung
nudc.

Viéc ha mirc nudc dudi mitc nude chét phai c¢6 1y do chinh dang (vi du nhu han han
nghiém trong, cap nudc khan cap) va phai duoc phé duyét bai co quan quan 1y c6 tham

quyeén.
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2.4.3. M6 hinh todn hoc va cdc rang bujc

Muc

Bai toan t61 vu hoa trén c6 thé dugce xay dung nhu sau:

tiéu:

T
Max Z (Pwi + Phi) . Ci
i=1

Rang budc:

Pvi = Pwi + Ppi + Pwli voii = 1,2, ,48 (1)
Pyii 4 Poyy = P, + Pry véii=12,..48 2)
_ Py ..
Ei.i=E +t-|(np.Pp — " voii=1,2,..,48 3)
h
E, = E]*f (4)
E4 = Ejq (5)
0 <P, < PP véii=12,..48 6)
0 < Py < P voéii=12,..48 (7)
Py < 1n ?l véii=1.2,..,48 (8)
E; o
Ppi + Ppy; <y, T voii=1,2,..,48 9)
Pyi + Py < P véii=12,..,48 (10)
Trong do:

P,,;: Cong suat gi6 ban ra thi truong tai gid i [MW]

P,,.;: Cong suat gié phat hd tro tai ndi bo (P,) va Hé thong (Py,)

P,,;: Cong suat thity dién tich nang ban ra thi truong tai gio i [MW]

Py,1;: Cong suét thuy dién tich nang phat hd tro cho tai noi bo (Pt) va Hé théng (Py,)
khi cong suit gi6 phat 1én dé hd tro tai ndi bd (Pt) va Hé thong (Py,) khong du

C;: Gia nang lugng tai gio i [VND/kWh]

P,;: Cong suét gi6 du bao tai gio' i [MW]

P,;: Cong suat gi6 dung d¢ bom vao hd chira thity dién tai gio i [MW]

ny,: Hiéu suét phat dién thuy dién tich ning [%]
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

np: Higu suat bom [%]

E: Murc nang luong ti da ciia hd (quy ude chi sir dung 90% thé tich t6i da cta ho)
Ei: Mirc ning luong cta hd chira thuy dién tich ning tai gio' i [MWh]

E;,: Mirc ning luong cta ho chira thuy dién tich ning tai gio (i + 1) [MWh]

Ef P Mirc ning lugng ban dau cua hd chira [MWh]

E ff;p: Mirc ning luong tai thoi diém (chu ki) cudi ngay cia hd chira [MWh]

t: Thoi gian

Gia thiét nha may thay dién tich ning c6 cac thong sé nhu sau:

Mirc nang luong t6i da cia hd chira thity dién tich nang;
Eyvax = 1500 MWh
Mirc ning luong ban dau va tai thoi diém cudi ngay cua hod chira:
E[*P = E;F = 600 MWh
Hiéu sut bom cuia nha may thuty dién tich nang:
np, = 83%
Hiéu suit phat cia nha may thuy dién tich ning:
Np = 93%
Gidi han bom cong suat t6i da cia nha méy thuy dién tich ning:
B, =250 MW
Gidi han phat cong suat t6i da ciia nha may thily dién tich nang:
P, =250 MW

Ham muc ti€u dugc xay dung nham t4i da hoa lgi nhuan tir su phéi hop van hanh gitra

ngudn dién gié va thuy dién tich ning, trong d6 tong san luong ban ra thi truong bao gom

phan cong suat thay dién phat 1én ludi va mot phan cong suét gié dugc dua truc tiép vao thi

truong dién theo timg thoi diém.

Rang budc (1) thé hién cach phan phdi cong suat gi6 kha dung theo hai huéng: Ban
truc tiép ra thi truong va st dung dé bom nuéc 1én ho chira phuc vy van hanh thuy
dién tich nang.
Rang budc (2) dam bao tong cong sudt phat tir ngudn gi6 hd trg (P,,q;) va thuy dién
tich nang hd trg (Pyq;) cho tai ndi bd va hé thong tai mdi thoi diém phai bang tong
phu tai n6i bo (P,) va phu tai hé théng (Py,). Muc tiéu 1 duy tri cAn bang cong suit
trong hé théng, dap ing diing nhu ciu tiéu thu tai moi thoi diém.
Rang budc (3) phan anh sy bién dong ctia mirc nang luong trong hd chira gitta hai
thoi diém lién tiép (gio i va i+1), c6 tinh dén phan nudc duge bom 1én va phan nudc
da duoc sir dung dé phat dién.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Céc rang budc dang thirc (4) va (5) quy dinh muc ning lwrong ban dau va mirc ning
lwong cudi ngay trong hd chira, nhim dam bao ké hoach van hanh 6n dinh cho chu
ky.
Céc rang budc bat dang thirc (6), (7), va (8) dat gidi han trén cho cong suat phat va
cong suat bom tai moi thoi diém, twong g véi kha nang ki thuét cua thiét bi.
Rang budc (9) gidi han téng cong suat phat thuy dién tich ning va cong suat hd tro
k¥ thuat khong vuot qua gidi han ky thuat toi da co thé xa nude trong mdi gio, trén
co s thé tich nudc tuwong tng véi thoi gian xa.
Rang budc (10) dam bao rang tdng cong suat tir hai ngudn 1a thuy dién tich ning ban
ra thi truong va thiy dién tich ning phat hd trg cho tai ndi bd cling nhu hé thong
khong dugc vugt qua gidi han phat téi da cho phép ctia thuy dién tich ning.

Pé giai bai toan, ham linprog véi thuat toan Interior Point Algorithm trong toolbox t6i

uu héa cuia MATLAB sé€ dugce st dung. Bai toan sau d6 dugc dinh nghia la:

Min —fX
s.t. AX<bh
Acqx T bcq
Ib <X <up
Trong do:

X = [Pui By Pusi Pass Pus ]

Voi:
Py = [P,y Pugs s Pussl” (48 x 1)
Py = [Py, Pz s Poag | (48 x 1)
Pyi = [Py1-1,Pyi—2, - Pyi—as]” (48 x 1)
Pni = [Prhi—1, Prizs s Pracas 1’ (48 x1)
Pn = [Pny, Pras s Prag]” (48 x 1)
E = [E,Ey, .., Esl” (49 x 1)
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

fT = [C,zeros(1,48),zeros(1, 48), zeros (1,48), C, zeros(1,49)]
Vél C = [Cll Coy ueny C48]T (1 X 48)

Sau do, san lugng tdi wu dugce tinh toan la:

[x, fval, exitflag, output, lambda] = linprog[f, 4, b, A beqs Lp) Up, options |

eq’

2.4.4. Céu triic chwong trinh MATLAB

Luu do thudt toan mé ta quy trinh thyc hién mé phong va tdi wu hoa su két hop giira
ngudn dién gi6 va thay dién tich ning trong mot khung thoi gian ¢ dinh (vi du: 24 gio).
Thuét toan str dung mé hinh hoa tuyén tinh véi ham ‘linprog’ trong MATLAB dé giai quyét

bai toan phan phdi cong suat tdi uu theo cac rang budc ning luong va van hanh.
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Poc dir liéu tur excel
Call function data(T)

y

Goi ham tdi uu
Call Solver

Hién thi L&i B A i 7T
(Erro‘r Kiém tra hoi tu Trich xuat bién
exitflag == 1? B
convergence) g tu X

v

Goi PlotEX2 dé hién thi
Pwi, Ppi, Pwli, Phli, Phi, E

Hinh 2.13: Luru d6 thudt todn mé phong mé hinh t6i wu héa

Giai thich céc budc trong thuat toan:
- Bit dau: Day 1a diém khoi dau ctia chuong trinh mé phong. Qua trinh xir 1y bat dau tir
budc nay.
- Poc dir liéu tir Excel — Call function data(T): Ham “data.m” dugc goi dé doc cac
thong tin can thiét tir file Excel bao gdm:
Pv: Cong suit gid du bao theo timg gio
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Pt: Cong suit yéu cau cua tai ndi bo.

Pht: Cong suit yéu cau ctia hé thong (phu tai hé thong).

DATAG: Gia dién theo thoi gian. Pay 1a budc tién xir Iy quan trong gitp mé hinh c6 du
dit liéu dé tinh toan.

- Goi ham tdi wu — Call Solver: Ham “solverEX2.m” duogc goi dé xay dung bai toan tdi
uu héa tuyén tinh (LP) véi dau vao la céc dit lidu trén. Ham nay thuc hién:

Xay dung ham muc tiéu tdi da hoa loi nhuan tir viée ban dién.

Thiét l4p cac rang budc can bang ning lwong, gidi han céng suat bom/phat, giéi han ning
lwong ho chira, ...

Goi solver ‘linprog’ dé tim nghiém tdi uu (X), két qua chta cac quyét dinh van hanh:
Cong suat phat, bom, ban thi truong, trang thai ho.

- Kiém tra hoi tu — “exitflag == 1?: Sau khi giai xong bai toan, kiém tra gi trj exitflag
tra vé tir linprog. Pay 1a mot diéu kién r& nhanh quan trong:

Néu ‘exitflag == 1": Bai toan hoi tu va tim dugc nghiém tdi wu.

Néu khong: Thuat toan that bai do khong hoi tu hodc gip 16i rang budc.

- Néu khong hdi tu — Hién thi 16i (Error convergence): Trudng hop bai toan khong hoi
tu, chuong trinh s& thong bao 151 va két thuc xir Iy. Pay 1a mot bude xir Iy ngoai 1é nham
dam bao ngudi ding khong dung két qua sai.

- Néu hdi tu — "Trich xuét bién tir X: Trong truong hop hoi ty, bién "X chua cac két
qua t6i wu s& duoc giai nén.

P,,;: Cong suat gi6 ban ra thi truong.

P,;: Cong suat ding dé bom nuéc 1én ho (tich ning).
P,q;: Cong suét ho tro tai ndi bo.

P,1;: Cong suét thily dién tich nang hd tro tai hé thong.
Py,;: Cong suat thity dién tich nang ban ra thi truong.
E;: Mtic niang luong trong ho tai mdi thoi diém.

- Hién thi dd thi két qua — plotEX2(...): Ham plotEX2.m duoc goi dé truc quan hoa két
qua. Cac thong tin hién thi bao gom:

D6 thi gia dién va cong suét gio dau vao.

Biéu d6 dang stacked bar chart thé hién phan phdi cong suat gitta cac khéi chirc ning
(bom, phat, hd tro, ...).

DPuong bién thién ctia mirc nang luong ho chira theo thoi gian.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

- Két thiic: Sau khi hién thi két qua, chuong trinh két thuc.
Quy trinh nay giup dam bao: Can bang giira cung va cau. THi wu hoa loi nhuan tir
nguén nang lugng tai tao. Giam su phu thudc vao hé théng dién quéc gia béng co ché van

hanh théng minh.

2.4.5. Lip ké hoach mé phéng téi wu
Gia dinh Gia chao ban 24 gid (48 chu ki) cho ngay tiép theo dugc 1ay tir don vi van

hanh thi truong dién.

Badng 2.6: Twong quan gid bién cho ngay tiép theo

1 2 3 4 5 6 7 8 9 10 11 12
683.37 | 1366.7 | 1332.9 | 1299.1 | 1297.7 | 1296.3 | 1298.4 | 1300.5 | 1328.4 | 1356.3 | 1398.7 | 1441.2
13 14 15 16 17 18 19 20 21 22 23 24
633.35 | 1266.7 | 1286.2 | 1305.7 | 1492.9 | 1680 | 1568.5 | 1456.9 | 1376.5 | 1296 | 1181.1 | 1066.2
25 26 27 28 29 30 31 32 33 34 35 36

535 1070 | 1360 | 1650 | 1666.3 | 1682.6 | 1682.6 | 1682.6 | 1682.6 | 1682.6 | 1682.6 | 1682.6

37 38 39 40 41 42 43 44 45 46 47 48

841.21 | 1682.4 | 1682.5 | 1682.6 | 1682.6 | 1682.6 | 1682.6 | 1682.6 | 1565.8 | 1448.9 | 1445.1 | 1441.2

*DVT gid tien: VND/kWh

Gia dinh cong suat cua trang trai gio 24 gio (48 chu ki) cho ngay tiép theo.

Bdng 2.7: Cong sudt cia trang trai gié ngdy tiép theo

1 2 3 4 5 6 7 8 9 10 11 12

300 270 220 350 250 400 500 170 200 250 300 250

13 14 15 16 17 18 19 20 21 22 23 24

350 500 555 400 300 250 380 500 170 350 365 450

25 26 27 28 29 30 31 32 33 34 35 36

400 500 450 310 250 200 180 230 290 400 500 410

37 38 39 40 41 42 43 44 45 46 47 48

425 500 400 420 200 175 215 350 415 375 400 375

*Cong sudt: MW
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Gia dinh Cong suét cua tai noi bo trong moé hinh VPP véi 24 gid (48 chu ki) cho ngay
tiép theo.
Badng 2.8: Céng sudt ciia tdi ndi b ngay tiép theo

1 2 3 4 5 6 7 8 9 10 11 12
140.63 | 141.26 | 142.31 | 144.2 | 147.14 | 151.76 | 158.69 | 168.42 | 181.58 | 198.38 | 218.82 | 242.2
13 14 15 16 17 18 19 20 21 22 23 24
267.4 | 292.53 | 315.42 | 333.97 | 346.08 | 350.56 | 347.06 | 336.28 | 318.99 | 293.79 | 258.09 | 219.31
25 26 27 28 29 30 31 32 33 34 35 36
201.81 | 221.9 | 264.95 | 307.58 | 341.6 |367.71 | 384.58 | 389.13 | 379.68 | 357.07 | 324.45 | 285.95
37 38 39 40 41 42 43 44 45 46 47 48
245.42 | 205.38 | 166.81 | 12999 | 95.83 | 66.71 | 46.27 | 37.73 | 41.93 | 56.49 | 76.51 | 96.95

*Cong suat: MW

Optisnal combined

2000

Enerygy MWW

Price [VNDRWD]
SMaorage &

Power [MW]

I H' 731 nnnllll

iy

Hinh 2.14: Biéu d6 van hanh t6i wu ciia VPP trong diéu kién binh thirong

Biéu do "Optimal combined" thé hién sy bién thién cta céac gia tri theo thoi gian, véi
truc hoanh 1a cac khoang thoi gian tir 0 dén 48 va truc tung trai biéu thi gia ban dién (Price,
VND/kWh) tir 0 dén 100, trong khi truc tung phai biéu thi cong suit va ning luong
(MW/MWh) tir 0 dén 1500.

- Bid price - Gi4 ban dién (duong mau den v6i cac chdm tron).

- P, - Cong suét gi6 (dwong mau xanh neon).
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

- E - Ning luong con lai trong hd (dudng mau do).

- Py - Gid ban ra (duong mau tim).

- Py - Thuy dién tich ndng ban ra (duong mau xanh ngoc).

- Py - Thuy dién tich nang bom nudce [én hd chitra (dwong mau xanh bién).
- P,q; - Gi6 hd tro ludi (dudng mau xanh réu).

- Pyy; - Thuy dién tich nang hd tro ludi (dudng mau vang).

MBS té chi tiét ¢6 thé hiéu nhu: Khi gia ban dién dat murc cao, ca thuy dién tich ndng va
gi6 cung tham gia ban dién dé t6i vu hoa loi nhuan, tan dung diéu kién thi truong thuan loi.
Nguoc lai, khi gia dién giam xuéng thép, viéc ban dién s€ tam dung. Trong giai doan nay,
gi6 dugc chuyén sang st dung dé bom nudc 1én hd chira, hd tro thuy dién tich nang, tich
lity ning luong tiém ning cho cac chu ky sau. Sau khi bom du nuée va ning luong trong hd
dat murc can thiét, hé thong sé tiép tuc quay lai ché do ban dién tir ca hai ngudn khi diéu
kién gia ca cho phép hoic chi gi6 bat ké gia ban ra thip hay cao.

Tuy nhién, trong truong hop ludi dién can hd trg cong suat khan cap, hé théng wu tién
phat dién hd tro theo thwr ty: gi6 trudc, sau d6 dén thuy dién tich niang. Cach van hanh nay
dam béao sy linh hoat va hiéu qua, voi gié dong vai trd ngudn ning lugng dap tng nhanh
chong néu dang san co, trong khi thity dién tich ning déng vai tro dy tritr 6n dinh. Sy dong
bd nay giup hé thong tan dung t6i da ngudn lyc, cin bang cung cau dién ning va duy tri do
tin cy cho ludi, thé hién rd vai tro phdi hop chit ché giita cac ngudn ning lugng tai tao
trong mot hé théng tich hop.

Vi du tai thoi diém 7 trén d6 thi:

- Gia ban dién: Khoang 1300 VNB/kWh, cho thiy day la thoi diém gia trung binh, ¢6
the can doi dé ban dién.

- Cong suat gid: Khoang trén 500 MW, san sang dé sir dung.

- Nang lugng con lai trong hd: Xéap xi 800 MWh.

- Gio6 ban ra: C6 cot gia tri cao, khoang 360-380 MW, phan anh thiy ban dién tich cuc.

- Thuy dién tich niang ban ra: Gan 0 MW.

- Thily dién tich ning bom nudc 1én ho chira: 0 MW, phan anh viéc st dung thuy dién
tich ning lac nay khong toi wru vé gia ca.

- Gid hd tro tai ndi bo va thury dién tich ning hd trg tai noi bd: Gié vao khoang 190

MW va thily dién gan bang 0 MW, khong cé nhu cau hd trg ludi tai thoi diém nay.
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O thoi diém 7, hé théng ban dién do dugc gia, chuyén gio sang hd tro tai noi bo va
phan con lai ban 1én ludi. Néu ludi can hd tro cong suat, gié s& dugc uu tién phat trude dé
dap ung nhanh chong.

Tai thoi diém 25 trén d9 thi:

- Gia ban dién: Khoang 1030-1080 VNB/kWh, cho thay day 1a thoi diém gia cao, phu
hop dé ban dién.

_ Cong suit gio: 410 MW, dong gop dang ké vao viéc bom nude 1én ho chira thity dién
tich nang.

- Ning lugng con lai trong hd: Xap xi 1300 MWh, ching t6 thily dién tich ning du
kha ning van hanh phat cong suat.

- Gio6 ban ra: C6 cot gia tri xap xi 0 MW, phan anh viéc gi6 khong tham gia ban dién.

- Thuy di¢n ban ra: 0 MW, chung t6 thuy dién tich ndng dang trong qua trinh bom
nudc, khong tham gia ban dién.

- Thuy dién tich ning bom nudc 1én hd chira: Khoang 200 MW, vi luc nay gia dang
thap nén uu tién tich trir doi thoi diém gia bién cao hon.

- Gi6 hd tro tai noi bo va Thuy dién hd tai ndi bo: Gid gan xap xi 210 MW hd tro tai
ndi by, thity dién tich ning khong tham gia hd tro.

O thoi diém 25, hé thong tan dung gi6é dé tich nude thity dién tich niang do gia ban dién
thap, toi uu hoa loi nhuén tai thoi diém sau. Néu gia tang sau do, gio co thé chuyén sang
vira bom nuée dé tich nang va vua ban kinh té, va néu ludi can hd tro, gi6 s€ dugc uu tién
phat trudc.

Sau khi thuc hién bai toan ti uu hoa lgi nhan van hanh VPP véi nguén nang luong tai
tao, ta thu duoc biéu d6 cong suét tdi uu cuia nha may thity dién tich nang trong 48 chu ky
thoi gian. Gia tri cong suat am biéu thi qua trinh nha may tiéu thy cong suat dé bom nudc
1én ho chira (ché d6 luu trit nang lwong), trong khi gid tri cong suat duong thé hién nha may

dang phat di¢n dé hd tro phu tai hoac ban Ién ludi.
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Bang 2.9: Céng sudt ciia nha may thiy dién tich ning

4 5 6 7 8 9 10 11 12
0 0 0 0 0 -248.24 0 0 0 0 0 0
13 14 15 16 17 18 19 20 21 22 23 24

0 -207.47 | -239.58 0 46.08 | 154.56 0 0 148.99 | -56.21 | -106.91 | -230.69
25 26 27 28 29 30 31 32 33 34 35 36
-198.19 | -250 0 0 91.6 167.71 | 204.58 | 159.13 | 89.68 0 124.3 0
37 38 39 40 41 42 43 44 45 46 47 48
0 0 0 0 0 0 0 0 0 0 0 0

*Cong sudt: MW

2.4.6. Két qud mé hinh VPP Simulink

Hinh 2.15: Két qua dép irng ciia mé hinh VPP Simulink
(Tryc doc cua biéu d6 thé hién cong suat (MW), truc ngang dai dién thoi gian 48 chu ki)
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Hinh 2.15 minh hoa két qua dap ng cong suit cta cac thanh phan trong hé thong Nha

may dién ao (VPP), sau khi thuc hién mé phong van hanh theo két qua tir bai toan t6i uu

hoéa lgi nhuan van hanh VPP véi ngudn ning luong tai tao. Trong do:

Biéu db dau tién (Grid) thé hién cong suit ban ra ciia VPP ddi véi ludi hé thong, tirc
1a phan cong suat con du sau khi cac ngudn ndi bo trong VPP (gié + thuy dién tich
nang) da dap tng cho tai.

Biéu d6 thir hai 1 phu tai ndi bo (Loadl), thé hién dic tinh cua tai cong nghiép véi
2 dinh dugc mo6 phong bién thién theo thuc té. D6 thi thé hién cong suét tdng cao vao
khoang thoi gian 8-10h va 18-20h phéan anh giai doan san xuat cao diém, giam nhe
vao khoang giita ngay tir 11-14h c¢6 thé do thoi gian nghi trua va tiép tuc giam dan
sau 21h thé hién hoat dong san xuét giam vao ban dém.

Biéu do thtr ba mo ta dap (mg cong suat tir thuy dién tich nang (Hydro), bao gom ca
ché do phat dién va bom tich nang, thé hién qua cac gia tri dwong va 4m tuong Ung.
Cong suat gidé (Wind) & biéu d6 cudi bién thién ngau nhién theo thdi gian, phan dnh

rd tinh khong 6n dinh dic trung clia ngudn ning luong tai tao nay.

VT

Hinh 2.16: Két qua dap vmg ciia thiy dién tich nang

(Truc doc cua biéu dd thé hién cong suét (MW), truc ngang dai dién thoi gian 48 chu ki)
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2.5. Tong két chwong 2

Xay dyng mo hinh VPP bang MATLAB/Simulink: Nén ting MATLAB/Simulink d
dugce sir dung lam coéng cu chinh dé mé phong va phan tich mé hinh VPP. Simulink cung
cép giao dién dd hoa truc quan vo1 so dd khdi va thu vién khdi da dang, dac bi¢t 1a Simscape
Electrical, giip mo hinh hoa cac thanh phﬁn vat Iy nhu nguén dién, tai, ludi dién. Muc dich
ctia viéc xay dung mé hinh nay 1a dé moé phong hoat dong ctia VPP, thiét ké va kiém tra
chién lugc dicu khién, danh gia hidu qua va d6 on dinh, thir nghiém céc tinh huéng gia dinh,
ciing nhu hd tro dao tao va nghién ciu.

Mo hinh VPP dugc thiét ké bao gdm to may phat dién (nha may thay dién tich nang,
trang trai gi6), don vi luu trit ndng luong (hd chira thuy dién), va phu tai hé théng. Hé thong
mo hinh cu thé ¢6 dang vong (ring-shape) gom 4 BUS: BUS 1 két ndi ludi truyén tai (biéu
dién bang BUS hé thdng), BUS 2 két nbi nha mdy thuy dién tich ning (biéu dién bang may
dong bo), BUS 3 két ndi tai hé thong, va BUS 4 két ndi trang trai gié (ngudn ning luong tai
tao bién thién). Cac thanh phan nay duogc két ndi qua cac duong day truyén tai, va hé thong
do luong (st dung khéi "Three-Phase VI Measurement” va "Three-Phase Power
Measurement') duoc tich hop dé thu thap dit liéu dong, ap, cong suét tai cac thanh gop, hién
thi két qua qua khdi Scope va co thé luu trit dé phén tich.

Mo phong hoat dong tbi wu cia VPP: Bén canh mo phong hanh vi dong trong Simulink,
nghién ctru con tap trung vao viéc 1ap ké hoach van hanh t6i wu cho hé thong két hop ning
lugng gié va thity dién tich nang nham téi da hoa lgi nhuan. Nguyén tic van hanh téi wu 1a
ban dién khi gia cao (ca gi6 va thuy dién), dung cong suat gié dé bom nude 1én ho chira khi
gia thap, va uu tién phat dién hd tro ludi theo thi ty gid trude, thuy dién tich ning sau khi
can. Viéc tich hop tdi uu héa nay gitp tdi da hoa loi nhudn trén thi truong dién, don gian
hoa diéu khién thuc té bang cach 1ap ké hoach trudc (48 chu ky/24h) dya trén du bao, giam
ganh ning tinh toan thoi gian thuc va ting do tin cay. N6 ciing c6 tac dong chién luge bao
vé mdi trudng thong qua viée duy tri myc nude on dinh trong hd chira. Bai toan tdi wu hoa
duoc xay dung nhu mot bai toan tdi wu hoa tuyén tinh (LP) v6i muyc tiéu t6i da hoa téng loi
nhuan tir viéc ban cong suit gié va thuy dién, chiu rang budc vé can bang cong suat gio,
gidi han cong suat phat/bom thuy dién, bién thién mirc ning luong hd chira, va quy dinh
murc ning lugng ban dau/cubi ky.

Bai toan duoc giai bang ham linprog véi thuit toan diém ndi trong MATLAB
Optimization Toolbox. Quy trinh giai thuit dugc mé ta bang luu d6, bao gdm cac budc doc

dir li¢u dau vao (gio du bao, tai, gia di¢n), goi ham giai té1 wu, kiém tra két qua, trich xuat
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bién quyét dinh (cong suat ban ra, bom, hd trg, mirc hd), va hién thi két qua dudi dang d6
thi. DT li€u gia chao ban thyc té tir don vi van hanh thi truong dién dugc stir dung cho viée
1ap ké hoach mé phong. Két qua tir thuat toan t6i wu cho thay cach phan phdi cong suit giita
cac muc tiéu (ban, bom, hd tro) tuy theo gia dién va cong suét gio. Két qua mo hinh Simulink
sau d6 minh hoa dap mg cong suét cta cac thanh phan VPP duya trén dit liéu tir thuat toan
to1 uu.
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Chuwong 3: GIAO THUC KET NOI LUOI PIEN

3.1. Gi6i thiéu phan mém PSS/E

PSS/E (Power System Simulator for Engineering) la mot phan mém mé phong hé thong
dién cong suét 16n, do tap doan Siemens PTI ctia Dirc phat trién, dugc st dung rong rai trén
toan thé gidi trong linh vic phan tich va quy hoach hé thdng dién truyén tai. PSS/E cung
cAp mot moi truong phu hop cho viéc mé phong trang thai 6n dinh, phan tich qua d6 va
dong luc hoc hé théng, cling nhu danh gid dé tin cdy va hiéu qua van hanh cua ludi dién.

Vi kha ning mo hinh héa chi tiét cac thanh phan trong hé thdng dién nhu may phat,
duong day, may bién ap, thiét bi bu va chirc niang diéu khién, PSS/E cho phép nguoi ding
thuc hién cac bai todn quan trong nhu:

- Phén tich cong suat tac dung va phan khang (Power flow analysis)

- Tinh toan ngan mach (Short-circuit analysis)

- Nghién ctru 6n dinh dién ap va tan sb (Stability studies)

- Mo phong dong hoc (dynamic simulation) dé danh gia dap ung cta hé thong ddi véi
cac nhiéu loan 16n.

PSS/E con hd tro tich hop voi ngdn ngit nén 1ap trinh Python, cho phép tu dong hoa
quy trinh tinh toan, xay dung mo hinh kich ban va phan tich hang loat, tir d6 ting cuong
hiéu qua va tinh lap lai trong cic nghién ctru quy hoach hoic diéu do hé thong dién.

Vi @6 chinh xac cao, kha ning xir Iy hé théng c6 quy mo 16n va dugc cap nhat thuong
xuyén theo tiéu chuan qudc té (nhu IEEE, IEC), PSS/E d tré thanh cong cu tiéu chuan trong
céc to chuc, cong ty van hanh luéi di¢n, vién nghién ctru, truong dai hoc, va cac don vi tu

van k¥ thuat dién trén toan cau.

3.2. Lwéi dién mo phong
3.2.1. Mo td luoi dién

Hé théng IEEE 39-BUS la mdt m6 hinh mang ludi dién chuan dugc cong nhan rong
rdi va sir dung rong rai trong phan tich va nghién ciru hé thong dién. Hé thong nay mo phong
mot phén cua mang ludi dién truyén tai & khu vuc New England cua Hoa Ky. M6 hinh nay
dong vai tro 1a mot trudong hop thir nghiém chuan cta IEEE, cho phép cic nha nghién ciru
va k§ su mo hinh héa va phén tich mang lué6i dién 39-BUS ba pha. Cac hé thong BUS IEEE
n6i chung dugc cac nha nghién ctru st dung dé trién khai cac ¥ tudng va khai niém méi

trong linh vuc hé théng dién.
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Hé théng IEEE 39-BUS mo6 phong mot mang luéi dién gém 39 thanh cai (busbar), 10
may phét dién, 12 may bién ap va 34 duong day truyén tai. Thong thuong, hé thong bao
gom 19 tai.

Hé théng nay duoc sir dung rong rii nhu mot chuan muyc dé cac nha nghién ciru kiém
tra va danh gia cac ¥ twong va khai niém mai trong linh vuc hé thong dién. Pong vai tro 1a
mot trudng hop thir nghiém tiéu chuan cho viéc nghién ciru cac bién phap kiém soat 6n dinh
va cac phan tich khac lién quan dén hé thong dién. Mot diém quan trong can luu ¥ 1a may
phat dién sé 1 trong mé hinh nay dai dién cho su tong hop ctia mot sb luong 16n cac may

phat dién thuc té.

Bang 3.1: Cdc thanh phan chinh cia Hé thong IEEE 39-BUS

Thanh phén S6 lwong
Thanh cai (BUS) 39
May phat dién 10
May bién ap 12
Puong day truyén tai 34
Phu tai 21
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KET QUA TINH TOAR TRAD LUU CONG SUAT

Hinh 3.1: Luoi dién IEEE 39-BUS

3.2.2. Thong so ludi dién
Badng 3.2: Théng sé mdy phat

Bus VSched | PGen PMax PMin QGen QMax | QMin | R Source
Name (pu) MW) MW) (MW) |  (Mvar) (Mvar) | (Mvar) (pu)
GEN 1 1.0475 240 300 0 172.1312 300 0 0
GEN 2 0.982 428 535 0 244.5652 300 0 0
GEN 3 0.9831 496 620 0 226.6075 300 0 0
GEN 4 0.9972 | 404.6 500 0 122.9239 300 0 0
GEN 5 1.0123 284.2 400 0 171.7913 300 0 0
GEN 6 1.0493 364 520 0 228.0776 300 0 0
GEN 7 1.0635 336 448 0 111.1199 300 0 0
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GEN 8 1.0278 | 409.64 532 0 25.5121 300
GEN 9 1.0265 | 665.28 864 0 -32.3763 300
GEN 10 1.03 781 1100 0 142.3618 300

Bang 3.3: Théng sé phu tdi

BUS Bus Name In Service | Pload (MW) | Qload (Mvar)
3 BUS 3 1 241.5 2.4
BUS 4 1 375 184
7 BUS 7 1 175.35 84
BUS 8 1 391.5 176
12 BUS 12 1 5.625 88
15 BUS 15 1 240 153
16 BUS 16 1 246.75 323
18 BUS 18 1 118.5 30
20 BUS 20 1 471 103
21 BUS 21 1 205.5 115
23 BUS 23 1 185.625 84.6
24 BUS 24 1 231.45 -92
25 BUS 25 1 168 47.2
26 BUS 26 1 104.25 17
27 BUS 27 1 210.75 75.5
28 BUS 28 1 154.5 27.6
29 BUS 29 1 212.625 26.9
31 GEN 2 1 6.9 4.6
39 GEN 10 1 828 250
40 BUS 40 1 82.5 25
41 BUS 41 1 26.25 7

(BUS 40 va BUS 41 dugc bd sung nham miéu ta MBA 3 cudn day)
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Bang 3.4: Théng sé dwong ddy

From Bus To Bus LineR | Line X Charging B In Rate A Rate B | Rate C
Name Name (pu) (pu) (pu) Service
BUS 1 BUS 2 0.0035 0.0411 0.6987 1 350 380 400
BUS 1 GEN 10 0.001 0.025 0.75 1 350 380 400
BUS 2 BUS 3 0.0013 0.0151 0.2572 1 550 580 600
BUS 2 BUS 25 0.007 0.0086 0.146 1 400 450 500
BUS 3 BUS 4 0.0013 0.0213 0.2214 1 400 450 500
BUS 3 BUS 18 0.0011 0.0133 0.2138 1 350 380 400
BUS 4 BUS 5 0.0008 0.0128 0.1342 1 350 380 400
BUS 4 BUS 14 0.0008 0.0129 0.1382 1 350 380 400
BUS 5 BUS 6 0.0002 0.0026 0.0434 1 550 600 650
BUS 5 BUS 8 0.0008 0.0112 0.1476 1 450 480 500
BUS 6 BUS 7 0.0006 0.0092 0.113 1 500 550 600
BUS 6 BUS 11 0.0007 0.0082 0.1389 1 400 450 500
BUS 7 BUS 8 0.0004 0.0046 0.078 1 350 380 400
BUS 8 BUS 9 0.0023 0.0363 0.3804 1 350 380 400
BUS 9 GEN 10 0.001 0.025 1.2 1 400 450 500
BUS 10 BUS 11 0.0004 0.0043 0.0729 1 400 450 500
BUS 10 BUS 13 0.0004 0.0043 0.0729 1 350 380 400
BUS 13 BUS 14 0.0009 0.0101 0.1723 1 400 450 480
BUS 14 BUS 15 0.0018 0.0217 0.366 1 400 450 400
BUS 15 BUS 16 0.0009 0.0094 0.171 1 580 660 650
BUS 16 BUS 17 0.0007 0.0089 0.1342 1 500 550 600
BUS 16 BUS 19 0.0016 0.0195 0.304 1 600 650 700
BUS 16 BUS 21 0.0008 0.0235 0.2548 1 400 450 450
BUS 16 BUS 24 0.0003 0.0059 0.068 1 400 450 400
BUS 17 BUS 18 0.0007 0.0082 0.1319 1 400 450 500
BUS 17 BUS 27 0.0013 0.0173 0.3216 1 400 450 450
BUS 21 BUS 22 0.0008 0.014 0.2565 1 650 680 700
BUS 22 BUS 23 0.0006 0.0096 0.1846 1 350 380 400
BUS 23 BUS 24 0.0022 0.035 0.361 1 450 500 550
BUS 25 BUS 26 0.0032 0.0323 0.513 1 450 500 500
BUS 26 BUS 27 0.0014 0.0147 0.2396 1 500 550 600
BUS 26 BUS 28 0.0043 0.0474 0.7802 1 350 380 400
BUS 26 BUS 29 0.0057 0.0625 1.029 1 350 400 450
BUS 28 BUS 29 0.0014 0.0151 0.249 1 480 530 550
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Bdng 3.5: Théng s6 cdc mit

Bus Bus Base kV Area | Code | Voltage Angle Vmax | Vmin
Name Num (pu) (deg) (pu) (pu)
1 BUS 1 345 1 1 1.0448 -12.52 1.1 0.9
2 BUS 2 345 1 1 1.0441 -8.98 1.1 0.9
3 BUS 3 345 1 1 1.0243 -11.59 1.1 0.9
4 BUS 4 345 2 1 0.9978 -12.29 1.1 0.9
5 BUS 5 345 2 1 0.999 -11.12 1.1 0.9
6 BUS 6 345 2 1 1.0016 -10.34 1.1 0.9
7 BUS 7 345 2 1 0.99 -12.84 1.1 0.9
8 BUS 8 345 2 1 0.9887 -13.48 1.1 0.9
9 BUS 9 345 2 1 1.018 -15.41 1.1 0.9
10 BUS 10 345 2 1 1.0125 -7.91 1.1 0.9
11 BUS 11 345 2 1 1.008 -8.74 1.1 0.9
12 BUS 12 138 2 1 0.9889 -8.73 1.1 0.9
13 BUS 13 345 2 1 1.0089 -8.62 1.1 0.9
14 BUS 14 345 2 1 1.006 -10.29 1.1 0.9
15 BUS 15 345 2 1 1.0098 -10.53 1.1 0.9
16 BUS 16 345 1 1 1.0264 -9.04 1.1 0.9
17 BUS 17 345 1 1 1.0256 -10.21 1.1 0.9
18 BUS 18 345 1 1 1.0238 -11.17 1.1 0.9
19 BUS 19 345 1 1 1.0479 -3.85 1.1 0.9
20 BUS 20 230 1 1 0.9901 -4.85 1.1 0.9
21 BUS 21 345 1 1 1.0277 -5.3 1.1 0.9
22 BUS 22 345 1 1 1.0476 -1.11 1.1 0.9
23 BUS 23 345 1 1 1.0423 -1.5 1.1 0.9
24 BUS 24 345 1 1 1.0321 -8.79 1.1 0.9
25 BUS 25 345 1 1 1.0518 -7.47 1.1 0.9
26 BUS 26 345 1 1 1.0327 -8.46 1.1 0.9
27 BUS 27 345 1 1 1.0235 -10.46 1.1 0.9
28 BUS 28 345 1 1 1.0132 -4.69 1.1 0.9
29 BUS 29 345 1 1 1.0082 -1.69 1.1 0.9
30 GEN 1 16.5 1 2 1.0475 -6.55 1.1 0.9
31 GEN 2 16.5 2 3 0.982 0 1.1 0.9
32 GEN 3 16.5 2 2 0.9831 0.12 1.1 0.9
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33 GEN 4 16.5 1 2 0.9972 1.37 1.1 0.9
34 GEN 5 16.5 1 2 1.0123 0.35 1.1 0.9
35 GEN 6 16.5 1 2 1.0493 3.86 1.1 0.9
36 GEN 7 16.5 1 2 1.0635 6.36 1.1 0.9
37 GEN 8 16.5 1 2 1.0278 -0.66 1.1 0.9
38 GEN 9 16.5 1 2 1.0265 5.69 1.1 0.9
39 GEN 10 345 1 2 1.03 -14.64 1.1 0.9
40 BUS 40 123 1 1 1.0076 -17.7 1.1 0.9
41 BUS 41 35 1 1 1.0039 -18.76 1.1 0.9

Bdng 3.6: Théng sé mdy bién dp

L. . Specified .
From | To Tap Winding I/0O | Impedance | Admittance Specified
Name . R (pu or
Bus Bus Positions Code I/0 Code I/0 Code X (pu)
watts)
Turns ratio Y pu
BUS | GEN Zpu (system
MBAI1 33 (pu on bus (system 0 0.0181
2 1 base)
base kV) base)
Turns ratio Y pu
BUS | GEN Zpu (system
MBA2 33 (pu on bus (system 0 0.025
6 2 base)
base kV) base)
Turns ratio Y pu
BUS | GEN Zpu (system
MBA3 33 (pu on bus (system 0 0.02
10 3 base)
base kV) base)
Turns ratio Y pu
BUS | BUS Zpu (system
MBA4 33 (pu on bus (system 0.0016 0.0435
11 12 base)
base kV) base)
Turns ratio Y pu
BUS | BUS Zpu (system
MBAS 33 (pu on bus (system 0.0016 0.0435
12 13 base)
base kV) base)
Turns ratio Y pu
BUS | BUS Zpu (system
MBAG6 33 (pu on bus (system 0.0007 0.0138
19 20 base)
base kV) base)
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Turns ratio Y pu
BUS | GEN Zpu (system
MBA7 33 (pu on bus (system 0.0007 0.0142
19 4 base)
base kV) base)
Turns ratio Y pu
BUS | GEN Zpu (system
MBAS 33 (pu on bus (system 0.0009 0.018
20 5 base)
base kV) base)
Turns ratio Y pu
BUS | GEN Zpu (system
MBA9 33 (pu on bus (system 0.0143
22 6 base)
base kV) base)
Turns ratio Y pu
BUS | GEN Zpu (system
MBAI10 33 (pu on bus (system 0.0005 0.0272
23 7 base)
base kV) base)
Turns ratio Y pu
BUS | GEN Zpu (system
MBAI1 33 (pu on bus (system 0.0006 0.0232
25 8 base)
base kV) base)
Turns ratio Y pu
BUS | GEN Zpu (system
MBA12 33 (pu on bus (system 0.0008 0.0156
29 9 base)
base kV) base)
Bdng 3.7: Théng sé mdy bién dp 3 cudn ddy
From | To | Last N WI-2R(puor | WI2X | W2-3R(pu | W2-3X | W3-1R (pu
ame
Bus Bus Bus watts) (puw) or watts) (pu) or watts)
BUS | BUS | BUS
o 40 Al ATI1 0.000310 0.027780 0.000110 | 0.044440 | 0.000110

Céc thong sb ciia nut (dugc thé hién & Sheet Bus): Trong d6 thé hién day du cac thong

tin vé& nat can mo phong nhu: Tén, dién 4p, goc pha cua ting nut, dung dan...

Céc thong sb cua duong day (duoc thé hién & Sheet Branch): Gia tri dién tro, dién

khang, dung dan, chiéu dai...

Céc thong sb ciia may phat (Plant, Machine): Cong sudt phat hién tai va giéi han cong

suat phat ciia may phat (16n nhat va nho nhat ciia cong suét tac dung va cong suat phan

khéang), di¢n tré va dién khang cua méy phat; Dién 4p dau cuc can dicu chinh...

Céc thong s6 cta phu tai (Load): Cong suat tac dung va cong suat phan khang ctia phy

tai...
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- Céc thong s6 may bién ap 2 cudn day (2 Winding): Dién tré va dién khang cudn day,
hé s diéu chinh dién ap va cong sut dit cia may bién ap.
- Cac thong s6 may bién 4p ba cudn diy (3 Winding): Pién tro, dién khang gitta cac

cudn day, dién ap dinh mirc cia moi cudn, hé s6 dicu chi.

3.2.3. Bdi todn phén b6 cong sudt
Phan b cong suat 1a bai todn quan trong trong quy hoach, thiét ké phat trién Hé théng
dién, qua do xac dinh ché do van hanh tot nhat cua Hé théng dién.
Trong PSS/E, hé théng dién duoc md hinh héa duéi dang:
- Céc nat (BUS): noi ndi tai, ngudn, thiét bi bu, ...
- Céc phan tir lién két (branches): dudong diy, may bién ap, thiét bi diéu khién, ...
- Céc thanh phan ngudn/tai: moé hinh may phat (PV bus), tai (PQ bus), BUS Slack...
Phan mém cho phép xdy dung so d6 mot cach chi tiét, nhap dit liéu vé tré khang, cong

suat dinh mtrc, rang budc van hanh va cau hinh van hanh hé thong.

Bdng 3.8: Cdc logi niit trong Hé thong dién

Cong suat | Cong suit phan | Bién dd dién

Nut i ) Goc dién ap
thue (P) khang (Q) ap
Niit cAn bang P P . . . p
Bién thién Bién thién Hang so Hang so
(Slack)

Nt may phat X % A 1an x % A aea

Hang so Bién thién Hang so Bién thién
(Generator, PU)

Tai (PQ) Hang s Hang s6 Bién thién Bién thién

Str dung phuong phap Newton—Raphson dugc xem 1a lyra chon tdi wu dé giai bai toan
phéan b cong suét (load flow) trong cac hé théng dién khi str dung phan mém vi Newton
Raphson c6 tbc d6 hoi tu bac hai, nghia 1a sai s6 giam rat nhanh sau mdi budc 1ap. Néu so
v6i cac phuong phap nhu Gauss Seidel (hdi tu tuyén tinh), Newton Raphson thuong can it
1an 13p hon, nhét 14 trong hé thdng 16n va phirc tap. Phuong phéap nay dat dugce do chinh xac
cao bang cach tuyén tinh hoa gan diing hé tai mdi budc lap. Tuy nhién khi str dung phuong
phap nay can c6 diéu kién khéi tao tdt vi s& rat kho hoi tu néu gia tri ban dau qué xa so voi

nghiém that, diéu nay co thé khic phuc bang cach thay d6i cac diém khai tao hop 1y.
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Sau khi thyc hién phan tich bai toan Load flow, PSS/E s& cung cap nhiing két qué chi

tiét nhu dién ap (bién d9, goc) tai cac nut, dong dién, ton that cong suét trén tung phén tur,

tinh trang qua tai duong day, kha ning dap (mg ctia may phat va thiét bi diéu chinh dién ap.

Két qua s€ dugc xuét ra dudi dang bao céo dang *.out hodc tich hop vo1 script Python

dé trich xuét dir liéu tu dong phuc vu phan tich hodc tryc quan hoa.
CAu trac mi Python chay Load Flow trong PSS/E

import os, sys
import redirect

import psspy
redirect.psse2py ()

# Load case

psspy.case(r"C:\psse33\projects\sample case.sav")

# Run load flow
ierr = psspy.fnsl([O, O, O, 1, 1, O, 99, 0])
if ierr ==

print ("Load flow completed successfully.")
else:

print ("Error in load flow. Code:", ierr)

Bang 3.9: Chi tiét cdc bude script Load Flow

Lénh Chirc nang
psspy.case() Tai so dd ludi tir file .sav (PSS®E saved case)
psspy.fnsl() Giai bai toan load flow theo c4u hinh hién tai
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KET QUA TINH TOAN TRAO LU'U CONG SUAT

5 T 8

Hinh 3.2: Két qua tinh trao luu cong sudt trén ludi dién

3.3. Diém két noi

Nha may dién ao (VPP) c6 thé duoc tich hop vao hé thong dién bang cach van hanh
nhu mot nguén phat dién hop nhat, két ndi tai mot diém dau ndi chung (PCC). VPP la mot
hé thong tong hop cac ngudn niang lugng phan tan bao gom: dién gio, hé thong luu trir ning
lugng va céc tai co thé diéu khién duge (demand response), duoc diéu phdi va quan 1y tap
trung théng qua nén tang diéu khién thong minh.

Viéc két ndi VPP theo md hinh hop nhét nay mang lai nhiéu loi ich k¥ thuat, bao gom:
don gian hoa cong tac dicu do, ting cudng do tin cay van hanh, giam t6n that truyén tai, va
dic biét 1a hd tro hiéu qua cho viée tich hgp ning luong tai tao vao ludi dién.

Dé dam bao van hanh 6n dinh va déng bo véi ludi dién, VPP can tudn thu cac yéu cau
ky thuat tai diém PCC nhu: déng bo tan s va dién ap, dap tng céc chi tiéu chét luong di¢n
ning, va kha ning cung cip cong suat tac dung va phan khang theo yéu cau cua ludi. Ngoai
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ra, hé thdng can tich hop cac thuat toan diéu khién va toi wu hoa thoi gian thyc, nham khai
thac linh hoat cac ngudn ning luong phéan tan trong diéu kién van hanh thay doi.
Nhiing luu y k¥ thuat khi lva chon PCC:

- Kha nang tiép nhan coéng suat: PCC phai c6 kha ning tiép nhan cong suat tdi da ma
VPP c6 thé phat ra ma khong gay ra hién twong qua tai dudong day, qua dién ap, hoic
1am suy giam chat lugng dién ning.

- Kha ning diéu khién va bao vé: Vi tri PCC phai dam bao d& dang tich hop cac thiét
bi bao vé, c6 thé do dém va giam sat tir trung tdm diéu d. Néu can thiét, phai c6 kha
ning c6 1ap nhanh chéng khi ¢6 su cd.

- Khoang cach dén phuy tai hodc diém giao nhan: Nén wu tién cac PCC gan trung tim
phu tai hodc tai cac tuyén dudng diy da c6 sin ha tang k¥ thuat, gitip giam ton that
cong suat va chi phi dau tu.

~ Tuong thich véi cdu trac ludi: PCC can duoc lua chon phu hop voi cap dién ap quy
dinh theo yéu cau (thudng 1a trung hodc cao thé) va khong lam anh huéng dén ciu

trac phan phéi dién hién hiru.

Hinh 3.3: Piém ddu n6i VPP (G11) trén luéi dién
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Hinh 3.4: Khu vuc dé bi anh huwong trén ludi dién

3.4. Giao thirc két ndi

Muc tiéu ciia viéc lién két mo hinh Nha may dién ao (VPP) xay dung trong moi truong
MATLAB/Simulink vé&i hé théng ludi dién mo phong trén phan mém PSS/E thong qua mot
script Python 14 nham thiét 1ap mot nén tang ddong mo phong (co-simulation) c¢6 kha ning
van hanh thot gian thuc. Viéc tich hop nay cho phép hai méi truong mé phong khi mot bén
tap trung vao diéu khién niang luong phan tan (VPP), bén con lai 14 mé hinh phan tich va
tinh toan cong suat cua hé théng dién (PSS/E) 6 thé trao ddi dir liéu, twong tac va phan hoi
theo thoi gian thuc thong qua giao tiép hai chiéu.

Python dong vai tro cau ndi trung gian, thuc hién cac tac vu nhu truy xuat dit liéu tur
PSS/E (vi du: gia tri cong suit, dong dién, dién ap tai cac BUS), truyén dir liéu dau vao dén
md hinh diéu khién trong MATLAB/Simulink, sau d6 gti lai tin hiéu diéu khién tir VPP dé

tac dong dén mo hinh ludi dién. Céach tiép can ndy cho phép nghién ctru kha ning phan Gmg
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dong cua VPP ddi véi cac tinh huéng trong ludi dién nhu qua tai, sy ¢d N-1, hodc dao dong
cong suat tir ngudn nang luong tai tao.

Thong qua ciu tric md phong phan tan nay, nghién ctru c6 thé danh gia hiéu qua cta
cac chién luge diéu khién linh hoat, tdng cuong kha nang 6n dinh va tdi vu hoa van hanh hé
thdng dién. Dong thoi, viée sir dung Python v6i hé sinh thai manh trong xur 1y dir liu va tu
dong hoa gitip ting kha nang mé rong mo hinh, tich hop cac thuat toan hoc méy, toi uu hoa
hodc du bao nang cao, phi hop v6i dinh huéng phat trién hé thong dién hién dai, thong minh

va linh hoat hon.
Script Python két ndi dong bo:

import psse33 # Chay PSS/E 33
import psspy

import numpy as np

# Poc di 1liéu tu file CSV

data = np.loadtxt ("output data.csv", delimiter=",")

# Gid st cédn thay d6i gid tri tdi tai BUS 4 theo dit liéu tu
MATLAB

time series = datal:, 0] # COt thoi gian

load values = datal[:, 1] # Cbébng sudt tai tu Simulink

for t, load in zip(time series, load values):
psspy.load data 3 (4, realarl=load) # Cap nhé&t cdng suat

tai
print ("Dt liéu tu MATLAB d& dugc nhdp vao PSS/E"™)

Cong suét phat ciia nha may GEN11 trong mé hinh PSS/E duoc diéu khién dya trén
dau ra tir m6 hinh Nha may dién 4o (VPP) dugc xiy dung trong MATLAB. Cu thé, cac gia
tri cong suét tinh toan tir mé hinh VPP s& duoc xuét ra dudi dang tép dir li¢u (.csv hoac
xlsx), sau d6 duoc Python xtr 1y va truyén vao PSS/E dé cap nhat gia tri cong sut tuong
g cho may phat GEN11. Co ché nay cho phép hé théng diéu khién van hanh linh hoat va

tu dong hoa, dam bao sy tuong tac thoi gian thuc gitra mo hinh diéu khién phan tan va mo
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hinh hé thong dién truyén théng. Qua d6, kha ning phan Gng va diéu do cong suit ciia VPP
duoc thé hién 16 rang trong bdi canh van hanh thuc té cua ludi dién.
Duéi day 1a phén tich chi tiét timg budc ctia qua trinh diéu khién:

- Bit diu (Start): Thuat toan khoi dong, chudn bi cho qué trinh xt 1y dit liéu.

- Doc file CSV chira dir li€u tir Matlab: Thuat toan bat dau b@ing viéc doc file CSV
chtra dir liéu cua hé théng dién, duoc tao ra tur phén mém Matlab. File CSV nay co
thé bao g@)m cac thong s6 nhu cong suit, dién ap, dong dién, hodc cac thong s6 khac
ctia hé théng dién.

- Trich xuat thong tin va cong suit: Sau khi doc file, thuat toan trich xuét cac thong
tin can thiét (vi du: cong sudt phat, cong suét tiéu thu, théng sb thanh cai) va cong
suit tai cac diém trong hé théng dién. Pay la budce chuan bi dir liéu dé phan tich.

- Xét chi so chu ki = 1: Budc nay khai tao chi sé chu ky ban dau, duoc dit bang 1.
Chi s6 nay dong vai trd nhu mot con tré dé 1an luot duyét qua timg diém dit liéu tir
chu ky 1 dén chu ky 48. Sau mdi vong lap, chi s6 nay s& duoc ting 1én 1 don vi.

- Duyét va xir Iy tirng diém dir liéu trong chudi thoi gian thwe: Thuat toan duyét
qua tirng diém dit liéu trong chudi thoi gian thuc (real-time data). Piéu ndy c6 nghia
1a dit liéu duoc xtr 1y theo thoi gian, vi du: cong sut tai timg thoi diém trong ngay
hoic trong mot khoang thoi gian nhat dinh.

- Cap nhat cong suit tai tai BUS 4 theo tirng chu Ki (1-48): Tai budc nay, chuong
trinh str dung ham API psspy.load data 3(4, realarl=load) ciia PSSE d¢ cap nhat
cong suat thuc vao BUS s6 4. Viéc cap nhat dugc thuc hién dung theo chu ky tuong
g, bao dam dir liéu dugc dong bd hod gitta MATLAB va mé hinh PSSE theo thoi
gian thuec.

- Chi s6 chu Ki > 48?: Sau khi cap nhat cong suat cho mét chu ky, chuong trinh s&
kiém tra xem chu ky hién tai da vuot quéa 48 hay chua. Néu chua, hé thong quay lai
budc "Xét chi s6 chu ky = 1" dé lap lai qua trinh. Néu da vuot qua chu ky 48, hé
théng s& thiét 1ap lai chi s6 chu ky vé 1, tir d6 tao thanh mot vong 1ap van hanh lién

tuc. Piéu nay cho phép mé phong qua trinh diéu do thoi gian thuc khong ngét quang

trong mo6 hinh VPP.
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Poc file CSV chira dir liéu
tr Matlab

Trich xuét thdi gian va
cong suat

Xét chisd chuki=1

Duyét va xur ly tirng diém dir
liéu trong chudi thai gian thyc

Cap nhat cong suét tai tai BUS 4
theo tung chu ki (1-48)

Chi s6 chu ki >48?
Hinh 3.5: Luu dé trao doi dir liéu ciia VPP va ludi dién

3.5. Xay dung quy trinh tao tap tin snapshot tir dir li¢u thoi gian thuc trén PSS/E
3.5.1. Muc dich

Quy trinh Gmg dung Python két hop voi phan mém PSS/E dé xiy dung céc tap tin
snapshot (dinh dang .sav) dai dién cho trang thai van hanh cua hé théng dién theo tung
khoéng thoi gian trong ngay. Cu thé, mot ngay duogc chia thanh 48 chu ky, mdi chu ky tuong
ung vai 30 phut. Tai mdi thoi diém, dit liéu tai cong suét tiéu thu cta phu tai va cong suat
phat cua nguén duoc cap nhat tir dir li€u thoi gian thuc, sau d6 hé théng duoc Iuu thanh mot
file trang thai riéng bi€t. Muc ti€u chinh 1a xay dung mot tap hop céc file snapshot giip mo
phong, giam sat va danh gia hiéu suit van hanh hé théng dién trong cc diéu kién thoi gian
thuc khac nhau. Nhirng file ndy s& duoc sir dung dé déng bo va 1am dau vao cho mé hinh
VPP (Virtual Power Plant) dugc xay dung trong MATLAB/Simulink, tir §6 phuc vu cho
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cac nghién ctru va thir nghiém chién lugce diéu d9, di€u khién phan tan, va to1 wu van hanh

hé thdng tich hop ngudn nang luong tai tao.

3.5.2. Dir liéu svr dung
- File h¢ thong dién gbc: 39nut.sav
- Dt li¢u thoi gian thyc: daily profile.csv
- Phan mém: PSSE + Python (thu vién psspy)

3.5.3. Céu tric dir ligu
- File daily_profile.csv c6 dir liéu ban dau:
Bang 3.10: Di liéu tdi ban dau

BUS id P load (MW) Q load (Mvar)
3 241.5 2.4000
4 375 184.0000
7 175.35 84.0000
8 391.5 176.0000
12 5.625 88.0000
15 240 153.0000
16 246.75 32.3000
18 118.5 30.0000
20 471 103.0000
21 205.5 115.0000
23 185.625 84.6000
24 231.45 -92.0000
25 168 47.2000
26 104.25 17.0000
27 210.75 75.5000
28 154.5 27.6000
29 212.625 26.9000
31 6.9 4.6000
39 828 250.0000
40 82.5 25.0000
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41

26.25

7.0000

Tong

4681.575

1441.1

Bdng 3.11: Dit liéu nguén phat ban ddu

Gen_id P_max (MW) P_Gen (MW) Q_Gen (Mvar)
1 300 240 172.1312
2 535 428 244.5652
3 620 496 226.6075
4 500 404.6 122.9239
5 400 284.2 171.7913
6 520 364 228.0776
7 448 336 111.1199
8 532 409.64 25.5121
9 864 665.28 -32.3763
10 1100 781 142.3618

Tong 5831 4408.72 1412.7142

3.5.4. Quy trinh thuc hién

Quy trinh tao céc file snapshot bat ddu bang viéc khoi tao méi truong PSSE thong qua
giao dién 1ap trinh Python. Dir liéu dau vao duoc doc tir file daily profile.csv va to chirc
thanh mét cdu trac DataFrame dé d& dang truy xudt theo tig chu ky thoi gian. Véi mdi chu
ky kéo dai 30 phut (tong cong 48 chu ky trong mot ngdy), hé thong sé tai lai trang thai ban
dau tir file 39nut.sav. Sau do, cac thong s van hanh nhu cong suit tai (P, Q) va phat (P, Q)
s& duogc cap nhat theo dit liéu tuong tng tai chu ky d6. Khi qua trinh cip nhat hoan tit, trang

thai hé thong dugc luu thanh mot file snapshot ¢ tén twong tng véi sd chu ky, vi du:

snapshot_00.sav, snapshot 01.sav, ..., snapshot 47.sav.

Poan ma dudi day thé hién qua trinh 1ap qua cac chu ky dé doc dit liéu, cap nhat hé

thong va luu file snapshot twong (mg:
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Poan ma thé hién qua trinh lap

for cycle in range (48):

psspy.case ("39nut.sav") # M6 lai file hé théng
update network data(cycle, df data) # Cap nhat dir licu
psspy.save (f"snapshot {cycle:02d}.sav") #IAnlsnapshotchuld

Trong d6, ham update network data s€ chiu trach nhiém doc cac hang dir liu thudc

chu ky cycle va giri 1énh cép nhat cac thong s twong Gng trén hé thong PSSE.

import os
import pandas as pd
import psspy

import redirect

base_case = r"C:\psse project\39%9nut.sav"
csv_path = r"C:\psse project\daily profile.csv"

output dir = r"C:\psse_ snapshots"”

if not os.path.exists(output_dir):

os.makedirs (output_dir)

psspy.psseinit (10000)
redirect.psse2py ()

df data = pd.read csv(csv_path)

def update network data(cycle num, df):
df cycle = df[df['cycle'] == cycle num]

for _, row in df_cycle.iterrows():

bus = int(row['bus_id'])

# Cap nhat phu tai néu cé
if not pd.isna(row['load p']) and not pd.isna(row['load g']):
ierr = psspy.load chng 4(bus, [0, O, O, 0], [], [row['load p'],
row['load q'], 0.0, 0.0])
if jerr !'= O:
print(£"[!'] L&i cap nhat phu tai tai bus {bus} - chu ky

{cycle num}")
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

# Cap nhat phat dién néu cé

if not pd.isna(row['gen_id']) and not pd.isna(row['gen p']):
gen_id = str(row['gen id']).strip()
ierr = psspy.machine_chng 2(bus, gen_id, [0, O, O, O, O, 0],

[row['gen p'], row['gen g'], 0.0,
9999.0, 1.0, 0.0])

if ierr '= 0:
print (£"[!] LAi cdp nhait may phat tai bus {bus}, id {gen_id}
- chu ky {cycle num}")

for cycle in range (48):
print (£"\n--- Chu ky {cycle + 1}/48 ---")
psspy.case (base_case)
update network data(cycle, df data)
out_file = os.path.join(output_dir, f"snapshot_{cycle:02d}.sav")

ierr = psspy.save(out_ file)

if ierr ==
print (£"[V] P4 luu: {out file}")
else:

print (£"[X] L&i khi luu snapshot tai chu ky {cycle}: ma 18i {ierr}")

Sau khi thuc hién dﬁy du quy trinh trén, hé théng s¢ tao ra 48 file snapshot ¢ dinh dang
.sav, mdi file dai dién cho mot thdi diém van hanh cach nhau 30 phut. Céc file nay khong
chi ho tro cong tac giam sat, kiém tra trang thai hé théng ma con ddc biét hiru ich trong viéc
két ndi va dong bo véi md hinh VPP xdy dung trén MATLAB/Simulink. Qua dé, nguoi
nghién ctru c6 thé thuc hién cac phan tich k¥ thuat, danh gia kha nang diéu khién, t6i vu hoa

ngudn phan tan va nang cao hiéu qua quan 1y ning luong trong hé théng dién hién dai.
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Dt liéu File daily profile.csv sau 48 chu ki (24h):

Bién thién P_load va Q_load qua 48 chu ky

- FaN amain 0
TN TS
/\/ YT ¥
kg L
P_load (MW) O Q_load (Mvar)
Hinh 3.6: D6 thi bién thién tdi
Bang 3.12: Dt liéu tai sau 48 chu ki
Cycle Time Range >'P _load (MW) > Q load (MVar)
1 00:00-00:30 3796 952.213
2 00:30-01:00 3660 918.605
3 01:00-01:30 3927 986.62
4 01:30-02:00 4018 1008.225
5 02:00-02:30 3883 973.418
6 02:30-03:00 3750 939.81
7 03:00-03:30 3972 995.823
8 03:30-04:00 4063 1018.428
9 04:00-04:30 4151 1039.833
10 04:30-05:00 4240 1062.238
11 05:00-05:30 4329 1084.643
12 05:30-06:00 4464 1120.25
SVTH: Vin Ngoc Quy GVHD: PGS. TS. Lé Dinh Duong
Tran Vin Hai DHD: ThS. Luong Pht Nhén
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

13 06:00-06:30 4687 1175.263
14 06:30-07:00 4821 1208.87
15 07:00-07:30 4997 1252.88
16 07:30-08:00 5134 1287.288
17 08:00-08:30 5268 1321.695
18 08:30-09:00 4997 1252.88
19 09:00-09:30 4910 1230.475
20 09:30-10:00 4776 1197.868
21 10:00-10:30 4597 1152.858
22 10:30-11:00 4464 1120.25
23 11:00-11:30 4275 1096.845
24 11:30-12:00 4485 1074.44
25 12:00-12:30 4690 1062.238
26 12:30-13:00 4404 1051.834
27 13:00-13:30 4451 1039.833
28 13:30-14:00 4506 1028.623
29 14:00-14:30 4563 1018.428
30 14:30-15:00 4518 1008.225
31 15:00-15:30 4462 995.823
32 15:30-16:00 4497 986.62

33 16:00-16:30 4530 973.418
34 16:30-17:00 4722 961.815
35 17:00-17:30 4620 950.213
36 17:30-18:00 5210 1230.475
37 18:00-18:30 5264 1287.288
38 18:30-19:00 5218 1321.695
39 19:00-19:30 5267 1252.88
40 19:30-20:00 5110 1230.475
41 20:00-20:30 4976 1197.868
42 20:30-21:00 4787 1175.263
43 21:00-21:30 4647 1152.858
44 21:30-22:00 4464 1120.25

SVTH: Van Ngoc Quy

TrAn Van Hai

Nguyén Trudong Phudce

GVHD: PGS. TS. Lé binh Duong
DBHD: ThS. Luong Phu Nhén

68



Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

45 22:00-22:30 4206 1028.623
46 22:30-23:00 4002 995.823
47 23:00-23:30 3883 973.418
48 23:30-24:00 3796 950.213
Bién thién P_source va Q_source qua 48 chu ky
_______ 4///\\ e
_,_f/ \\ ) PAN PGt g \\
ot 1 \
> P_source (MW) © Q_source (Mvar)
Hinh 3.7: D6 thi bién thién nguon
Bang 3.13: Dit liéu nguon phat sau 48 chu ki

Cycle Time range > P (MW) > Q (MVar)

1 00:00-00:30 3893 974.7

2 00:30-01:00 3754 942.0

3 01:00-01:30 4028 1012.0

4 01:30-02:00 4122 1034.1

5 02:00-02:30 3983 998.4

6 02:30-03:00 3846 963.9

7 03:00-03:30 4073 1021.2

8 03:30-04:00 4167 1044 .4
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

9 04:00-04:30 4258 1066.7
10 04:30-05:00 4349 1089.0
11 05:00-05:30 4439 1111.5
12 05:30-06:00 4575 1148.2
13 06:00-06:30 4806 1205.3
14 06:30-07:00 4944 1240.0
15 07:00-07:30 5124 1284.5
16 07:30-08:00 5263 1319.9
17 08:00-08:30 5402 1355.6
18 08:30-09:00 5124 1284.5
19 09:00-09:30 5036 1261.2
20 09:30-10:00 4898 1228.5
21 10:00-10:30 4715 1181.9
22 10:30-11:00 4575 1148.2
23 11:00-11:30 4410 1102.6
24 11:30-12:00 4615 1153.8
25 12:00-12:30 4921 1205.1
26 12:30-13:00 4513 1128.2
27 13:00-13:30 4564 1141.0
28 13:30-14:00 4615 1153.8
29 14:00-14:30 4667 1166.7
30 14:30-15:00 4636 1159.0
31 15:00-15:30 4585 1146.2
32 15:30-16:00 4615 1153.8
33 16:00-16:30 4646 1161.5
34 16:30-17:00 4821 1205.1
35 17:00-17:30 4718 1179.5
36 17:30-18:00 5355 1342.2
37 18:00-18:30 5402 1355.6
38 18:30-19:00 5355 1342.2
39 19:00-19:30 5402 1355.6
40 19:30-20:00 5231 1307.7
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

41 20:00-20:30 5077 1269.2
42 20:30-21:00 4923 1230.8
43 21:00-21:30 4769 1192.3
44 21:30-22:00 4564 1141.0
45 22:00-22:30 4359 1089.7
46 22:30-23:00 4154 1038.5
47 23:00-23:30 3949 987.2
48 23:30-24:00 3893 974.7

Quan 1y ngudn doi héi sy linh hoat dé dap ng nhu cau tai bién thién, dic biét trong
cac khung gid cao diém (7:00-9:00 va 17:30-20:00). Dir lidu sir dung véi 48 chu ky (mdi
chu ky 30 phut), dé xdy dung profile tai va dé xuat ké hoach ngudn.
- Thu thap dir liéu: Dit liéu tai ban dau bao gom gia tri tong P_load = 4464MW va
Q load = 1120.25 MVAr phan bo trén 21 bus. Profile bién thién dugc diéu chinh,
v6i muc ting 15-18% (18:00—20:00 6n dinh 5110-5267 MW) va giam 10-20% &
gid thap diém.

- Tinh toan nhu ciu nguon dé bo sung ton that 3% trén dudng day

Pl d Ql d
Psource = %; Qsource = 009‘17

Ké hoach ngudn phan anh bién thién tai, voi % cong sudt phat cao trong cao diém
(90.34% tai 8:00 - 8:30 va 90.33% tai 19:00—19:30), cho thay khai thac toi wu ngudn luc.

Viéc VPP dugc mo hinh héa nhu mot nguén phat dién thir 11, dugc tich hop vao hé
thong dién hién c6 bao gom 10 ngudn phat truyén thong duoc thiét 1ap dé tham gia van hanh
trong cac tinh huéng hé théng chiu ap luc 16n, chéng han khi xay ra su ¢ hoic khi phu tai
ting cao din dén cac ngudn hién hiru van hanh vuot trén ngudng 90% cong suét dinh miec.
Trong nhitng kich ban ndy, vai trd ciia VPP 13 hd trg duy tri cAn bang cung — cau dién ning,
giam tai cho cac ngudn truyén thdng va gop phan 6n dinh hé thong.

Trong nghién ctru, VPP duoc cai dat s& tham gia vao Hé thong dién khi ngudn phat
hoat dong tir khoang 85 - 90% cong suat voi tiy thoi gian cao diém hodc thip diém. Viéc

nay khong chi gitp nang cao tinh linh hoat va kha nang thich tmg cta hé théng dién trudc

SVTH: Van Ngoc Quy GVHD: PGS. TS. Lé binh Duong
Tran Van Hai DBHD: ThS. Luong Phu Nhén
Nguyén Trudong Phudce 71



Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

cac bien dong tai va sy co, ma con kéo dai tudi tho thiét bi va toé1 wu hoéa van hanh tong thé

ctia hé théng dién.

3.6. Tong két chwong 3

Viéc két néi Nha may dién ao (VPP) véi ludi dién doi hoi sy két hop chat ché giita
phan tich k¥ thuat hé théng dién va cdu hinh ddu ndi hop 1y. Trude khi két ndi, can thuc
hién tinh toan trao luu cong suat (load flow analysis) nham danh gia anh huong ctia VPP
1én ludi, bao gom kha ning cap cong suit tac dung va phan khang, bién thién dién ap tai cac
nat, va mac do tai ctia cac dudng day 1an can. Két qua tir bai toan trao luu 13 co s¢ dé lya
chon diém dau ndi chung (PCC) sao cho dam bao 6n dinh van hanh va giam thiéu ton that
truyén tai.

Xéc dinh chinh xé4c vi tri PCC khong chi gitp t6i uu hoa chi phi dau tu va van hanh
ma con dam bao tich hop an toan, on dinh ciia VPP vao ludi dién. Quy trinh nay doi hoi
phai c6 mo phong k¥ thuat chi tiét va tuan tha cac tiéu chuan k¥ thuat, dong thoi can phdi
hop véi céc bén lién quan nhu don vi phan phdi, diéu do hé thong va chii dau tu VPP.

Viéc thiét 1ap ludng dir liéu twong tac hai chiéu giita PSS/E va MATLAB thong qua
Python da tao nén maot kién trac dong moé phong hiéu qua, két hop kha niang mé hinh hoa
chinh xdc ctia PSS/E véi tinh linh hoat va kha niang phat trién thuét toan diéu khién nang
cao trong MATLAB. Python dong vai trd trung gian, ddm bao trao d6i dix liéu lién tuc, chinh
xéac va theo thoi gian thyuc gitta hai hé thong. Co ché nay khong chi dap tng yéu cau mé
phong dong phirc tap ctia hé théng dién hién dai ma con mé rong tiém ning tich hop cac
chién lugc diéu khién thong minh nhu tdi uu hoéa cong suét, phan (mg phu tai, hoic tng
dung hoc may trong diéu hanh ludi dién.

Dic biét, trong nghién ctru nay, hé thong déng moé phong duoc thiét ké dé tao ra 48 bo
dir liéu cong suat tac dung (P) va cong suat phan khang (Q) twong tng véi 48 khoang thoi
gian trong mot ngdy, voi chu ky cap nhat 30 phit. Cac tép dir liéu nay phan anh bién thién
phu tai va diéu kién van hanh thuc té theo thoi gian, dong vai tro lam dau vao cho thuat toan
diéu phoéi ngudn va tdi wu hoéa van hanh VPP. Cach tiép can nay gitip mo phong chinh xac
hon hanh vi dong cta ludi dién phan tan trong sudt mot chu ky 24 gid, dong thoi tang tinh

thuc tién va hi¢u qua cua gidi phap diéu khién dé xuat.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Chuwong 4: KICH BAN VAN HANH VA ANH HUONG CUA NHA MAY
PIEN AO

4.1. Kich ban xay dung
4.1.1. Kich bin vin hanh sé 1

Kich ban 1 mo ta tinh huéng tai tai nut BUS 4 trong hé théng dién tang cao dot ngot
bét ddu vao luc 11 gior trwa va kéo dai trong vong 2.5 gid. Nguyén nhan chinh dwogc cho 13
do su thay ddi bat ngd trong quy trinh san xuét tai cac nha may trong khu cong nghiép. Cu
thé, vao thoi diém nay, mot sé nha may c6 thé da tién hanh khoi dong cac dong co cong suét
16n nham phuc vu cho giai doan san xuét cao diém trong ngay. Viéc khoi dong dong thoi
nhiéu thiét bi tiéu thy dién ning 16n co6 thé gay ra hién tuong ting dot bién phu tai trong hé
thong.

Ngoai ra, cling khong loai trir kha ndng cac nha may trong khu cong nghi¢p dang mé
rong quy mo san xuét, 1am viéc theo nhiéu ca hon so vé6i thong thudng dé dap tmg nhu cau
thi truong. biéu nay khién murc tiéu thyu dién nang tai BUS 4 tdng cao hon binh thuong trong
thoi gian ngin.

Hé qua cua viéc phu tai ting nhanh chong tai BUS 4 1a dong cong suat tir cic ngudn
dién trong hé thong duoc huy dong manh mé& dé cung cap cho khu vuc nay. Piéu nay lam
phat sinh hién twong qua tai trén mot sé nhanh duong day, dic biét 1a dudong day tir BUS 5
dén BUS 6, vdn 1a khu vuc nhay cam co6 phu tai cao. Néu khong c6 céac bién phap diéu chinh
kip thoi, tinh trang qué tai kéo dai c¢6 thé anh huong dén do 6n dinh va an toan van hanh cta

toan b hé thong dién.
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

5
BUS 5 4

160.0 o5 *-159.8 BUS 4

. 57 44%10
BUS 8_-368.2 B * 369.4 | -529.3 529'.9.3%26

107639 6521595 s 6251.0
3411 Bus # 5 10 3456

BUSS5 34500 3446

Type 1

Area 2 LOADSY2
Zone 1 ZONEL1
Voltage 0.99898PU
344 648KV

Angle

(deg) -11.12

Hinh 4.1: Théng sé tai BUS 5 khi hoat déng binh thuong

5
BUS 5 p
3106 oo *-309.8 BUS 4
3 19 12 é&s
BUS 8_-361.6 a6 3627 | -673.3 674.2, 's
10604 615497 07 57.4°1.0
339.0 Bus #5 1.0 3434
BUS5 34500 3424

Type 1

Area 2 LOADSY2
Zone 1 ZONEL1
Voltage 0.99249PU
342.409KV

Angle

(deg) -15.10

Hinh 4.2: Théng sé tai BUS 5 khi BUS 4 ting dét ngot
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

4.1.2. Kich ban vin hanh s 2

Kich ban 2 mé ta mot tinh hudng sy cd N-1 xay ra vao ltic 17 gio 30 phat, thoi diém
bat dau gid cao diém buodi téi khi nhu cau sir dung dién bat dau gia ting. Trong kich ban
nay, mot trong cac duong day truyén tai chinh néi tir BUS 18 dén BUS 3 gip su ¢b va bi
loai khoi van hanh, c6 thé do hu hong thiét bi, tic dong tir yéu té méi truong hodc sy ¢b k§
thuat bat ngo.

Viéc mat di mot dudng diy quan trong trong ludi dién vao thoi diém phu tai dang ting
khién cho cong suét truyén tai bi don 1én cac nhanh dudng day con lai. Cac tuyén truyén tai
thay thé phai ganh thém dong cong suét 16n hon binh thuong, dan dén nguy co qua tai cuc
bd tai nhiéu diém trong hé théng, dac biét 1a trén cac duong day 1an can voi tuyén bi su cb.

Trong tinh hudng nay, hé thong dién can c6 phan tng nhanh chong dé dam bao 6n dinh
va tranh lan truyén su ¢6. Do d6, VPP véi kha nang phan tng linh hoat, s& dugc huy dong
dé tham gia hd trg cong suat.

11

BUS 11 6
348.0 s{%; " 3471 .BUS 6
o 458 " 499 258%6
BUS12 09 wA oY 1.0] 3489, 89% | *349.4 10
T - s | 300 75.9 -7 10
136.5 g‘ Bus # 11 1.0 349.3
BUSS1 34500 3477

Type 1

Area 2 LOADSY2
Zone 1 ZONEL1
Voltage 1.00796PU
347.745KV

Angle

(deg) -8.74

Hinh 4.3: Théng sé tai BUS 11 khi hoat déng binh thiwong
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

11
BUS 11 6
4103 _ 102% | 2 409.1‘BU86
i 347 - 35.1
BUS1246_NA 9w + 46| 40538 102%1  _ *406.4 é@’s“m
o—= } . == — i3 < °
1.0 299 ol LR 30.3] 65.0 64.7 1.0
136.7 @ Bus # 11 1.0 349.9
BUS31 34500 3484
L Type 1

Area 2 LOADSY2
Zone 1 ZONELA1
Voltage 1.00979PU
348.377KV

Angle

(deg) -5.28

Hinh 4.4: Théng sé tai BUS 11 khi gap su c6 N-1

4.2. Cach thirc hoat dong ciia VPP

Luu d6 thuat todn trén mo ta quy trinh dicu khién coéng suat cia Nha méy dién ao

cau trong hé thong.

SVTH: Van Ngoc Quy
Tran Van Hai
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(VPP), trong d6 co ché diéu khién dugc xay dung dua trén viéc so sanh giita cong sut phat
tir trang trai gié (Wind Farm) va nhu cau phu tai (Load). Pong thoi, thuat toan ciing xét dén
trang thai hoat dong ctia Wind Farm trong tirng khoang thdi gian cu thé, nham dua ra quyét
dinh phan phdi cong suat hop 1y tir cac nguon DER trong VPP dé dam bao cén bang cung
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Thu thap dir liéu dau vao (Pv, ¢, Pt, Pht, T)
Boc dir liéu tir Excel, Call Function data (T)

!

Goi ham téi wu (Call Solver)

Kiém tra hoi tu
exitflag == 17

Yes

Trich xudt két qua téi
uu ban dau

rang thai va
hanh binh
thudng?

Yes

v

Didu chinh rang bude cho
kich ban xdy ra (néu cd)

v

Goi lai ham téi vu (Call
Solver) véi rang bugc mai

No Kiém tra hdi ty

WS a=-1?

Yes

v

Xudt két qua téi vu

cubi cung
A4
Hién thi 16i (Error -
convergence) VPP van hanh theo két qua
toi vu

|

Goi PLotEX2 dé hién thi két
qua dudi dang db thi

>

End

Hinh 4.5: Luu d6 vén hanh va diéu phoi céng sudt trong hé thong VPP
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Start: Bit dau thuat toan.
Thu thap dir liéu dau vao

- GOm céc tham sé: Pv, ¢, Pt, Pht, T

- Doc dit lidu tir file Excel thong qua Call Function véi bién thoi gian T.

Goi ham tdi wu (Call Solver): Goi trinh giai toan t6i wu dé thuc hién bai toan tbi wu hoa.
Kiém tra héi tu ciia bai toan

- Néu exitflag == 1 (hoi tu): tiép tuc trich xuét bién quyét dinh tir két qua toi vu X.

- Néu khong hoi tu: hién thi 16i (Error convergence) va két thic.

Trang thai van hanh hé thong binh thuwong?

- Kiém tra xem trang thai van hanh hé thong binh thudng hay c6 xay ra kich ban van

hanh nao khéng?

- Néu hop 18 (YES): tiép tuc xuit két qua, hé thdng sé tiép tuc van hanh binh thuong

- Néu khong hop 1& (NO): hé théng kiém tra cac tin hiéu van hanh nhdm phat hién liéu

trang thai hién tai c6 thudc mot kich ban bat thudng hay khong?

Pic¢u chinh cic rang budc cho kich bin xay ra (néu c6)

- Kijch ban 1: Tai ting cao bat thudng tai chu ki (23-27)

- Kichban2: Sy cb N-1 dién ra tai chu ki (36-38)

Diéu chinh rang budc t6i vu: Khi mot kich ban van hanh xay ra, cac rang budc trong bai
toan toi wu s& dugc diéu chinh phi hop véi diéu kién thuc té ctia hé thong tai thoi diém do.

Goi lai ham t6i wu (Call Solver) v6i rang budc: Sau khi diéu chinh rang budc theo céc
kich ban van hanh bt thuong, hé thong tién hanh goi lai ham Solver dé giai lai bai toan tdi
wu. Muc tiéu 1a cdp nhat phuong an diéu d6 phu hop véi diéu kién thuc té da thay doi, dam
bao két qua toi vu phan anh ding trang thai hé thng tai thoi diém tinh toan.

Xuit két qua toi wu cudi cung: Sau khi thuat toan téi vu (linprog), cac bién quyét
dinh nhu cong suét phat tir ngudn gié (Pw, Pw1), cong suat bom (Pp), cong suit phat tir
thity dién (Ph1, Ph) va mirc nang luong trong hd chua (E) s& duge xuat ra lam két qua dau
ra ctia thuat toan. Cac gia tri ndy 13 co s¢ dé thuc hién chién luoc van hanh t6i wu.

VPP vin hanh theo két qua t6i wu: Dya trén két qua tinh toan, VPP s& van hanh theo
chién lugc da toi wu hoa, dam bao thoa man nhu cau phu tai, can bang cong suat hé thong
va ti da hoa 1gi nhuan van hanh. Viéc van hanh bao gff)m ca phat dién, bom tich nang va
hd tro phy ti ndi bo 1dn hé thong.

Hién thi két qua duéi dang dd thi: Goi ham PlotEX2 dé biéu dién két qua truc quan.
Két thic (End): Sau khi thuc hién cac bude trén, thuat toan két thic.
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

4.3. Két qua
4.3.1. Kich ban vin hanh sé 1

So sanh bién thién P_load va Q_load tai Bus 4 (Binh thwong vs Sw ¢o)

Thol glan (h
P load bus4 normal (MW) P load bus4 Incident (MW) Q load bus4 normal (Mvar

Q load bus4 incident (Mvar)

Hinh 4.6: Thong Séphu tai BUS 4 truoce va sau kich ban van hanh 1

Theo nhu biéu d6 bién thién phu tai tai BUS 4, ta nhan thdy cong suit giao dong bat on
dinh tir thoi diém 11 gio 30 phut (chu ki 23), cu thé tai ting 150 MW vao thoi diém 11 gio 30
phut, tiép tuc ting 1én 300 MW vao thoi diém 12 gio va dat dinh ting 400 MW vao lac 12 gio
30 phut. Tu 13 gio tai tang 280 MW, 160 MW vao luc 13 gio 30 phat, va SOMW vao luc 14
gi0. Kich ban nay kéo dai trong vong 2.5 gio.

Khi Nha may dién ao (VPP) dugc két ndi vao ludi dé hd tro van hanh, hé thong sé& thuc
hién diéu chinh cong suat phat nham goép phan duy tri su on dinh cho luéi dién. Cu thé, trong
kich ban dau tién, khi hé théng luéi ting cong suat dot ngdt v4i muc ting cao nhat 1a 400 MW
tai gio thir 13 va cong suat nha may hoat dong cao nhat dat 90.87%. Vi ngudng phat tdi uu cta
nha may dao dong tir 70% dén 85% cuing véi viée cai dat cho phép VPP tham gia vao luéi khi
phai chiu tai 16n hon 85%. Theo nhu bién thién thi lac nay VPP can hd trg thém khoang 5.87%
xap xi twong duong véi 282.48 MW. Viéc niy gitip dam bao van hanh 6n dinh, khong xay ra

tinh trang qua tai hay sy co mat can bang cung va cau.
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Tuy nhién, do gidi han cong suit phat téi da ctia nha may thay dién tich nang 1a 250 MW,
VPP chi ¢6 thé hd tro trong pham vi cong suat kha dung. Piéu nay bao dam rang viéc diéu
chinh cong suat luén nam trong ngudng van hanh an toan va hiéu qua, tranh gay 4p luc qua

miuc lén cac nguon phat hodc thiét bi két noi.

5
BUS 5 p
310.6 89% | 3098 BUS 4
419 11.2°1.0
8 é 1
BUS 8_-361.6 e 3627 |+ 6733 674.2, rs's
10"-60.4 ‘ 6151497 74 57.4°1.0
339.0 Bus # 5 1.0 343.4
BUSS5 34500 3424
Type 1

Area 2 LOADSY2
Zone 1 ZONEL1
Voltage 0.99249PU
342.409KV

Angle

(deg) -15.10

Hinh 4.7: Trang thadi dwong ddy tai BUS 5 trudc khi co VPP

5
BUS 5 4
160.0 sl 2 1597 BUS 4
57 = 44 %.o
8
BUSS 3682 sl 3604|5203 520.9 %
10°639 - ~ 6520505 - 62.5°1.0
341.1 Bus # 5 1.0 3456
BUS5 34500 344.6
Type 1

Area 2 LOADSY2
Zone 1 ZONEL1
Voltage 0.99898PU
344.649KV

Angle

(deg) -11.12

Hinh 4.8: Trang thdi dwong dady tai BUS 5 sau khi co VPP
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KET QUA TINH TOAN TRAD LUU CONG SUAT

Hinh 4.9: Két qua phdn bé cong sudt sau kich ban vin hanh 1
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4.3.2. Kich ban vén hanh sé 2

‘Trong qua trinh van hanh h¢ thong dién, mot sy ¢d N-1 d3 xay ra khi duong day truyen
tai n6i gitta BUS 18 va BUS 3 bit ngo bi mat ket nbi. Pay 1a mot trong nhing tuyén truyén
tai chinh dam nhiém vai trd van chuyén coéng suit tir khu vyuc phat dién dén trung tim phy
tai. Viéc mat mot phan tir quan trong nhu vdy khong lam thay déi tong cong suat tiéu thu
cua hé thdng, tuy nhién, dong cong sudt budc phai tai phan phdi qua cac nhanh con lai, khién
mot sb duong day khac trong khu vire bi qua tai cuc bo.

Cu thé, hai tuyén duong day tir BUS 11 dén BUS 6 va tir BUS 11 dén BUS 10 da ghi
nhan mirc dong vuot qué gidi han cho phép, gay rai ro dén an toan véan hanh h¢ thong bé
mg pho kip thoi, Nha may dién a0 (VPP) da dugc huy dong, cung cip cong suit phan tan
tai cac vi tri chién luogc trong hé thong. Trong thoi gian 1.5 gid (twong duong 3 chu ky diéu
do tir 17 gid 30 phut dén 19 gidr cing ngay), VPP di lan luot phat cong suit 79.92 MW,
107.3 MW va 86.88 MW, gitip giam tai cho cac nhanh dang qua tai, dong thoi hd tro duy
tri dién 4p On dinh tai cac nut tai.

Nho sy can thiép kip thoi nay, hé thong da duoc tai can bang, ngin chin nguy co lan
rong sy ¢ va dam bao qua trinh van hanh tr¢ lai trang thai 6n dinh.

1

BUS 11 6
J2103 _ 102% > 409.1 BUS 6
12 34.7 35.1 é@‘g
BUS 12 4 6_ N’A vV * 46] 4058 _ 102% | _ " 406. 4 40
107209 — ~ 3t = 303 650 - 64.7°1.0
136.7 @ Bus # 11 1.0 349.9
BUSS1 34500 3484

Type 1

Area 2 LOADSY2
Zone 1 ZONEL1
Voltage 1.00979PU
348.377KV

Angle

(deg) -5.28

Hinh 4.10: Trang thai dwong day tai BUS 11 trueée khi co VPP
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11
BUS 11 8
3209 7ewi 3202 BUSG
s 299 372
BUS 12,42 A al ra2l 367 L e _'317.1.2&710
4
1.0 8.5 - 3t x 850214 T 17410
229.2 @ Bus # 11 1.0 230.2
BUS31 22000 2298
oy Type 1

Area 2 LOADSY2
Zone 1 ZONEL1
Voltage 1.04441PU
229. 770KV

Angle

(deg) 2.06

Hinh 4.11: Trang thai dwong day tai BUS 11 sau khi co VPP

KET QUA TINH TOAN TRAD LU COM

Hinh 4.12: Két qua phdn bé céng sudt sau kich ban vin hanh sw c6 2
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

4.4. Tong két chwong 4
Hai kich ban mé phong d3 duoc xdy dung nham danh gia kha ning phan tng va diéu

phdi cong suat ctia Nha may dién ao (VPP) trong cac tinh hudng bat thudng trén ludi dién:

- Kijch ban van hanh sé 1 mé phong tinh hudng phu tai ting dot ngdt vao giita trua,

gay ap luc 1én cac nhanh truyén tai. VPP di linh hoat diéu chinh cong suat phat dé

dam bao cin bang cong suat, giam thiéu nguy co qua tai va duy tri 6n dinh hé thng.

- Kijch ban van hanh s6 2 mé ta sy ¢6 mat mot duong day (N-1) vao 17h30 dan dén

tinh trang qua tai cuc bg tai cac nhanh con lai. VPP dugc huy dong dé ho tro cong

suét, qua d6 gitp phan phdi lai dong cong suat, giam tai cho cac phan tir bi anh hudng

va ngan chdn lan truyén sy co.

Bang 4.1: Thong ké két qua VPP hé tro trong 48 chu ki

i Cong suat | Bucong | Taitiéu thu | Chénh Igch so véi
Cycle Time Range < .
tang (MW) | suat (MW) (%) quy dinh (%)
1 00:00-00:30 0 0 65.10% 0.00%
2 00:30-01:00 0 0 62.77% 0.00%
3 01:00-01:30 0 0 67.35% 0.00%
4 01:30-02:00 0 0 68.91% 0.00%
5 02:00-02:30 0 0 66.59% 0.00%
6 02:30-03:00 0 0 64.31% 0.00%
7 03:00-03:30 0 0 68.12% 0.00%
8 03:30-04:00 0 0 69.68% 0.00%
9 04:00-04:30 0 0 71.19% 0.00%
10 04:30-05:00 0 0 72.71% 0.00%
11 05:00-05:30 0 0 74.24% 0.00%
12 05:30-06:00 0 0 76.56% 0.00%
13 06:00-06:30 0 0 80.38% 0.00%
14 06:30-07:00 0 0 82.68% 0.00%
15 07:00-07:30 0 0 85.70% 0.00%
16 07:30-08:00 0 0 88.05% 0.00%
17 08:00-08:30 0 0 90.34% 0.34%
18 08:30-09:00 0 0 85.70% 0.00%
19 09:00-09:30 0 0 84.21% 0.00%
20 09:30-10:00 0 0 81.91% 0.00%
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

21 10:00-10:30 0 78.84% 0.00%
22 10:30-11:00 0 76.56% 0.00%
23 11:00-11:30 150 76.29% 0.00%
24 11:30-12:00 300 88.16 86.52% 1.52%
25 12:00-12:30 400 282.48 90.87% 5.87%
26 12:30-13:00 280 0 81.07% 0.00%
27 13:00-13:30 160 0 79.52% 0.00%
28 13:30-14:00 50 0 78.55% 0.00%
29 14:00-14:30 0 0 69.68% 0.00%
30 14:30-15:00 0 0 68.91% 0.00%
31 15:00-15:30 0 0 68.12% 0.00%
32 15:30-16:00 0 0 67.35% 0.00%
33 16:00-16:30 0 0 66.59% 0.00%
34 16:30-17:00 0 0 65.82% 0.00%
35 17:00-17:30 0 0 79.23% 0.00%
36 17:30-18:00 0 79.92 89.35% 0.00%
37 18:00-18:30 0 107.3 90.28% 0.28%
38 18:30-19:00 0 86.88 89.49% 0.00%
39 19:00-19:30 0 0 90.33% 0.33%
40 19:30-20:00 0 0 87.64% 0.00%
41 20:00-20:30 0 0 85.34% 0.00%
42 20:30-21:00 0 0 82.10% 0.00%
43 21:00-21:30 0 0 79.69% 0.00%
44 21:30-22:00 0 0 76.56% 0.00%
45 22:00-22:30 0 0 72.13% 0.00%
46 22:30-23:00 0 0 68.63% 0.00%
47 23:00-23:30 0 0 66.59% 0.00%
48 23:30-24:00 0 0 65.10% 0.00%
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién
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Hinh 4.13: Hoat dong 16i uu ciia VPP trong 2 kich ban van hanh

Cac két qua thu dugc tir hai kich ban cho thay VPP c¢6 kha ning phan tmg nhanh, diéu
phéi linh hoat va hiéu qua trong nhiéu tinh hudng van hanh khac nhau. VPP khong chi dong
vai tro hd trg k thuat trong viéc 6n dinh luéi dién, ma con thé hién tiém nang trd thanh mot
giai phap quan trong trong viéc tich hop an toan va hiéu qua cdc ngudn ning lugng tai tao
vao hé théng dién hién dai.

Sau khi thyc hién bai toan t6i wu héa loi nhan van hanh VPP véi nguén ning luong tai
tao trong kich ban van hanh ting tai cao (chu ky 24-25) va sy ¢ N-1 (chu ky 37-39), ta thu
duoc biéu db cong suét toi uu cuia nha may thity dién tich nang trong 48 chu ky thoi gian.
Gia tri cong suat 4m biéu thi qua trinh nha mdy tiéu thu cong suat dé bom nudc 1én ho chira
(ché @6 luu trit ning luong), trong khi gia tri cong sut duong thé hién nha may dang phat

dién dé hd tro phu tai hodc ban lén luéi.
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién

Badng 4.2: Céng sudt ciia nha mdy thity dién tich ndng trong 2 kich ban vin hanh

1 2 3 4 5 6 7 8 9 10 11 12

0 0 0 0 -102.86 | -248.24 | -222.73 0 0 0 0 0

13 14 15 16 17 18 19 20 21 22 23 24

0 -207.47 | -239.58 0 46.08 100.56 0 0 148.99 | -56.21 | -106.91 | -142.53

25 26 27 28 29 30 31 32 33 34 35 36
84.29 -250 0 0 91.6 167.71 | 204.58 | 159.13 | 89.68 0 0 0

37 38 39 40 41 42 43 44 45 46 47 48

0 0 0 0 0 0 124.3 0 0 0 0 0

*Cong sudt: MW

/\

Hinh 4.14: Két qua dép ieng sw ¢é ciia khoi thiy dién tich ning

(Tryc doc cua biéu d6 thé hién cong suat (MW), truc ngang dai dién thoi gian 48 chu ki)
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Dé tai: Ddanh gid anh hudng ciia nha mdy dién do doi véi cac ché do van hanh hé thong dién
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Hinh 4.15: Két qua dép vng sw ¢é ciia mé hinh VPP Simulink
(Tryc doc cia biéu d6 thé hién cong suat (MW), truc ngang dai dién thoi gian 48 chu ki)

Hinh 4.15 thé hién d4p tng cong suat cua hé théng VPP trong diéu kién c6 su cb. So

v6i trudng hop van hanh binh thuong, hé théng ghi nhan cac bién dong 16 rét:

- Trong diéu kién c6 su cd, cong suat du dé ban 1én 1udi (Pgiq) tai mot vai thoi diém
giam rd rét so véi diéu kién binh thuong, nguyén nhan 1a do lugng cong suét giam di
dé dugc st dung dé hd trg cho phu tai vao cac thoi diém su cb xay ra (chu ky 23-24,
36-38)

- Phuy tai noi bo (Load1) van giir dang bién thién theo chu ky twong tu, cho thay su ¢6
khong anh huéng dén dic tinh phu tai.
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- Thuy dién tich ning (Hydro) xuat hién cac xung dao dong 16n va chuyén trang thai
nhanh gifta phat dién va bom tich niang, thé hién vai trd diéu chinh linh hoat hon
nham duy tri cin bang cong suit.

- Ngudn gié (Wind) giir nguyén dac tinh bién thién ngu nhién, tuy nhién anh hudéng

tir sy co dan dén vai trd hd trg tir thity dién tich ning va ludi trd nén ndi bat hon.
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Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

Chuwong 5: KET LUAN VA PE XUAT HUONG PHAT TRIEN

5.1. Két qua dat duoc

Trong khuén kho dé tai, nhém nghién ctru da thiét ké va xay dung thanh céng mé hinh
Nha may dién a0 (Virtual Power Plant — VPP) trén nén tang Simulink/MATLAB, tich hop
cac thanh phan thiét yéu bao gdm:

Thuy dién tich ning, trang trai dién gi6 (Wind Farm) va tai ndi bo. Cac thanh phan nay
duoc mo hinh hoa va két ndi chat chd trong mot hé thé)ng diéu khién trung tam, nham tai
hién céu trac van hanh téng thé cuia mot VPP trong moi truong dién hién dai.

Mo hinh dugc van hanh theo chién luoc t6i vu hoa kinh té, véi ham muc tiéu hudng
dén ti da hoa loi ich van hanh (maximize total benefits) trong khi van dam bao tuan tha
nghiém ngdt cac rang budc k¥ thuat.

Céc rang budc bao gom: diéu kién can bing cong suit (power balance) giita ngudn va
tai tai mdi thoi diém, giéi han cong suat cuc dai/cuc tiéu cua thiy dién tich nang khi phat
cong suat/bom nude 1én hd chira, ciing nhu cac rang budc lién quan dén trang thai ning
lwong va kha ning dép Gng tirc thoi cua thiy dién tich nang. Bing cach két hop giita cac
khdi mé hinh vat 1y (physical modeling) va khéi t6i wu hoa trong méi trudng Simulink, mo
hinh VPP nay cho phép danh gia hiéu qua diéu phéi ngudn phén tan trong cac kich ban van
hanh khac nhau, dong thoi tao nén tang cho viée phat trién cac chién luoc diéu d6 nang cao
trong tuong lai.

Nhom da két hop mo hinh VPP véi ludi dién tiéu chuan IEEE 39-BUS trong phan
mém PSS/E, thuc hién tinh toan trao luu cong suét (load flow) dé kiém tra kha nang van
hanh cua hé théng trong cac diéu kién thuc té khac nhau, tir ché d6 binh thuong dén cac tinh
hudng sy cb va thay ddi phu tai dot ngot.

Mo hinh cho thay kha nang diéu phéi hop 1y giita ngudn gié va thuy dién tich ning,
gitip nang cao hiéu qua sir dung ning luong tai tao, déng thdi dam bao sy 6n dinh trong qua
trinh van hanh. Trong cac kich ban su ¢d N-1, VPP thé hién kha nang phan rng nhanh
chong, gitp on dinh dién ap, giam thiéu ton that va hd trg giam tai tai cac duong day bi qua
tai.

Thong qua cac két qua dat dugc, dé tai khong chi gop phan 1am rd tinh kha thi va loi

ich k¥ thuat — kinh té ctia mo6 hinh VPP, ma con cung cap co so thuc tién quan trong cho
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viéc ing dung Nha may dién do vao ludi dién Viét Nam, trong bdi canh chuyén dich ndng
luong va gia tang ty trong cac ngudn ning luong tai tao.

Sy két hop gitta cac cong cu Simulink — Optimization Toolbox — PSS/E — Python da
cho phép mé hinh héa hiéu qua ca hai mat: ki thuat van hanh va t6i uvu hoa kinh té, tao co
s& cho viéc dua ra cac quyét dinh didu do6 c6 co so va phu hop véi thuc té.

Hoan thanh muc ti€u tu dong hoa toan b qua trinh lién két dir licu gitta Simulink —
PSS/E bang ngdn ngir lap trinh Python, huéng dén kha ning mo phong van hanh dong bo

thot gian thyce, tuong ty nhu co ché tai cac trung tam diéu do.

5.2. Han ché vé nghién ciru
Mic du dat dugc nhiing két qua tich cuc, do thoi gian thuc hién dd 4n con han ché dé
tai van con mot sd ndi dung can duoc tiép tuc nghién ciru va cai thién trong thoi gian dén:
- Tich hop hé théng luu trit ning lugng bang pin (Battery Energy Storage System —
BESS), mot thanh phan c6 kha niang phan tng tic thoi, hd trg hiéu qua hon cho diéu
tan va diéu ap trong cac kich ban bat dinh.
- Xay dung chién luoc diéu do van hanh van & muc cao va linh hoat hon, trong do cé
xét dén cac yéu tb ngoai sinh quan trong nhu bién dong thi truong dién, dir licu du
bao thoi tiét hodc tin hidu gia dién thoi gian thuc, von 1a cac thanh phan thiét yéu

trong diéu hanh VPP thuong mai.

5.3. P& xuit hwéng phat trién

Trong thoi gian téi, VPP ¢6 thé phat trién theo hudng mé rong quy mo va nang cao
kha nang tich hop véi nhiéu loai nguén ning luong tai tao hon. Mot s6 dé xuét va dinh
hudng chinh trong tuong lai bao gom:

Tich hop thém cac ngudn ning luong tai tao:

- Hién tai, VPP chu yéu sir dung ning luong gi6 va thity dién tich niang. Trong tuong
lai, viéc b sung cac ngu@)n nang lugng khac nhu dién mat trdi, sinh khéi hoic dia
nhiét c6 thé gitip ting cudng tinh linh hoat va kha nang dap tng cia hé thong.

- Viéc phat trién cac mo hinh dy bao cong suat phat tir cic ngudn tai tao s& gilp cai
thién do chinh xac trong diéu phbi VPP.

Ung dung hé thong luu trir nang lugng:

- Dé giam thiéu sy dao dong cong suat, VPP can dugc tich hop véi cac hé thong luu
trlt ndng lugng nhu BESS, siéu tu dién.

SVTH: Van Ngoc Quy GVHD: PGS. TS. Lé binh Duong
Tran Van Hai DBHD: ThS. Luong Phu Nhén
Nguyén Trudong Phudce 91



Dé tai: Panh gid dnh hudng ciia nha mdy dién do ddi véi cde ché dé vian hanh hé théng dién

- Heé théng luu trir khong chi gitip can bang cung ciu ma con hd tro diéu chinh tan sd
va dién ap, nang cao do tin cdy cua luoi dién.
Tich hop tri tué nhan tao (AI) va cac thuat toan diéu khién tién tién:
- Viéc ung dung Al trong quan 1y va van hanh VPP sé& gitp t6i uu hoa viéc diéu phdi
ngudn dién theo thoi gian thyec.
- Céc thuat toan hoc mdy c6 thé du bao nhu cau tiéu thy dién va diéu chinh cong sut
phat phu hop, gitp giam chi phi van hanh va ting hi¢u suat hé thong.
Két ndi véi ludi dién thong minh (Smart Grid):
- Trong tuong lai, VPP c6 thé tro thanh mot phan quan trong trong mé hinh luéi dién
thong minh, gitp cai thién kha ning phan ing nhanh véi cac bién dong cia hé thong.
- Viéc két n6i VPP voi cac hé théng tu dong hoa va quan 1y nang luong s& gitip nang
cao kha ning tu diéu chinh va phdi hop giita cac ngudn dién phan tan.
Nghién ctru va phat trién chinh sach h tro:
- Su phat trién ctia VPP can co su hd trg tir cac chinh sach vé thi truong dién, co ché
gia dién linh hoat va cac quy dinh k¥ thuét lién quan.
- Viéc xay dung khung phéap 1y phii hop s& khuyén khich dau tu vao cong nghé VPP,
déng thoi dam bao tinh canh tranh va hi€u qua trong van hanh luéi dién.
M6 rong mo hinh VPP dé tham gia thi truong dich vu phu trg, danh gia hi¢u qua kinh
té — ky thuat trong bdi canh thi truong dién canh tranh.
Nhin chung, VPP déng vai trd quan trong trong qua trinh chuyén dbi ning luong va
hién dai hoa hé théng dién. V6i nhitng cai tién trong cong nghé va chinh sach hd trg, VPP
s& ngay cang tro thanh giai phap quan trong dé ning cao tinh bén ving, linh hoat va hiéu

qua cua ludi dién trong tuong lai.
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