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Kinh thua quy vi,

Xu thé phat trién cadc nguén Nang lugng tai tao nhu dién gi6, dién mat trdi, dién sinh
khai, thay triéu... 1a khong thé ddo ngugc. Cac nudc trén thé gisi da, dang va sé phai déi
mat vai nhiing bai toan vé chinh sach kinh té ky thuat can giai quyét nham gia tang ti
trong cla cac ngudn Néng lugng téi tao trén co sé& dam bédo va nang cao d6 tin cdy cung
cap dién va an ninh nang lugng. V&i Viét Nam, cac van dé can giai quyét d6 cang kho
khan han do ching ta dang & trong giai doan phat trién manh mé cda nén kinh té dan
dén su tang trudng Ién cda nhu cau tiéu thu dién.

Mot thach thiic khéng nhé khac ndm & viéc phat trién nguén nhan luc dap tng dugc nhu
cau cua thi trudng lao déng trong linh vuc Dién va Nang lugng téi tao. La nhitng ngudi
lam cong tac dao tao, chung téi y thic dugc vai tro quan trong cdia minh trong bai toan
phat trién nguén nhan luc chat lugng cao cho nganh Dién va Nang lugng tai tao. Dién
dan sinh vién nghién ctiu khoa hoc - Chi dé Nang lugng tai tao 2020, trong khuén khé
chuang trinh hgp tac gidra Vién Dién va T8 chiic Hgp tac Phat trién Duc GIZ, |a mot nd
Iyc clia chung t6i trong viéc nang cao kién thic cho sinh vién, tao ra va tang cudng su
gén két gilra cac gidng vién, cac ban sinh vién clia nhiéu trudng dai hoc va cac nha tuyén
dung ttr khap moi mién cta Viét Nam.

Chuing t6i rat vui dugc chao don hon 200 ngudi la cac ban sinh vién ti 8 truong dai hoc,
cac dién gia, giang vién va khach mai da tham gia Dién dan tai khach san Hanoi Club
trong ngay 8 thang 12 dé€ cung trinh bay, chia sé kién thic va kinh nghiém thuc tién
trong nganh. Ti 83 dé xuat ban dau, 60 dé xuat nghién ctiu khoa hoc da dugc chon trinh
bay trong Dién dan va nhan dugc dénh gia, gop y bai 23 thanh vién trong Héi déng gidm
khédo théng qua 12 phién thao luan xuyén suét trong ngay. Ti 60 dé xuat khoa hoc nay,
15 bai xuat sac nhat da duoc Iya chon nhan ky niém chuong cling qua tang y nghia tu
Ban t6 chiic va cac nha tai trg clia chuang trinh.

Chuing téi tin rang Dién dan da khai day tinh than nghién ctu khoa hoc tim t0i sang tao
vé chu dé Nang lugng téi tao, mang dén mot san choi cdi md, khai phong cho cac em
sinh vién dugc phat huy moi kha ndng nghién ctru ctia minh, tu do trinh bay cac y tuéng
va nhan dugc cac tu van chat lugng tir cac gidng vién ti cac trudng dai hoc. Dién dan sé
udgm mam cho cac nha nghién cdu trong tuong lai, xa hon sé tao luc lugng nha nghién
clru giup Viét Nam cha dong vé mat khoa hoc ky thuat trong nganh Nang lugng téi tao.
Xin tran trong chia sé véi quy vi cac bao cdo clia Dién dan nay. Chung téi hy vong sé nhan
dugc su tham gia tich cuc clia quy vi trong cac hoat dong sap tGi ctia Vién Dién cling nhu
Du an Hé trg Ky thuat Nganh Nang luong Viét Nam - EU (EVEF) trong céng tac dao tao
nhan luc cho nganh Nang lugng tai tao.

Tran trong,
Ban T8 chuic Dién dan sinh vién Nghién ctu khoa hoc 2020 - Cha dé Nang lugng tai tao
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Kinh thua quy vi,

Chung téi rat vui miing dugc chao don ban dén véi “Dién dan sinh vién nghién ctu khoa
hoc — Chi dé Nang lugng tai tao 2020” tai Ha Noi - mdt cot méc quan trong trong chudi 1
nam hoat déng cta du an Hé trg Ky thuat Nganh Nang lugng Viét Nam - EU (EVEF), trong
khuén khé chuong trinh hgp tac gidra Vién Dién va T6 chiic Hgp tac phat trién Duc (GIZ).

Dién dan sinh vién nghién ctu khoa hoc — Chu dé Nang lugng tai tao 2020 mang dén co
héi cho cac ban sinh vién, cac gidng vién, cadc nha nghién cltu dang lam viéc trong linh vuc
Nang lugng tai tao gap g& va chia sé nhimng hiéu biét, nghién cttu ctia minh.

Ty hao la mét don vi da dao tao nhiéu ky su, chuyén gia dang gilf cac vi tri quan trong
trong nganh dién Viét Nam, hién tai Vién Dién dang cling cac can bd nganh Dién trién khai
nhiéu du an tu van cho cac cc quan nha nudc cac chinh sach chién lugc phat trién Nang
lugng dién tai tao.

Thay mit ban t8 chiic, chiing ti xin cdm on tat ca cac tac gia da nop bai tham du hoi
thao. Ching t6i chan thanh bay té 1dng biét on d6i véi nhimng dién giad néi tiéng, nhiing
ngudi tham gia va déng nghiép vi nhitng déng gop vo gia cta cac ban cho hoi nghi ctia
chung téi. Clng xin gui |6i cdm on sau sdc dén nhiing ngudi phan bién vi su hd trg nhiét
tinh trong viéc xét duyét cac bai bao tham gia héi thado. Cdm on céac té chic, don vi, doanh
nghiép va cac trudng dai hoc hgp tac cling chiing téi t8 chic hoi nghi.

Nguyén Huy Phuong
Vién trudng Vién Bién — Trudng Dai hoc Bach khoa Ha Noi
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Xin chao moi nguai,

Trudc hét, téi xin gui 16i cdm on téi Ban lanh dao Vién Dién, Truong Dai hoc Bach khoa Ha
Noi vi da phéi hgp cung ching téi l1an dau tién té chic “Dién dan sinh vién nghién ctu
khoa hoc 2020 - Chu dé Nang lugng tai tao” rat y nghia nay. Téi ciing xin cdm on cac dién
gia uu td la nhiing chuyén gia hang dau trong nganh nang lugng téi tao (NLTT) dang c6
mat tai day ngay hom nay.

Toi xin guii 16i chao ddc biét t&i cac ban sinh vién tai nang tu 8 trudng Pai hoc khac nhau sé
thuyét trinh ngay hém nay, cling nhu cac gidng vién - nhirmg ngusi khéng chi dua ra nhiéu
gobp y gia tri cho sinh vién véi tu cadch déng chai tri clia cac phién trao d8i ky thuat, ma con
danh gia két qua dién dan cta ching ta. Néu khong c6 ho, ching ta sé khong thé c6 mét
dién dan thanh cong.

T6i cdm thdy rat vinh du khi dugc c6 mat tai day dé phat biéu khai mac Dién dan vdi tu cach
Giam déc Du &n H6 trg Ky thuat Nganh Nang lugng Viét Nam - EU (EVEF) do Lién minh
chau Au (EU) va B6 Hop tac Kinh té& va Phat trién Lién bang Puc (BMZ) déng tai tro.

Dy &n EVEF dang hé trg Chinh phu Viét Nam/Bd Céng Thuong (BCT) cling nhu cac bén lién
quan khac trong khu vuc cong va tu nhan nham cai thién khung phap ly, tdng cudng nang
luc va thuc ddy chuyén giao cong nghé vé nang lugng tai tao, ti€p can nang lugng, thong
tin nang lugng va hiéu qua nang lugng (HQNL).

Téi mudn cung cdp cho cac ban mét s6 vi du vé su hé trg clia ching toi déi vai viéc cai
thién khung phap ly va tac dong ctia no:

« Sau khi Biéu gia dién danh cho cac nha may dién gié duogc phé duyét, cong suat lap
dat cGla cdc nha may da tang tir dudi 200 MW (2018) 1&n 600 MW & thai diém hién tai

«  Sau khi Biéu gia dién danh cho cac nha may dién mit tr&i dugc phé duyét, cong suat
lap dat cha cac nha may da tang tu dudi 85 MW (2018) l1én 6.000 MW & thai diém
hién tai

«  Sau khi Chuong trinh thic ddy dién mat trdi mai nha giai doan 2019-2025 dugc phé
duyét, cong suat ldp dat DMTMN da tang ti dudi 50 MW (2018) Ién 2.900 MW & thoi
diém hién tai (73.000 hé théng DMTMN)

« Quyét dinh xay dung mét Hé théng théng tin nang lugng Viét Nam toan dién

«  Chuong trinh quéc gia vé strdung nang lugng tiét kiém va hiéu qua lan 3 ctia Viét Nam
(giai doan 2019-2030) da dugc phé duyét

Du an EVEF dang diéu hanh Ban thu ky cia Nhom D6i tac Nang lugng Viét Nam (VEPG).
VEPG dugc Chinh pht Viét Nam, cac d8i tac phat trién va cac bén lién quan khac trong
khu vuc céng va tu nhan céng nhan la mot dién dan mdé vé déi thoai chinh sach ky
thuat nang lugng cap cao.
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EVEF cling dang khuyén khich d&i m&i, cdc méi quan hé déi tac, chia sé thong tin vé
cac mang lugi va chuyén giao cdng nghé théng qua viéc hé trg cac bén lién quan
chinh khac, vi du nhu:

Du an dang thuc hién Nghién ctu vé chuyén dich nang lugng cho Ban Kinh t& Trung
uong va Uy ban Khoa hoc, Cong nghé va Méi trudng clia Quéc héi sau khi Bd Chinh tri
ban hanh Nghi quyét 55 vé&“Dinh hudng chién lugc phét trién nang lugng quéc gia clia
Viét Nam dén nam 2030, tam nhin dén nam 2045".

Chung t6i cing hé trg Ban Tuyén gido Trung uong thuc day NLTT va HQNL & tét ca cac
tinh tai Viét Nam.

« H6 trg Trung tdm nghién ctiu viing va dé thi trong viéc céi thién nang luc clia cac nha
bdo va can bo truyén thong khi dua tin vé cac van dé lién quan dén NLTT va HQNL, qua
dé tao ra nhiing bai bao chat lugng cao vé linh vuc nay.

NHUNG néu muén chuyén déi hé théng dién cla Viét Nam theo huéng bén viing va phi
tap trung hon dua trén cdc ngudn NLTT trong nudc va theo cac phuang thic tiét kiem mai,
ching ta ciing phéi dadm bao minh c¢é di nguén nhan luc chét lugng cao dé quan ly cac
khoan dau tu rat I6n trong tuang lai vao céc linh vuc nay.

Do do, EVEF da quyét dinh ho trg ky thuat cho Vién Dién trong du an “Tang cudng nang luc
nghién ctiu va chuyén giao kién thiic vé tich hgp NLTT vao luéi dién”.

Muc dich chinh cta dy an la nang cao nang luc gidng day cla cac gidng vién nham phat
trién va thuc hién hiéu qua cac chuong trinh gido duc chét lugng cao vé NLTT, xay dung
mang luéi gilta Vién Dién thudc Truong Pai hoc Bach khoa Ha Néi, cac co s& nghién ctu
khac va khu vuc tu nhan nhdm thic ddy nghién ctu NLTT, gén két kién thuc va ky nang
do céc co s& dao tao cung cap vai nhu cau cda thi trudng NLTT va HQNL. Dy an ciing sé
nang cao nhan thuc, kién thic va su quan tam cla sinh vién d6i vai NLTT va HQNL. EVEF
vui mimng khi dugc la nha tai trg cho Dién dan sinh vién nghién cttu khoa hoc 2020 véi chu
dé Néng lugng téi tao.

T6i rat vui khi thay cdng dong sinh vién danh nhiéu su quan tdm cho “Dién dan sinh vién
nghién ctu khoa hoc 2020 - Chi dé Néng lugng tai tao” va cling rat mong dugc nghe cac
bai trinh bay vé nghién cttu clia cac ban.

T6i hy vong cac ban sé can nhac vé viéc trg thanh mot chuyén gia hodc nha nghién ciu
trong nganh NLTT va/hodc HQNL trong tuong lai.

Sven Ernedal
Giam d6c Dy an Ho trg Ky thuat Nganh Nang lugng Viét Nam - EU (EVEF)
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TS. Vi Minh Phap
‘oo VIEN KHOA HOC NANG LUONG -
1

P VIEN HAN LAM KHOA HOC VA CONG NGHE VIET NAM

Cha d@é: Trung tam Nang luong téi tao Ninh Thuan

4 Ong Vi Minh Phap nhan béng Tién si vé Ky thuat Pién va Dién tu tai
Trudng Dai hoc Mie, Nhat Ban nam 2018. Hién 6ng dang la Phé Cha tich Hoi dong Khoa
hoc kiém Phé Gidm d6c Trung tam Nghién ciu va Phat trién Cong nghé Nang lugng téi tao
tai Vién Khoa hoc Nang lugng, Vién Han 1am Khoa hoc va Céng nghé Viét Nam. Ong la tac
gia va dong tac gia ciia khoang 30 bai bao va tham luan héi nghi, 01 cuén sach va 01 bang
sang ché. Cac linh vuc nghién ctu clia 6ng bao gém dién mat trdi, nang lugng téi tao, hé
théng dién hybrid va hé théng chuyén déi dién nang.

Ong Bui Van Thinh
CONGTY CO PHAN PHONG DIEN THUAN BINH
Ch( @é: Phu Lac - Du an dién gi6 tiéu biéu chau A ndm 2017

Ong Bui Van Thinh ¢6 hon 30 nam lam viéc trong nganh dién tai Viét

Nam, trong d6 c6 21 nam kinh nghiém véi cac dy an thiy dién va 11
nam vé dién gio. Du an dién gié dau tién clia 6ng la trang trai dién gié Phu Lac 24MW. Day
la trang trai dién gio thu tu tai Viét Nam va da nhan dugc giai thuéng “Du an Bién gié Chau
A ndm 2017”. Ong la CEO ctia Céng ty C6 phan Phong dién Thuan Binh (TBW) - mét trong
nhiing cong ty dau tién tai Viét Nam lam vé nang lugng gid. TBW c6 ké hoach phat trién
khoang 1.000MW dién tir cac du dn nang lugng tai tao tir nay dén nam 2030 tai Viét Nam,
bao gém cé du 4n dién gi6 va mat trdi. Ong ciing 1a Cha tich Hiép héi Bién gi6 & Mat trdi
Binh Thuan.
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Chi Tran Thi Phuong Thao
NEW ENERGY NEXUS VIETNAM

Cha dé: “Clean Energy Innovations in Vietnam and career development
opportunities for technical students and young engineers”

JM Chi Phuong Théo la quan ly chuong trinh hé trog khai nghiép, c6 kinh
nghiém trong viéc khéi tao va thiic ddy cac diéu kién can thiét cho su phat trién ctia cdc du én
khai nghiép kinh doanh trong linh vuc nang lugng sach. Hién tai, chi dang dan dat déi ngu
New Energy Nexus Vietnam, thic day su phat trién cGia nén kinh t€ nang luong tai tao trong
nudc cing nhu dong gdép cho hé sinh thai khai nghiép nang lugng bén viing trong khu vuc.

Truéc New Energy Nexus, chi Phuong Thao da tung la Quan ly chuong trinh uom tao va tang
téc toan quéc clia Vudn uom Song Han. Chi van hanh cac chuong trinh hoat déng tai Ha Noi,
TP.H6 Chi Minh, Da Nang va nhiét tinh hé trg cac du an khai nghiép trong hanh trinh cdia ho.

Chi Phuong Thao cling la mot ngudi hay di du lich, dam mé cac giadi phdp moi trudng, va la
moét chuyén gia trong viéc cung cap dich vu cham soc khach hang uu viét.

ThS. Pinh Xuan buc

TRUNG TAM BIEU BO HE THONG BIEN QUOC GIA

Cha dé: Giai phap cong nghé va quan ly trong két néi co s& ha tang vé
nang lugng ASEAN

Ong Pinh Xuan Buc cé bang Ky su vé Hé théng dién tai Trudng Dai hoc
Béch khoa Ha Noi; bang Thac si Ky thuat vé Quan ly hé thong dién va bang Thac si Quan tri
kinh doanh vé Quan tri quéc té tai Vien Cong nghé Chau A & Thai Lan; bang cr nhan Ngoai
ng(i tai Trudng Pai hoc Ha N6i. Ong c6 10 ndm kinh nghiém lam viéc trong vi tri Chuyén vién
cao cap, Phong Phuong Thuc tai Trung tam Diéu d6 Hé théng dién Quéc gia (NLDC) thudc
Tap doan Pién luc Viét Nam (EVN). Ong hién la Phé Gidm d6c Phong Phuong Thiic cdia Trung
tam Diéu d6é Quéc gia (NLDC) thudc Tap doan Pién luc Viet Nam (EVN).
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TS. Nguyén Manh Cudng

PHO VU TRUGNG VU PHAT TRIEN HE THONG BIEN, VIEN NANG LUGNG,
BO CONG THUGNG

Cha d@é: Tuong lai Nang lugng téi tao trong Hé thong dién Viét Nam

Ong Nguyén Manh Cudng nhan bing Ky su vé Hé théng dién va
bang Tién si vé Ky su Dién tai Trudng Pai hoc Bach khoa Ha Noéi lan lugt vao nam
2004 va 2018.

Ong da lam viéc cho Vién Nang lugng truc thudc Bé6 Cong Thuang tir ndm 2004. Ong cé
kinh nghiém tu van trong linh vuc M6 hinh héa va Phan tich Hé théng Bién, Nghién ctu
dong tai, d6 6n dinh hé théng dién, tinh toan ngan mach, Quy hoach phat trién dién luc
quéc gia (PDP). Ong la can bd chl chét trong nhém xay dung PDP6 Viét Nam (giai doan
2006-2025), PDP7 (giai doan 2010-2030), PDP7 da stra d6i (giai doan 2026-2030) va PDP8
(2021-2045). Gan day, 6ng dang quan tam dén linh vuc Nghién ctu lugi dé tich hgp Nang
lugng tai tao vao Hé théng dién quéc gia. Ong hién la Phé phong Phét trién Hé théng dién
clia Vién Nang lugng tai Ha Noi.

PGS. TS. Nguyén Diic Huy

VIEN DIEN, TRUONG DAl HOC BACH KHOA HA NOi
Chu dé: Dao tao nang lugng tai tao trong Trudng Pai hoc Bach khoa Ha Noi

Ong Nguyén Buc Huy la Phé Gido su dang gidng day tai Vién Dién,
Trudng Pai hoc Bach khoa Ha Néi (PHBKHN). Ong da c6 hon 50 an
pham trong nudc va quéc té va la thanh vién cda Hoi Ky su Dién va Dién tu (IEEE). Ong

tham gia tich cuc vao moét s6 chuong trinh dao tao cho cac chuyén gia trong nganh cla
cac codng ty phan phai dién, Trung tam Diéu dé Hé théng dién Quéc gia (EVN NLDC), cac
cong ty phat dién. Ong hién 1 Pho vién trudng Vién Dién (DHBKHN), nai éng phu trach xay
dung va quan ly chuong trinh dao tao. Cac linh vuc nghién ctu ctia 6ng bao gom déng luc
hoc va su én dinh ctia hé théng dién, lugi dién thong minh va cac ky thuat tri tué nhan tao
trong hé thong dién.
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ThS. Ngé T6 Nhién
TO CHUC CHUYEN DICH NANG LUGNG VIET NAM (VIET SE)
Cha d@é: Cap nhat chinh sach nang lugng Viét Nam

Thac si Ng6 T6 Nhién la Giam d6c Piéu hanh ctia T6 chic Sang kién
vé Chuyén dich Nang lugng Viét Nam (VIET SE) véi hon 20 nam kinh
nghiém lam viéc, tap trung vao cac linh vuc nhu kinh té€ nang lugng, chinh sach, quy hoach

va danh gia cac cong nghé nang lugng carbon thap. Ba tiing la chuyén gia nang luong doc
lap trién khai cac du én do Ngan hang Thé gidi, EU, UNDP, UNIDO, ADB tai trg, hop tac véi
Bo Cong Thuong. Ba da gop phan trong viéc xay dung ban dé nang lugng téi tao tiém nang
cho dién gio, dién mat trdi, thay dién va sinh khéi. Bén canh d6, ba cling da thuc hién mot
s6 bai nghién cdiu vé trg gia nang lugng, gia dién, dé xuat chinh sach chuyén dich nang
lugng bao gém phét trién dién gi6 ngoai khoi Viét Nam, thiét k& co ché dau gia cho cac du
an nang lugng tai tao va thiét k& mé hinh Super-ESCO tai Viét Nam,... Ba cling la thanh vién
ban thu ky thanh lap Nhom Déi tac Nang lugng Viét Nam (VEPG).

Ba da nhan dugc bang Thac si Khoa hoc vé Hé théng Nang lugng va Quan ly véi hoc
béng DAAD clia Chinh phu Dudc. Ndm 2012, ba la ngudi Viét Nam dau tién nhan dugc
hoc béng danh du ctia Chuong trinh Bdo vé Khi hau Quéc té€ do Quy Alexander von
Humboldt tai tro.
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PHIEN KHAI MAC

8:00-8:30

8:30-8:35

8:35-8:45

Dién Gia Chinh

8:45-9:00

9:00-9:15

9:15-9:30

9:30 - 9:45

9:45 - 10:00

10:00-10:15

10:15-10:30
(15"

10:30-11:15
(45"

bang ky tham dy

PGS. TS. Nguyén Huy Phuang, Vién trudng Vién Dién - Trudng Dai
hoc Bach khoa Ha No6i

Ong Sven Ernedal, Giam d6c Dy an H6 trg Ky thuat Nganh Nang lugng
Viét Nam - EU (EVEF)

Phong: Orchid | Diéu phéi: TS. Nguyén Buic Tuyén, DHBKHN

TS. Vi Minh Phap, Vién Khoa hoc Nang lugng - Vién Han [am Khoa hoc
va Cong nghé Viét Nam.

Cha d@é: Trung tdam Nang luong téi tao Ninh Thuan

Ong Bui Van Thinh, Cong ty C6 phan Phong dién Thuan Binh
Chu dé: Phu Lac - Du &n dién gié tiéu biéu chau A nam 2017

ThS. Ngé Té Nhién, T6 chiic Chuyén dich Nang lugng Viét Nam (VIET
SE). Chu dé: Cap nhat chinh sach nang lugng Viét Nam

ThS. Pinh Xuan Puc, Trung tam diéu d6 Hé théng dién qudc gia
(EVNNLDC)

Chu dé: Giai phap cong nghé va quan ly trong két ndi ca s& ha tang vé
nang lugng ASEAN

TS. Nguyén Manh Cudng, Vién Nang lugng - B Cong Thuang

Chu dé: Tuong lai Nang lugng tai tao trong Hé théng dién Viét Nam
PGS. TS. Nguyén Duc Huy,

Vién bién - Trudng Pai hoc Bach khoa Ha Noi

Cha dé: Bao tao nang lugng tai tao trong Trudng Dai hoc Bach khoa
Ha Noi

Chup anh ky niém

Nghi gidi lao
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TRINH BAY DE XUAT

Session 1 Phong: Orchid | Chui toa: Nguyén Xuadn Trudng, Tran Thanh Son
Tran Quéc Ngii, Nguyén Duc Tuyén, “Demand response program:
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Phong: Orchid | Chi toa: Nguyén Xuan Trudng, Tran Thanh Son

DEMAND RESPONSE PROGRAM: OPTIMIZATION
FOR UTILITIES OF MULTI-ENERGY SOURCE SUPPLIERS
AND CONSUMERS BASED ON SOCIAL WELFARE FRAMEWORK

*Tran Quoc Ngu, Dr. Nguyen Duc Tuyen
(1) Hanoi University of Science and Technology, Vietnam
*Corresponding author: ngu.tq166539@sis.hust.edu.vn

ABSTRACT

Demand Response programs have been
increasing rapidly in recent years, and
it plays a vital role in improving power
supply-demand balancing operation. In
particular, peak-time-rebate-DR (PTR-DR)
is expected to penetrate further because it
brings benefit both electric power suppliers
and consumers with a smaller burden on
the consumer-side in comparison with
the other DR types M. However, the
calculation and setting of electricity prices

and rebate level still face many difficulties,
which make PTR-DR has not been widely
applied. In this paper, a pricing method is
proposed to solve these problems. With
the participation of renewable energy
sources in the power supply share, the
influence of energy resources on the power
system and their operating costs are also
considered in this paper. The results are
expected to support the implementation
and expansion of DR programs in Vietnam.

Keywords: Demand Response (DR), Peak-time Rebate (PTR), Social Welfare, Optimization,

Renewable Energy.

1. INTRODUCTION

Electricity plays an important role in the
development of the economy today. But
power plants cannot just be built more
and more to be able to supply electricity.
Instead of investing heavily in power and
grid development, managing the demand,
especially during peak period of the system,
will be an effective solution. So that is the
reason why Demand response program
(DR) has been developed in recent years.
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DR are defined as changes in electricity
usage by end-use customers from their
normal consumption patterns in response
to supplier's requirements. This means
DR are designed to advise consumers
to reduce power consumption in which
electric power supplies request: during
peak times or shift the use of electricity
from peak times to off-peak times like at
night, or weekends. Because DR does not
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require additional investment in power
plants, they have attracted significant
attention from many communities around
the world B!,

DR can be divided into two major types:
priced-based program and incentive-based
program. Typical examples of the priced-
based program are Time of Use (TOU),
Real time Pricing (RTP) and Critical peak
Pricing (CPP). In these DR, the electricity
price during peak time becomes more
expensive than the off-peak period one.

2. METHODOLOGY
2.1 Proposed Model
A framework of social optimization
problem is focused on by maximizing the
weighted sum of individuals utilities under
satisfying certain constrains. Electricity
trading between the suppliers and the
consumers is represented as a social

welfare optimization problem [2].

T X b
SW=Z{ZUS‘(s,_,)+ZUC,(d,.k)}—>Maxim.izx m
=l | x=1 ¥

Where zis time (t=1,23,...,T); T is the end
time of target period; x, y is the number of
power supplier, consumer; X, Y is the total
number of power suppliers, consumers; s, d,
is the amount of power supply, consumption;
US (s,), UCy(dy)t) is the utility function of the
supplier x, consumery attime t.

Lagrange method is applied to solve this
problem. Hence, maximizing the social welfare.

-y

In contrast, the incentive-based program
included the Peak-time Rebate program
(PTR). In the PTR, the consumers reducing
electricity consumption during peak period
will be rewarded money rebates from the
power suppliers. That means this program
brings benefit to both the consumers and
the suppliers, especially on the consumer
side when compared to previous DR
programs. However, there are still difficulties
in implementing this program such as
electricity pricing and incentive payments .

2.2 Technique

2.2.1 Problem constraints

The suppliers have to satisfy the following
operational constraints in their supply
demand balancing operations.
Supply-demand balancing constraint:

X ¥
¥ s, =2.d, (=12,.,T) 2
=l ball

Output constraint for power generation:

5., €[ 67,6 |(x=1,..X;t=1,..T) 3)

Where "6 are the lower and the upper

limits of power generation.

2.2.2 Lagrange Optimization

To solve the function with constraints,
Lagrange relaxation is the method has
been applied.

L (50 8001, )=SW,

05,4, ¥, (5, G e Y, (G 5.) @
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3. ANALYSIS
3.1 Governing Equations
SW=US(s FUC( )=F(d)-EGs ) tps-d) (5

E(s) is the operation cost required for
the power supply; F(d) is the satisfaction
of the power consumer obtained by
the electricity usage (amount of money
equivalent); means electricity price.

The KKT conditions
Lagrange function

is used to solve

+A‘l T, _J‘I'l=ﬂ;

(2056, 2,=0 )
%t T

uc(d,)
mI
Generally, the Lagrange multiplier at the
optimal power consumption, (orthe optimal
power supply), is the optimal electricity price,

which maximizes the social welfare.

The incentive payment in the DRs is
calculated by:

. AUC
R =2 7
. ‘ Q)]

3.2 Numerical Method

The operational cost function using the fuel

cost functions of thermal generation units:
E(s,) = Ast’+Bst+C (8)

The function of aggregated consumer's
comfort can be approximated by sigmoid
functions:

Zt

F(d,)= TH e (W]

Xt, Yt and Zt are the sigmoid function
parameters.
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Fig 1. Operation Cost and Satisfaction Function

3.3 Results and Discussion
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Fig 3. Shadow price and Social Welfare on each month

Fig 2 and Fig 3 show the relationship
between power consumption and social
welfare. If the social welfare decreased,
the optimal power consumption became
higher than the actual consumption.
Furthermore, the shadow price adjusts

with the social welfare as shown in Fig 3.
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4. CONCLUSIONS

In this paper, a SWM problem between the
electric power suppliers and the consumers
and a pricing method of incentive payment
in the DRs was constructed are introduced
based on Lagrangian Relaxation method.
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GIAI PHAP SU DUNG MAY PHAT DIEN BIOGAS BE TAO
NGUON DIEN NANG TU KHi BIOGAS THU HOI G TRAM XU LY
NUGC THAI: NGHIEN CUU THI DIEM TAI TRAM XU LY NUGC THAI
CONG NGHIEP THUC PHAM CONG TY CPV FOOD, CONG SUAT
8.000M3/NGAY DEM, TINH BINH PHUGC

Lé Thi Van Anh ™, Nguyén Phuong Duy*, Nguyén Trung Hiéu*,
Bui Diic Hi€u*, Nguyén Duc Quan*

*Khoa Ky thuat ha tang va Méi trudng D6 thi, Trudng Pai hoc Kién truc Ha Noi

Ngudi huéng dén: NCS. Nguyén Minh Ngoc

TOM TAT

Thu héi khi Biogas d€ téi st dung trong thuc
té & Viét Nam da trién khai tif nhitng nam
cudi thé ky 20, viéc st dung khi Biogas dé
chay déng co dot trong da dugc nghién ctu
rat nhiéu gan day. Cac thiét bi dong ca chay
khi Biogas da dugc thuong mai hoa va ap
dung réng rai cho ho ca nhan, nha may, xi
nghiép ...

Viéc 4p dung ddng co phat dién chay khi
Biogas cho cac tram xt ly nudc thai c6 su
dung thiét bi UASB hién nay chua dugc trién
khai va danh gia hiéu qua kinh té€. Nghién
clu tap trung vao phan tich d4p dung phat
dién tu khi Biogas cho tram xt ly nudc thai
va danh gia hiéu qua kinh té thu dugc tir qua
trinh tdi tao nang lugng nay.

Tirkhoa: Biogas, UASB, phdt dién, CH4, tram x( ly nuéc thdi.

1. MG PAU

Viéc thu héi va st dung khi Biogas da
dugc dp dung tai Viét Nam tU thap nién 90
cla thé ky 20, viéc thu héi va st dung khi
Biogas dugc ap dung cho cac ho ca thé,
céng ty, nha mdy... nhung muc tiéu phan
I6n la st dung lam nguyén liéu dét, diéu
nay phu hgp vdi hd ca thé hodc nha may
chan nudi, con cac don vi khac thi chua c6
su phu hgp dang ké.
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V6i cac nghién ctu gan day vé dong ca khi gas
nhu Bui Van Ga va cong su (2012), H.T Cong va
N.Q Khanh (2015), N.b Hung va cong su (2015),
da nghién ctiu Uing dung khi gas va khi Biogas
dé& nghién ctu vé déng ca phat dién béng khi
gas, diéu nay cho thdy tiém nang tng dung
tai tao nang lugng tai cac tram xr ly nudc thai
thuc phdm c6 néng dé nhiém cao va trong day
chuyén xtly c6 str dung thiét bi UASB.
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TU thiét bi UASB trong day chuyén xt ly
nudc thai c6 ndng dé 6 nhiém cao, ta thu
dugc nguodn khi Biogas ¢ chtia ham lugng
CH, tlr 50% dén 70%, nguon khi nay thay
vi st dung dé dun ndu (s&r dung han ché &
tram xU ly nudc thai hodc ban vai gia thanh
rat thap) dugc tich Iy va dung cho déng co
phat dién, nguén dién nang dugc sir dung
cho cac nhu cau ngay tai tram xu ly.

2. PHUONG PHAP NGHIEN CUU

2.1 M6 hinh nghién citu

Dua trén day chuyén xt ly nudc thai Cong
ty CPV Food, c6ng suat 8.000m>*/ngay dém,
tinh Binh Phudc, nhém nghién cdu dua
vao Ung dung déng co phat dién bang khi
Biogas tU lugng khi Biogas thu dugc & bé
UASB dé phuc vu mét s6 nhu cau cho tram
xu ly (hinh 1).

Ha théng
UASB == Thu gom va luu =
trir khi Biogas

He théng
May phat dien

I

Hé théng
Thiét bj diéu chinh == Phu tai dién
va phan phéi dién

Hinh 1. S0 d6 bé tri hé théng céng trinh nghién cdu

2.2 Phan tich ky thuat
Nghién ctu co ban cta IPCC (20006) cho
thay lugng tao khi Biogas dugc tinh theo
ty 1€ 0,6 kg CH,/kg BOD hodc 0,25kg CH,/
kg COD.

-y

Nudc thai nha may ché bién céng nghiép
thuc phdm co tai lugng chat thai gay 6
nhiém (bang 1):

Bang 1. Ham lugng chat & nhiém trong nudc thai

T Théng s Pon vi Gia tri
1 BOD5 mg/l 1500 + 2000
2 cob mg/| 2000 + 2800

Vi luu lugng nudc thai 8.000m3/ngay dém,
tai lugng CH, du bao tao ra theo phan tich
cla IPCC (2006), tuang Uing (bang 2):

Bang 2. Tinh toan so bo lugng khi Biogas tao ra
ti tram xUf ly 8000 m*/ngay

T Ham lugng CH, Pon vi Gia tri
1 Theo BOD kg/ngay 7200 + 9600
2 Theo COD kg/ngay 40005600

Hién nay c6 2 loai dong co chuyén déi khi
ap dung khi Biogas dé phat dién |a dong co
xang va dong cd diesel. Trong d6 chuyén déi
dong co xdng sang déng ca st dung Biogas
thuan Igi va don gidn hon so véi chuyén déi
bang dong co Diesel, véi nghién ctu clia N.K
Tung va céng su (2019) vé chuyén déi dong
€O xang sang st dung Biogas, cho thay véi
ty 1& khi CH, la 64% trong khi Biogas thi hiéu
suat phat dién dong co con 55% so Vi su
dung nhién liéu xang.

M hinh nghién cttu dy kién sirdung dong
co chay khi Biogas dugc cdi tao tu dong
cd xang.
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2.3 Banh gia gia tri ctia nghién ctru dé xuat
Khi st dung khi Biogas dé phat dién bang
dong co cai tao tur ddng co xang, cac tram
XU ly nudc thai sé tiéu thu dugc ngudn khi
Biogas tao ra trong qua trinh xtt ly nudc thai
tU thiét bi UASB.

Hiéu qua cda qua trinh sé dugc tinh thong
qua lugng dién nang tao ra phuc vu cho
nhu cau thdp sang, su gidam chi phi cho
tram xU ly nudc thai.

3. KET LUAN

Thu hoéi va stir dung khi Biogas & cac tram
XU ly nudc thai cé thiét bi UASB cho muc
dich phat dién sé hiéu qua kha quan va
dam bdo ngudn nang lugng tai tao lién
tuc, dong thai gidm chi phi st dung cho
cac tram xt ly nudc thai.

Lugng dién nang tao ra ngudn khi Biogas
& tram xU ly nudc thai can dugc nghién
ctu thuc nghiém cho ré rang haon, vi phu
thudc vao loai may phat dién, luogng khi
thuc té va hiéu suat phat dién.

Thai gian hoan vén dau tu céng trinh can
dugc xem xét mot day du, dé danh gia su
hiru ich cta dé xuat nghién cuu.
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Hiéu qua kinh té ctia du an dugc danh gia
lgi ich du dya trén muic d6 so sanh gilta su
dung truc tiép khi Biogas va hiéu qua tu
phat dién bang khi Biogas mang lai, qua
trinh sé& bao gém Igi ich tao ra dién ning
tU khi Biogas trur di gid tri st dung truc ti€p
khi Biogas, nhan cong van hanh, bdo duéng
thiét bi, sau do lay gia tri dau tu (xay dung
cdng trinh, may phat dién, thiét bj dién phu
trg khac) chia cho gid tri lgi ich du da phan
tich dé tinh thai gian hoan vén cong trinh.

TAI LIEU THAM KHAO

11 Nguyén Khic Tung, Nguyén Buc Khanh, Trinh
Xuan Phong, Nguyén Trung Kién (B), Ddng Huy
Cuong, Bui Van Chinh. Nghién ctiu st dung nhién
liéu khi sinh hoc trén cum may phat dién ¢ nhé
dung trong ho gia dinh. Tap chi Khoa hoc va Céng
nghé, Truong Pai hoc Cong nghiép Ha Néi, 2019.

[2] Nguyén Dinh Hung, Nguyén Hu Hudng, Doan
Thanh V@, Vi Viét Thang. Ung dung biogas chay
may phat dién c& nho tai ndng thon Viét Nam. Tap
chi phét trién KH&CN, tap 12, s6 14, pp: 5-11, 2009.

[3] BUi Van Ga va cong su. Hé théng cung cap Biogas
cho dong co mdy phat dién 2HP. Tap chi KH&CN
Dai hoc Ba Nang, s6 3 (20), 2007.

[4] Huynh Thanh Céng, Nguyén Quéc Khanh. Hién
trang & xu hudng nghién ctu dong co dét trong
st dung biogas. Tap chi phat trién KH&CN, tap 18,
s8 K7- 2015, 2015.

[5] IPCC. Guidelines for National Greenhouse Gas
Inventories. Volume 5 - Waste. Chapter 6 -
wastewater treatment and discharge. https://
www.ipcc-nggip.iges.or.jp/public/2006gl/vol5.
html, 2006.
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CACKY HIEU
UASB: BE xtt ly sinh hoc dong chay ngugc qua tang bun
ky khi (Upflow Anaerobic Sludge Blanket)

CH,: Khi mé tan [kg]

BOD5: Nhu cdu oxy sinh héa (lugng oxy can thiét dé oxy
hoa sinh hoc cac chat hitu co trong 5 ngay dau trong
nhiét d6 20°C) [mg/1]

COD: Nhu ciu oxy hoé hoc (lugng oxy can thiét dé oxy
hod hoan toan carbon hiiu co thanh CO, va nuéc) [mg/1]

TAC GIA Y TUGNG

Lé Thi Van Anh, sinh vién nam thu 3,
chuyén nganh Ky thuat méi truong do thi,
Khoa Ky thuat ha tang va moéi trusng Bo
thi, Trung Dai hoc Kién truc Ha Noi.

Email: Levananh15112000@gmail.com

Bui Diic Hiéu, sinh vién ndm th( 4, chuyén
nganh Ky thuat cdp thoat nudc, Khoa Ky
thuat ha tdng va méi truong Do thi, Trudng
Pai hoc Kién trac Ha Noi.

Email: buiduchieu2622@gmail.com

Nguyén Trung Hiéu, sinh vién nam thu
3, chuyén nganh Ky thuat cap thoat nudc,
Khoa Ky thuat ha tang va moi truong Bé
thi, Trung Dai hoc Kién truc Ha Noi.

Email: trunghieu.nguyen.hau@gmail.com

Nguyén Phuong Duy, sinh vién nam thu
3, chuyén nganh Ky thuat cap thoat nudc,
Khoa Ky thuat ha tang va moi truong Bé
thi, Truong Dai hoc Kién truc Ha Noi.
Email:2k49duy@gmail.com
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Nguyén Btic Quan, sinh vién ndm thu 2,
chuyén nganh Ky thuat méi truéng do thi,
Khoa Ky thuat ha tang va moi trudng Do
thi, Trudng Dai hoc Kién tric Ha Noi.

Email: Ducquan0907@gmail.com

GIANG VIEN HUONG DAN

NCS. Nguyén Minh Ngoc, t6t nghiép
Truong BH Thly Lgi ndm 2002 véi chuyén
nganh thdy van va méi trudng, nam 2006
trd thanh gidng vién clia Khoa Ky thuat ha
tang va mai trudng DO Thi, Trudng PH Kién
trdc Ha Noi. Email: ngocnm@hau.edu.vn.
Cac linh vuc nghién clu co ban gém Xay
dung cong trinh, thay luc hoc, ky thuat ha
tang d6 thi, ting dung tin hoc, moi trudng
va xt ly chat thai.
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NGHIEN CUU DE XUAT DIEU CHE NHIEN LIEU HYDROGEN
BANG PHUGNG PHAP DIEN PHAN

Bui Quang Hau, Nguyén Dao Pai Hai, Pinh Vi Hai, Chu Minh Hoan,
Nguyén Trung Hiéu, Lé Quang Hung
Sinh vién I6p Bién 1-K13, khoa Dién, Truong Bai hoc Cong Nghiép Ha Noi

Gido vién huéng dan: TS. Nguyén Quang Thuan.
TOM TAT
Ngay nay, viéc khai thac va sir dung hgp li cdc nguén nang lugng dang trg thanh mét van
dé cdp bach mang tinh toan cau. S di nhu vay la do nhan loai dang ding trudc hang
loat nguy co ma nguyén nhan ctia n6 chinh la van dé khai thac va st dung cac nguén
nang lugng truyén théng (nang lugng héa thach nhu than da, dau mo...). Cadc nguén nang
lugng nay dang c6 nguy cd can kiét, tinh trang 6 nhiém méi trudng va su néng lén cda Trai
Dat ngay cang cao hon.

& Viet Nam cac nguén nang lugng chd yéu duoc st dung gém: nang luong than, thiy
dién, nhiét dién, dau mo, nang lugng mat trdi, ndng lugng sinh khéi... Nhan thic dugc
tdm quan trong clia van dé nang lugng déi vdi su phat trién bén ving, nhiéu quéc gia da
xay dung cac chuong trinh phéat trién nang lugng ma trong tam la huéng dén cac nguén
nang lugng sach nhu néng lugng giod, ndng lugng mat trdi, nang lugng sinh hoc... Van dé
st dung nang lugng tiét kiém va hiéu qua da, dang duoc Dang va Nha nudc rat quan tam.

Tirkhéa: Hydrogen, dién phan nuéc

1. DAT VAN BE

Qua kién thic nhién liéu sinh hoc mén
nang lugng tai tao va qua nghién ctiu cac
loai tai liéu, nhém tac gia nhan thdy rang,
nguén nhién liéu Hydrogen co gia tri si
dung rat cao, dé diéu ché vai khéi luong
I16n. Tuy nhién, ndng lugng Hydrogen van
con la moét khdi niém con xa la véi ngudi
Viét Nam.
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Hydrogen dugc phat hién dau tién vao
khoang gilra thé ky tha 16. Trén thuc té
Hydrogen la mot khi don gidn nhat va la
thanh phan chu yéu trong vi tru (chiém
dén hon 90%).Trén Trai Dat, Hydrogen ton
tai cht yéu dudi dang hgp chat vai Oxygen.
Hydrogen la mét ngudn nang lugng mai
véi nhitng uu diém sau: cé nhiét do chay
cao nhat trong tat ca cac loai nhién liéu c6
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trong thién nhién (khodng 3200°C), khéng
chta bét cé nguyén t6 hoa hoc nao khac
ngoai Oxygen va Hydrogen.

Nhu vay, phuong phéap dién phan nudc
dé thu Hydrogen nguyén chat gidp gidi
quyét cac van dé lién quan dén nhién liéu
nén Hydrogen dugc goi la nhién liéu sach
ly tudng va than thién véi méi truong,
Hydrogen dugc san xuat tir nudc nén do la
nguén nang lugng rat tiém nang.

2.DUKIEN GIAIPHAP THUCHIEN Y TUGNG

Qua trinh nghién ctu dé tai “Diéu ché
nhién liéu Hydrogen bang phuang phap

an

dién phan” chia thanh 4 giai doan nghién

clu nhu sau:

Giai doan 1: Tim hiéu vé nhién liéu
Hydrogen, thao ludn nhém va duara y tuéng.
Giai doan 2: Nghién ctu ly thuyét, tim hiéu
vé phuong phap tao ra Hydrogen.

Giai doan 3: Thiét ké so d6 nguyén ly va
phuong phap thu nén khi.

Giai doan 4: Thuc hién viét tom tat, viét
bdo cao dé tai.

Céac tinh chat ctia Hydrogen

e Hydrogen la chat & diéu kién thudng,
khéng mau, khéng mui va khong cé
doc tinh.

e Hydrogen nhe hon khéng khi, tan rat
it trong nudc.

e Hydrogen khuéch tan rat nhanh véi

-y

téc do khuéch tan nhanh gap 3,5 lan
so vGi khéng khi .

e Hydrogen la chat dé chay, chay ém diu
trong khong khiva tao ra lugng nhiét I6n
(ngon Ita Hydro tinh khiét véi Oxygen
tinh khiét c6 nhiét d6 khoang 2500°C).

e Hydrogen bén & nhiét do thuong, rat
khé phan ly, Hydrogen chi bi phan ly
khi nhiét d6 khoang 2000°C.

e Onhiétdd cao, ap sudt cao, dic biét cd
cac chat xuc tac, Hydrogen hoat dong
rat manh va thé hién tinh khir ciing rat
manh.

Tén chida Hydrogen

T6n chira Hydrogen duéi dang khi nén

e Hydrogen c6 thé dugc nén trong céc
binh chura véi ap suat cao (700 bar).

e Ngay nay, cac binh chtra dp suat cao
hién dai dugc lam tur composite va
vat liéu nhe hon thay cho cac binh
thép truyén théng.

e Tén chua Hydrogen duéi dang khihoa
léng

e Hydrogen dugc héa Idng & nhiét do
cuc lanh (-235°C).

e Uu diém ton trit Hydrogen dudi dang
I6ng la cho ty trong nang lugng theo thé
tich cao nhat va tén it khong gian nhat.

e Tén chta Hydrogen dudi dang hop
chat

e Ton chia Hydrogen nha hap thu hoéa
hoc. Vi du: NH3BH3, Hydrogen dugc
gidi phong & nhiét do6 tu 100 - 300°C.
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e Tén chua Hydrogen trong cac Hydrua
kim loai.

e Ton chua Hydrogen trong cac 6ng
carbon nano rong.

Ung dung Hydrogen

Hydrogen c6 thé dét truc tiép trong déng
€O cla cac loai phuong tién giao théng
chay bang xang dau. Muc tiéu hao nhién
liéu cla moét xe chay bdang Hydrogen
khoang 4kg Hydrogen/300km, néu hoa
Ibng Hydrogen thi hét khoang 0,95lit
Hydrogen |6ng/100km.

Vi vay, Hydrogen cé tiém nang vé cung 16n
dé c6 thé gidp cai thién chat lugng séng ctia
ngudi dan cac vung dan toc thiéu so tai Viét
Nam hién nay, nhu: Ha Giang, Lang Son,...
Va sau day la mot vai phuong an Ung dung:

Phuong an 1: Tan dung cac con séng, con
sudi, chiing ta cé thé I13p d&t cac tram cung
cap binh Hydrogen mini tai cac vi tri tién
Igi dé ba con dén |ay va mang vé st dung.

Phuong an 2: Thiét ké bd diéu ché
Hydrogen tai nha vdi gid binh dan cho ba

con vung sau vung xa.

Co's& li thuyét caa dé tai

Phuong phap nay dung dong dién dé tach
nuéc thanh Hydrogen va Oxygen. Qua
trinh gobm hai phan (ng xay ra & hai dién
cuc. Hydrogen sinh ra & dién cuc am va
oxygen & dién cuc duong:

2H,0+2e — H+20°H (1)

* Tai catot (cyc am) H,0 bj khur:
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¢ Tai anot (cuc duong) bi oxi hoa:

2H,0 — 0, +4H"t4e )

— — —
Hydro Oxy
Mang
ngén
Phain imeg o Catbt Phis img o Ande
N Brei o, O~ 0,4 dH4 i

Khéi lugng chat dugc gidi phong ra & cac
dién cuc dugc tinh theo dinh luat Fa-ra-day:

Fnm=A1t 3)

+ A: khéi lugng mol cta chat dugc gidi
phéng.

+ 1. Hoéa tri clia chat giai phong.

+ [: Cudng d6 dong dién chay qua binh
dién phan.

+ ¢: thoi gian dién phan.

+ F'=96494 C/mol: s6 Fa-ra-day.

Phuong phap thu nén khi

Thu nén khi cht yéu dua vao phuang phap
T6n chia Hydrogen dudi dang khi nén va loc
khibadng cach chi can lam khé khi vi trong Itic
dién phan van con nhiéu phan td hoi nudc
ngoai ra khéng con loai tap khi nao ca.

So d6 nguyén li

Nguon Binh Khi Van Hé Binh
mit [ dién Hydro [ mét [ | théng [ chim
chiéu phin gen chieu lam khi

khé khi
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3.KET LUAN

Qua trinh tim hiéu nghién ctiu phuong phap
diéu ché Hydrogen bang phuong phap dién
phan nudc, nhém tac gia thdy rang:

«  Viéc ché tao moét chiéc may dién phan
rat don gian, chi phi thap vi c6 thé tan
dung cac vat liéu ré cé nhiéu trong ddi
s6ng hdng ngay nhu la cac binh nhua,
tdm nhom, nudc,...

«  Diéu ché ra Hydrogen bang phuong
phap dién phan nuéc cét it tén kém

TAI LIEU THAM KHAO

[11  Huy,T.N. (n.d.). Hydrogen - Nguén nang lugng héa hoc
ctia tuang lai. www.moit.gov.vn.

[2] RSC.(n.d.).Royal Society of Chemistry. Retrieved from RSC:
https://www.rsc.org/periodic-table/element/1/Hydrogen

[38] Tao,B.G.(2016).Vat Ly Ldp 11. Ha Néi: Gido Duc.

[4]  May tao khi Hydro cong nghiép:

TAC GIAY TUGNG

Nguyén DPao Pai Hai sinh ndm 2000 la sinh vién 16p
Cong nghé ky thuat bién 1-K13, khoa Bién, Trudng Dai
hoc Cong Nghiép Ha Noi.

Lé Quang Hung sinh nam 2000 la sinh vién I6p Cong
nghé ky thuat Dién 1-K13, khoa Dién, Trudng Dai hoc
Cong Nghiép Ha Néi.

Pinh Vi Hai sinh nam 2000 la sinh vién 16p Cong nghé
ky thuat Bién 1-K13, khoa Dién, Trudng Pai hoc Cong
Nghiép Ha Noi.

Nguyén Trung Hi€u sinh ndm 2000 la sinh vién I&p
Cong nghé ky thuat Bién 1-K13, khoa bién, Trudng Dai
hoc Cong Nghiép Ha Noi.

Dinh Vi Hai sinh ndm 2000 la sinh vién 16p Cong nghé
ky thuat Bién 1-K13, khoa Dién, Trudng Pai hoc Cong
Nghiép Ha Noi.

Bui Quang Hau sinh ndm 2000 la sinh vién 16p Cong
nghé ky thuat Bién 1-K13, khoa Dién, Trudng Dai hoc
Cong Nghiép Ha Noi.

khoang 5000 déng/lit, gia thanh chat
xtc tdc NaOH khéng dang ké.

«  Viéc diéu ché Hydrogen rat an toan vi
chi st dung nguén dién mot chiéu cé
hiéu dién thé khoang 12V.

«  Diéu ché Hydrogen bdng phuong
phap dién phan nuéc khong gay dnh
hudng t6i mai trudng vi chi tao ra
Oxygen va Hydrogen con chat xuc
tadc NaOH thi khéng bi mat di trong
qua trinh dién phan.

https://sites.google.com/site/micoengineer/san-pham/
thiet-bi-san-xuat/khi-hydrogen-h2?fbclid=IwAR2zQSZouWE
FyiOyY1hWUY-9eF2sH6j4CM6kNaSpV2CarPBCkIEo3PrvPCO
[5]  Dung, P.N.Hydrogen & Pin nhién liéu. https://sites.google.
com/site/vnggenergy/hydrogen
[6] http://pecc2.com/Detail.aspx?isMonthlyNew=1&news
ID=101472&MonthlyCatID=18&year=2020

GIANG VIEN HUGNG DAN

Thay Nguyén Quang Thuan t6t nghiép Dai hoc, nhan
bang Thac si va Tién si nganh Ky thuat dién tai Trudng
Pai hoc Bach khoa Ha Néi lan lugt vao cac nam 2000,
2006 va 2016. Nam 2013 thuc tap nghién ctiu chuyén
dé“Qua dién ap do sét trong trang trai dién gio” tai Dai
hoc Supélec, Phap (nay la CentraleSupélec).

Hién tac gid dang céng téac tai Truong Pai hoc Cong
nghiép Ha Noi.

Hudng nghién ctu chinh: Qua d6 dién tu, bao vé
chéng qué dién ap trong hé théng dién, nang lugng

tdi tao va tiét kiém nang lugng
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DU BAO TOC PO GIO SU DUNG MO HINH CONVOLUTIONAL
NEURAL NETWORK - LONG SHORT TERM MEMORY NETWORK KET
HOP WAVELET PACKET DECOMPOSITION VA DIEU CHINH SAI SO

Lé Anh Tuan, Nguyén Van Nghiép™, Nguyén Thi Hoai Thu

(1) sinh vién vién Dién - Trudng Pai hoc Bach khoa Ha Noi
*Corresponding author: thu.nguyenthihoai@hust.edu.vn

TOM TAT

Viéc dua ra dy bado nang luogng gi6 dua
vao téc do gid c6 dd chinh xéac cao rat
quan trong d6i vdi viéc van hanh va diéu
tiét hé théng dién. Bai viét nay dé xuat
mot md hinh du bao téc d6 gid dua vao
WPD (Wavelet Packet Decomposition),
CNN (Convolutional Neural Network) va
LSTM (Long Short Term Memory Network)

va GARCH (Generalized Auto Regressive
Conditional Heteroskedasticity). 0 mo
hinh da dé xuit, WPD dugc st dung dé
phan tach dit liéu gié thanh mot s6 cac lop
phu; CNN dua ra du bao cho cac I6p tan sé
cao nhan dugc; LSTM dua ra du bao cho
I6p tan s6 thap; GARCH cai thién dé chinh
xac du bao tir két qua du bao.

Keywords: wavelet packet decomposition, convolutional neural network, long-short term

memory network, Generalized Auto-Regressive conditionally heteroskedasticity

1. DAT VAN PE

Hién nay, su phat trién kinh té kéo theo
nhu cau ndng lugng tang cao. Nang lugng
tai tao dang nhan dugc su quan tam Ién
vi d6 la nguén nang lugng vo tan, dac
biét rat than thién véi méi trudng, c6 thé
dung dé thay thé cac ngudn nang lugng
truyén théng t nhién liéu hoa thach M-8,
Trong d6 gi6 1a mét trong nhimng nguén
nang lugng day hiia hen. Tuy nhién gié c6
dac trung la dao dong va mang tinh ngau
nhién, khéng én dinh. Do d6 dé c6 thé
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van hanh mot cach kinh té va 6n dinh hé
théng dién cé su tham gia clia dién gid,
can phai tién hanh du bao vé téc do gioé
mot cach chinh xac nhat.

Cho dén nay da c6 nhiéu nghién ctu vé
cdc phuong phap dy bao téc do gio.
Mot vai phuong phép c6 thé ké dén nhu:
phuong phap vat ly, phuong phap du bdo
dua trén théng ké, phuong phéap du bao
dua vao tri tué nhan tao,..! Phuong phap
vat ly du bao nang lugng gié bang cac
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théng s6 vat ly nhu: nhiét dé moi trudng,
ap suat khi quyén, diéu kién dia hinh. G
phuang phap vat ly hai ki thuat cot 16i la:
du bao thai tiét dang s6 (NWP) va dong luc
hoc chat l6ng tinh toan. Mot s6 mé hinh
du bao t6c d6 gié dua vao phuong phéap
vat ly da dugc dé xuat. Wang va cong syl
da gidi thiéu mot mo hinh dy bao dua vao
NWP. So vé&i phuang phap vat ly, phuong
phép théng ké thudng don gian hon va
phu hgp véi dir liéu quy mé nhéP. Hién
nay, viéc ing dung tri tué nhan tao, vi du
nhu mang no ron nhan tao trong cdc moé
hinh du bdo dang rat phé bién nhd nhiing
uu diém vuat trdi. Mang na ron la céng cu
mo hinh hoa dir liéu thong ké phi tuyén,
c6 thé dugc st dung d€ mé hinh héa cac
m&i quan hé phuc tap cta di liéu. Liu va
céng su? da tién hanh nghién ctu so sanh
cdc mo hinh dua trén ANN dé du béo t6c
dd gid. Cai thién hiéu sudt so vaSi ANN,
CNN [a mét mé hinh tinh todn st dung
mot bién thé cla cac na ron nhiéu 16p va
chita mét hodc nhiéu I6p phuc hop dé xur
li phi tuyén tinh, CNN chi c6 mét I6p t néi
day du & cudi cung®, gidm su phu thudc
phan cing so véi ANN. CNN da dugc s
dung trong nhiing mé hinh du béo téc do
gié. Wang va cong su® st dung CNN trong
mo hinh du bao t6c dé gié bang xac suét.
Ngoai CNN, LSTM cling la mét céng cu
dua ra du bao hiéu qua. La mét dang dac
biét cia RNN (Recurrent Neural Network)
mang nd ron héi quy, chira cac vong lap

-y

bén trong cdu truc cho phép théng tin luu
lai dugc. LSTM l1a mot mé hinh ¢ thé tim
hiéu sau vé su phu thudc theo thai gian va
dai han tu dit liéu chubi thoi gian va giai
quyét van dé gradient bién mat hiéu qua
hon RNN truyén théng. LSTM tranh dugc
van dé phu thudc xa. Cho dén nay, LSTM
da dugc Ung dung vao trong cdc mo hinh
dy bao. Liu va cong sy da s& dung LSTM
trong mé hinh du béo téc dé gi6é va cho
thay kha nang xt ly phi tuyén manh mé.

Bén canh mé hinh du bdo, cac phuong
phap xu ly tin hiéu dau vao c6 thé tac
doéng 16n dén do chinh xac cha két qua du
bdo. Nhiing phuong phap xt ly tin hiéu
dugc Ung dung rong rai” ¥, Tascikaraoglu
va cong su” dua ra mét moé hinh st dung
WT (Wavelet Transform) dé& phan tich di
liéu gi6 dau vao thanh cac thanh phan
c6 dinh. Liu va cong su® da dé xuat
mot mé hinh du bdo dua vao WPD va
FEEMD (Fast Ensemble Empirical Mode
Decomposition). WPD la mét phuaong
phap x li tin hiéu dugc chiing minh vé do
hiéu qua vé phan tich dir liéu theo cac tan
s6 khac nhau trong du bao téc dé gid®©.
WPD phan tich chuéi di liéu gio thanh
cac thanh phan xap xi (tan sé cao) va cac
thanh phan chi tiét (tan s6 thap).

Bén canh do, dé nang cao dé chinh xac
cla du bdo, mot s6 nghién clu gan day da
st dung cac phuong phap diéu chinh sai
s0. GARCH (Generalized Auto-Regressive
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conditionally heteroskedasticity) la mot
trong cac phuong phap diéu chinh sai s6,
dugc gidi thiéu badi Boollerslev vao nam
1986 st dung dé xac minh sy bién déng
cla cac sai s6 va diéu chinh sai s6 du bao.
Mé hinh GARCH dugc xdy dung d€ mo
hinh hoa céac yéu t6 bat dinh va dy bao vé
phuong sai c6 diéu kién. GARCH da dugc
ap dung vao mét vai mé hinh du bao toc
dé gio. Y.Jiang va cac cong su ' da dé xuat
mot mé hinh du bdo téc dé gié st dung
GARCH trong vai trdo moé ta sai s6 va nam
bét su bién déng clia cac chudi dit liéu gio.

Nghién ctu nay dé xuat mét mé hinh du
béo téc d6 gio dua vao CNN-LSTM két hgp
phuong phap x{ ly tin hiéu WPD va diéu
chinh sai s6 GARCH nhu trén hinh 1. Lép
con tan sé cao ¢6 sy phu thudc ngan han,
trong khi 1&p con tan s6 thap co ca sy phu
thudc ngdn va dai han". Déi vai dir liéu
phu thuéc ngadn han CNN c¢6 d6 chinh xéac
tuong tu va téc d6 nhanh hon LSTM, vi
thé CNN dugc st dung dé du bao I6p tan
s6 cao. Ngoai ra, LSTM c6 thé x{ ly tuan tu
tét han dir liéu tam thai dai han va su phu
thudc trong ngén hant'? c6 thé dua ra du
bao cho 16p tan s6 thap t6t hon. Mé hinh
dugc gidi thich nhu sau: (@) WPD nhan dir
liéu vao, phan tich dit liéu thanh cac I6p tan
s6 cao (thanh phan xap xi) va cac I6p tan s6
thap (thanh phan chi tiét); (b) CNN dua ra
du bao cho cac I6p tan sé cao nhan duag;
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(c) LSTM dua ra du bao cho cac 16p tan s6
thap; (d) GARCH cai thién dé chinh xac cta
du bdo tur két qua du bao nhan duac.

CNN forecast
| result
LSTM

GARCH

high
frequency

TOpUE layers

signal

= PD

layers

Hinh 1. So d6 ctia mé hinh du bao.
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NGHIEN CUU DU BAO CONG SUAT PHAT CUA NHA MAY BIEN
MAT TROI DUA TREN DU LIEU BUC XA DA CO

LéTanVa®

(1) Sinh vién khoa Ky thuat dién - Truong Bai hoc Dién Luc

*Email: letanvu30121999@gmail.com

Supervisor: Pham Manh Hai

TOM TAT

Véi cac nganh nang lugng mai, dac biét
la dién mat troi san lugng dién ludn
bién déng va phu thudc vao diéu kién
ty nhién cta dnh sang mat troi. Néu ludi
dién khong kiém soat dugc tét thi khi
thoi tiét xu di, sé gdy ra su c6 mat an
toan doi vai lugi dién. Vay lam thé nao
dé kiém soat anh huéng bat Igi clia phat
dién mait troi déi véi ludi dien 1a van dé

1. GIGI THIEU:

Néi dung dé xuat:

I.  B& dirliéu vé buic xa mat trdi.

Il. B& dirliéu vé nhiét do.

ll. B6 dit liéu vé cong suat thuc té cla
nha may dién mat trdi.

IV. Ung dung mét s6 thuat toan dé mo
phong du bao cong suat phat.

V. Tac ddng cla cac théng sé trong thuat
toan dén két qua du bao.

VI. Béanh gid két qua dy béo.
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quan trong can giai quyét. Chinh vi hiéu
rd su cap thiét trén dé xuat nay sé lam toi
uu héa mé hinh tinh toan dé khéc phuc
cac van dé trén. D& xuat nay can cu dya
trén di liéu buc xa da c6 dé€ du bao cong
sudt phat ctia nha may dién nang lugng
mat tr&i va dua ra cac dé xuat phuong
phép va xay dung thuat todn du bao phu
hgp cho cdc nha mdy dién mat trdi.

2. PHUONG PHAP NGHIEN cUU

2.1 Phuong Phép dé xuat:

Hién nay c6 ba phuang phéap co ban dugc
stt dung dé du bao phu tai:

«  Bénvimng

. Ngén han

«  Tritué nhan tao

Dé xudt nay sé dya trén phuong phap tri
tué nhan tao trén co s& cac di liéu buc xa
nhiét do thu dugc c6 san dé danh gia két
qua udc lugng cdng sudt phat cda nha
may dién mat troi.
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2.2 Ki thuat

2.2.1 Thu thap dir liéu

Kiém chiing qua mé phéng va danh gia
két qua: mo phong trén may tinh thong
qua cac thuat toan trén nén tang lap trinh
MATLAB dua trén cac dir liéu buc xa thu
dugc ¢6 san; danh gia két qua udc lugng
cac thong s6 cong suat phat ciia nha may
dién mat troi.

3.PHANTICH

3.1 Phuong trinh diéu chinh

« Viéc dy bdo cudng d6 buc xa mat troi
phu thudc vao gia tri chiéu xa ngang
toan cau (GHI) va gia tri chiéu xa truc
ti€p binh thuang (DNI) ™.

« Viéc dy bdo cudng do buc xa mat troi
bi anh hudng badi cac yéu té nhu su
chiéu xa trong trudng hgp bau trai
khéng c6 may, su hdp thu buc xa cta
khi quyén, su hap thu buc xa cla cac

dam may @,

«  Chi s6 UVI (Universal Variability Index)
hay chi s6 VI dung dé du bao buc xa
mat trdi it c6 bién déi trong ngay: B,

3 (G, ~GHI Y + & "
UVl =41

> J(CSI,—CSI, ) + At}

i=1

-y

GHI (Global Horizontal Irradiance): Chi s
chiéu xa ngang toan cau.

CSI (Clear Sky Index): chi s6 trong clia bau trdi.

Viz1 Vi=2
Vi=19 Vi=20

Hinh 1. So d6 cia mé hinh du béo.
«  Chi s6 VR (Variability Reduction) la chi
s6 noi Ién mai tuong quan gitia su bién

thién buc xa va su bién thién céng suat
do bién thién buic xa gay ra ¥.:

NVI
VR=—— (2)
NVP

« NVI (Natural Variability of Irradiance):

Su bién thién buc xa tu nhién.

« NVP (Natural Variability of Power): Sy

bién thién cong suat tu nhién.

NI = S g = Limgﬂ]‘_ﬁ(})z
G m-173

Nvp=Car

P
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Bi€u thi do léch chuan cla thay déi buc xa

mat troi do dugc trong mét khodng thoi

gian cu thé.

o—nGHI :

av]

Biéu thi gia tri trung binh ctia buc
xa do dugc.

:S6 lan do buc xa.

Biéu thi diém thi j cGa budc thay
ddi buc xa.

: Biéu thi gia tri trung binh clia cac

buéc thay d8i buc xa.

: Biéu thi d6 léch chuén cda thay

d8i cong suat do dugc trong mot
khodng thai gian khi c6 su thay
d8i buic xa mat trdi.

: Biéu thj gia tri trung binh cda

céng suat do duoc.
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[ Daily NVI
—— Daily NVP

5. A¢ 25, 0
Day of Manth

0 5 10

Hinh 2. Mé&i tuong quan gitfa bién thién buic xa

tu nhién va bién thién cong suat tu nhién.
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SESSION 2

Phong: Jasmine 1 | Chi toa: Hoang Trung Kién, Nguyén Quéc Minh

PHUGNG PHAP DIEU KHIEN BAM DIEM CONG SUAT CUC PAI
PIN MAT TROI SU DUNG DOUBLE DEEP Q NETWORK

Nguyen Duc Long ", Hoang Tien Thang ", Vu Thi Thuy Nga

(1) Sinh vién chuyén nganh Diéu Khién va Ty Dong Héa - Trudng Dai hoc Bach Khoa Ha Noi
long.nd174033@sis.hust.edu.vn, thang.ht174198@sis.hust.edu.vn,
nga.vuthithuy@hust.edu.vn

TOM TAT

Viéc st dung cadc phuong phéap cta ly
thuyét diéu khién cé dién cho bai toan bam
diém cong suat cuc dai (Maximum Power
Point Tracking - MPPT) da cho nhiing két
qua rat tét. Tuy nhién, cac phuong phap

d6 chua t6i uu trong nhing diéu kién lam
viéc khac nhau, do vay bao cao nay dé xuat
mot phuong phap diéu khién MPPT téng
quét dua trén thuat todn hoc tang cudng
(Reinforcement Learning - RL)

TU KHOA: Diéu khién MPPT, thudt todn hoc tdng cudng, Double Deep Q Network

1. GIGI THIEU
Phan ndi dung ma nhém sinh vién mudén

trinh bay dé xuat bao gém 4 phan:
e Van dé diéu khién MPPT

e Phuong phép hoc ciing c¢6 ap dung
cho bai toan MPPT (Reinforcement
learning for MPPT)

e  Thuat todn Double Deep Q Network
(DDQN)

e Nhing két qua mo6 phdng bang phan
mém Matlab kiém chiing dé xuat
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2. PHUONG PHAP

2.1 Mé hinh dé xuat

Dé xudt mét phuong phap diéu khién
MPPT s dung Double Deep Q Network
dem lai hiéu qua cao hon trong bai toan
bam diém c6ng sudt cuc dai so véi cdc mo
hinh MPPT truyén théng va bang phuong
phap Q Learning da dugc dé xuat trudc day

2.2 Bac diém ki thuat

2.2.1Van dé diéu khién MPPT

Diém céng suat cuc dai (Maximum Power
Point — MPP) la mét diém duy nhét trén
dudng cong PV, noi nang lugng dugc tao
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ra ti ngudn PV (Photovoltaic Sources) la
t6i da, MPPT la mot nhiém vu quan trong
trong hoat dong cla cac nguén PV bdi
trong phan l6n cac tng dung, gia tri clia
tai dién tré la khac véi gia tri dién tra
tuong Ung véi MPP dudi nhiéu diéu kién
moi trudng khac nhau

2.2.2 Phuong phap hoc ciing ¢é cho bai
toan MPPT

Reinforcement Learning (RL) hay hoc cling
cé/tang cuong, la linh vuc lién quan dén
viéc day cho mdy (agent)

(task)
bang cach tuong tac véi moi trudng

thuc hién t6t moét nhiém wvu

(environment) théong qua hanh déng
(action) va nhan dugc phan thudng
(reward). Va dé ap dung dugc diéu nay
ching ta can dinh nghia mét mé hinh
Markov Decision Process (MDP) véi céc
théngs6S, AR T

0.5 kwjm?

| (Amperes)

I ..-_'_'f'\'\mnn! = 1R,

Vivers)

Hinh 1. Anh hudng ctia cac diéu kién |-V
dén diém MPP

-y

3.PHANTICH

3.1 Phuong trinh

M6 hinh PV dugc st dung trong dé xuat
nay la mot moé hinh diode, c6 dong dién
dugc tao ra tir ngudn PV dugc mo ta baoi
cac phuong trinh trong (P. Kofinas, RL
MPPT, 2017)

D

Hinh 2. M6 hinh PV

Céc phuong trinh:

Ipy = Ise - ayebrVev )
- Grv

Isc = Iser T 1% Nuscr(Tpy — T)) 2)

a, = Iy e sTeVoc 3)
- bsre

by = 14 nyore( Tey="Tr ) @

log(1- TEET)
bsrc = Vmppr = Vocr ©)

3.2 Thuat todn DDQN trong bai toan MPPT
DDOQN la mét thuat toan nang cap ti Deep
Q Network bang viéc st dung 2 mang
noron: online network va target network.
Mang online network dugc dung dé chon
gia tri hanh déng tai mét trang thai nhat
dinh. Mang target network dugc dung
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dé tinh toan gia tri target khi huan luyén
mang. Mang target network dugc cap
nhat sau moét s6 1an 1ap nhat dinh.

Luu d6 thuat toan DDQN trong bai toan
MPPT:

C =i Bt dhu >
=

Kihé tgo ving nhé O, gin g= 1
Khér 190 Mang Qumting, Qo

rges ™ Qantine

¥t dinh trang
thibi hidn tel 5y

Chon hinh ddng a,
£6 Qontng (5. 0} Won nhiit

Chin himh ddng a,
nghu nhidn
e=geb(b<l)

Thape hign hanh diing.,
it AU Feay

Tinh todn phin
thardng 1y

L Sy, g Py Sy
vio D

Chon nghu nhidn
mini-batch tir

Ingut: £

Hukin liydn onfine_netwark val:
Target: 1y + ¥maxyCrarger(Frep or)

Chp bt mang Grarger 3au mdi n véng lp:
Qrarger = Qonne

]

Hinh 3. Luu d6 thuat toan DDQN
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3.3 K&t qua va thao luan

Véi diéu kién méi trudng buic xa bién thién
hodc diéu kién tai thay déi thi cédng suat
phat ra cla pin da hoi tu vé diém cong
suat cuc dai va sau khi diéu kién moi
trudng dugc lap lai thi céng suat phat ra
cUa pin hoi tu vé diém cong sudt cuc dai
chi trong mot thoi gian ngén.

Hinh vé dudi day la mot két qua moé phong
cla bai toan Double Deep Q Network so
vGi dé xuat st dung thuat toan Q Learning
trudc day trong trudng trudng hop nguén
pin c6 cong suat lon.

C6é thé thdy DDQN cho téc dd hoi tu
nhanh hon va muc dé bién thién clia cong
suat trong qua trinh chay nhé hon. Tuy
nhién, cong suat sau khi hoi tu cla thuat
todn DDQN cé xu hudng dao dong nhd
quanh diém céng sudt cuc dai. Diéu nay
do viéc lya chon tap di liéu hudn luyén
chua phu hogp gdy ra nhiéu trong qua
trinh huan luyén mang, do sé lugng di
liéu hudn luyén chua du khién cho mang
noron chua thé du doan dugc hét tat ca
cac trang thai cla mo hinh.
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4. KET LUAN

Thuat toan dua vao ba tham sé trang thai
dé xac dinh xem diém lam viéc c6 gan véi
diém cong sudt cuc dai hay khéng. Thuc
hién mo6 phéng dudi mét s6 kich ban thur
nghiém dé danh gia muc dé hiéu qua cla
thuat toan véi nhing diéu kién lam viéc
khac nhau. Két qua mé phong cho thay
thuat toan hoat déng tuong doéi tot va
hiéu qua dugi nhiéu diéu kién lam viéc
khac nhau nhu: bién thién nhiét dé, bién
thién buc xa, bién thién tai. Thuat toan cho
thédy d6 tin cay va hiéu qua trong viéc giai
quyét bai toan MPPT.

5.THAM KHAO

[11 A reinforcement learning approach for MPPT
control method of photovoltaic sources -P. Kofinas
(2017)

[2] Animproved perturb and observe (P&0O) maximum
power point tracking (MPPT) algorithm for higher
efficiency - Jubaer Ahmed (2015)

[3] Deep reinforcement learning approach for MPPT
control of partially shaded PV systems in Smart
Grids - Luis Avila (2020)

[4] Machine Learning co ban - Nguyén Hiru Tiép

TAC GIAY TUGNG

Hoang Tién Thang 20174198 Vién Dién,
Truong Pai hoc Bach khoa Ha Noi

Nguyén Duc Long 20174033 Vién Dién,
Trudng Pai hoc Bach khoa Ha Noi

GIANG VIEN HUGNG DAN

Vii Thi Thuy Nga da nhan bang ¢t nhan
va Bang thac si Ky su dién cla Trudng Dai
hoc Bach khoa Ha Noi, Ha Noi, Viét Nam,
lan lugt vao ndam 2005 va 2008, va bang
Tién si. T6t nghiép Ky su Dién ti tai Dai hoc
Dongguk, Seoul, Han Quéc, nam 2013. C6
hién dang lam viéc vSi B6 mén Diéu khién
Tu dong, Trudng Pai hoc Bach khoa Ha Noi,
Ha Noi, Viét Nam, vai tu cach la Gidng vién
chinh. Cdc méi quan tdm nghién ctiu cua
c6 bao gom truyén dong may dién dua
trén DSP va diéu khién cac hé théng phat
dién phan tan st dung cac ngudn nang
lugng co thé téi tao.
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IMPACT OF DISTRIBUTED SOLAR PLANTS ON THE OPERATION
OF MEDIUM VOLTAGE SYSTEMS

Xuan-Thanh Tran ", Van-Duong Pham ™, Manh Phan Dinh ",
Thi-Hoai Nguyen ), Dr. Huy-Nguyen Duc

 Student at School of Electrical Engineering, Hanoi University of Science and Technology
*Corresponding author: manh.pd174046@sis.hust.edu.vn

ABSTRACT
The distributed
generation, primarily rooftop solar PV,

development  of
is expected to increase substantially
in the next decade. On the one hand,
distributed generations help reduce
the burden to invest in large, expensive
power plants and reduce the cost of
transmission system expansion. On the

other hand, the dispersed nature of

distributed generation will create new
technical challenges for the power system
operation. The stochastic variation of wind
and PV also will represent fluctuating
operating modes. Therefore it is become
increasingly challenging to ensure the
reliability of supply. The current work aims
at studying the impact of a solar plant
connected to a medium voltage feeder.

Keywords: Distributed Generation, solar power, load flow analysis.

1. INTRODUCTION

The penetration of renewable energy
sources in conventional power systems
has increased steadily in the last decade.
and  distributed
inevitably become a

Renewable  energy
generation  will
significant participant in electric power
systems. To ensure the power system'’s
reliable operation with the wind, solar
generation, it is necessary to develop new
technologies to improve its reliability. Much
work has been done to analyze the impact

of renewable generation on the distribution
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system’s operation, and accordingly, to
propose improved grid codes for the
interconnection of distributed generation
(DG) sources M, 21, Bl |n this work, the impact
ofasolarPV plantconnected toa22kVfeeder
network analysis The network data and PV
output profile are based on actual data.
The analysis is carried out using PSS Sincal
software. Section 2 briefly summarizes the
impact of Distributed generation sources
in power systems. Section 3 presents some
simulation results
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2. BACKGROUND

Several technical issues need to be
addressed to ensure smooth integration
of wind and solar power into the power
system. These renewable generation
sources have two distinctive features
that are fundamentally different from
conventional generation sources.
First, wind and solar power output are
of stochastic and uncertain natures.
Second, their interface with the power
network is based on inverters (inverter-
based generation) with operational
characteristics that are very different
from that of synchronous generators. The
interconnection of distributed generation
sources, therefore, need to account for the

following issues:

«  Voltage control and regulation: The
level of DG increase,

IEEE1547  (2018)[1]
recommends that DG support the local

penetration
the revised
grid voltage. The inverter needs to be
able to regulate its reactive output to
assist with grid voltage control.

«  Power quality: Inverter-based
generation sources need to satisfy
power quality requirements, especially

harmonics/current distortion.

-y

Primary frequency response:. This
feature helps improve grid resilience
in frequency disturbances.

Low voltage ride-through: During
voltage disturbances, the inverters are
required to provide reactive power
support to aid with voltage stability
and post-fault voltage recovery.
This control capability is especially

important for DGs that connect to a

weak grid.

v - v
»j% g EL g g
v v J.f e

Figure 1. Single line diagram of the

22kV feeder

PV-PROFILE

0123456789 W0111213141516171819200222304

Wattage (MVA)

Figure 2. PV-profile
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LOAD - PROFILE
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Figure 3. Load-profile

3.STUDIED SYSTEM

In this work, the effect of a PV plant on
the voltage profile and power loss of
a medium voltage (22kV) distribution
network is analyzed. The single line
diagram of the system is shown in Figure
1, the assumption of PV and Load is shown
in Figure 2, 3. The loads are connected to
0.4kV buses via a 22/0.4kV transformer. It is
assumed that all loads have a similar load
profile. The PV plant is connected at 0.4kV
bus and operates in constant power factor
mode. The network model is constructed
and analyzed using PSS/Sincal software .

VOLTAGE PROFILE

219
—
o218 ~
= 217 —
2 216
-
= 215
> 214
213
1 2 3 4 5 6 7 8 9 10
Bus
—— Without PV With PV —— PV V=const

Figure 4. Voltage profile with and
without PV plant
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When the PV plant is in operation, the
system voltage profile is improved. This is
because the PV plant reduces the power
flows from the 22kV feeder, which reduces

power and voltage loss.

HOURLY POWER LOSS

0.400
-
& 0300
=
7 0200
g
= 0.100
0.000
O MWDo N0 T MWD TN o) e
B I T - B = B R i T . O = e |
. = Bl R G B 8 B
Time (h)
——without PV ——WithPv ——FPV V=const

Figure 5. Hourly power loss with and
without PV

Figures 5 show the hourly power
losses, with and without the PV plant in
operation. It can be seen that the loss
characteristics are similar for operating
hours when there is no PV output. The
active power output from the PV plant
helps reduce the power flows from the
22kV main feeder, and therefore reduces

the total power loss.
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4. CONCLUSIONS

The current paper analyzes the impact
of a PV power plant connected to a
distribution feeder (22kV). This simple
study showed the potential positive
impact of DGs in improving the voltage
The

positive impact can be further improved

profile and active power loss.

if the PV plant operating parameters are
determined based on an optimal power
flow framework. The results also underline
the need for inverter-based generators to
have reactive control capability.

TAI LIEU THAM KHAO

[1] IEEE Std 1547-2018 (Revision of IEEE Std 1547-
2003): IEEE Standard for Interconnection and
Interoperability of Distributed Energy Resources
with Associated Electric Power Systems Interfaces.
IEEE, 2018.

[2] I. Standards, C. Committee, D. Generation, and E.
Storage, IEEE Guide for Conducting Distribution
Impact  Studies for Distributed Resource
Interconnection. 2014.

[3] Karimi, M., Mokhlis, H., Naidu, K., Uddin, S. and
Bakar, A.H. “Photovoltaic penetration issues
and World in distribution network - A review”,
Renewable and Sustainable Energy Reviews, 53
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[4] “Electricity Modules | PSS®SINCAL - simulation
software for analysis and planning of all network
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DANH GIA TIEM NANG PHAT TRIEN NANG LUONG
THUY TRIEU TREN BIEN TAI VIET NAM

Hoang Ngoc Chuyén (chuyen.hn181098@sis.hust.edu.vn),
Vi Trung Kién (kien.vt181190@sis.hust.edu.vn),
Nguyén Xuan Trudng (truong.nx181289@sis.hust.edu.vn)
Tran Thanh Son
Vién Dién, Truong Pai hoc Bach khoa Ha Noi

TOMTAT

Xa hoi phat trién, ndng lugng téi tao dang
la lva chon hang dau trong viéc phat trién
nang lugng hién nay. Mac du chua dugc
st dung rdng rai, nang lugng thuy triéu
c6 tiém nang cho viéc san xuat dién nang
trong tuong lai. Trong s6 cac nguén nang
lugng tai tao, nang lugng thuy cé muc chi
phi thuc hién tuong déi cao va chi thuc
hién dugc & nhiing noi c6 thuy triéu du
cao hodc c6 van téc dong chay I6n. Tuy
nhién, véi nhiéu su cai tién va phat trién

vé cédng nghé hién nay, phat trién vé mat
thiét ké va cong nghé tua bin, cho thay
téng céng suat clia nang lugng thay triéu
c6 thé cao hon nhiéu so véi gid dinh trudc
day, nha d6 chi phi kinh té€ va méi trudng
c6 thé duogc dua xudng muc canh tranh.
Vi b bién dai trén 3.200km, ding thi 32
trong téng s6 156 quéc gia c6 bién, Viét
Nam c6 tiém ndng nang lugng bién rat
I6n, dac biét phai ké dén 2 ngudn ning
lugng kha quan nhat la gi6 va thay triéu.

Tirkhéa: ndng lugng tdi tao, thay triéu, ndng lugng thay triéu.

1.LO1 MG PAU

Ngay nay, cung véi nhiing anh hudng
cGa nan noéng lén toan cau cé thé nhin
thdy khdp nai trén thé gidi, hién tugng
bi&n d6i khi hau da trd thanh méi lo
cho toan thé nhan loai. Trong khi d6 cac
nguén nang lugng truyén thong nhu
dau mo, than da dang dan can kiét, gia
thanh cao lai gay ra 6 nhiém moi truong
nghiém trong. Chinh vi vay, viéc tiép can
dé tan dung nhiing nguén nang lugng
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méi khéng chi gép phan cung tng kip
nhu cau nang luogng cap thiét cda Viét
Nam nadi riéng va cla ca xa héi ndi chung.
Trong s6 dé, viéc st dung nguén nang
lugng thay triéu dugc rat nhiéu nha khoa
hoc ca trong va ngoai nudc quan tam dac
biét hon ca.

Vao khoang thé ki XIl s&r dung thay triéu
nhu mét dang nang lugng, chuyén déng
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Ién xuéng cua thay triéu dan dén quay
c6i nghién ngl céc sau do bi thay thé
b&i cac dang nang luong khac ré hon.
Dén XIX nguén nang lugng nay dugc
quan tam tré lai phuc vu cho céng
nghiép dién. Hién nay, cé6 khodng 100
cong ty trén toan thé gigi dang nghién
cliu viéc chuyén d6i nang lugng tu thay
triéu thanh dién nang. Nang lugng tu
thay triéu cing cé nhiéu tiém nang hon
nang lugng gié vi nudc ¢ ty trong cao
haon khéng khi.

K&t qud danh giad cua Vién Khoa hoc
Nang lugng Viét Nam, Viét Nam c6 tiém
nang khai thac nguén nang lugng thuay
triéu cao bai cé rat nhiéu viing, vinh, cra
sdng, dam pha va dac biét la c6 duong
b& bién dai trén 3.200km. Khu vuc Quang
Ninh, mat dé nang lugng thuy triéu dat
khoang 3,7 GWh/km?, Nghé An khoang

2.PHUONG PHAP

2.1 Mé hinh dé xuat

Cac may phat dién thay triéu s dung
déng nang cla cac dong chdy di chuyén
téi cac tuabin dién. Mot s6 may phat dién
thay triéu c6 thé dugc xay dung thanh cac
két cau clia cac cdy cau hién cé hodac bi
chim hoan toan, do dé tranh dugc nhiing
lo ngai vé tac dong dén canh quan thién
nhién. So d6 chuyén déi thay triéu thanh
dién nang dugc thé hién qua hinh 1

-y

2,5 GWh/km? va gidam dan dén khu vuc
Thura Thién Hué véi 0,3 GWh/km?2 Vé
phia Nam, Phan Thiét la 2,1 GWh/km?, Ba
Ria - Viing Tau v&i 5,2 GWh/km?2. Viéc xay
dung nha may dién thay triéu mang lai
nhiéu uu diém nhu: khéng tao ra khi thai
c6 hai t6i moi truong, la ngudn ndng
lugng sach va gan nhu vo tan, gitp cai
thién giao théng vi cac dap chan cé thé
lam cau néi qua séng, bao vé dudng b
bién hdi nhirng méi nguy cG vé bao. Bén
canh d6 clng tén tai nhiing nhugc diém
nhu: xady dung cac dap chédn thay triéu
tai ctta séng lam thay d6i muc nudc tai
Iuu vuc séng, dap chan lam anh hudng
t&i su di chuyén cda sinh vat dudi nudc,
nhiéu loai sinh vat séng dudi sau c6 thé
bi chét bdi cac canh turbine, c6 thé pha
hay noi sinh séng ctia cac déng thuc vat
& gan dap, gia thanh xay dung nha may

con kha cao.

+ Khai théc nng g bir s chénh
Ich miye muede githa thiy trigu kn
v xuling

Vd :Dép thiy trigu

- Chusydin déing cla ding thiy tridu
Lam quay tua bin

. Vid: Haing riso thiry triby, tuabin thiry
tridy
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2.2 Ky thuat

D{r liéu thu thap dugc bao gom

< Biéu d6 su bién déi thay triéu trong
1 ngay

Distribution of Tidal Phases
Tiaal Day
_Tidal Partod

Tidal Perod

blusornuw

blivbosnu

N 7 =1
B o | \‘! |
| MIXED TIDE | 1/2 range

= o [ P

G

Tidal Height in feet above ar below the standard datum|

1%

T DIUANAL TIDE |

Luc thuay triéu la cac bién thién dinh ky
trong luc hut hdp dan do cac thién thé
gay ra. Do su hdp dan manh mé téi cac dai
duong, su phinh ra @ muc nudc dugc taora,
gay ra sy gia tdng tam th&i muc nudc bién.

«  Tuabin dién thay triéu

Cac tuabin dién thay triéu s dung dong

nang cla cac dong chay di chuyén tdi cac
tuabin dién, theo céch tuong tu véi tuabin gié
stf dung ndng lugng gié cho cac tuabin dién
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2.3 Phuong phap s6

Khi ham lugng déng nang clda dong thuy
triéu chay trong mot don vi thai gian,
giéng nhu thly ndng, nang lugng sén co
c6 thé dugc tinh theo van téc, dién tich
mat cat ngang quét vudng goc véi hudng
dong chdy. Cung cdp van téc dong déu
trén dién tich mat cat ngang, tai bat ky
thoi diém nao trong chu ky thay triéu,
lugng nang lugng sdn c6 sé la:

P=1/2pAv3C,

Trong dé: Cp la hé sé dién tuabin; p la mat
dd nudc bién (kg/m3); A la dién tich quét
cUa tuabin (m?); v la van téc ctia dong chay
xa ba (m/s).

2.4  Phuong trinh diéu chinh

TU bién d6 thay triéu va dién tich mat nudc
bién, theo Bernstren ta tinh dugc cong suat
va dién nang li thuyét ctia nha may:

Cong suat li thuyét:
Ni=225A2F (KW)

Dién nang li thuyét:
Eir=1,97.10°A%F (KWh/nim)

Trong do: A la bién d6 thay triéu (m); F la
dién tich mat nudc bién (km?)
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3. KET LUAN

Trong tuong lai, ndng lugng thay triéu
c6 thé trd thanh mot nguén nang lugng
thay thé 16n, nhung khéng phai luc nay.
Viét Nam c6 dudng bd bién dai cung hang
ngan dao I6n nhd, vay nén viéc ap dung
nang lugng thay triéu 1a rat tiém nang, dac
biét la khu vuc mién trung va cac dao. Tuy
nhién nnang lugng thuy triéu tai Viét Nam
chua dugc quan tam réng rai dé khai thac
thuc t&, co s& ha tdng chua du dé thuc ddy
khai thac cac nguén nang lugng nay.

THAM KHAO
[11 “Tidal Stream and Tidal Stream Energy Devices of

the Sea”. Alternative Energy Tutorials.

[2] Tidal - Capturing tidal fluctuations with turbines,
tidal barrages, or tidal lagoons”

[3]1 Minh Cudng."“Tiém nang phét trién dién thuy triéu
16n nhat nuéc”.

[4] Song Anh. “Dién thuy triéu & Viét Nam: Tai sao
khéng?”.1

[5] “Enhancing Electrical Supply by Pumped Storage
in Tidal Lagoons”
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Hoang Ngoc Chuyén, MSSV:20181098:,
sinh nam 2000, la sinh vién Ki Thuat bién,
K63 Vién bién, Trudng Pai hoc Bach khoa
Ha No6i. Huéng nghién ctu chinh hién tai la
nang lugng tai tao va téi uu hoa hé théng
Nguyén Xuan Trudng, MSSV:20181289,
sinh nam 2000, la sinh vién Ki Thuat Dién,
K63 Vién bién, Trudng Pai hoc Bach khoa
Ha Noi. Huéng nghién ctu chinh hién tai
la dién mat troi, dién gié va dién thay triéu.
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TS. Tran Thanh Son - gidng vién, B6 mén
hé théng dién. Cac hudng nghién ciu
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DIEN DAN SINH VIEN 2020 - NANG LUGNG TAI TAO | 49



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION TWO

i

NGHIEN CUU BE XUAT KET HOP LAP DAT THEM
CONG NGHE TUABIN XOAY NUGC PHIA DUGI CHAN THUY BIEN

Trinh Hoang Lam
Sinh vién I6p Bién 1-K13, khoa bién, Truong Pai hoc Cong Nghiép Ha Noi
Tac gia lién hé: trinhhoanglamnvh@gmail.com
Giang vién hudng dan: Nguyén Quang Thuén

TOM TAT

Bai viét dé xuat nghién ctu sir dung céng nghé tua bin nudc xody phia dudi chan cac

thuy dién trung va I6n tai Viét Nam dé phat dién gop phan nang cao hiéu qué dau tu va

bao vé moi trudng.

Tir khéa: Thay dién, tuabin xody nudc, dong xody

1. DAT VAN PE
Viét Nam c6 yéu t6 phu hop trong phat
trién thay dién.

Tuy vay, viéc xdy dung lién tuc cac thuy
dién mai nham cung cap dd nhu cau tiéu
thu sé ngay cang kho khdn do dnh hudng
tryc tié€p dén moi truong, dan cu, tham
chi la khi hau.

Khi thay dién xa& nudc, dong nudc ra
phia chan thay dién c6 thélén dén hang
nghin m3/s. Véi luu lugng nuéc [6n nhu
vay ta c6 thé tan dung nham gia tang
nang sudat cda thuy dién, hay tham tri c6
thé dung nguén nay lam nguén duy tri
cho nha mdy thdy dién. Dua trén céng
nghé tuabin xody nudc cla cong ty
Turbulent M2,
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Céng nghé tua bin xody nudc ca ban co
két cdu bén ngoai la hinh xodn ¢ nham
tao dong xody nudc, bén trong chi duy
nhat 1 tua bin truc ding dugc thiét ké dé
nhan nudc chay tu trén xuéng.

Hiéu suat tuabin phu thuéc vao 2 yéu to:
D6 cao roi cla tuabin (drop height) va luu
lugng dong nudc (water flow). Cong ty
Turbulent d& cé bang quy ddi tiém nang
cu thé trong trong bang 1 B.

TIBM NANG NANG LUGNG fhing nim:

B9 CAD RO e
- kWhZ625,000

® o]

TIBU NANG TAI CHINH fhing nim]
LH26.000 1200 =3B VD

LU LUIONG NS jmie)
n
—_—

Bang 1. Danh gia tiém nang san suat
dién ctia mét tuabin theo do cao roi va
luu lugng dong nuéc B




CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION TWO

2. DU KIEN GIAI PHAP THUC HIEN Y

TUGNG

«  Tinhtodn, khao sat vé vi tri phu hgp dé
ldp dat, danh gia mat ki thuat va moi
trudng cho mét sé trudng hgp cu thé.

Cong suat phat dugc tinh theo cong
thuc:

P=h.QA
h: do cao roi
Q: luu lugng dong chay

A: hé sé theo céng ty Turbulent ¥
=52500

« S dung phan mém nghién ctu, mé
phong nhu: TELEMAC 3D, FLOW 3D,
FLUENT,... Két quad dugc phan tich
tinh kha thi, danh gia, déi sanh véi két
qua nghién cuu.

Hinh 1. Hinh anh thiy dién Hoa Binh

(dudng ké mau dd 1a vi tri dy tinh 13p dat
hé théng tuabin)

3 il e CSE
Hinh 1. Hinh anh thuay dién Hoa Binh
(dudng ké mau d6 la vi tri du tinh [3p dat

hé théng tuabin)

3. KET LUAN

Nhu cau dién nang cda Viét Nam ngay
cang tang dé phat trién kinh té xa hoi. Cac
ngudn nang lugng hoa thach ngay cang
can kiét, gia thanh chac chan sé tang cao
lai gay 6 nhiém moi trudng nang né. Vi vay
viéc két hgp tuabin xody nudc nay c6 thé la
mot giai phap tét phu hgp véi yéu cau hién
nay va cd tuong lai ctia nudc ta.

TAI LIEU THAM KHAO

[1] Turbulent Energy Explained: The Vortex Turbine,
www.youtube.com/watch?v=7w9rxf6UutA

[2] TurbulentHydro-www.turbulent.be
www.youtube.com/watch?v=yBAfFnggaKE

[3]1 https://www.turbulent.be/pricing.
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STATISTICAL MODELING FOR OFFSHORE WIND TURBINE:
A QUANTITATIVE EVALUATION BETWEEN FOUNDATION
STRUCTURES UNDER VIETNAM CONDITIONS

Phan Nguyen Tuan Long (BSc.), Le Gia Thanh Truc (MSc.)

Department of Energy, University of Science and Technology of Hanoi (USTH), Hanoi
*Corresponding author: tuanlongphannguyen@gmail.com
Supervisor: Dr. Hoang Trung Kien

ABSTRACT

Vietnam is estimated to have a tremendous
offshore wind energy technical potential
at around 160 gigawatts (GW) within five
to 100 kilometers from the coast. Yet, in
these coastal are, there have not been any
offshore projects up until now. Therefore,
a financial overview is needed to provide
stakeholders key information that could
lubricate this transition. In this study, we
developed an offshore wind turbine model
(cost: CapEx and OpEx, and mass) based on

26 studies and reports and real-world data
of 57 offshore wind turbines. The model’s
parameters (wind and geography profile)
is established as in Vietnam condition.
Two main structures of offshore-turbine
foundations are considered in the model:
monopile and jacket. The jacket profile,
despite having two-time folds more
expensive than the monopile one, still has
some advantageous cost/ performance
ratio at certain rated capacities.

Keywords: Vietnam, offshore, wind turbine, model, CapEx, OpEx

1.INTRODUCTION

Vietnam is estimated to have a tremendous
offshore wind energy technical potential at
around 160 gigawatts (GW) within five to 100
kilometers from the coast. Yet, in these coastal
are, there have not been any offshore projects
up until now. Therefore, a financial overview
is needed to provide stakeholders key
information that could lubricate this transition.
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2. METHODOLOGY

2.1 Proposed Model

The wind turbine model, which consisted
of four main parts (CapEx: Turbine, Balance
of Plant, Financials, and OpEx), is developed
based on formulas collected from multiple
studies, detail as below:

Turbine (Fingersh, Hand, & Laxson, 2006)
& (Carroll, et al., 2016): Rotor total, Blades,
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Hub, Pitch, Nose, Nacelle total, Low-speed
shaft, Bearings, Brake/coupling, Generator,
Variable-speed electronics, Yaw drive, and
bearing, Mainframe, Platform & Railing,
Electrical system, Hydraulics, Nacelle
cover, Tower, Others, Converter, Control,
safety system, and condition monitoring,

Marinization.

Balance of Plant (BoP) (Maness, Maples, &
Smith, 2017) & (Beiter, et al., 2016) & (Stehly,
Beiter, Heimiller, & Scott, 2018): Foundation
& Substructure, Electrical Infrastructure,
Assembly & Installation, Development,
Project management, Port and staging,
logistic, transportation.

Financials (Stehly, Beiter, Heimiller, & Scott,
2018):
Decommissioning  bond,

Insurance during construction,
Construction
finance, Contingency, Project completions/
commissioning.

The general parameters on wind and
geography profile are input under Vietnam
conditions.

2.2 Technique

2.2.1 Data acquisition

Formulas for comparisons and building
model: Majorly from IRENA studies

Vietnam wind and geography profile:
(Sissingh & Arends, 2018, p. 20), DTU and
Vortex.

-y

www.wind-turbine-models.com

Real-world turbine profile:

& www.thewindpower.net

3. ANALYSIS

3.1 Governing Equations

There is a total of 68 direct formulas were
used in the model, highlighted equations
are:

2x103x P
aCppV?

The rotor radius formula: 7 = &
where, r is rotor radius (m), P is rated power
(kW), p is the density of air (kg/m3), Cp is
the power coefficient, V is the wind speed
(m/s)

Monopile mass:

i 3.7
M = ((Rated power)!s + w + 2100

(Water Depth)** + (RNA mass)"™13)/10000  (2)

where, monopile mass (ton), rated power
(kW), hub height (m), water depth (m),
RNA mass is Rotor & Nacelle assembly total
mass (kg).

3.2 Numerical Method

A quantitative approach is applied to
govern the study and to select the most
accurate theoretic formulas.
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ﬁ

Table 1. Selected model profile
Parameters  Detalil

General

Air density: 1.85 kg/m?

Monopile
distance: 25 km

Jacket Sea depth: 60m; Coastal

distance: 40 km

3.3 Results and Discussion

m Financial ® Other BoP costs @ Foundation ® Tower m Turbine

IRENA 2016
CAVAZI 2016

=
-
w

Figure 1. Cost-share (% CapEx) of main components

in a wind turbine project between USTH
and other models

The share of the foundation cost in two
scenarios changes significantly from 14.2%
(monopile) to 39.7% (jacket), see Figure 1.

By using jacket foundation (for 40-80m sea-
level depth), the total capital expenditure
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Currency: 2018 USD;
Power coefficient: 0.47;
Wind speed: 9 m/s; Wind
power density: 675 W/m?

Sea depth: 30m; Coastal

can go up to 50% in comparison with a
monopile system (<40m sea-level depth),
see Figure 1.

The jacket-type offshore turbine has an
optimized range from 7.5 - 9 MW, where
the CapEx rate is lowest at approximately
$5,700/kW, see Fig 2; where the monopile-
structured offshore turbine has a linear
cost increasement from $3,700/kW at 6MW
to $4,000/kW at 12MW

Jacket-foundation turbine CapEx

80,000,000 6,200
0,000, (K 6,100
&L, 000,000 6,000
50,000,000 [ 1 5,900
40,000,000 5,500
30,000,000 5,700
20,000,000 5,600
10,000,080 5,500

0 5,400

6 65 7 75 & 85 9 95 10 105 11 11512

mmn CAPEX (USD) s CAPEX mate (USDVEW)

Figure 2. Turbine CAPEX and CAPEX rate with jacket
foundation at different power ratings

4. CONCLUSIONS

The statistical model, developed from
68 scientific equations from 26 studies
& reports and 57 real-world turbines,
provides a comprehensive overview of
mass and cost (CapEx & OpEx) scenarios
for an offshore wind project with Vietnam
wind and geographical profile. Further
studies are needed for tuning details on
Vietnam conditions: labor, transportation,
and local production.
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OPTIMAL SCHEDULING FOR CHARGING AND
DISCHARGING OF ELECTRIC VEHICLES
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ABSTRACT

The vehicle electrification will have a
significant impact on the power grid due
to the increase in electricity consumption.
It is important to perform intelligent
scheduling for charging and discharging
of electric vehicles (EVs). In this paper, we
propose a globally optimal scheduling
scheme and a locally optimal scheduling
scheme for EV charging and discharging.
We first formulate a global scheduling
optimization problem, in which the
charging powers are optimized to minimize

the total cost of all EVs which perform

charging and discharging during the day.
The globally optimal solution provides
the globally minimal total cost. To develop
a practical scheduling scheme, we then
formulate a local scheduling optimization
problem, which aims to minimize the total
cost of the EVs in the current ongoing EV
set in the local group. Through simulations,
we demonstrate that the locally optimal
scheduling scheme can achieve a close
performance compared to the globally
optimal scheduling scheme.

Keywords: Charging and discharging, convex optimization, distributed solution, EV,

optimal scheduling, vehicle-to-grid (V2G)

1. INTRODUCTION
The

investing in

automotive industry is
plug-in  hybrid

vehicles (PHEVs) and fully electric vehicles

heavily

electric

(EVs) mainly in order to reduce the CO,
emissions and oil dependency of current
The
electrification will have significant impacts

automotive technology. vehicle
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on the power grid due to the increase in
electricity consumption. The overall load
profile of electric system will be changed
due to the introduction of EV charging
and discharging. The charging of a large
population of EVs has a significant impact
on the power grid. It have been estimated
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in M, V2G can also provide energy to
the grid by discharging the battery 2.
Intelligent scheduling for EV charging
and discharging has become a vital step
towards smart grid implementation®,
In the recent literature, a number of
scheduling schemes for EV charging and
discharging have been proposed B8, All
articles from - 3l studied the problems
related to this paper.

2. GLOBAL SCHEDULING OPTIMIZATION
2.1. System model

Arrival time of EV m Departure time of EV m
| I
0 F 2 3 4 5 & 7 B 92

2 23 M4 time

Charging period of EV m

Fig 1. Charging period of EV

2.2 Technique

e Find a globally optimal scheduling
scheme

e  Set known conditions for EV

e  Calculate the total cost

e  Optimize the total cost

-y

3. LOCAL SCHEDULING OPTIMIZATION
3.1. System model

o = ! 5 _
_:"f-i”* ] /A
L&/l =t ®\®
-~ CO I O O]

Fig 2. | llustration of communications and controls
in the locally optimal scheduling scheme

Charging peried of £V 4
§ Charging poriod of EV 3
Charging peried) of V2
Eharging periediof EV |
o — :

01 304 5 6 T B 92 2 23 M me
i Sliding windaw
Carrent lime instant

Fig 3. | llustration of ongoing EV set
and the sliding window

3.2.Distributed protocol

4. CONCLUSIONS

In this paper, we study the scheduling
optimization problem for EV charging and
discharging. We first formulate a global
scheduling optimization problem, in
which the charging powers are optimized
to minimize the total cost of all EVs which
perform charging and discharging during
the day. The globally optimal solution
provides the globally minimal total cost.
The locally optimal scheduling scheme
is performed in an independent and
distributed way, which is not only scalable
to alarge EV population but also resilient to
the dynamic EV arrivals.
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NGHIEN CUU BE XUAT PHUGNG PHAP
DUNG NHIET LUGNG U TU HAM RAC BE SAN XUAT DIEN

D6 Thi Ngoc Diém, Ngé Thi Trang, D6 Thi Nguyét, Hoang Viét Phuong
Sinh vién |6p Dién 3-K12, khoa Dién, Truong dai hoc Cong Nghiép Ha Noi
Tac gia lién hé: ngocdiem21321@gmail.com
Giang vién hudng dan : TS. Nguyén Quang Thuédn

TOM TAT

Bai viét dé xuat nghién ctu st dung cong nghé G rac sinh nhiét (nhiét lugng sinh ra trong

qua trinh 0) két hgp st dung mét trong cac méd hinh sir dung nha may dia nhiét dé phat

dién phu hgp véi diéu kién tai Viet Nam gép phan bao vé méi trudng.

Keyword: “Hdm rdc, san xudt dién tu rdc, biogas”.

1.DAT VAN BE

& Viét Nam, t6c do phat sinh rac thai tuy
thudc vao tung loai do thi va dao déng tu
0,35-0,8kg/ngudi/ngay. Cung véi su phat
trién thi rac thai cla cac hoat dong cla
con ngudi thai ra moi truong ngay cang
nhiéu. X ly rac thai dang la van dé néng
bdéng & cac qudc gia trén thé gidi, trong do
cé Viét Nam.

Thuc té viéc quan ly va x{ ly rac thai mac du
da c6 nhiéu tién bg, c6 gang nhung chua
ngang tam véi nhu cau doi hoi. Hién nay,
& khu vuc d6 thi mai chi thu gom dua dén
béi chon 1ap tap trung dat khoang 60-65%,
con lai rac thai xuéng ao hé, séng ngoi, bén
duong. Con & khu vuc néng thon, rac thai
hau nhu khéng dugc thu gom, nhimng diém
vUt rac tran ngap khap noi.

Ti Ié thu gom rac thai & Viét Nam dat
khoang 31%. Hién trang quan ly, x{ ly rac
thai kém hiéu qua da va dang gay du luan
trong cong dong, dat ra nhiéu thach thic
déi v6i nhiéu cap, nganh, dac biét la nganh

moi truong.

Phan loai rac thai sinh hoat, rac thai sinh
hoat da phan la cac chat ran da bi loai ra
trong qua trinh sinh séng, kinh doanh, cac
hoat déng, va san xuat clia con ngudi cling
nhu cac loai ddng vat.

Thanh phan cda rac thai sinh hoat:

«  Rau thyc phdm thia, chat hitu co dé
phén hay chiém khoadng 64,7% vé khéi
lugng

. Cay gb chiém khoang 6,6% vé khoi
lugng.
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«  Gidy, bao bi chiém khoang 2,1% vé khéi
lugng.

«  Plastic khé tai ché chiém khoang 9,1%
vé khéi lugng.

- Caosu, dé giay dép chiém 6,3% vé khéi
lugng.

«  Vai soi, vat liéu sgi chiém khoang 4,2%
vé khéi lugng.

- Dat da, bé tong chiém khoang 1,6% vé
khoi luong.

« Thanh phan khac chiém khoang 5,4%
vé khéi lugng.

Thanh phan cht yéu clia ching la cac chat

hiu co va rat dé gay 6 nhiém tré lai cho

moi trudng soéng cla ching ta. Cho nén,

rac sinh hoat c6 thé dinh nghia la nhiing

thanh phan tan tich hitu co phuc vu cho

cudc séng clia con ngudi.

Vi thé nhom em sé tap trung chd yéu vao

bat ké loai rdc nao co thé dung dé 0 ma

san sinh ra lugng nhiét trong 6 nhiéu nhat

(bao gém ca rac thai sinh hoat).

Su khac nhau ctia mo6 hinh G rac trén thé

gidi va cia nhém nghién ctu

- Giéng nhau:
Van st dung cong nghé 0 Biogas - la
céng nghé san xuat khi sinh hoc la qua
trinh G phan rac, phan hiu co, bun
céng ranh, va cac vat liéu khac...

« Khéacnhau:
Thanh phén Biogas CH, CO,, N,, H,,
H,S..., trong d6 CH,, CO, la ch yéu su
dung dé& lam chéat dét sir dung trong
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qua trinh nhiét lam chat dét dé bay hoi
nudc quay tuabin va phat ra dién.

Dé tai clia ching em cht yéu st dung
nhiét lugng trong ham san sinh ra
trong qua trinh U d€ lam bay hai nuéc
quay tuabin san xuat ra dién. Ham
biogas dugc thiét ké dé c6 thé dan
nudc di qua.

2. DU KIEN GIAI PHAP THUC HIEN Y
TUGNG

Dua trén phuang phap G ham Biogas va
phuong phép san xuat dién bang dia nhiét.

a. Qua trinh trong ham Biogas

Dua vao vi khuan y&m khi dé 1én men phan
huy ki khi cac chat hiru co

Trong qué trinh U sé san sinh ra cac phan ting
hoa hoc theo day chuyén va san sinh ra nhiét
lugng can thiét cla méi phan tng. Nhiét do
rac chat trong ham ¢4 thé lén tGi 60-70°C.

Do nudc ta c6 khi hau nhiét déi véi dé 4m
cao, nang nhiéu, nhiét d6 nong tuong doi
cao vi vay qua trinh phan hay cac chat hiu
ca dién ra tuong d6i nhanh va nhiét sinh ra
tuong déi I6n. Phuong phap U néng thuc
hién kha thuan lgi.

b. Nguyén ly ciia nha may dia nhiét
Hién nay c6 3 loai sg dé san xuat dién nang
st dung nguén dia nhiét.
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So d6 truc tiép st dung hoi nong khé (Hinh
1), hoi néng théi truc tiép va tudc bin, lam
quay may phat dé€ sinh ra dién. Day la kiéu
nha may dién dia nhiét lau doi nhat, lan dau
tién dugc xay dung & Italia nam 1904 va van
hoat déng cho dén nay. Tai Caliphocnia ¢
nha may I6n nhat thé gidi hoat déng theo

nguyén ly nay.

" Nha mdy dién dja nhi¢t chyy bing hai kho

Hinh 1. So d6 tryc tiép st dung hoi nudc kho

c. Dukién qua trinh thuc hién y tuéng
Ham 0 rac dugc thiét ké theo hinh tru diing,
kin, c6 kha nang yém khi cao va dugc dat &
ndi c6 nhan nhiéu nhiét lugng ti mat troi.

Sau qua trinh phan loai rac htu co dugc
dua va trong ham. Trong 2 ngay dau cla
qua trinh U rac thi cac vi sinh vat sé hoat
déng nhanh phan gidi cac chat hitu co
trong rac thanh cac chat khac nhau.

Céc phan Ung phan giai protein thanh cac
chat don gian. Cac phan (ng nay sé toa
nhiét ra moi trudng lam cho nhiét do trong

i

ham nong lén va chat ran bay hoi, cong
véi nhiét lugng maét tr&i lam cho hai néng
trong ham tang nhiét nhanh.

TJRBINES

STEAM RSING

Hinh 2. Nguyén ly ctia mét nha mdy dia nhiét

Phan hgi nong sé dugc dan lam quay
tuabin dé phat dién. Yéu cau la cac tuabin
loai 6 cong suat nhd. Nhu hinh 1a nguyén
ly cla mot nha may dia nhiét, y tuéng cda
chidng em thay viéc hut hai nong & dudi
mat dat thanh Idy hoi ndng truc ti€p trong
ham dé quay tuabin khi. Hoi néng lay dugc
t6t nhat trong 2 ngay dau cla qua trinh .

d.Ung dung
Yéu cau ham 0 dugc dat & naoi co6 nhiét

lugng mat trdi cao nhat.

Phan nhiét lugng trong ham G c6 thé s
dung dé trong hé théng sudi &m (nhiét do
sudi am 30-150°C)

Dién nang san xuat ra nho nén chi da ding
chay hé théng bong dén trong nha, nhiing
noi can it dién.
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[11 https://tailieu.vn/doc/nghien-cuu-qua-trinh-u-vi-sinh-rac-thai-huu-co-bang-
phuong-phap-u-thieu-khi-cap-khi-tu-nhien--2034030.html

[2] Tai lieu vé nhiét lugng cla phan Ung hoéa hoc https://www.wikihow.vn/
T%C3%ADnh-Entanpy-c%E1%BB%A7a-Ph%E1%BA%A3N-%E1%BB%A9Ng-

H%C3%B3a-h%E1%BB%8Dc
[3] Tailiéu vé nha may dia nhiét
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luong.
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THREE-PHASE INVERTER VOLTAGE CONTROL

Quang-Bach Phan, Minh-Chinh Nguyen ", Duy-Thiem Doan ",
Hai-Dang Bui ", Dr. Nga Thi-Thuy Vu

(1) Student at School of Electrical Engineering, Hanoi University of Science and Technology
*Corresponding author: bach.pq176920@sis.hust.edu.vn

ABSTRACT

The proposal presents the design of a
voltage con-troller for a three-phase
inverter. At first, the state-space model of
the inverter with uncertainties and system
pa-rameters variation taken into account
is constructed. The proposed controller
combines a feedback component and a

disturbance compensator. The first one is

Keywords: renewable energy,
reinforcement learning

1. INTRODUCTION

In recent years, the world witnessed an
upward trend in electricity generation
from renewable sources (water/wind
turbines, solar/fuel cells, etc.), as they
are not only eco-friendly but also
the burden

that the conventional power system has

tremendously alleviates

to bear. Almost all renewable energy

systems require cascading multiple
converters since the quality of output
voltage of the sources is relatively poor.
As shown in Figure 1, it is a three-phase

inverter that directly feeds a residential

three-phase inverter,

accomplished using LQR control law which
can be approximated by reinforcement
learning algorithm. The other component
is derived based on SMC method which is
robust to changes in system parameters
and disturbances. Briefly, the main purpose
is to control the output voltage of an

inverter installed in a green power system.

volt-age control, LQR, SMC,

load or ties the system to the grid.
Therefore, controlling the inverter is
considered an essential task as well as
a prom-ising topic when working with a
power system.

Wiater turbines, ACfOC
Wind tarbines. Comerter

Sclar celly,
Fuel cells.

Figure 1. Block diagram of a renewable power system

The firstaim of the controller for the inverter
is to guarantee a high-quality output
voltage when supplying various types of
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loads, even unbalanced or non-linear loads.
In dealing with the grid interconnecting,
the con-troller simultaneously regulates
the power flow and stabi-lizes the system
frequency and phases while strictly fol-
lowing the synchronization standards.

The reference! derived dead-beat control
law based on space vector for a three-phase
inverter operating in two modes: no-load
and feeding resistive load. In'Z, the discrete-
time sliding mode control with dual loop is
de-signed for a UPS and shows robustness
on low output voltage distortion, voltage
regulation and insensitivity under load
variation. The active disturbance rejection
control is studied in®,
double

advantage in enduring uncertainty and

the presented

loop struc-ture shows great
changes in system parameters. In¥, sliding
mode con-troller designed with grid
voltage modulated DPC for grid-connected
voltage source inverter can minimize the
total harmonic distortion of the output
currents but sacri-ficing the performance

of real and reactive power.

All things considered; our research offers
a simple single loop control structure that
manipulates the output voltage of an
inverter supplying a local. The fundamental
target of the controller therefore is to
maintain a high-quality output voltage
applied for various types of load, even for
unbalanced load and non-linear load.
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2.SYSTEM MODELING

2.1 Nominal Model

When deriving the system mathematical
model, the DC side of the inverter can be
considered equivalent to a DC voltage
source. The figure 2 shows the simplified
schematic of the three-phase inverter
with an output LC filter configured in star
connection.

LOAD

Figure 2. Schematic diagram of three-phase inverter
with an LC filter

As proof in®, the nominal state-space
model of the system is given by:

0

N =

7k, f\s fu
0 —k-s -

=Ax + Bu

whcrck;—— k;—— k3= , w=27xf.

—, k4=
T Z\I'_L

Figure 3. LQR Control Diagram

2.2 System modeling with uncertainties

If the system parameters’ changes and
uncertainties are considered, the system
model becomes:

x=A+AADx+ B +ABu+d
=Ax+Bu+AAx +ABu+d
=Ax+Bu+d'
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where AA, AB
variation and d represents disturbances.

is system parameters

3. CONTROL STRATEGY

3.1 Traditional control method

The control signal u = [V, Viq]T can be
defined by u = u, + u, where u, is the
feedback that
forces the steady state error to converge

control  component
towards zero while u, will compensate
the load disturbances. There exists several
well-known control laws such as Linear
Quadratic Regulator (LQR), Sliding Mode
Control (SMC), Adaptive Control, etc. that
meet the requirements.

LQR x
controller | ‘A)

Figure 3. LQR Control Diagram

feedback
component is es-tablished using full-state

In this work, the former
feedback controller using LQR method to
find an optimal matrix K while the latter
one uses SMC approach to cancel the

uncertainties.

3.2 Smart control method
The of Artificial
Intelligence (Al) broadens the number of

vast development

-y

applied fields, including smart control. The
base of Alin control theory is reinforcement
learning which is capable of studying the
system’s be-haviors without knowing the
system parameters.

In details, reinforcement learning can be
applied in solving the LQR problem in our
control scheme under the condition of
lacking inverter parameters.

4. SIMULATION RESULTS

At the very first step, a state feedback
controller is designed based on LQR
method that is applied for the nominal
system model connecting to a balanced
resistive load. The reference load voltage
amplitude is 12V and the proposed control

matrix K is:
K= 0.2321 -0.1340 2.6304 -1.5186
0.1340 0.2321 1.5186 2.6304

OB

(-

Figure 4. Simulation result of LQR controller for pure
resistive load voltage

Itis shown inthe figure 4 that theripples are
eliminated after one period, but the steady
state error is not com-pletely canceled.
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5. CONCLUSION

In conclusion, the result shows that the
proposed control scheme has been
successful in stabilizing the system with
acceptable error and fast response. In
the early stages of this research, the
simulation is only car-ried out with simple
no-disturbance resistive-load  sys-tem.
However, as the design of controlling
method is still on developing process,
the type of load can vary, as well as more
control methods can be applied such as
using adaptive controllers orimplementing

reinforcement learning.
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TU DONG DIEU CHINH PIEN AP

CUA HE THONG DIEN MAT TROI AP MAI NOI LUGI

Nguyén Trung Tuyén, Nguyén Thé Anh, Vii Quang Hai, TS. Lé Thi Minh Chau

BO mon Heé théng Dién - Vién Dién - Trudng Pai Hoc Bach khoa Ha Noi
Tac gia lién hé: tuyen.nt181302@sis.hust.edu.vn

TOM TAT

Ngay nay, viéc st dung nang lugng hoa
thach dang ngay cang can kiét va gay ra
nhiéu van dé anh hudng nang né dén maéi
trudng. Su phat trién cda xa hoi doi héi gan
lién vGi su phat trién cda cac nguén nang
lugng sach. Trong d6, ndng lugng mat troi
la ngudén nang lugng dang tré nén phd
bién vai s6 lugng ldp dat hé thong dién mat
troi (PV) ap mai tang theo cap s6 nhan. Viéc
két néi hé théng PV vao ludi dién qudc gia
thudng gap mot s van dé vé dién ap. Khi
nhiing gia tri dién ap tai diém két ndi vuot

ra ngoai khodng giéi han dién ap cho phép,
hé théng PV sé bi ngat két ndi vai ludi. Bén
canh d6, su nhiéu loan dién ap c6 thé gay
anh hudng l6n t6i van dé chat lugng dién
nang. D& gidi quyét van dé nay, nghién ctu
dé xuat phuong phép giup hé théng PV c6
thé tu dong diéu chinh dién ap tai diém két
ndi tly theo cong suat phat ctia hé théng
PV, gop phan tang do 6n dinh dién ap tai vi
tri két ndi. Tinh hiéu qua ctia phuong phap
dé xuat sé dugc danh gia qua két qua mé
phong bang phan mém Matlab/Simulink.

Tirkhéa: hé théng PV, chdt lugng dién dp, tu déng diéu chinh dién dp.

1. GIGI THIEU

Nang luong hoa thach van dang la nguén
cung cap nang lugng chinh cho nhu cau ctia
thé gidi, va cang ngay ching ta cang nhan
thay dugc anh hudng ré rang cla viéc su
dung ndng lugng tu nhién liéu hoa thach.
N6 khong con chi diing lai 6 van dé phat
thai khi CO, ma la anh hudng téi su bién
d6i khi hau véi hang loat nhiing thién tai,
chay rung,... xay ra khap nai trén thé gigi.
Néng lugng téi tao trd thanh mét hudng di
mdi cho thé gidi. Mot trong nhitng nguén
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nang lugng tai tao dugc phat trién rong rai
hién nay dé chinh la ndng lugng mdt trai
(PV), nguén nidng lugng nay cé thé dugc
khai thac & nhi€u quy mé, nhiéu dia diém
khac nhau lam cho nguén nang lugng nay
trd nén phé bién hon bao gid hét. Hai mé
hinh dién mat troi dugc st dung réng rai
hién nay phai k& dén do6 la mé hinh dién
mat trdi ap mai va canh déng mat troi.
Trong pham vi nghién ctiu nay, cac tac gia
quan tam dén van dé dién ap cho mé hinh
dién mat troi ap mai.
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Viéc két néi hé théng dién mat trai ap mai
cling c6 thé gy anh hudng rat I6n téi luGi
dién quéc gia néu gap phai mét s van dé
ky thuat nhu mat can bang pha, xam nhap
dong mét chiéu, nhdp nhay dién ap, tinh
chon loc clia hé théng bao vé rale..v.v.
@ Quyét dinh 13/2020/QDB-TTg cta Thu
tuéng Chinh phd quy dinh gia mua dién
(chua bao gbém thué gia tri gia tang) ap
dung cho hé théng dién mat trgi ap mai
trong nam 2020 la 1.940 d6éng/kWh, cao
hon so véi cac loai hinh dién mat troi khac.
Theo EVN, tinh dén dau thang 9/2020, ca
nudc da co6 gan 50.000 hé théng dién mat
tr&i 4p mai véi téng cong suat gan 1.200
MWp dugc lap dat va dua vao van hanh,
lam cho sy tuong tac va anh hudng qua lai
gita hai hé thong dién nay tré nén manh
mé. Viéc két néi hé théng PV vai lusi dang
gap nhiéu van dé do dién &p khéng 6n dinh
B!, Khi c6 su bién thién dién ap hé théng PV
c6 thé bi ngat két ndi vai lugi dién. Qua ap
dugc coi la mét nhiéu loan dién &p, gia tri
dién ap tai diém két ndi tang 1én c6 thé gay
ra sy c6 qua dién ap trong trusng hop non
tai va hé théng PV phat cong suat l6n. Véi
muc dich nham tang cudng tham nhap

2. PHUONG PHAP NGHIEN CcUU

2.1 Mé hinh dé xuat

Tich hgp bo ‘tu dong diéu khién dién
ap bang céach thay d6i cong suat phén
khang’ vao bién tan (inverter) cia hé

-y

nhiéu nang lugng mat trdi vao hé théng
dién, can c6 mét bod diéu khién nham gidr
dién &p clia cac hé théng PV tai vi tri két noi
dé tranh trudng hgp cé thé gay ra su ngat
két néi khong can thiét cac hé théng PV khi
¢6 hién tugng dao dong dién 4p trén ludi.

Cac hé théng PV hién nay dang st dung
hé théng diéu khién P/Q théng thudng
[4,5] va chua dugc tham gia vao viéc diéu
chinh dién ap trén luéi dién. Chinh vi vay,
néu dién 4p tang lén qua cao hodc gidm
xuéng qué sau thi theo cac tiéu chuén
két nédi, hé théng khong thé duy tri két
néi trong trang thai nhu vay, dan téi ngat
két néi véi luégi dién, gay ra gian doan hé
thong. Nghién ctu nay dé xuat giai phap
st dung phuong phap tu dong diéu chinh
dién ap tuy theo lugng céng suat phat cla
hé théng PV, vi lugng buc xa clia mat troi
trong moéi khung gi¢ trong ngay la khac
nhau. Hé théng sé tu diéu chinh dién ap
trong khoang gia tri cho phép bang cach
thay déi (hdp thu hodc phat ra) cong
sudt phan khang, ting tinh én dinh cho
hé théng va tang thém kha ndng két noi
nhiéu hé théng PV vao hé théng dién.

théng PV néi lugi d€ dam bao dién ap
nam trong khoang gia tri cho phép tai vi
tri k&t ndi vai lugi dién.
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Dan Pin
gL trivi

Giao dién Dign

tir cdng suft | Liren dién

T

| MPPT + Haa ding bd + Thujt todn didu khidn HTCS

Hinh 1. M6 hinh cla hé théng PV két néi ludi.

2.2 Phuong phap

2.2.1 Dt liéu thu thap

Cac d liéu can thiét cho nghién ctu can

thu thap va xay dung bao gém:

e Biéu d6 luong buc xa mat trdi cac
khung gi¢ trong ngay.

e Thong s6 luéi dién phan phaoi thuc té.

e  Hiéu suat cta hé thong PV, gidi han

c6ng suat Q ctia hé théng PV

—— Janary

—8— Fehmary
——March
—— gl
——Muy
—— i
——lily

—— A
—— September
—+—Cictober
—o—November
—8— Deccmber

Hinh 2. Vi du vé cudng do buic xa mat trai trong 24h.

2.2.2 Phan mém tinh toan

MATLAB la mét bo phan mém dung dé tinh
todn cac bai todn ky thuat, hién dugc s
dung phé bién dé tinh todn va mé phdng
cac bai toan thudc chuyén nganh hé théng
dién. Nhom tac gia sé xay dung thuat todn
trén giao dién Matlab va mo hinh héa hé

70| DIEN DAN SINH VIEN 2020 - NANG LUGNG TAI TAO

théng dién mat trai ap mai két noi ludi
bang Matlab/Simulink. Hiéu qua cda thuat
toan dé xuat dugc danh gia théng qua két
qua mo phong.

2.2.3 Du kién néi dung nghién ctu
Nghién cttu cac dnh hudng cla hé thong
dién mat troi dén lugi dién.

Nghién clru vé cac thuat toan diéu khién
theo ché d6 hoat déng ctia hé thong PV
(P/Q control, P/PF control, P/V control, V/f
control) M6 hinh héa Iuéi dién phan phéi
va hé thong dién mat troi bang phan mém
Matlab/Simulink.

M6 phéng cong suat cla hé théng dién
mat trdi theo lugng buc xa mat troi da thu
thap dugc (theo chuong trinh diéu khién
P/Q théng thudng) Xay dung thuat todn
tu dong diéu chinh dién ap bang cach thay
déi cong suat phan khang dua trén viéc
dua ra goc diéu khién t8i uu cho IGBT.

Ap dung thuat toan tu dong diéu chinh
dién ap tich hgp cho bién tan clia hé théng
PV &p mai néi lugi va danh gia tinh hiéu qua
cla hé théng tu dong diéu chinh dién ap.

3.KET LUAN

Muc dich ctia nghién ctu nay la xay dung
thuat toan tu dong diéu khién dién ap (tich
hagp trong inverter) cho hé théng PV. Thuat
toan diéu chinh nay khéng chi c6 kha nang
gitr dién ap trong pham vi cho phép tai
diém két n6i ma con tai moi diém trén ludi.
Viéc danh gid hiéu qua cda thuat toan tu



déng diéu chinh trong viéc 6n gitr dién ap
trong pham vi cho phép tai diém két néi
dugc thuc hién bang viéc mé phéng két
nGi cac ngudn phan tan vao lugi phan phoi
bang Matlab Simulink.

Khi st dung bo tu déng diéu chinh dién ap
cling sé gop phan la giam chi phi két noi,
nang cao chat luogng dién nang, tang kha
nang két ndi nhiéu hé théng PV véi nhau
va thuc hién néi lugi. Gidam sy tac dong tu
hé théng PV gap su c6 gay anh hudng tai
ludi dién.
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Sinh nam 1984, Da Nang, Viét Nam. Co
nhan bang Ky su nganh Ky thuat dién tai
Dai hoc Bach Khoa Da Ndng nam 2007;
bang Thac sindm 2008 va Tién sy nam 2012
chuyén nganh Ky thuat dién tai Truong Dai
hoc Bach khoa Quéc gia Grenoble (thuéc
nhém Grandes Ecoles), Phap. C6 hién la
Giang vién thudc bé mén Hé théng dién,
Vién Dbién, Truong Pai hoc Bach khoa Ha
Noi. Linh vuc nghién ctu clia c6 la phan
tich tinh toan va téi uu hoa ché do hé théng
dién, tich hogp cac ngudn nang lugng tai
tao vao ludi dién, ndng lugng dién mat troi.
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Phong: Board | Cha toa: Dinh Thanh Viét, Nguyén Thi Anh

XAY DUNG CONG CU XAC BINH HIEU QUA PAU TU
CUA CAC DU AN PIEN MAT TRGI MAI NHA TAI VIET NAM

Nguyén Thi Dung (1), D6 Van Dat (1), Nguyén Thi Hang (1), Ngé Linh Trang (1)

Sinh vién nganh Kinh té cong nghiép - Vién KTQL
Tac gid lién hé: dovandat2017@gmail.com,
Gidng vién hudng dan: PGS.TS. Bui Xuan Héi

TOM TAT

Dién mat trgi mai nha & Viét Nam da va dang thu hut su quan tam ddc biét cta cac ho gia
dinh, muic dé hiéu qua clia dau tu dién mat trdi mai nha déi cac ho gia dinh la mét ham
da bién tur diéu kién tu nhién (buc xa, s6 gid ndng), dén cac yéu té thudc vé co ché chinh
sach cta nha nudc (gia FIT, gia dién hién hanh) hay san lugng dién tiéu dung cla cac ho
gia dinh. Trén co s& d6 nhdm nghién cdu sé xay dung mét cong cu mo phdng tinh todn
xac dinh phuong an t8i uu dau tu dién mat trdi mai trong cac diéu kién cu thé. Cong cu nay
khong chi hé trg cac ho tiéu dung ra cac quyét dinh dau tu phu hop déng trdi théng qua
viéc diéu chinh cac yéu t6 dau vao c6 thé hé trg cac ca quan quén ly nha nudc trong viéc

xac dinh cac muc gia FIT hop ly, can bang gitia cac vung mién.

Tir khéa: dién mdt trdi mdi nha, hiéu qua dau tu, Gid FIT, céng cu tinh todn.

1. GIGI THIEU CHUNG
Su phat trién cla nén kinh té da kéo theo

t6c do d6 thi hoa nhanh chéng, hang loat
cac tda nha cao tang dugc dau tu xay dung
cling la mot trong nhiing nguyén nhan co
ban khién Viét Nam dang diing trudc nguy
co mat can doi nghiém trong gilra cung va
cau nguén nang lugng. Chinh vi vay, nang
lugng mat tréi néi chung va dién mat troi
mai nha ndi riéng dang dugc nhiéu khach
hang quan tam. Béi sau khi dau tu, 1ap hé
théng céng to hai chiéu hoa vao luéi dién,
khi thi€éu ngudi dan van c6 thé mua dién
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clia nha nudc, luc thira lai c6 thé ban dién
mat trdi thu loi. V& phia nganh dién hién
dang rat khuyén khich ngudi dan dau tu
dién mat troi. Tuy nhién, khéng phai ai cling
¢6 nhiing hiéu biét co ban dé ra quyét dinh
dau tu hay khong va mc lgi ich thu dugc
tU dy an la bao nhiéu. Chinh vi vay, céng cu
nay ra doi vira giip hé trg ngudi dan cé thé
dé dang ra quyét dinh, vira giup chinh phu
dinh hudéng xay dung gia FIT dé dam béo
cdng bang vé lgi ich gilta cac du an.



2. PHUGNG PHAP LUAN

2.1. Mé hinh dé xuat

Xay dung mo hinh ctia phan mém dua trén
nén tang cla excel. St dung cac ham trong
excel dé€ tao ra méi lién hé gilla cac bién
dau vao cda 1 du an dién mat troi mai nha
va dua ra két qua dau ra thong sé vé 1 dé
xuat du an téi uu.

3.PHANTICH

3.1. Phuong trinh

TU cac yéu t6 dau vao pham mém tra vé
két qua dugc biéu dién théng qua phuang
trinh sau:

(LN,IRR,NPV,T_hv)= f(B,S,A,F,PPR,H)

Trong do:

LN: lgi nhuan (d)

IRR: ty xuét sinh Igi noi tai (%)

NPV: gid tri tri hién tai thuan ctia dong tién (d)
T_hv: Thai gian hoan vén (ném)

B: Cudng do buc xa (kWh/m?)

S: dién tich t6i da ma ho gia dinh c6 thé |1ap
F: gid FIT cta dién mat trai (d)

P: gia dién luéi quéc gia (d)

PR: hé s6 suy gidam hiéu suat cac tam pin
mat tr&i theo thdi gian

H: hiéu suat tam PV

4, KET LUAN

Cong cu la phan mém dugc xady dung la
rat hitu ich ho trg ho ra dinh ra quyét dinh,
hé trg co quan quan ly nha nudc xay dung
chinh sach phat trién dién mat tr&i mai nha.
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2.2. Ky thuat

2.2.1.Thu thap dirliéu

Nguén dir liéu so cap: khi xdy dung cong
cu, ho gia dinh sé dua cac di liéu dau vao
nhu khu vuc ho &, s6 dién tiéu thu téi da, ...
Nguén di liéu tha cap: thu thap tur tai liéu
trong ngoai va nuéc ngoai, V.v...

3.2. Phuong phap s6

3.3. K&t qua va thao luan

K&t qua clia dé xuat la phan mém tinh toan
hé trg viéc ra quyét dinh cta ho gia dinh
khi thuc hién viéc dau tu du an dién mat
troi trong diéu kién cu thé. Phan mém con
cho phép phan tich dé nhay, nghién ctu
muc gia FIT phu hgp nhdam tao ra su cong
bang d6i véi cac nha dau tu & cac ving

mién trén ca nudc.
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THAM KHAO

[1] TS.Tran Van Binh, TS. Nguyén Hoang Lan (Vién Kinh té va Quén ly - Trudng Dai hoc Bach khoa Ha Noi) - Xac dinh
ngudng tham nhap cho du én dién mat troi dp mai theo cac vung khi hau tai Viét Nam. Tap chi Cé6ng Thuong

Cac két qua nghién ctru khoa hoc va ing dung cong nghé, S6 19, thang 8 nam 2020.

[2] V6 Tan Thai (Trudng Dai hoc Bach Khoa Da Néng) - Luan van tién si“Thiét ké hé théng st dung nang lugng mat

trdi tai trudng Cao déng nghé Vit Nam Han Quéc Quang Ngai’, 2017.
[3] TS.Pham ThjThu Ha, gido trinh “Kinh t& dau tu’, nha xudt ban Bach Khoa.

TACGIAY TUGNG

D6 Van Pat, MSSV: 20181946

Sinh ndm: 2000, Sinh vién K63-nganh Kinh
té cdng nghiép-Vién Kinh té€ va Quan ly-
Trudng Pai hoc Bach khoa Ha Noi

Nguyén Thi Dung, MSSV: 2017032

Sinh ndm: 1999, Sinh vién K62-nganh Kinh
té cong nghiép-Vién Kinh t€ va Quan ly-
Trudng Pai hoc Bach khoa Ha Néi

Ng6 Linh Trang, MSSV: 20170435
Sinh ndm: 1999, Sinh vién K62-nganh Kinh
té cong nghiép-Vién Kinh t&€ va Quan ly-
Truong Dai hoc Bach khoa Ha Noi

Nguyén Thi Hang, MSSV: 20170334

Sinh ndm: 1999, Sinh vién K62-nganh Kinh
té cdng nghiép-Vién Kinh té€ va Quan ly-
Trudng Pai hoc Bach khoa Ha Noi
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GIANG VIEN HUGNG DAN

PGS.TS. Bui Xuan Hoi

Hién dang la giang vién Vién Kinh Té va
Quan ly —Truong Pai hoc Bach khoa Ha Noi.
Hudéng nghién ciu: Dong thai cda gia
va thi trudng nang lugng quéc té, ca ché
gid ning lugng; Phat trién nang lugng
bén viing va anh hudng cla viéc thuc thi
cac rang budc vé méi trudng dén gia va
thi trudng nang lugng; Phi diéu tiét va thi
truong dién canh tranh.
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PHUGNG PHAP PHAN TICH KINH TE
CUA HE THONG DIEN MAT TROI AP MA

Nguyén Tién Luc, Luu Trung Kién, Phan Van Long,

Hoang Van Chién, Nguyén Tién Trung'", Lé Viét Tién

(1)Sinh vién b mén Hé théng dién - Vién Bién - Trudng dai hoc Bach Khoa Ha Noi
Email(1): luc.nt181213@sis.hust.edu.vn, kien.lt181189@sis.hust.edu.vn, long.pv181209@sis.hust.edu.vn,
chien.hv181094@sis.hust.edu.vn, trung.nt181285@hust.edu.vn

TOM TAT

Hién nay, nang lugng mat troi dang tré
thanh xu hudng phét trién trén toan thé
giGi vé nhu ciu nang luong va hiéu qua tai
chinh. Trong do6, Viét Nam ta la mét nudc
cé tiém nang 16n vé nang lugng mat troi.
Do d6 viéc phan tich kinh té tai chinh trong

viéc [ap dat, van hanh hé thong dién la rat
dang quan tam. Trong khuén khé nghién
clu nay, bdo cdo tap trung vao phan tich
kinh té, tai chinh cla viéc 1ap dat va van
hanh & Viét Nam.

Tirkhéa: dién mdt trdi dp mdi, kinh té- tai chinh, ndng luong tdi tao,...

1. GIGI THIEU
Viét Nam nam trong dai phan b6 anh nang
mat troi tuong d6i manh va c6 tiém nang

khai thac dién mat trai.

gl

Bire o trung binnim RS i 1380 1860 TR0 thon Ju Do o T

Biesytrong binhaghy =51 4 10 A3 48 48 40 00 43 &3 T4 18

Hinh 1. Cudng d6 buc xa hang nam
cac khu vuc trén thé gidi

Nam 2019 d6i véi Viet Nam ciing dugc coi
la mdt ndm bung né véi cac du an dién mat
troi. Hon 80 nha may dugc xay dung va dua
vao dong dién hoa vao luéi dién quéc gia
v3i téng cong suat dién mat trdi dat hon
4,8 GW va hon 8,9 GW dugc phé duyét.
Quy hoach phét trién dién luc Quéc gia giai
doan 2011-2020, 6 xét dén nam 2030, tinh
toan téng cong suat phat trién dién mat
troi dén nam 2025 khoang 14,45 GW, dén
nam 2030 khoang 20,05 GW. Gop phan dap
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Ung nhu cau tiéu thu dién nang, phuc vu
cung cdp dién an toan, 6n dinh trong ca
nudc. Theo bdo cdo mai nhat chia Tap doan
dién luc Viét Nam (EVN), trong quy | nam
2020, san lugng dién mat troi dat 2,31 ty
kWh, tang gap 28 lan so vdi cing ky nam
2019. Cac du &n dién mat troi quy mé 16n
da van hanh thuong mai trudc thoi diém
30/6/2019 dén nay da hoat dong én dinh.
Nguén dién tir ndng lugng tai tao, dac biét
la dién mat troi dugc dua vao st dung tré
thanh sy bé sung quan trong cho hé théng
dién trong bdi canh ngudn dién du phong
khéng con, gitp giam phu tai dinh.

Hé théng dién mat trdi 4p mai thich hop
vGi hé théng cung cap dién tai Viéet Nam,
cac giai phap ky thuat da dugc dua ra nham
dem lai hiéu sudt trong viéc chuyén déi
nang lugng mdt trgi thanh dién nang. Tuy
nhién rao can Ién nhat van la van dé kinh té
vi hé théng dién mat trai 4p mai thuong do
cac hd dan hodc cac phu tai c6 nhu cau su
dung duéi TMWp. Chinh vi vay viéc nghién
ctu hiéu qua st dung nang lugng mat trai
can dugc xem xét vé mat kinh té€ sé tang
kh3 nang phét trién nguén dién mat trdi
va lam gidm st dung cac nguon tai nguyén
(than, dau, khi dét...).
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2. PHUONG PHAP NGHIEN CUU

2.1.Thu thap dt liéu

« Vi tri, mé hinh thiét k&, chi phi lap dat
va van hanh cta hé théng dién mat
tr&i ap mai.

«  Bang gia mua va ban dién mat troi &
Viét Nam

2.2.Xa i dit liéu
«  Déanh gid mé hinh
- Hiéuquakinh té&

3. PHANTICH VA PANH GIA

3.1.T6ng mic dau tu

«  Duatrén quy mé lap dat

«  Dua trén bo luat, nghi dinh, thong tu
cla Nha nuéc

«  Bdo gid mua sém thiét bi, khung gian
va lap dat.

- Néi dung phan tich danh gia kinh té&,
tai chinh cta du an dugc ban hanh.

3.2. Phan tich tai chinh

Viéc phan tich va danh gid sé tap trung
s dung cac chi tiéu danh gia hiéu qua tai
chinh cia ch d4u tu du an:

. Gid tri hién tai rong (NPV):

n
1
NPV = ; Ry
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e  Giatriclia NPV canglén thiduan cang

¢6 hiéu qua.

e Thoi gian hoan vén chi s hiu co

chiét khau

e  Tysuatsinh Iginditai vé tai chinh (IRR):

1ai suat chiét khau lam cho NPV=0

Phan tich tai chinh dugc dua trén cac co sé:

Bang 1: Gia thiét va mo6 phong du én

Loai hinh du an

Vi tri du an

Téng muc dau tu

Cong suat lap dat

San lugng dién nam dau tién

Tudi tho va thai gian van
hanh

Gia ban dién (theo Qb
13/2020)

T6ng s6 vén vay

Hinh thtic vay

L&i sudt ngan hang

Gia mua dién tir lugi

Mrc gidm hiéu suat hé

théng

Chi phi van hanh, bdo duéng

Dién mat troi ap mai

S& cong thuong Hung Yén

830.000.000 VND

39,33 kWp

45,6 MWh

25 nam

1943 VNB/kWh

830.000.000 VND

10 nam, thanh toan theo du

ng gidm dan

6%/nam

1902 VNB/kWh

0,6%/nam

1% téng muc dau tu

3.3.Tinh todn hiéu qua kinh té€ ctia du an
Phan nay bao cdo tim hiéu va danh gia du
an nham xac dinh thai gian hoan vén véi
cac kich ban gia dién khac nhau dé c6 thé
dua ra cac quyét dinh dung.

Bang 2: K&t qua tinh toan hiéu qua kinh

té du &n
Loai hinh du an
1.630 1943 2100 2200
Dién mat troi ap mai
Gia tri hién
tai rong - VNP 0  353.437.773 440.750.364 496.363.479
NPV
Ty sudt sinh
Igi noi tai % 933%  17,82% 22,79% 25,97%
-IRR
Ty sudt lgi
ich/chi phi 1 1,90 2,03 2,12
-B/C
Thoi gian
. nam 25 22 20 19
hoan vén
o PR L L
4. KET QUA VA bANH GIA

e  Hiéu qua kinh t& mang lai ctia du an
chua I6n do kinh phi dau tu I6n, thoi
gian hoan vén con kha dai.

e  Can xac dinh rd céng suat lap dat tu
d6 dua ra khoan dau tu hop li d€ giam
thai gian hoan vén dé thu lgi nhuan.

e Nha nudc can c6 thém nhing chinh
sach, co ché hé trg gia dé doanh
nghiép, ngudi dan dé dang tiép can
nguén nang lugng nay.

e (Can c¢6 nhing phan tich chi tiét dé
bé sung danh gia anh hudng cta hé
thong Ién ludi.
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[1] Théng tu 39/2015/TT-BCT Quy dinh hé thdng
dién phan phéi

[2] TS. Hoang Duong Hung, Nang lugng mat trdi ly
thuyét va ing dung, Nha xuat ban Dai hoc Bach
Khoa Pa Néng, 2005.

[3] Quyét dinh s6 13/2020 QB-TTg, Co ché khuyén
khich phat trién dién mat trdi tai Viet Nam.

[4 Renewables 2020, Global Status Report.

[5] NABCEEP, PV Installation Professional Resource
Guide, 2016.

[6] PGS.TS Ddng Dinh Théng, Pin mat tr&i va (ng
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Performane and Economic Efficiency Analysis of
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[8] Quyét dinh s6 2068/QD-TTg, Chién lugc phat
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Extension Energy Program, 2009.
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and Practice, 2012.
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Hoang Van Chién, sinh nam 2000, la
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(20181094), Vién bién, Truong DPai hoc
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Phan Van Long, sinh nam 2000, la
sinh vién nganh Ky thuat dién khoa 63
(20181209), Vién bién, Truong Dai hoc
Bach khoa Ha Néi. Hudng nghién ctu vé
Nang lugng tai tao

Nguyén Tién Trung, sinh ndm 2000, Ia
sinh vién nganh Ky thuat dién khoa 63
(20181285), Vién bién, Truong Dai hoc
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GIANG VIEN HUGNG DAN
Lé Viét Tién t6t nghiép Dai hoc (2003) tai
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(2010) tai Truong Dai hoc Chulalongkorn.
Hién la gidng vién tai Vién Dién, Truong
Pai hoc Bach khoa Ha Noi.
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OPTIMIZATION OPERATION OF THE ENERGY STORAGE
SYSTEM BASED ON GRAVITATIONAL ENERGY FOR
RENEWABLE ENERGY SOURCES

Duc-Hoang Ho'", Dr. Duc-Tuyen Nguyen

(1) Student at School of Electrical Engineering, Hanoi University of Science and Technology

*Corresponding author: hoang.hd181159@sis.hust.edu.vn

ABSTRACT
In recent years, energy sources have
experienced an  extremely  strong

development. However, there are also a lot
of limitations arising, one of which is the
unstability of power generation. One of
the well-known solutions to this problem
is to store the energy and convert it into a
more stable form, then transform again into
electricity so as to be used during periods
of high demand, in which the energy has

a higher value. This paper will give you
an overview of proposed energy storage
methods by synthesizing core principle of
each method, analyzing its efficiency and
evaluating the longevity of given energy
souce technology. Finally, an energy storage
plan based on the gravitational potential
theorem and railway storage system will be
introduced, with the target to maximize the
costs that the owner derives from the system.

Keywords: Renewable energy sources (RES), energy storage systems (ESS), gravity potential,

rails systems.

1. INTRODUCTION

One of the studies considered to be the
optimal solution for the intermittent power
generation of renewable energy sources
is about the Energy Storage System. The
potential benefits of integrated network
storagetechnologyincludereducingthe need
for new transmission and power generation
capacity, improving load, providing spinning
reserve, correcting factors for frequency,
voltage, and power. energy, as well as indirect

environmental advantages. Energy storage
is classified as mechanical, electrochemical
or hydrogen electrochemical systems,
especially acid batteries, are the most widely
used accumulators for storing photoelectric
energy . However, the use of batteries
requires high initial cost, does not support
high cycling speeds and does not store a
large amount of energy in a small volume.

In addition, metal depletion during battery
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production, fossil energy consumption and
pollution caused by battery used are all
drawbacks of such technology that needs to
be taken into consideration. In 2, the stored
energy source used is hydrogen, which is
green and environmental friendly. However,
large production costs and investment
together with low round-trip efficiency have
not been widely developed. Each energy
storage system has specific characteristics
such as response time, storage limit of energy,
energy level, charge and discharge cycle,
energy density, useful lifetime, performance,
environmental impact, cost, technological
maturity, etc. Below is a table showing some
methods of mechanical energy storage:

Table 1. Technologies of energy storage.

Energy Storage Life Roundtrip
Technology Time Years Efficiency %
Compressed Air 20-60 50-89
Pumped Hydroelectric 40-60 65-87
Dedicated Railway 40+ 75-86

2. METHODOLOGY

2.1 Proposed Model

In this section, the overall system model

includes the following parts:

«  Unreliable, renewable energy source.

«  Conventional rail systems can
exchange energy with the rest of the
model, located on a steep hill.

«  Connected to the grid, through which

energy can be bought or sold at a time
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frame rate

+ A power control system connects all

other floors and controls all the energy
flows in the model. The interactions and
their exchange are shown in Figure 1

Renewable
Generation
Remewable
Frergy
B 3 Chage |
Electricity .ﬂ.‘““.. Contro] | s— Railway
Networks | s System M. | Storage System
Sold Esengy Discharge

Figure 1. Interactive and exchange diagrams of the
components in the system

2.2 The purpose of the system

The model of the system is operated to
perform a problem optimization trying to
maximize the total return for the system
owner, we assume that energy can be bought
and sold to the network at known prices. In
this context, the target function is written as:

maxC = Zarer[At. (e5. PF — P PP)] m

Assuming the cost of building the system
is A, from the total profit function for the
owner of the system above, the payback
period can be considered by:

Trgfunﬂ =A/(.P* - eb. P?) (2)

2.3 Governing Equations

In this system model, the Control System
acts as a connection and control, allowing
energy to travel from any possible source to
any possible destination. It can be thought
of as a power balance button. Therefore, at
all times the power balance is expressed as
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follows:
P™ 4+ PP+ P n® = P+ P° ¢ (3)

The above formula considers the efficiency
of the received charge and discharge
capacity.

2.4 . Railway System for Energy Storage
The novel storage system is based on the
physics principle of energy transformation
and conservation, the core idea is that any
excess energy can be transformed into
potential energy if itis applied to an electric
motor connected to a train that goes uphill;
this process is reversible with a reasonable
level of efficiency because electric motors
can reverse the flow of energy when the
mechanical force is reversed, thus if the
same train goes down hill, the electric
motor will act as a generator and inject
energy back to the electrical network to
which it is connected. This Railway System
for Energy Storage consists of N fixed
mass carriages that run on rails and are
controlled by the physical and electrical
binding equations. The amount of energy
stored at each moment is determined by:

Ey = Ep_p + At. (P€.n° — P9¢,n%) @

The geometric relationships used are
determined by trigonometry. The
relationship between the train position
and its height relative to the downhill can

be easily established. This is shown in Fig

-y

2, where (3 is the angle of the slope, S is the
length of the straight segment and h is the
height of the vertex relative to the slope foot.

[

Figure 2. The relationship between the train position
and its height relative to the downhill

From here, the amount of energy stored at

each moment is represented:
E = ErsTEgp + Ef = TyermgS;sing + mv? /2 (5)

In addition, there are a number of pre-
set power limits suitable for the system
structure (with i: charge, discharge, sell, buy):

0<P' <P ;VteTl (6)

From the above formulas, the value of
E_tis limited by E___ which is the highest
energy level that can be stored and can be
calculated as the energy stored when all
trains stop at capture head:

0<E; <Enax; VtET (7)

3. MODELING OF THE SYSTEM

The law of gravitational potential is a very
familiar law, but the novelty here is that
this law is used in the application of energy
storage systems for renewable energy
sources. In this model, conventional railway
is assumed located next to renewable

energy sources. This train track does not
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depend too much on the topography, only
needs to be placed on terrain with a long,
sloping surface. This terrain is very popular
all over the world. The generating capacity
of arenewable energy source is determined

4. CONCLUSIONS

This paper presented a new gravity-based
energy storage system as a new technology
for industrial and renewable energy farm
usage.This new system is likely to have a high
storage density, minute order uptime, lifespan
of more than 40 years and efficiency around
75 86% and will improve in the future, which
will optimize power supply and usage, as well
as increase energy self-sufficiency. Dedicated
Railway System is a viable and promising

storage technology.
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based on forecast, which is then fed into
the system to determine the capacity flow.
This model can be useful in order to help
assess the long-term profitability of such
an investment.

NOMENCLATURE
C[usD] cost of profit function must be maximized
T[h] set of time periods
[USD/MWh]  selling/buying price of energy for time
period h
At[h] duration of each interval
PAs/PAb the amount of electricity sold/bought to the
[MW] distribution network over a period of time
PArw [MW]  the amount of power generated by the
renewable sources in time period h
PAdc/PAC the amount of power discharged/charged
[MW] from the storage system in time period h
E_t[MWh]  the energy amount available in the storage
system in period h
AUTHORS

Ho Duc Hoang is a 3th year student, ma-
jor in Electric Power System, School of
Electrical Engineering, Hanoi University
of Science and Technology. Main research
direction: Renewable Energy - Energy
Source System, Optimization System.

SUPERVISOR

Nguyen Duc Tuyen received the B.E. (2006)
from Hanoi University of Science and Tech-
nology, M.E. (2009), and Ph.D. (2012) from
Shibaura Institute of Technology.

He is a lecturer, Hanoi University of Sci-
ence and Technology. His current research
topics on renewable energy.



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION FOUR

-y

OPTIMAL SIZING FOR BATTERY ENERGY STORAGE
IN ISOLATED POWER SYSTEMS

Tuan-Tu Trinh*, Tuan-Anh Duong, Giang Hoang Thi Huong,
Nga Nguyen Thuy, Viet-Hoang Pham ), Dr. Duc-Huy Nguyen

Student at School of Electrical Engineering, Hanoi University of Science and Technology
*Corresponding author: tu.tt165674@sis.hust.edu.vn

ABSTRACT

In isolated power systems, using alternative energy sources such as wind power and solar
power can help reduce the electrical energy produced by diesel generators and reduce
the energy cost as a result. In cases where PV power and wind power profiles are different
from that of the load demand, the energy storage devices can be used to make the most
use of these renewable energies. This paper presents an optimization model to determine
the optimal BESS parameters to be installed in an isolated system with renewable energy
sources. The effects of different factors, namely the project duration and the load growth
rate, are analyzed. The optimization framework is formulated as a Mixed Integer Linear
Programming (MILP) problem based on actual data from Phu Quy island, Binh Thuan
province, Vietnam. The results showed that the optimal sizing problem for BESS could be
successfully resolved with the proposed framework.

Keywords: Battery, Energy storage, Mixed Integer Linear Programming (MILP), Renewable

Energy, Isolated power systems.

1. INTRODUCTION

Electrical energy supply for isolated island
communities in Vietnam is mostly supplied
from diesel generators. This generation
source is costly and not sustainable.
Alternative energy sources, such as wind
and solar PV can work in conjunction or
even replace the diesel generators. To
make the most use of renewable energy
sources, energy storage devices can be
used M - BI. For example, excessive energy

produced from wind turbines in low-load
hours can be stored in the BESS and will
be discharged later in peak load hour.
As a result, the energy produced from
renewable energy is maximized, which
improves the economic performance of
the whole system. The paper presents a
fundamental framework for analyzing
the effect of BESS on the operation and
economic performance of the isolated

DIEN DAN SINH VIEN 2020 - NANG LUGNG TAI TAO | 83



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION FOUR

i

system with renewable energy sources. The
problem is formulated as a MILP problem.
These optimization models allow to
incorporate basic operational constraints
such as power balance, operating reserve,
the operation of BESS taking into account
its charging/discharging efficiency. The
optimization framework is formulated as a
two-stage optimization framework. Thefirst
stage optimization describes operational
constraints for a 24h duration, including
balance,

load charging/discharging

efficiencies, generator maximum, and
minimum power limits, etc. In the second
stage, the optimization problem solves for
the optimal parameter of BESS devices,
such that the maximum level of energy can

be supplied from renewable sources.

2. METHODOLOGY

2.1 Objective function

The objective function is the expected
value of the cost over the project lifetime,
which is written as follows:

(Cae = Ce) Z Pd‘ej,g =k

i
3 t
Min ) D 7| e =2 D Phgs— | + KaFess
t 5 W
CePics
+ KpPss (&8]
The above equation is used for the case of
a hybrid system with wind turbines and
diesel generators. However, it can be easily
changed to accommodate PV plants.
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2.2 Constraints

2.2.1 Power balance

The total active power output from the
diesel generators, the wind plant, and the
storage system must equal the total load in
any scenario s at any time t.

El‘. Pge,i,s + ZW P:r:‘nd,w.s + Pnt!c,s - Pliwd.s + Pc:.s (2}

2.2.2 Generator on/off states

The power output of each diesel generator
is usually limited to be above a certain
minimum level. To account for this constraint,
the following equations can be used:

t t t
Piminuis < Pis < PimaxWis

t
The binary variables Uis are used, so that
each diesel generator output can be zero if
it is shut down mod. A similar constraint is

applied to wind/PV generators.

2.2.3 BESS constraints

The ESS charging and discharging power
have to be smaller than the actual power
rating of the storage device

0 < Pf; < Pgssi 0 < Pis < Prss “

2.2.4 Charge/discharge status constraints
During a one-time period t, the ESS can only
be in one state: charging or discharging
state.

Pf, — upssM <0; Pl + upss <M (5)

where M is a sufficiently large constant.
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2.2.5 Energy capacity constraints

At all times, the state of charge of the
battery storage efgss,s should be smaller
than its rated capacity.

0= efsss < Epgs (6)

2.2.6 BESS charging constraints

Assuming the charging and discharging
efficiencies are similar, the change in state
of charge (SOC) after each hour can be

written as follows:
eE‘SS,s = eé;.él,s + nPct.s —P, éc,s/ n )]

2.2.7 Stability constraints

In this study, we will use a simple approach
to representing stability constraints. It is
simple defined as the minimum number
of diesel generators online. While both the
diesel generator and the ESS can provide
an operating reserve, the diesel generator
is still considered more reliable. In addition
to the load following capability, diesel
generators contribute to the system’s inertia
which helps improve frequency stability.

Z ut, > MRN (8)

[

4. CONCLUSIONS

The current paper analyzes an optimization
model for the calculation of the optimal size
of Battery Energy Storage device. The studied
optimization model has been successfully

-y

2.3 Results and Discussion
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Fig 1. Typical load profile
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Fig 2. Summarizes the results

The data is based on the actual power
system in Phu Quy Island, Binh Thuan
province, Vietnam. Figure 1 shows the
typical daily load profile. The analysis is
performed with different project durations.
Figure 2 summarizes the results. As the
project duration becomes longer, the need
for BESS capacity and the inverter rating
increase accordingly.

applied to an actual system. In future work,
the optimization framework will be applied to
different system configurations, such as storage
sizing for grid- connected PV and wind farms.
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NOMENCLATURE

C_de Operation cost of diesel generator ($/kWh).

C_wd Operation cost of wind generator ($/kWh)

C_e  Price of electrical energy (5/kWh).

K_E  Fixed cost of energy storage ($/kWh).

K_P  Fixed cost of the inverter of the energy storage
($/kW).

MRN  Minimum required number of diesel generator
online

n Charging/discharging efficiency of energy
storage system (ESS)

R The required operating reserve

pt Hourly load in scenario s at time t (kW)

Energy storage system’s capacity (kWh)

Energy storage system’s inverter rating (kW)

P! iy POWer output of diesel generator i in scenario s
at time t (kW).

Pt s POWer output of wind generator k in scenario s
at time t (kW)

Pt Discharging power of storage system in

scenarios at time t (kW)

P Charging power of storage system in scenario s
at time t (kW)

u'(m ON/OFF state of diesel generatoriat time t,
(binary variables).

ut Binary variable which equals to 1 if the storage
system is being charged

€'t Energy stored in the storage system at time tin
scenario s (kWh).
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ABSTRACT
Offshore wind energy’'s contribution
to the total electricity generation is

continuously increasing worldwide. Due
to the negative impact of the wake effect
on wind farm energy production, the wind
farm layout design greatly influences the
investment cost and directly affects energy
production. Therefore, wind farm layout
optimization considering the wake effect
is often required in the design phase of
a wind project. The main purpose of this

research is to optimize a wind farm layout
to increase annual energy production and
minimize the investment cost at the same
time. Jensen’s wake effect model is utilized
in this research. In order to develop a
more realistic model, the variation of wind
direction is examined. The Particle Swarm
Optimization algorithm is chosen as the
optimization tool. Recommendations will
be given for the optimal spacing between

turbines.

Keywords: Particle swarm optimization (PSO), wake effect, Jensen model, optimized layout,

offshore wind energy.

1. INTRODUCTION

Since the 1980s, the wind turbine concept
for converting the wind’s kinetic energy into
mechanical work and then into electricity
has matured into a significant industry.
According to the Wind Report 2019 of
Global Wind Energy Council (GWEC), wind

energy has become the second-largest
renewable energy source and will grow
up to 19.5% of total renewable energy in
the next five years (Global Wind Report
2019). Compared to onshore wind farms,
offshore counterparts own higher energy
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production, large continuous area, and less
noise pollution. However, these drawbacks
can be compensated by high annual energy
production (AEP).

In a wind farm, the arrays of wind turbines
are placed clustery, the inflow of some
downwind turbines can be affected by the
wakes of the turbine upwind - wake effect.
The wind speed reduction might lead to a
reduction of 5% - 20% of the annual energy
production of onshore wind farms (Sgrensen
and Segrensen, 2011). The losses of energy
yield in a wind farm are called wake loss,
and it is one of the most significant energy
losses in the wind farm. Wind Farm Layout
Optimization (WFLO) aims to optimally
place wind turbines to minimize wake loss.
However, the wind farm layout is related to
the electrical cables’ total length that affects
the electrical losses and cable installation
costs. Also, the water surface lease should
be a factor of consideration. This research
employs Multi-objective Particle Swarm
Optimization to maximize annual energy
production and minimize the cable costs as
well as the surface water lease.

2. METHODOLOGY
2.1 Wake Model

Wind turbines extract kinetic energy from
the wind and reduce the wind speed
behind the turbine’s

rotor. Therefore,
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the downstream turbines receive lower
wind speed and turbulences caused by
wake behind the upstream wind turbines
and Castro, 2017), (Wall and

Terzija, 2012). As the wind flow proceeds

(Amaral

further downstream, this wake will begin
to spread and gradually return to free-
stream conditions. The spreading of the
wake is called wake effect which strongly
influences the energy production of
downstream turbines. Placing these large-
scale turbines in wind farm proposes a
challenge due to the complex interaction
of upstream wind turbine’s wakes with
downstream turbines. Compared to many
different mathematical models for wake
effect for solving wake effect, the Jensen’s
wake model is simple and presents faster
computation time (Li, Wang and Liu), (Pérez,
Minguez and Guanche, 2013). Jensen'’s
model requires incoming wind velocity
v_0, radius r_0, thrust coefficient C_T of
the wind turbine, (Kati¢, Hgjstrup and
Jensen, 1987). Performing the momentum
balance and using Betz theory, in case
multiple wake effect and all turbines have
the same diameter, the downwind speed is
formulated as:

== [T s mE () ()] @

Where A_(shadow,i) is the overlapping,
A_0 is rotor swap area,x_ijis the distance
between the upstream i wind turbine and
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the downstream wind turbinej. r_i (x_ij) is
the radius of the wake behind the upstream
wind turbine at a distance x_ij.

Figure 1. Wind turbine wake shadow

2.2 Particle Swarm Optimization

Based on fish schooling and bird flocking’s
social behavior, Kennedy and Eberhart
proposed an evolutional algorithm with
a good performance in solving nonlinear
In PSO, each
possible solution is defined as a particle.

optimization problems.

The searching space is called particle size,
and the particle position is updated by
giving each particle a predefined speed.
Then, all the particles will tend to move
to their best positions, which are the local
optimal solutions. The updating process
will not be terminated until it reaches
the maximum number of iterations or
acceptable value. The final value should be
stabilized after several iterations.

3. ANALYSIS

3.1. lllustration of wake effect’s impact.

To show the functioning and the potential
of the proposed methodology, a putative
wind farm is chosen. This wind farm
constructs in open sea conditions, 60 km
away from the coast. It has 36 units of the
REpower 5M turbine installed, totaling 180
MW capacity, as shown in Table 1 (Jonkman
et al, 2009). For this application, some
assumptions are selected as follows:

«  The reference wind farm: square
shape 6-by-6.
- Cables type: 3-core cross-linked

polyethylene (XLPE) AC cable.

«  Airdensity is 1.225 kg/m?, wind speed
is 15 m/s, other natural conditions are
neglected.

The wind turbines are placed in a grid

layout with the various displacements

between turbines namely: 1.5D, 3D, and 5D

and the illustrated wind directions are -1/6,

-11/4,-11/2 (the angle between the horizontal

axis and wind direction).

Table 1. Repower %M wind turbine datasheet.

Rated Power 5000 kW
Hub Height 90m
Rotor Diameter 126 m
Generator Type ASYNC
Generator Voltage 660-960 V
Nominal Frequency 50 Hz
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3.2. Wind farm layout optimization by PSO

As mentioned previously, this method’s
purposes are maximizing the annual
energy production (objective 1) and
minimizing the investment cost consisting
of internal cable cost and surface water

lease (objective 2).

Thus, two objective functions are to be
optimized:

n
Objective 1: AEP:NZ Sovifw) ()
i=1

Objective2:  Cost = Cronpar + Coapte . (3)

where, d_x is the spacing between columns
and d_y is the spacing between rows. In
order to apply the developed optimization
methodologies, the spacing between wind
turbines in a row and the spacing between
each wind turbine column in a putative wind
farm is assumed to be different considering
-11/6;-11/4;-11/2
Moreover, in 2 cases that the wind direction

three wind direction of

distributes equally in 36 and 16 main
directions, respectively case 1 and case 2.

3.3 Results and Discussion

The results in case of wind direction of
-m/6 show improvement. The annual
energy reaches 4800 GWh, more than 65%
compared to the case of -mi/2. This result
proves that wake influences are strongest
in case of wind direction of -1/2. It can be
explained by the downstream turbine is

only affected by the aligned upstream wind
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turbines without space in a row. Also, in
case of wind direction of -11/6 the wind farm
layout becomes the parallelogram shape in
the context of facing wind direction. This
layout’s advantages are that many turbines
are received natural wind speed and are
not affected by wake-effect.

The wind direction is not constant. Two
cases of various wind directions are
considered. Comparing to case 2, the
annual energy production in case 1 gets
higher with nearly 4400 GWh while the
investment cost increases insignificantly.
As a conclusion in previous, in the wind
direction of -m/2 and 0 the wake effect
influences strongest compared to other
wind directions. In assumption 1, these
directions account for 40 percent of the
total hours in a year, while assumption 2
only occupies 20 percent. Therefore, case 2
has more energy losses than case 1.
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Figure 2. Optimized results in case of
fixed wind direction
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Figure 3. Optimized results in case of
various wind directions

4. CONCLUSIONS

In this paper, a simple implementable
method for constructing the wake
model and maximizing offshore wind
farms' expected power production. With
the increasing size of the turbine, wake
effect has a significant impact on energy
reduction. The main objective is designing
wind farm are considering different wind
directions by particle swarm optimization
algorithm (PSO). The effectiveness model
was well demonstrated by a study case.
The results show that the proposed model
can be used for annual energy production
and investment cost calculation with
varying wind direction and velocity. From
the comparison, it can be concluded
that the proposed method may be used
for parallelogram/rhombus shape wind
farm layout design. Indeed, the energy
production, capacity factor, efficiency, and
cost per unit of power depend strongly on
turbines’ spacing. Accordingly, it can be

concluded that it is hard to decide in terms
of energy production and investment cost
simultaneously due to the contradictory
aspect of both objectives.

For the future work, the optimization

of irreqgular shape wind farm layout

considering wake effect will be addressed.
In that case, other optimization variables
would be introduced. To place the WTs
optimally, PSO is adopted to specify
suitable locations to arrange the WTs.
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ABSTRACT

The modernization of the world has
considerably reduced the prime sources of
energy such as coal, diesel and gas. Thus,
alternative energy sources based on renewable
energy have been the main concentration
nowadays to address the world’s energy
demandaswellasrestrict global warming.Solar
energy is the main source used to generate
electricity through photovoltaic (PV) system.
However, the output of PV power is normally
intermittent. Thus accurate forecasting PV
output is an important requirement to ensure
the stability and reliability of the grid. This

study develops and validates a monthly PV
power forecasting model by using Attention-
based Bidirectional Long Short Term Memory
(BILSTM) networks. The performance of the
proposed model is compared with three
benchmark models named Long Short-Term
Memory (LSTM), Recurrent Neural Network
(RNN), and Convolutional Neural Network
(CNN),
Percentage error

respectively via Mean Absolute
(MAPE)
monthly prediction. The results shown that the

assessment in

proposed model outperformed other models
with 5% on the MAPE.

Keywords: Solar Irradiance Forecasting, Bidirectional Long Short-term Memory (BiLSTM),

Attention mechanism, Mean Absolute Percentage Error (MAPE)

1. INTRODUCTION

The exhaustion of conventional energy
sources has spurred the integration of
renewable energy sources (RES) since the
advantages of RES. Among different types of
renewable energies, solar photovoltaic (PV)
systems are one of the main RES. However,
the PV output power is normally unstable
due to the influence on various factors,

such as solar irradiance, temperature, and
different weather parameters. A slight
variation in PV power output could occur
considerable impact of the reliability,
stability of the power systems. To cope
with these circumstances, an accurate solar
power output forecasting is required to

enhance the power system quality.
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Methods  of

concentrate on PV power or solar irradiance.

PV prediction mainly
The methods based on exploiting the
historical data to predict the future values
include linear regression, ARIMAM, grey
theory, and Artificial Neural Network (ANN)
@2, Recently, the combination of more than
two methods implementing hybrid models
has become prevalent in solar irradiance
prediction. A hybrid deep learning model
comprising Wavelet Packet Decomposition
(WPD) and Long Short-Term Memory (LSTM)
networks is proposed inBl.® represented
short-term PV power forecasting by
constructing a combination of Empirical

2. METHODOLOGY
2.1 Proposed Model
The
Bidirectional

proposed Attention-based
LSTM

indicated in Figure 1. As can be observed,

architecture s

the proposed model has five layers
corresponding to tasks for GHI forecasting
problem. In the input layer, the sequential
data is fed into the predictive model. The
embedding layer is used to map each
sequence into a low dimension vector.
The bidirectional LSTM layer processes the
output of the embedding layer to obtain
a vector then the Attention layer receives
this output and computes the weight
vector before combining the weight vector

with the shallow output to achieve a new
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Mode Decomposition (EMD) technique,
Sine Cosine Algorithm (SCA), and Extreme
Learning Machine (ELM) technique.

The purpose of this study is to produce a
solar irradiance forecasting model utilizing
BiLSTM and Attention mechanism based
on the historical solar irradiance and
meteorological data from the National
Renewable Energy Laboratory (NREL). The
performance of the proposed model is
evaluated and validated by forecasting the
Global Horizontal Irradiance (GHI) values
and comparing with three benchmark
models named respectively LSTM, RNN, and

CNN via MAPE.

vector input into the fully connected layer.
Finally, the fully connected layer calculates
the predicted values .

2.2 Data Acquisition and Evaluation Metric
2.2.1 Data acquisition

The dataset in the time interval of 30
minutes was collected from the NREL for
one year (2018), including the historical
GHI and different meteorological factors.
The GHI and meteorological values in 11
months (January to November) are used
as the training set model whereas the GHI
values in December are used to assess the
forecasting performance of the proposed
model.
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Bidirectional
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Embedding
layer

Input layer

Fig 1. Attention-based Bidirectional
LSTM architecture

2.2.2 Evaluation Metric

Mean Absolute Percentage Error (MAPE) is
adopted to evaluate the performance of
the forecasting model.

GPt EP[

MAPE =231, |2 x 100% (1)

Where n is the amount of observations;
GP is the actual value; GP; is the predicted

value.
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3. RESULTS AND DISCUSSIONS

The performance of the proposed model
is validated by comparing the predicted
GHI results in December, 2015 with three
referenced model. Table 1 depicts the
comparison in forecasting outcomes of
four models via MAPE. As can be seen, the
proposed model vyields 5.11% on MAPE,
improving about 71%, 73%, and 76% in
comparison with three referenced models,
respectively. This can be reasonable that
the proposed model was developed via the
enhancement of three benchmark models.
Figure 2 illustrates the forecasting results
of predictive models in comparison with
the actual GHI values. As can be observed,
the forecasting results obtained from the
proposed model is the most similar with
the actual GHI values.

Table 1. The forecasting results via MAPE.

Model MAPE (%)
Proposed model 5.11
LSTM 17.6
RNN 18.98
CNN 21.67
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4. CONCLUSIONS

In this paper, the GHI forecasting model
comprising the BILSTM and Attention
mechanism is implemented and validated
in the monthly prediction case via MAPE
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assessment with three benchmark models.
The results show that the proposed model
yielded about 5% on MAPE in monthly
prediction.
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ABSTRACT

Unit commitment is a critical problem in electrical power system optimization that has
been well solved over the years. This problem is more complicated for microgrids with
high penetration of renewable energy resources. In that context, stochastic optimization
has emerged as a remarkable approach that is considered uncertainties in the unit
commitment problem besides robust optimization. This research proposed a stochastic
optimization-based solution to solve the unit commitment for microgrid problem that the

uncertainties from renewable energy resources and load forecast were taken into account.

Keywords: Stochastic unit commitment; Renewable energy; Microgrid; Battery energy storage

system; Load forecast

1. INTRODUCTION

Unit commitment (UC) is a fundamental
and indispensable concept in operating
electrical power systems. Addressing
this problem concerns determining the
optimal schedule to call generation units
in the system while considering various
technical, economic, and environmental
constraints. Because of the magnitude of
the problem, thousands of research articles
about UC have been published. The first
studies were published in the 1960s by
Garver ', then a series of studies came out

to solve the traditional UC problem that is

called deterministic UC. Solution methods
for deterministic UC are classified in 2.
In the last two decades, it is witnessed a
transition from deterministic to stochastic
approach in UC research. In comparison
with the deterministic approach, the
uncertainty by renewable energy sources
(RES) and load forecast error or equipment
failure is considered by the mathematical
model through scenarios or uncertainty
set. The methods and algorithms of solving
stochastic UC are reviewed by the authors
in the publication ! and .
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This research accommodates the challenges
of the UC problem for micro-grid (MG)
by including tight constraints for the
components in the MG. To make the model
more robust, the load profile is forecasted
using historical data and the output
characteristics of RES are also forecasted
in advance. A two-stage stochastic UC is
presented. The achieved results will be

demonstrated through specific case studies.

2. METHODOLOGY

2.1 UC objective function and constraints
In general, the UC problem is modeled as a
mixed-integer program (MIP) optimization
problem, consisting of binary variables
representing the on off state of the units.
The fundamentally objective function of
UC is the operational cost function with
basic constraints that ensure electricity
generation meets demand with spinning
reserves can be formulated as the following
equations &

mmZZ(c (p, )+ ()
Ul (])
st Zp}.(:) =D(t), 3. p,() 2 D() + R(1),Vt T

jed jed

Where each value of T a time period in
the planning horizon, pj(t) denotes the
quantity of electricity generated by unit; at
time ¢/(1) denotes the cost of starting up
unit/ in period ¢/@/(t)) denotes hourly load
forecast, R(#) denotes spinning reserve
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requirements, pj(t) denotes maximum
available power at time ¢ from unit j c(p (1)
and denotes the cost of producing pj(t)
units of electricity using unit; at time 7.

If only the operational cost is optimized with
the power balance requirement as in , the
calculation is extremely simple and accurate.
However, this result will not reflect the reality
since the system requires a lot of technical
and economic constraints, e.g., ramping
constraint, generation limits constraint,
spinning reverse constraint, AC network
constraint, security constraint, CO, emission
constraint, etc. Details of the constraints are

presented in the document &

2.2 Two-stage stochastic optimization

The implemented stochastic optimization
in this research consists of two stages.
In the first stage, commitment decisions
of traditional units (e.g., fuel engines,
turbines, nuclear generators) are made
ahead of time and only basic commitment
constraints are required.

—_—

]
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i

BESS  Demand

Fig 1. The example structure of microgrid



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION FIVE

In the second stage, the uncertainty
is taken into account and constitutes

operational scenarios, and for each
scenario, the dispatch can be adjusted
to achieve an optimal solution based on
the commitment decisions made in the
first stage. The stochastic optimization
approach is simple, ease of understanding,
but it needs an explicit knowledge of the
probability distribution of the uncertain
demand and the quality of the solution
is greatly influenced by the choice and

number of scenarios B¢,

The coming research will approach the UC
problem for an isolated MG that includes
various types of generation units including
diesel engines (DE), microturbines (MT),
photovoltaic systems (PV), wind turbines
(WT), and battery energy storage systems
(BESS). The example structure of microgrid
is shown in Fig 1. The uncertainty of this
problem mainly comes from the volatility
of the load and the RES. So, this research
will concentrate on accurately forecasting
the load and the RES previously. Instead
of being dependent on the probability
distribution of the uncertainty of load and
the power from the RES, the prediction
error of the proposed model is adjusted to

-y

a reasonable distribution. The Long short-
term memory (LSTM) model is employed to
forecast the load and the power generation
of the RES one day in advance. Accordingly,
the UC problem is performed one more
step which obtains a prediction of the
load curve. Then, the CPLEX solver by IBM
is employed as it is appropriate to the MIP
problem like the UCin MG.

The procedure of this research to identify
the optimal solution is illustrated in Fig
2. In phase 1, the demand and the power
generation from the RES are forecasted
by the LSTM model. After that, the on/off
status of dispatchable units is determined
in phase 2 by solving the UC problem with
two-stage stochastic approach.

3. CONCLUSION
This
commitment

research  addresses the unit

problem for microgrid
with different types of sources including
renewable energy sources, taking into
account the uncertainty. The two-stage
stochastic unit commitment optimization
is introduced based on scenarios with tight
constraints, especially focusing on BESS

constraints.
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Phase 1: Forecasting
Historical Load Data

Historical RES Generation Data
Meteorological Data
L
Load Forecast
RES Generation Forecast

\ 4

Phase 2: SUC
| Error Distribution |
iy
| Solve SUC by using CPLEX |

Fig 2. The procedure for the UC
in MG problem

4. CONCLUSIONS

In this paper, a SWM problem between the
electric power suppliers and the consumers
and a pricing method of incentive payment
in the DRs was constructed are introduced
based on Lagrangian Relaxation method.
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ABSTRACT

Load forecasting has always been a
crucial part of an efficient power system
planning an operation. Since the global
electricity market has developed rapidly
in recent years, accurate load forecasting
is becoming increasingly difficult. Short-
Term Load Forecasting (STLF) has an
enormous impact on unit commitment,
strategic power reserve for national power
systems and enhances the power supply’s
reliability. Use many techniques for load
forecasts, such as fuzzy logic, similar-

day approach, and expert systems. This
paper proposes an STLF model based on
Long Short-Term Memory (LSTM) network
combining the Linear Regression (LR)
algorithm. The analysis carries using actual
load demand data of Vietnam. LR adopts
for trend forecasting, and LSTM uses for
residual forecasting. Besides evaluating
the proposed model’s performance, an
Artificial Neural Network (ANN) utilize as
a benchmark model compared to several
computed errors.

Keywords: Short-Term Load Forecasting, LSTM, MAPE, Load Data, Linear Regression

1. INTRODUCTION

Electricity load forecasting has been

becoming a crucial research field in
electrical engineering over the last decade.
The increase of forecast error might incur
a considerable economic cost to the
power systems. Therefore, accurate load
forecasting is significant to address the
unbalance between the demand and the
power supply. Moreover, effective demand
forecasting could enhance the power

quality and ensure the safety of the power

grid. Based on decision-making activities
in the operation of the power systems, the
load forecasting with performed the length
of time in the future divide into three
types: Short-Term Load Forecasting (STLF)
(a few minutes, hours, or days in advance),
Medium-Term Load Forecasting (MTLF) (a
few weeks or months ahead), and Long-
Term Load Forecasting (LTLF) (a few years
in advance). Recent studies concentrating
on MTLF and LTLF are " 12-B4 The current
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results of STLF are adopted to secure
operational planning and the reliability of
the power systems. Since many developing
countries increasingly focus on improving
their power grids, the STLF is a prerequisite
to address the issues.

2. METHODOLOGY

2.1 Proposed Model
In this paper, an STLF scheme is proposed
based on LSTM and LR. The proposed model’s
performance validates on the real-world data
collected by the National Load Dispatching
(NLDC). The ANN
the benchmark model

Centre is utilized as
to evaluate the
computational performance and the accuracy
of the proposed model via performance
metrics, namely, Mean Absolute Percentage

Error (MAPE).

2.2 Technique

2.2.1 Data acquisition

In this study, the raw data from the NLDC
includes the load power in Vietnam and the
temperature of several cities that have large
electricity consumption from the National
Centre for Hydro-Meteorological Forecasting.
The data collect from 1/1/2014 to 31/12/2019
with a time interval is one hour.
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Figure 1. The load power of Vietnam from
1/1/2014 to 31/12/2019

3.ANALYSIS

3.1 Governing Equations

In this paper, MAPE adopts to evaluate the
performance of the forecasting model.
MAPE is a measure of prediction accuracy
of a forecasting method in the form of a
percentage error and defines as:

MAPE—lzn: GP,—GF, % 100% 1
T ns .| cp, N M
i=

Where n is the number of observations;
GP is the actual value; GP; is the predicted
value. The lower MAPE brings more
accuracy in forecasting results.

Forecast hour rate with a forecast error rate
of less than 2% in the number of forecast

hours to be 51% or more

ACCURACY = E x 100% (2)
Where n is the number of observations; # is
the number of observations with Absolute
Percentage Error (APE) less than 2%
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GP, — GP,

i 4

GP;

APE, = | x 100% 3)

3.2 Results and Discussion

The dataset divides into two parts: the
training set and the testing set. The
training set consisting of these above
variables from 1/1/2014 to 31/12/2018 is
utilized for training the predictive model,
thus optimizing the proposed model’s
parameter. The testing set, including these
values in 2019, is adopted to predict the
load power values in 12 months (January
2019 to December 2019) and validate
the predictive model’s performance. The
forecast model used to give an accurate
about 54.3 + 59.9% and MAPE about 1.79
+2.75% for 12 months in 2019.

“10* Ascurary! 57.97% - MAPE: 263%

Error (UMW)

dim Feb M A May kn  Jod  dey Sen Do Ny Dee
Date 2018

Figure 2. The load forecasting results in
2019 by the LSTM model
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Figure 3. The load forecasting results in

specific days of December
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Figure 4. The load forecasting results in
December via MAPE

4. CONCLUSIONS

This study proposes the STLF scheme
using the combination of LR and LSTM
based on the real-world data collected
from the NLDC. To assess the performance
and the accuracy of the proposed model
in daily prediction, the ANN model utilizes
the referenced model. The outcomes
demonstrate that the proposed model
outperformed the ANN model. The MAPE
obtained from the proposed model ranges
from 1% to about 3% in the two case
studies. The result can help Vietnam Power
Market Operation planning. In the future,
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we could enhance the proposed model
by combining it with other deep learning
models to obtain a complex hybrid model
with higher accuracy.
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TOM TAT

Bai viét trinh bay y tudng két hop dién mat troi (DMT) v&i cdc may phat dién tir dudng

6ng cap nudc sinh hoat tir séng Da doc theo dai |6 Thang Long phuc vu cap dién chiéu

sang, sac xe dién va hoa ludi.

Tir khéa: DMT, tuabin phdt dién tir dudng éng nudc.

1. DAT VAN BE

Nang luong hoa thach la nguén nang
lugng hién dang dugc st dung phé bién
trén thé gidi. Tuy nhién, ngudn nang luong
nay la c6 han va sé can kiét trong tuong
lai. Hon n(ta viéc st dung nang lugng héa
thach con gay phat thai khéi, bui va khi déc
hai gay 6 nhiém méi trudng. Vi thé, hién
nay thé gid¢i da va dang dua nang lugng
tai tao dan thay thé cac ngudn nang lugng
héa thach. Thly va tai tao nén dugc nghién
clu phat trién nhiéu trong nhitng ndm gan
day trén thé gidi. Cac tac gia duaray tudng
nghién ctu, Ung dung két hgp DMT va
tuabin trong dudng 6ng dan nudc trén dai
16 Thang Long cap dién cho hé théng chiéu
sang, sac xe dién va hoa luéi gop phan tao
moi trudng dién xanh cho Viét Nam.

2. CONG NGHE TUA BIN PHAT DIEN TU
DUGNG ONG DAN NUGC

Cong ty LucidPipe st dung dudng 6ng
nuéc dé san xuat dién. Hé théng nay co
thé dugc lap dat va hoat dong vai hau hét
cac loai duong 6ng nudc hién cé. Luong
dién sinh ra phu thuéc vao t6c dé chay cua
dong nudc.

Nham trdnh anh hudng dén hé théng cung
cap nuéc chung, LucidPipe chi duoc 13p tai
dudng 6ng nudc chay tu trén cao xudng
thap M.

Nguyén tic hoat dong cla LucidPipe kha
giéng Vvéi tuabin dién gié loai truc ding
(VAWT) véi cac canh bén trong éng nudc.
Khi nudc chdy sé lam quay canh quat, truc
canh quat gan vai may phat dién dat bén
ngoai éng sinh ra dién (Hinh 1).
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Hai B& Méi trudng, Bo Y t€, Lao dong va
Phuc Igi Nhat Ban ngay 28/8 cho biét da
Ién k& hoach ph6i hop cr cdc nhém diéu
tra nghién ctu tinh kha thi ctia du an l&dp
dat cac mdy phat dién loai nho tan dung ap
luc nguén nudc cung cap cho cac hd dan.

Cac nhom diéu tra sé dugc cir di khap ca
nudc dé danh gia thuc trang hé théng
cung cap nudgc, tinh kha thi trong thiét ké,
thi céng va duy tru cac van dé lién quan.
Ngan sach du kién vao khoang 280 triéu
yén, tuong duong 2,8 triéu USD, dugc cung
cap trong nam tai khéa mai 2015.

Generator

Life-based —
Spherical
Turbine
SpITy Ay et
fuws

Safe for
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Hinh 1. Tuabin thuy dién trong dudng
6ng nudc [2]

Cac nha quan ly Nhat Ban cho rang, cac
dudng éng nudc tir cdc nha may cung cap
hay khu cuc tich trit c6 chita mot nguén
nang lugng 16n nha sy chénh léch vé ap
suat va luéng nudc. Néu viéc 1ap dat cac
may phat dién nho dugc tién hanh, nguén
nang lugng nay cé thé dugc bién déi
thanh nguén dién nang ti muc dé 50 kW
dén hang tram kw B,
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3. DU KIEN NOI DUNG NGHIEN CUU VA
GIAI PHAP THUC HIEN

3.1. Banh giad tiém nang phat dién cua
dudng 6ng cap nudc cho thanh phd Ha
Noi t’ Hoa Binh doc theo dai I6 Thang
Long (Vi tri [ap dat va tiém nang phat cla
tuabin dudng 6ng cap nudc) - Lap dat cac
tuabin trong long 6ng dan nudc két hop
cac tdm pin nang lugng mat trdi doc dai
16 Thang Long.

3.2. Panh gia tiém nang DMT trén dai 16
Théang Long (Vi tri 1dp dat va tiém néang
phat cia BMT).

3.3. Nghién ctu két hgp gitta DMT va
tuabin nudc trén dai 16 Thang Long dé
cap dién cho cac phu tai/hoa lugi (Két
hgp 2 ngudn nay cap dién cho hé théng
chiéu sang dudng, cac tram sac xe dién
va hoa lugi).

4, KET LUAN

Viéc st dung cac dang nang lugng tai tao
Ung dung vao cudc séng la that su cap
thiét do ngudn nang luong héa thach
ngay cang can kiét, dat dé va gay 6 nhiém
moi truong nghiém trong. Céng nghé
DMT ngay cang phat trién va dugc thuong
mai ing dung nhiéu, gia thanh ngay giam.
May phat dién dat trén duong éng nudc,
khong doi hoi phai thi cdng qua phuc tap
va cing khéng anh huéng dén chat lugng
nudc nén chi phi dugc cho rat ré, c6 kha
nang Ung dung réng rai. Vi thé, y tudng
két nGi 2 nguén nang lugng tai tao nay voi
nhau phat cap dién cho hé thong chiéu
sang, sac xe dién trén dai |16 Thang Long
va lugng dién ndng thira c6 thé hoa ludi
hodc cap dién cho cac ho dan cu gan dai 1o
nay la hoan toan kha thi, gép phan giam
chi phi dién nang chiéu sang dai [0 Thiang
Long, sac xe dién va déng gop dién ndng
vao lugi dién quéc gia.
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ABSTRACT

As smart technologies continue to grow,
so is the demand for data centers. In fact,
data centers operate 24/7 and consume a
considerably high amount of energy. The
number of researches and reports on power
consumption level of data center is still
limited. To have a deeper understanding
about green data center, which has become
a topic of great interest and discussion,
and focus on conventional energy sources
dependency reduction by using renewable
energy source, a photovoltaic (PV) system

has been designed to supply additional
power to the suggestion sketch of USTH's
data center. The simulation for this purpose
will be done using PVSyst V7.0 to estimate
the production of the photovoltaic system
installation on the building’s rooftop by
using the weather data imported from
MeteoNorm. Analysis of simulation results
confirms the potential of on-site PV system
exploitation to provide energy for data
center - which is a critical infrastructure in

urban area.

Keywords: Infrastructure Topology, Tier Level, Green Data Center, Photovoltaic System,

Energy Efficiency.

1.INTRODUCTION

The initiative of “green data center for
sustainability” is likewise an important step
towards achieving energy-efficiency for a
greener planet [Lorincz. J, 2019]. One of the
ideas is to increase the use of renewable
energy sources, such as on-site photovoltaic
generation, which partly contributes to
the data center’s energy supply, thus
indirectly contributing to the reduction

of the carbon footprint. This study aims to
understand more deeply the advantages of
minimizing energy consumption from data
center by increasing the use of renewable
energy resources. After designing the main
infrastructure (i.e, cooling system, electrical
system) of University of Science and
Technology of Hanoi (USTH) data center, a
large amount of energy consumption in the
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data center can be noticed. Based on the
idea of “green data center’, a photovoltaic
system has been designed to add additional
power to the suggestion sketch of USTH’s
data center in Hanoi, with the goal of being
able to carry 20 to 30 percent of the total
energy consumption. The Photovoltaic
simulation tool is important in predicting
the energy production from the solar
panels. The simulation and results for this
section will be analyzed by using PVSyst
software [André. M, 2019] to evaluate the
production of the Photovoltaic installation
using the weather data imported from
MeteoNorm.

2. METHODOLOGY

2.1 Proposed Design Concept of Data
Center

This case study is based on a new proposal
concept of data center suggestion sketch
in USTH. The recommended data center
platform is situated on the 5th floor of
the USTH building. It has proposed a data
center design with 20 I[T-racks (power
density for server rack: 5kW/rack and 3.5
kW/rack for other racks), based on TIER-3
and ANSI/TIA-942 infrastructure standards
[Chalise. S 2015], which are being applied
in most major data centers in Vietnam. The
data center electrical infrastructure with
N-+1 redundancy to critical IT load; source
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of electricity from two independent grids,
and the precision cooling technology was
used. A daily consumption of 3984 kWh/
day can be calculated after the initial

design.
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Fig 1. 3D schematic for the new data center in

USTH according to the Uptime Institute Tier 3
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Fig 2. Proposal topology for data center in
USTH refer to the Uptime Institute Tier 3 for
mechanical and electrical infrastructure
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2.2 Photovoltaic Source Integration in
Data Center

The USTH building is a 37.9-meter-high
block, with a 939-meter square rooftop.
However, due to most of the area having
been occupied by other facilities, the
photovoltaic array will be setup onaframe
in the flat yard of the rooftop, with the total
area available reduced to approximately
128-meter square. Figure 3a showcases
the location of USTH based on Google
Maps, while Figure 3b showcases the 3D
schematic of the available area. Due to the
fact that the size of a photovoltaic panel
typically 1 x 2m, a total number of 36 PV
panels can be placed here.

4 FY arvay srrasgresent o fhe
allableof 125m3 - USTH mafiop.

) USTH baibding barated n 11035 10430

Fig 3. a) Location of the site based on Google
Maps. b) 3D schematic of USTH flat yard with
PV panels.

3. RESULT AND DISCUSSION

Using an optimally oriented photovoltaic
array with crystalline modules and
central inverter are mentioned, with the
yearly data is averaged over 24 h period
for each month by estimated in PVSyst,
annual system production of an 18 kWp-
photovoltaic system is 21196 kWh/year,

and the specific yearly production is 1178

i

kWh/kWp/year. The overall performance
ratio (PR) is 84.7% and the normalized
is 3.23 kWh/kWp/day. An
average daily PV system vyield of 58 kWh/

production

day can be evaluated after the simulation.

However, as the power demand for the
current UTSH's data center suggestion is
approximately 3984 kWh/day, the current PV
system design can only carry 1.5% of the data
center power demand, 19.5% short from the
starting goal. There are two explanations and
suggestions that can be drawn from this case
study: (i) The small area available and heavy
architectural constraints limit the size of the
PV system, which can be fixed easily enough
with a different and bigger site; (ii) The data
center itself consumes a huge amount of
energy, which can be solved, hopefully, with
more techniques and technologies to reduce
the total power demand.

e of e day (1]

Fig 4. Average power output per hour (kW)

i & & 4 8 8 T &8 & W W un

Month of year

Awerage dally yield (i)
=« EHEEEEIE

Fig 5. Average daily yield (kWh)
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4. CONCLUSIONS

In this study, an 18 kWp photovoltaic
(PV) system has been designed to supply
additional power to the suggestion sketch
of USTH's data center. Analysis of the
simulation can confirm the potential of
on-site PV system exploitation to provide
energy for data center - which is a critical
infrastructure in urban area. However, the
results show that the annual power output
(approximately 21196 kWh/year) is still
too small compared with Data Center’s
power demand (about 1.5% total power
consumed). On the topic “green data
center”, “energy efficiency”is one important
factor and a big-research question in the

future.
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ABSTRACT

This paper introduces the active and
reactive power control of voltage source
converter (VSC) station. The direct current
control using a double closed-loop control
structure has been implemented at the
terminal of the VSC. The introduced power

control can be applied to renewable
energy systems to regulate the connected
electric power system’s power quality. The
performance of power control is verified in
the MATLAB/Simulink environment.

Keywords: voltage source converter, power control.

1.INTRODUCTION
In general, the output active and
reactive power of VSC is implemented
at the converter station, which is called
the station-level control M. It mainly
includes the direct current control and
indirect current control. The indirect
current control has good static control
characteristics, whose control structure is
quite simple. However, its dynamic control

characteristic is very slow, which cannot

control the internal overcurrent, so that it
is rarely applied in practical engineering.
The direct current control uses a double
closed-loop control structure with the
current inner loop and power outer loop
based on the dq coordinate system’s
mathematical model. Therefore, it can
realize that fast current response, as well
as the active power and reactive power
decoupling control 23,

DIEN DAN SINH VIEN 2020 - NANG LUGNG TAITAO | 113



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION SIX

i

2. MODELLING OF VSC CONTROL

In the dq coordinate system, the station-
level control of the VSC can be divided
into the inner-loop current controller and
outer-loop power controller. Firstly, the
outer-loop power controller calculates the
reference value idref and igref for the inner-
loop current controller, according to the
reference value active and reactive power.
Then the inner-loop current controller
calculates the reference value of the

converter ac-side output voltage.

The outer-loop power controller includes
active power control and reactive power
The
control controls the ac-side active power.
According to P =1.5U j, and 0=-1.5U i,
the active power can be controlled by

control. constant  active-power

adjusting the ac-side d-axis current id;
meanwhile, the reactive power can be
controlled by adjusting the ac-side g-axis
current i . Therefore, the outer-loop power
control is designed as

idref:[kP-{-%](PmE_f:) M

iqrel‘=LkP+n_1J(QrcF_Q) 2

A

The inner-loop current controller controls
the converter ac-side dq currents i, and iy
which tracks the reference dq currents i,
and im/.calculated by the outer-loop power

controller.
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However, according to (3) and (4), in the

converters mathematical model, there
is cross coupling relationship between
the d-axis component and the g-axis
component. Meanwhile, there are
disturbance components caused by the

system voltage.

L

- =u, —v, — Ri;*oli, (3)
L%:uq—vq—qu-mLfd )

To eliminate the influence of the cross-
coupling relationship and the disturbance
current

components, the inner-loop

control is designed as

Vg = —[k,, + %J[:’M —iy)+oLi +u, (5)

Vit = —Lk], +:—'J[:’w —i,)-oLi,+u, (6)

Therefore, the active power variable
and the reactive-power variable can be
controlled independently. From Equations
(1), (2), (5), and (6), a control diagram of the
outer-loop power controller and the inner-
loop current controller is designed as in

Figure 1.
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Fig 1. The control diagram of the active and reactive power control

3. SIMULATION RESULTS

The topology of the three-phase two-
level VSC is used to test for this work. The
simulation results show that the active and
reactive power is controlled by changing
the reference values, as shown in Figure 2
and 3. In the case of active power control,
Pref starts at OkW and changes to 20kW
at 5s, then changes to -20kW at 10s, and
changes to 10kW at 15s finally. For the
reactive power control, Qref begins at 0kW
and changes to -20kW at 5s, then changes
to 20kW at 10s, and changes to -10kW at
15s finally.
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Fig 3. Performance of reactive power control.
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4. CONCLUSIONS

This paper has introduced the control for
active and reactive power of the VSC in
DC grid applications. The performance
of active and reactive power has been
controlled well. Furthermore, the active
and reactive power can be bidirectionally
controlled by the VSC. From this work, the
control of active and reactive power of VSC
can be applied to AC/DC Microgrid, which
includes renewable energy sources.
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TOM TAT

Bai viét nay sé dé xuat mot thuat toan diéu khién du bao mé hinh méi phu hgp cho nghich
luu da muc cau tric cdu H néi tang, cé thé trién khai trong ing dung két néi hé théng
ngudn nang lugng tai tao véi ludi dién. Phuong phap diéu khién du bao mé hinh, véi
nguyén ly la tim ra vector dién &p t6i uu cho nghich luu da mdc trong mét khoang thai
gian trich mau rat nhd, rat khé dé thuc thi. Phuong phap nay khéng c6 khau diéu ché, nén
viéc thuc hién téi uu dién ap common-mode va gidm s6 lan dong cét clia van ban dan
chi c6 thé thuc hién trong ham muc tiéu. D€ gidi quyét van dé nay, bai viét dé xuat mot
phuong phap diéu khién du bdo mé hinh cai tién ma chi xét t&i 19 vector dién &p trong
m®i chu ki trich mau va cé thém cac thanh phan triét tiéu dién 4p common-mode va téi uu
déng cat trong ham muc tiéu. St dung mé hinh hé théng trén mién thdi gian gian doan dé
du doan gia tri dong dién tuong lai tuong (ing véi tling vector trong mdt nhém bao gém
vector & chu ki trich mau trudc va 18 vector lién ké véi né. Vector dugce chon la vector khién
cho ham muc tiéu dat gia tri nhé nhat. Do d6, trong nghich luu da muc véi s6 muic dién
ap bat ki, ham muc tiéu chi dugc thuc hién 19 1an trong méi chu ki trich mau. Viéc thuyc thi
trén nén tang FPGA cho phép 19 phép tinh cé thé thuc hién déng thdi, giup cho thai gian
thuc thi trd nén rat nhd. Tinh kha thi cla thuat toan dé xuat dugc kiém chiing bang mo
hinh mé phong trén phan mém MATLAB-Simulink va thuc nghiém trén hé théng nghich
Iuu 11 muc cau H ndi tang.

Tur khéa: Diéu khién du bdo dong dién, nghich luu da mirc, cdu H néi tdng, khéi lugng tinh
todn, dién dp common-mode, pin ndng lugng mdt troi.

1. DAT VAN DE

Nghich luu da mic dugc st dung rong  diém nhu: téng d6 méo séng hai (THD)
rai trong cac Ung dung véi hé théng dién  thap, gidm dién ap trén cac phan td van
ap cao va coéng suat I6n nhd mot s6 uu  ban dan va téc do thay déi dién dp cham
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hon. Trong nhiing cdu tric khac nhau cta
nghich luu da muc, néi bat nhat la ciu truc
cau H néi tdng. Cau trdc nay cé uu diém
la tinh m6-dun héa cao, ¢d nhiéu vector
dién 4p ma cé thé tao ra cing mot muc
dién ap trén pha, do dé né nang cao dé
tin cay c@a hé théng, Cau tric nghich luu
da muic cau H néi tang dugc st dung réng
rai trong cong nghiép véi nhiéu ting dung
nhu trong hé théng STATCOM, céac bé bién
déi cho déng co cong suat I6n va trong hé
théng két néi ngudn nang lugng téi tao
véi luéi dién.

Phuong phap diéu khién du bdo mé hinh
(MPC) dugc nghién ctu rat rong réi vi
nhing uu diém nhu dé tiép can, c6 thé
lam viéc vai hé théng phi tuyén trén mién
thaoi gian, thoi gian dédp Ung nhanh, linh
hoat trong viéc b6 sung thém céac d6i
tugng trong ham muc tiéu. Mot trong
nhiing gidi han cta phuong phap MPC
I3 khé&i lugng tinh todn ma vi diéu khién
phai thuc hién la rat 16n, gay anh hudng
téi chat luong cda bo diéu khién. Da co
rat nhiéu nghién ctru cat giam khoi lugng
tinh todn trong phuong phap MPC. Vi
duy," dé xuat phuong phap chi xét tGi 7
vector trong méi chu ki trich mau. Diéu
nay dam bao rdng sé lugng tinh toan ham
muc tiéu 13 hdng s6, bat ké vdi sé luong
muc dién ap bat ki. Tuy nhién, viéc chi
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Iua chon 7 vector nay anh hudng t&i chat
luong cla bo diéu khién, ddc biét trong
qud trinh qud do6. Bén canh do, phuong
phdp nay cing khéng triét tiéu duogc
dién ap common-mode hay t6i uu s6 1an
dong cét cha van ban dan. Nho su phat
trién cha vi diéu khién va FPGA trong thai
gian gan day, van dé vé khéi lugng tinh
toan I6n cia MPC c6 thé dugc gidi quyét.
Do do, trong nghién ctu nay, tac gia sé
dé xudt moét phuong phap MPC cai tién
cho nghich luu da murc cau H néi tang vaoi
nhiing yéu cau sau: giam s6 lugng tinh
todn ham muc tiéu bang viéc st dung 19
vector dién ap trong méi chu ki trich mau,
triét tiéu dién 4p common-mode va téi uu

s6 lan dong cat van ban dan.

2. THUAT TOAN BE XUAT

Déi tugng nghién ctu la hé théng nghich
Iuu ba pha da muc cau H néi tang, véi tai
tré cdm ba pha. Trong ham muc tiéu cla
thuat toan MPC dé xuét, ngoai thanh
phan téi uu sai léch dong dién nhu thong
thudng, c6 thém hai thanh phan khac dé
t8i uu dién 4p common-mode va t6i uu s
lan dong cat van ban dan.

SU dung phuaong phap nhu trong ", dong
dién du bdo dugc xac dinh béi phuong
trinh sau.
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Hinh 1. So d6 khéi clia thuat toan MPC
dé xuat.

. T, . L
w2l tx-2)) o
Bo diéu khién MPC dé xuat sé lua chon
vector dién ap cho thdi diém k bang ham
muc tiéu (2).

8=8+An& + 4.8 @
vGi va lan lugt la trong s6 cua thanh
phan téi uu dién ap common-mode va
thanh phan t6i uu dong cét.

Tung thanh phan cua (2) dugc xac dinh
nhu sau.

go=(L M- e+ 1) + (G5 6+1) ©

= P”:,%]’ @
sl -s -l -s el

+[Sc[k]-5:[k-1]

Véi nghich luu 11 muic cau H néi tang, sé
€6 331 vector dién ap c6 thé dugc lua chon
dé thuc thi ham muc tiéu (2). S6 lugng
phép tinh toan trong moét chu ki trich mau

-y

la qua 16n, do do, tac gia dé xuat chi xét
dén mot nhém 19 vector trong moi chu
ki trich mau. Nhém nay dugc xac dinh tir
vector dugc lya chon trong chu ki truéc va
18 vector lién ké vai né. Vector nao khién
cho (2) dat cuc tiéu sé dugc lua chon cho
bo nghich luu.

3. KIEM CHUNG

Thuat toan MPC dé xuat dugc kiém chiing
bang moé phoéng trén MATLAB-Simulink
va thuc nghiém véi mé hinh nghich luu
ba pha 11 muc cau H néi tang véi tai trd
cdm. Cac k&t qud moé phong dugc thé
hién trén cac Hinh 2, Hinh 3, Hinh 4. Cac
két qua thuc nghiém dugc thé hién trén
cac Hinh 5, Hinh 6, Hinh 7. C6 thé thay
rang dong dién c6 do6 bam gia tri dat
rat t6t, thai gian dap ung nhanh. Khi ap
dung cac trong s6, dién ap common-
mode dugc triét tiéu hoan toan, sé lan
doéng cét van gidm dang ké.

5 260
—_~ — 4 - S |
= = -
Nl 5 by /i
e ™2 L

z erd

0.1 012 0.14 0.112 0.1125
Time (s) Time (s)

Hinh 2. Dong dién do (nét do) va dat (nét
den) 1 pha.
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Hinh 3. Bién 4p common-mode trudc
(hinh trai) va sau (hinh phai) khi bé sung

trong s6.
S 50 S 50
z 0 z 0
=% .50 =% .50
03 032 034 03 032 034
Time (s) Time (s)

Hinh 4. Dién ap trén pha A trudc (hinh
tréi) va sau (hinh phai) khi bé sung
trong so.

—— - R e TR

Hinh 5. Dong dién do trén mét pha.

¥ = o =S

Hinh 7. Dién ap trén pha A truéc (hinh
tréi) va sau (hinh phai) khi bé sung
trong s6.
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TACGIAY TUGNG

Duong Minh Sang la sinh vién Vién Dién,
Truong Pai hoc Bach khoa Ha No6i tU nam
2016. Anh hién la thanh vién clGa PELab
quan ly bai TS. Vi Hoang Phuong. Huéng
nghién ctu hién tai la bo bién déi da muc
cau H noi tang va nhimng tng dung ctia né
trong truyén déng dién va trong cac hé
théng nang lugng mat trai néi ludi.

Tran Hiu Duc |a sinh vién Vién Dién,
Truong Pai hoc Bach khoa Ha Noi. T nam
2018, anh la thanh vién cta PELab quan ly
bai TS. VG Hoang Phuong. Huéng nghién
clru hién tai la cdc bd bién déi cong suéat
16N, déc biét 1a bo nghich luu da muc cau
H ndi tang.

GIANG VIEN HUGNG DAN

Vii Hoang Phuong nhan bang Ky su, Thac
si va Tién si tai Trudng Pai hoc Bach khoa
Ha No6i vao cac nam 2006, 2008 va 2014,
tat c& déu vé linh vuc Ky thuat Diéu khién
va Tu dong héa. Tu ndm 2006, anh cOng
tac tai Truong Pai hoc Bach khoa Ha Noi
véi vai tro la giang vién va nghién ctiu sinh
tai Vién bién. Huéng nghién ctu hién tai
bao gobm mo hinh héa va mé phéng céac
b6 bién déi dién ti cong suat cho cac tng
dung nhu hé théng dién mat troi, dién giod,
truyén dong dién.
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NHAN DANG TAM PIN MAT TROI Bl LOI DUA TREN DU LIEU ANH
BANG TRI TUE NHAN TAO

Nguyén Dang Tién™, Tran Trang Ninh™, Nguyén Tié€n Thanh,

Nguyén Tran Minh Trang"", Nguyén Dic Thao, TS. Nguyén Quéc Minh
(1)Vién bién, Trudng Dai hoc Bach khoa Ha Noi
*Tac gia lién hé: tien.nd174260@sis.hust.edu.vn

TOM TAT

Viéc xac dinh tdm pin mat trdi bi hdng ¢é vai trd rat quan trong trong viéc dam bao hiéu

sudt téi da ctia cadc nha may dién mat trdi. Trong nghién ctru nay, ching t6i dé xuat st dung

phucng phap hoc may dé tu dong hoa viéc phan loai tdm pin mat trsi bi hong. Mé hinh

hoc may dugc huan luyén va kiém tra trén tap di liéu bao gém 2.146 hinh anh dién phat

quang c6 dé phan giai cao clia cac tam pin mat troi loai momo va loai poly. K&t qua phén

loai cho thdy mé hinh hoc may c6 thé phan loai dugc tdm pin mat trdi bi hdng véi d6 chinh

xac f1-score 1én dén 86,26%.

Turkhéa: phan logi tdm pin mdt trdi, hoc mdy, mang na-ron tich chdp, sym

1. GIGI THIEU

Cactam pin nang lugng mat tréi thudng duoc
bao vé bdi khung nhém va tdm kinh bé mat
dé trach khoi cac tac dong clia mai trudng.
Tuy nhién, cac bién phap bao vé nay khong
phai luc ndo cling c6 thé ngan nglia dugc cac
hu hong do co hoc nhu tac dong ti mua d3,
céc canh cay rai, roi khi 13p dat, tham chi co
nhimng vét nut nho khéng nhin thay duoc,
hodc cac khuyét tat khi sadn xuat dan tdi cac
tam pin mat trdi bi hong. Diéu nay lam giam
hiéu suét ning lugng dugc chuyén hoa thanh
dién nang cda cac mo-dun nang lugng mat
tr&i. Do d6 viéc can phai theo déi trinh trang
clia cdc mo-dun ndng lugng mat trdi va thay
thé hodc stia chira cac don vi tdm pin mat troi

bi 16i 13 can thiét dé dam bao hiéu suat t6i da
cho cac nha mdy nang lugng mat trai.

Viéc xac dinh va phan loai cac tdm pin mat
trdi bi 16i la déc biét kho khan, n6 la moét thach
thuic 16n ngay ca véi cac chuyén gia dugc dao
tao cling c6 thé khéng phat hién ra nhiing vét
nut hong, bsi mét s6 khuyét tat nay khéng
thé nhin thay dugc bang mat thudng. Ngugc
lai, mot s6 khuyét tat khac c6 thé nhin thay
bang mét thudng nhung lai khéng hé lam
gidm hiéu qua ctia mé-dun.

Hinh anh quang
(Electroluminescence - EL) la mét phuong

dién phét

thiic hitu ich d€ diém tra cac tdm pin mat trdi.
EL cung cap hinh anh c6 do phan giai cao
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gitp c6 thé phat hién cac vét nut, khuyét tat
trén bé mat ctia cac mo-dun. Tuy nhién, viéc
phan tich tht cong sé tiéu tén rat nhiéu thoi
gian, tién bac, cong stic va con doi hoi kién
thic chuyén mon vé cac loai khuyét tat khac
nhau.

Ngay nay, vdi su phat trién cla tri tué nhan
tao ndi chung va hoc may ndi riéng, viéc nhan
dang va phan loai hinh dnh tr& nén ngay cang
chinh xac tham chi mét s6 tac vu cé thé vuot
qua con ngudi. Viéc Ung dung mdy hoc vao

2. PHUONG PHAP

2.1 M6 hinh hoc may

Chung téi st dung mang na-ron tich chap
(CNN) nhu mét phuong phap trich xuat dac
trung dé thuat toan SVM phan loai. Cu thé
dugc mo ta nhu Hinh 1 dudi day.

@ - Hufin luyén
e | = Dy dodn
Tip dit liu hudn

uyén
EfficieninetB0
Binh thuimg

- |

L. Héng
Anh ciin phin logi Két qud phin logi

Hinh 1. Quy trinh chung cdia m6 hinh
phan loai hinh anh tam pin mat trgi hong

Mang nao-ron tich chap la mét mang no-ron
tap hgp cac I6p tich chap chéng 1én nhau.
M&il&p tich chdp sé dugc strdung cac bé loc
khac nhau, s6 lugng thudng dén hang tram,
hang nghin bo loc sau dé sé két hgp két qua
clia chuing lai véi nhau. Lép tich chap nay sé
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viéc phan loai tdm pin mat troi cling dugc
quan tdm va nghién ctu 2, B&i uu diém
VUGt troi clia may hoc la khéng can hiéu qua
nhiéu vé cac loai khuyét tat, cac dac trung nay
sé dugc trich xuat ty dong trong qué trinh
huan luyén. Trong nghién cdu nay ching
t6i dé xuat mé hinh may hoc két hop gitta
mang no-ron tich chap (Convolutional Neural
Network - CNN) v6i vec ta hé trg (Support
Vector Machine - SVM) dé phan loai tdm pin
mat troi hong.

dugc di qua mot ham kich hoat phi tuyén
tinh dé tao ra cac théng tin tritu tugng hon
cho cac 1dp tiép theo. Ngoai ra con sirdung
mot vai I6p khac nhu cac loai I6p pooling
dung dé chét loc lai cac théng tin hiu ich.
Trong qué trinh huan luyén mang no-ron
sé tu déng hoc qua cac I6p bé loc dé trich
xudt dac trung. Lop cudi cung sé dugc
dung @€ phan nhém hinh dnh. Mang no-
ron tich chdp chung t6i st dung trong mé
hinh may hoc dé xuat la kién trdc mé hinh
EfficientNet-B0 B! da dugc huan luyén trén
b6 di liéu Imagenet véi hon 1,3 triéu buc
anh cho 1000 I&p hinh anh khac nhau,
chuing téi loai bo cac 16p phan nhém hinh
anh & cudi kién tric mo hinh, gitr lai trong
6 tai cac |9p tich chap dé tur dé st dung
mang no-ron tich chap nhu mét phuong
phap trich xuat dac trung.
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Vec to hé trg (SVM) la mot thuat toan
thuong dugc duing trong cac bai toan phan
loai d{t liéu thanh cdc nhém riéng biét.
Trong thuat todn nay, dir liéu dugc anh xa
vao khéng gian nhiéu chiéu hon dé tur d6
tim ra siéu mat phdng dé phan chia cac
nhom can phan loai. Sau khi st dung thuat
toan tim kiém cac tham sé t6i uu cho SVM
chiing t6i thu dugc tham s6 diéu chudn C
la 100, nhan clia thuat todan la ‘rbf’ vai hé s6
nhan gamma la 0.001.

2.2 Tap dirliéu va huén luyén mé hinh

Mé hinh dugc huan luyén va kiém thir trén
b6 ditliéu bao gém 2146 buc dnh dién phat
quang cula cac tam pin mat troi loai mono
va poly c6 do phan gidi cao dugc dua vé
kich thudc 300x300 dugc trich xuat ti 44
moé-dun nang luong mat trdi, cu thé hinh
anh cac loai tdm pin mat tr&i dugc mo ta
tai Hinh 2. Trong tap dir liéu bao gém 717
buic anh tdm pin mat trdi bi hong va 1429
buic anh tdm pin mat trai binh thudng. Tap
di liéu dugc chia thanh 2 phan la tap huan
luyén va tap kiém thi véi ti [& 80-20.

¥ . 9 = -
e k_us__ :
= — —— "
a) b) <) d)

Hinh 2. Hinh anh dién phat quang.
a) pin mat trai loai mono bi hong;
b) pin mét trai loai mono binh thudng;
¢) pin mét troi loai poly bi hong;

d) pin mét trgi loai poly binh thudng
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3. KET QUA VA THAO LUAN

3.1 K&t qua mé hinh

DE kiém tra két qud phan loai cia mé hinh
chuing t6i str dung chi s6 f1-score dé€ danh gia
cac du doan clia mé hinh véi cac nhan that
dugc gan sén trén tap da liéu kiém thi. F1-
score dugc thé hién qua cong thiic dudi day:

TP

Recall = TPEFN (n
L _ TP
Precision = - (2)
Fl=2 PrecisionsRecall _ TP

= 3
Precision+Recall — TP+L{FP+FN) ®

Chung t6i da danh gia moé hinh trén tap
kiém thir da dugc chia va cach ly khoi tap

huan luyén két qua dugc mé ta 6 Bang 1.
Bang 1. K&t qua clia mé hinh trén tap kiém thur

Chisé %
Accuracy 91.63

Recall 80.71
Precision 92.62
F1-score 86.26

3.2Thdo luan

Do tap dirliéu c6 sumat can bang & 2 nhém
tam pin mat trdi bi hong va tam pin mat trai
binh thudng véi ti lé lan luot la 33.41% ,
66.59%. Vi thé ching téi da khéng st dung
d6 chinh xac Accuracy dé€ danh gia mé hinh
ma stirdung chi s6 F1-score. Dua trén céac chi
6 Recall, Precision c6 thé cho thdy mé hinh
may hoc co ti 1é tim thdy tdm pin mat troi
bi héng trong téng s6 cac tdm pin thuc su
hong la 80.71%, ti lé phan loai dlng tam pin
mat trdi bi hdng trong téng s cac tdm pin
dugc phan loai bi hdng 1a 92.62%.
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4, KET LUAN

Nghién ctiu nay dé xuat moét mot cach tiép
can dé phan loai tu dong tdm pin mat trai
bi hdng ti hinh anh dién phat quang dua
trén mo hinh hoc may. Tu két qua nghién
cliu da chi ra rang mo hinh hoc may cho
két qua kha quan véi dé chinh xac f1-score
la 86.26%. Chuing téi nghi rang day van la
két qua khiém tén chinh vi thé nghién ciu
trong tuong lai sé st dung cac thuat toan
manh hon dé cai thién dé chinh xac.

TAI LIEU THAM KHAO

1. Sergiu Deitsch, et al, “Automatic classification
of defective photovoltaic module cells in
electroluminescence images’; Solar Energy, 185, pp.
455-468, 2019.

2. Kurukuru,V.S.B, Haque, A, Khan, M. A, &Tripathy, A.
K., “Fault classification for Photovoltaic Modules Using
Thermography and Machine Learning Techniques’,
2019 International Conference on Computer and
Information Sciences (ICCIS), 2019.

3. Mingxing Tan, Quoc V Le, “EfficientNet: Rethinking
model scaling for convolutional neural networks’,

International Conference on Machine Learning, 2019

CHU THIiCH

TP: S6 du doan duong tinh that
FP: S6 dy doan duong tinh gia
FN: S6 dy dodn am tinh gia
Chir viét tat

EL: Hinh anh dién phat quang

-Electroluminescence
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TAC GIA BAIBAO

Nguyén Dang Tién (1999) la sinh vién
chuyén nganh Ky thuat diéu khién va tu
dong hoa Truong Pai hoc Bach khoa Ha Néi.

Tran Trang Ninh (2000) Ia sinh vién chuyén
nganh Ky thuat dién Trudng Pai hoc Bach
khoa Ha Noi.

Nguyén Tién Thanh (2000) la sinh vién
chuyén nganh Ky thuat dién Truong Dai
hoc Bach khoa Ha Noi.

Nguyén Tran Minh Trang (2000) la sinh
vién chuyén nganh Ky thuat dién TruGng
Pai hoc Bach khoa Ha Néi.

Nguyén Pilic Thdo (2000) la sinh vién
chuyén nganh Ky thuat dién Trudng Dai
hoc Bach khoa Ha Noéi.

GIANG VIEN HUGNG DAN

TS. Nguyén Quéc Minh nhan béng Tién si
chuyén nganh Ky thuat dién tai trudng The
University of Texas at Arlington nam 2016.
Hién tai dang la Phé Trudng B mon Hé
thong dién tai Vién Dién - Trudng Pai hoc
Bach khoa Ha Noi. Cac huéng nghién clu
chinh: bdo vé va diéu khién hé théng dién,
ung dung Al trong luéi dién thong minh,
ang ten va truyén séng.
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AP DUNG PHUONG PHAP PHAN TiCH THU BAC (AHP)
LUA CHON DANG NANG LUONG PHAT DIEN CHO
CAC HO GIA DINH VUNG SAU, VUNG XA CHUA CO BIEN LUGI
NGHIEN CUU DIEN HINH TAI TINH LAl CHAU

Nguyén Thi Tram Anh, Lé Thu Cic, Nguyén Hoang Son, Nguyén Phuong Thao

Vién Kinh té€ va Quén ly - Trudng dai hoc Bach khoa Ha Noi
Giang vién huéng dan: TS. Pham Canh Huy
(lethucuc1998@gmail.com)

KHAI QUAT

Hién nay, theo két qua diéu tra thuc trang
kinh t& - xa hoi 53 dan toc thiéu s6 do Uy
ban Dan toc phéi hgp vai Téng cuc Théng
ké mai cong b cho thay hién van con 3,7%
s6 ho dan toc thiéu s6 chua dugc tiép can
dién lugil. P& cé thé cung cap dién cho
toan bé ngusi dan va dua trén “Chién lugc
phat trién nang lugng quéc gia cla Viét
Nam dén nam 2020 tam nhin dén ném
2050" dugc thu tudng chinh phd phé duyét
dat muc tiéu hudng téi cac nguén nang

lugng méi va téi tao, da c6 nhiéu du én dua
cac dang ndng lugng téi tao dua vao su
dung tai cac khu vuc nay. Lua chon dang
nang lugng phu hgp cho cung cép dién
dang la mét van dé khoé khan va cap thiét
déi véi chinh quyén cling nhu nganh dién.
Bai nghién cutu lya chon s dung phuong
phap phan tich thi bac (AHP) dé so sanh va
sap xép thi tu uu tién cho cac dang nang
lugng. Nghién ctu sé tim ra dang ndng
lugng phu hop nhat cho khu vuc Lai Chau.

Tir khéa: Dién Iudi, dan téc thiéu sé, ndng luong tdi tao, phuong phdp phan tich thu bdc.

1.GIGI THIEU

Khu vuc Tay Bac la noi c6 mat do dan cu
thua thét, dia hinh hiém tr&, viéc cap dién
cho phu tai khu vuc nay gap nhiéu kho
khan. Do chua cé dién, nhiéu ho dan gap
khé khan trong phat trién kinh t€ va cai
thién cudc séng. Hon thé, khu vuc nay co
nhiéu tiém nang vé cac dang nang lugng
tdi tao. Buc xa mat trdi trung binh ndm tai
khu vuc dat tir 4,1 kWh/m?/ngay dén 4,9

kWh/m?/ngay va s6 gi nang trung binh ca
nam tu 1800 - 2100 gid, tdc dé gid tai khu
vuc nay khoang 3 dén 3,25m/s cing nguén
nang lugng sinh khéi I16n va da dang tir go
cli, ba ca phé, rom ra va ba mia?. Vi vay, dé
6 thé giai quyét van dé cap dién, cung véi
dién ludi, mét s6 cac dang nang lugng tai
tao khac nhu ndng lugng mat trdgi, gié va
sinh khéi da dugc xem xét dé dua vao su
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dung tai khu vuc Tay Bac néi chung va tinh
Lai Chau nai riéng.

Co rat nhiéu phuong phéap hé trg viéc ra
quyét dinh trong cac du an da muc tiéu,
trong d6, phuong phap phan tich thu bac
(AHP) 1a mot phuong phap phé bién va
dugc st dung nhiéu. Trong nghién ctu vé
viéc lya chon dang nang lugng phu hgp
trong cdp dién, ngoai chi tiéu vé kinh té,
can xem xét dén cac chi tiéu vé xa hoi, moi
truong clng nhu sy phu hgp véi chinh
sach ctia Nha nudc. Vi vay, nhém st dung
phuong phap phan tich tht bac dé lya
chon dang ndng lugng phu hop.

2. PHUONG PHAP NGHIEN CUU

2.1 Bé xuat mo hinh

S dung phuong phép AHP dé danh gia
va xép hang uu tién dang ning lugng dé
cap dién bao gom: dién ludi, nang lugng
mat trdi, nang lugng gié va ndng lugng
sinh khai.

2.2 Thu thap s6 liéu

Nghién ctu sir dung s6 liéu thu cap va
s liéu so cap thong qua khao séat y kién
chuyén gia. Cac chuyén gia du kién dén
tu: B6 Cong Thuaong, Vién nang lugng,
Tap doan dién luc Viét Nam, Téng cong
ty dién luc mién Béc, Céng ty dién luc Lai
Chau, Giang vién Truong DPai hoc Bach
khoa Ha Néi,...
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3.PHANTICH
3.1 Cac budc thuc hién

N %t ing quan v thy thip 55 gy
thir clip.

s
|| e dieh tiu chichinh va tiku chiphy. |
Thie hign khdo sit trén
khu e -
Sir dyng phuromg phap AHP 86 dinh gié
[ ||

Thir ty xéip hang wru tiin 4 dgng.
l ning hrgmg.

3.2 M6 ta bai toan

Budc dau tién la phan cap van dé, muc tiéu
dat & cap do cao nhat, tai cdp d6 2 la cac tiéu
chi, & cap cudi cling la cac lua chon thay thé.
Tiép theo, ta gan gia tri s6 cho cac tiéu chi
dua trén y kién cla cac chuyén gia. Cac gia
tri nay dugc do luong theo thang do dugc
dé xuat bai nha khoa hoc Thomas L. Saaty.

Ma trdn A gém céc so sanh cap, trong do
phan tw aij (wi/wj) la két qua cta su so sanh.

1 a5 ... ap

1 1 T

A= Ai] i
Vay, Vs, ... |

gittayéu téiva j. Cac gia tri déilap ctia phép
so sanh dugc dat tai vi tri aji B,
Chi s6 ddng nhit: CI = (Amax—n)/(n—1)
Trong d6: Amax = iz’i‘ﬂ(z Qg * wp) * wli
D;

= iy D= Il ()"
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Ty Ié déng nhat: CR = CI/RC

Trong d6: RC la mét nhat quan ngau nhién
clGa ma tran A c6 thé tra cliu trong bang
tiéu chuadn®. Sau d6, xac dinh véc tc uu tién
cho céc tiéu chi chinh va tiéu chi phu. Tinh
toan gia trj clia cac lua chon thay thé ting
V@i tling tiéu chi dua trén véc to uu tién tim
dugc. Tién hanh so sanh két qua tinh toan
dé tim ra dang nang lugng téi uu.

3.3 Két qua va thdo luan

Nghién ctiu sé dua ra dang ndng lugng phu
hgp nhat st dung phat dién cho cac hé gia
dinh vlung sau, ving xa chua cé dién ludi
tai tinh Lai Chau

4. KET LUAN

Nghién ctu da 4dp dung phuong phap
phan tich thr bac dé Iya chon dang nang
lugng phu hgp phat dién cho nhiing vung
sau, viing xa va ciing cé thé dugc 4p dung
cho cac khu vuc khac.

DANH MUC TAI LIEU THAM KHAO

[11 Thanh Huyén-Tan S§(2020), “Dién chua dén nén
nghéo chua di’, bdo Dan tdc va Phat trién.

[2] Cap nhat khao sat cuong do buic xa mat trgi & Viét
Nam”(09/07/2020), Tap chi Nang lugng Viét Nam.

[3] Carlos Robles Algarin, Aura Polo Llanos, Adalberto
Ospino Castro (2017), “An Analytic Hierarchy
Process Based Approach for Evaluating Renewable
Energy Sources’, International Journal of Energy
Economics and Policy.
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Lé Thu Cuc: Sinh vién I6p Kinh té cong
nghiép K62, MSSV 20170314

Nguyén Hoang Son: Sinh vién I&p Kinh té
cong nghiép K62, MSSV 20170411.

Nguyén Phuong Thao: Sinh vién I6p Kinh
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GIANG VIEN HUGNG DAN
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SESSION 7

Phong: Jasmine 2 | Cha toa: Nguyén Quang Thuén, Lé Thi Minh Chau
DANH GIA KET QUA UNG DUNG QGIS TRONG NGHIEN CUU TIEM

NANG KHAI THAC THUY BIEN VA TAC PONG BEN MOI TRUGNG
CUATHUY BIEN NHO TREN LUU VUC SONG VU GIA THU BON

Hé Thi Mai Quyén, Poan Hai Ninh
Sinh vién I6p 62MN1, khoa Ky thuat Moi trudng, Trudng Pai hoc Xay dung Ha Noi.
Tac gia lién hé: maiquyennd99@gmal.com
Gidng vién hudng dan: TS. Nguyén Lan Huang

TOM TAT

Hién nay viéc xay dung cac hé chiia, dap thuy dién 16n da hoan thanh & khap cac luu vuc

s6ng clia nudc ta va dang c6 su chuyén hudng sang viéc phat trién cadc nha may thay dién

vlfa va nho. Viéc nghién ctu tac dong cda thay dién vira va nhé 1én méi trudng la cap thiét

dé c6 thé xay dung quy hoach phat trién thay dién bén vimng trong tuang lai. Nghién ctiu

nay st dung céng cu théng tin dia Ii QGIS d€ dua ra danh gia tadc déng méi trudng va kinh t&

cla cong tac quy hoach thuy dién dan dong quy mé nhé va dua ra cac khuyén nghi vé quy

hoach phét trién quy mé nhé nham ting phé véi bién déi khi hau trén séng Vu Gia Thu Bon.

Tir khéa: thay dién dan dong, luu vuc séng

1. GIGI THIEU

Céc du an thay dién I6n c6 thé gay ra
nhling tac dong tiéu cuc vé moi trudng xa
hoi 1. Su phat trién thay dién dong chay
& Viét Nam khoéng chi @€ dap tng nhu cau
phat trién ma con gép phan giam phat thai
khi nha kinh va gidm thiéu bién déi khi hau,
dac biét la trong nganh nudc. Nghién ctu
nay danh gid tinh kha thi cla viéc xay dung
cac nha may thuy dién trén luu vuc song Vu
Gia Thu Bén tac déng dén moi trudng. D&
xac dinh dugc vi tri ciia cac nha may chidng
toi st dung QGIS.
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2. NOI DUNG NGHIEN CUU

2.1 Tiém nang phat trién thay dién dan
doéng & luu vuc séng Vu Gia Thu Bon.

Hé théng séng Vu Gia Thu Bon thudc tinh
Quang Nam va Thanh phé Da Nang c6 tiém
nang thay dién I6n, cac nha may thay dién
tai day c6 vai tro rat Ién trong viéc cung cap
dién cho dién lusi quéc gia. C6 8 du an quy
mo 16n véi cong suat lap dat va ké hoach la
1.100MW va 37 du an thdy dién visa véi téng
cdng suat 346MW 2. Hau hét cac nha may
thay dién ban dién ludi cho quéc gia va cung
cép cho vung thugng nguén nén tai nhiéu
khu vuc & day van dang khong thé sir dung
dién mac du rat gan nha may thay dién.
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Hinh 1. Nha may dién hién c6 va c6 theo ké
hoach trén luu vuc séng Vu Gia Thu Bon.

Theo TS. Nguyén Lan Hucng ¥, nhu cau
dién cta ho gia dinh néng thon trong vung
tinh theo nam déi véi mét ho gia dinh
néng thén la 960 kWh, thap hon muc trung
binh cGa dat nudc. Téng nhu cau dién la
0.14 triéu MWh/nam (2012) va sé tang
Ién 2,3 trieu MWh/nam (2041). Tuy nhién,
viéc cung cép dién & néng thon khéng én
dinh, dac biét Ia mua kho, mat dién thudng
xuyén xay ra. Déi vai khu vuc kho khan
vung sau vung xa khéng co dién, cudi dugc
cho la nguén nang lugng chinh.

Trong nghién ctru nay, udc tinh tiém nang
thiy dién ngoai séng clda mién Trung
nudc ta da dugc thuc hién bang méd
hinh thay van phan tan va phuong phap
dudng cong thai gian chay. Két qua cho
thay téng tiém nang thay dién dan dong
la 277.342 MW vGi hé s6 cong suat trung
binh 1a 40.2%. Chung t6i s& dung ki thuat
chéng ban d6 dé xac dinh d& nhay moi
trudng cla cac nha may thay dién dan
dong va muc do anh huéng méi trudng.

L)

VLR N THUY o0 AN OO TREN WU S SING v G- Ty ) ™

Hinh 2. Tiém nang thay dién dan dong
trén luu vuc séng Vu Gia Thu Bon

Nhing anh huéng dén méi trusng da
dugc nghién ctru va ban dé anh hudng
cGa thay dién dan dong da dugc xay
dung. Phan loai cac nha may tiém nang
thanh 4 nhém: tdc dong méi trudng cao
san lugng cao, tdc déng moi truong thdp
san luogng thdp, tdc ddéng méi trudng cao
san lugng thdp, tdc déng méi trudng thdp
san lugng cao.

Hinh 3. MUc d6 tdc dong méi trudng clia cac
vi tri nha may thdy dién.
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C6 2 trong s6 111 vj tri tiém nang roi vao
loai c6 tdc déng cao va 1 vi tri roi vao san
lugng thap tac déng cao. Nhimng dia diém
nay kém hap dan déi véi cac nha dau tu vi
tiém nang phat trién thap va chi phi cho
moi trudng cao vi ching nam trong khu
béo ton quéc gia ctia Nui Thanh va Sao La.

2.2 Phan tich - danh gid méi trudng

Khu vuc nay néi tiéng véi su da dang sinh
hoc véi do che pht riing cao. N6 bi de doa
bdi su tang trudng kinh té khu vuc, ma
réng ndéng nghiép va phéat trién nha may
thay dién quy mé 16n. Tuy nhién, H6 Dac
da phat trién caéc mé hinh phan bé loai cho
thdy muic dé phong phu cla cac loai cay
tiém nang & phia tay bac ctia luu vuc séng
giap bién gidi Lao va vung cao nguyén &
phia nam bién gidi véi tinh Kon Tum.

|

_.*_
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b
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CAC KHU BAC TON THIEN NHIEN O QUANG NAM

Do oW e
—_—

Hinh 4. Cac khu béo ton thién nhién &
Viét Nam
Chuing téi thu thap théng tin va vé ban do
mang luéi cac khu vyc dugc bao vé trong
luu vuc séng Vu Gia Thu Bon. Cac khu vuc
dugc bado vé ndm & phia Tay Nam cla luu
vuc. Khu bao ton thién nhién Song Thanh la
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nai sinh séng cda loai hé dang bi de doa.
Khu bao tén Ngoc Linh, da dugc ching
minh rat quan trong déi véi mot s6 loai
chim bi de doa va han ché trén toan cau.
Khu bao ton Sao Vang nam & bién gidi voi
tinh 1an can phia bdc Thita Thién-Hué dugc
biét 1a khu bdo vé ctia mét trong nhiing
ddéng vat co v nguy cap nhat va khé nam
bat nhat trén thé gidi.

Ban d6 QGIS cta khu vuc bao vé qudc gia
dugc 18y tir Cuc Lam nghiép Bao ton Thién
nhién Viét Nam va nhap vao Arcgis Pro.
Chung t6i st dung ky thuat lap ban dé lop
pha dé xac dinh d6 nhay méi trudng cla
nha may thay dién dan dong va muc do

anh hudng moi truong.

2.3 Phan tich - danh gi vé kinh té:

P& danh gia dugc tac dong kinh té ctia nha
may thay dién dan dong ngudi ta dung
th&i gian hoan vén don gian, bang cach
chia téng chi phi dau tu cho doanh thu
hdng nam. Du &n goi la c6 kha thi khi thoi
gian hoan von la dudi 8 nam. Chi phi dién
nang tranh dugc (LCOE):

2ﬂ= I:*M!‘
LCOE = %('—E?— Trong dé: M; 14 chi phi vin hanh bao
Er::m{

duéng; n la tudi tho cta hé théng; Et |a
sdn xudt dién trong nam t; Gia dinh tudi
tho cta hé théng 1a 30 nam; gia tri chiét
khadu cua dién ban r 1a 10% va gia ban lé
dién la 0.07USD/kWh.
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Gia tri vén dién nang dugc phan cap va
hoan vén kinh té& cho céc dia diém da duoc
tinh toan va thé hién trén ban dé. C6 7 vi
tri ¢6 hoan vén kinh té cao dugc t6 sang
cho thdy su quan tam danh cho cac nha
dau tu.

Hinh 5. Cac vi tri tiém nang cla thuay dién
trén séng va hoan vén kinh té.

TAI LIEU THAM KHAO:

[1]1 Baxter, R, Environmental effects of dams and
impoundments. Annual Review of Ecology and
Systematics, 1977. 8(1): p. 255-283.

Poff, N.L. and D.D. Hart, How Dams Vary and Why It
Matters for the Emerging Science of Dam Removal

[2]. lcem, Strategic Environmental Assessment of the
Quang Nam Province Hydropower Plan for the Vu
Gia-Thu Bon River Basin , Prepared for the ADB,
MONRE, MOITT & EVN. 2008: Hanoi, Vietnam.

[3]. Lan Huong, N., Low-carbon watershed
management: Integration of renewable energy
supply and decentralized wastewater treatment -
a case study in Vietnam. 2016.

[4]. Raedig, C., H. Ho Dac, and U. Nehren, Connectivity
Conservation Management: A Biodiversity
Corridor for Central Vietnam. 2017.

[5]. Hoang, C, L.Trang, and N.Tinh, Technical Report on
Wildlife hunting and Trading in Song Thanh Nature
Reserve, Quang Nam Province, Vietnam. 2010.

3. KET LUAN

P& két luan, phuang phép ma chdng téi
dé xuat mang lai sy thuan tién cho nhiing
ngudi dua ra quyét dinh cho viéc xac dinh
s0 bd cac vi tri phu hgp sé xay dung cac
nha may thuy dién trong khu vuc séng Vu
Gia Thu B6n. Tuy nhién, dé khai thac thém
cac nha may thuy dién chay trén soéng,
viéc khdo sat va tinh toan ky thuat cda cac
vi tri do la can thiét.

THONG TIN TAC GIA

Hé Thi Mai Quyén: Sinh vién
quyen170362@nuce.edu.vn, khoa Ki Thuat
Méi Truong, Truong DPai Hoc Xay dung, 55
Giai Phéng, Hai Ba Trung, Ha Noi.

Poan Hai Ninh: Sinh vién
ninh154262@nuce.edu.vn, khoa Ki Thuat
Méi Truong, Trudng Pai Hoc Xay dung, 55
Gidi Phdéng, Hai Ba Trung, Ha Noi.

GIAO VIEN HUGNG DAN:
T.S Nguyén Lan Huong,
huongnl2@nuce.eduvn, Bd mon Cap
Thoat Nudc, khoa Ki Thuat Méi Truong,
Trudng Pai Hoc Xay dung, 55 Giai Phong,
Hai Ba Trung, Ha Noi.
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TIEU CHUAN VA QUY CHUAN AP DUNG CHO HE THONG DIEN
MAT TROI TAI VIET NAM

Vii Xuan Tung ", Nguyén Tién Khéi ™, TS. Lé Viét Tién
(1) Sinh vién Bd mén Hé théng dién - Vién Dién - Trudng Dai hoc Bach khoa Ha Noi

Email(1): tung.vx181301@sis.hust.edu.vn, khoi.nt181184@sis.hust.edu.vn

TOM TAT

Tai Viét Nam, hé théng dién mat trdi dang ngay cang phét trién nhanh chéng ca vé quy

md, mé hinh va s6 luong. Do dé tim hiéu ki nhiing tiéu chuan, quy chudn ap dung trong

hé théng dién mat troi dé c6 thé xay dung va hoat ddng la diéu can thiét. Trong khuén khé

nghién cltu nay, bao cdo chli yéu tap trung vao nhing tiéu chuén, quy chudn dugc ap dung

va ban hanh tai Viét Nam.

Tirkhéa: Tiéu chudn, quy chudn, dién mdit troi

1.GIGI THIEU

Viét Nam la nudc nam trong dai phan bé
anh hudng mat troi trong nam tuong doi
manh trén ban dé blc xa mat trdi clia thé
gidi. Theo ban d6 buc xa mat troi (Hinh
1.1) ta thay rang Viét Nam dugc xép vao
nhém cac qudc gia o tiém nang khai thac
hé théng dién mat troi.

i g ik i ST S e S (N F0 DN S P
Bicasmngbichghy +58 6 58 15 a8 45 A8 48 A8 &3 fE fis

Hinh 1.1. Ban d6 cudng dé buic xa mat troi
trén thé gidi.
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S6 gid nang trung binh nam tai Viét Nam
khodng 2000 - 5000h véi téng buic xa mat
troi trung binh 150Kcal/cm? Nam 2014,
mét du an do chinh phd Tay Ban Nha tai
trg da cong bé ban dé danh gia tiém nang
nang lugng mat trdi trén lanh thé Viét Nam.
Theo do6 két qua nghién ctu ctia du an nay:
Mién Bac c6 1681 gid ndng /nam véi cudng
do buc xa trung binh 3.4 kWh/m?/ngay,
mién Trung c6 1980 gid nang/nam vdi
cuong do buc xa trung binh 3.8kWh/m?%/
ngay. Mién Nam c6 2588 gi¢ ndng trong
nam véi cudng dé buc xa trung binh 4.8
kWh/m?/ngay.
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N&m 2019 d6i véi Viet Nam cling dugc xem
la mét ndm blung né véi cac du an dién mat
trdi. Dua theo biéu d6 ting trudng dién
mat trdi cla mot s6 nudc trén thé gidi (hinh
1.2) ta thdy cong suat dién mat troi cta Viét
Nam tang |én mét cach dang ké va thuc té
da cé hon 80 nha mdy dugc xay dung va
dua vao déng dién hoa vao luéi dién quéc
gia vdi téng cong suat dién mat troi dat
hon 2,8 GW va hon 8,9 GW dugc phé duyét.
Quy hoach phat trién dién luc quéc gia giai
doan 2011 - 2020, c6 xét dén nam 2030,
tinh toan téng coéng suat phat trién dién
mat tr&i dén nam 2025 khoang 14,45GW,
dén nam 2030 khoang 20,05GW. Gép phan
dap Uing nhu cau tiéu thu dién nang, phuc
vu cung cap dién an toan, n dinh dién
trong ca nudc. Theo bao cao mdi nhat cua
Tap doan dién luc Viét Nam (EVN), trong
quy I nam 2020, san lugng dién mat troi dat
2,31 ty kWh, tang gdp 28 lan so véi cung
ki nam 2019. Cac du an dién mat trai quy
mo I6n da van hanh thuong mai trudc thoi
diém 30/06/2019 dén nay da hoat dong 6n
dinh. Nguén dién ti nang lugng tai tao, dac
biét la nang lugng mat trgi dugc dua vao su
dung tré thanh su bé sung quan trong cho
hé théng dién trong bdi cdnh nguoén dién
du phong khong con gitp phu tai dinh.

Bang 2.1: Tiéu chudn IEC ap dung cho hé théng
dién mat troi ap mai.

STT TIEU CHUAN VA QUY CHUAN AP DUNG

Céc thanh phan can bang cua

1. IEC 62-IEC 62093 hé théng quang dién
2. IEC 61727-2004 PV- d3c tinh két néi tién ich
Chuing chi an toan modun
3. IEC 61730-1,2 quang dién: yéu cau xay
dung & thir nghiém
4 |EC 62894 Bién tan quang dién, tén &
data sheet
An toan bo chuyén déi
5. IEC 62109-1,2 nguén: Yéu cau chung
& bién tan
Bién tan quang dién két néi
6. IEC62116 tién ich & quy trinh ki thuat
céc bién phap chéng dao
Pau ndi cho dong DC trong
7. IEC 62852 hé théng: thir nghiém
an toan
8. IEC62446-1-Part e BE g
nghiém, van hanh va kiém tra
Lép dat dién ha thé. Part 4-42:
o IEC 60364-4-42 béo vé chéng tac dung nhiét
10. IEC 60364-4-43 L3P datdien ha thé. Part 4-43;
Béo vé qua tai
. IEC 60364-6 Lap datdn;en h§ thé, part 6:
xac minh
12. |EC 60051.1 to 8 Tac dong téi thiét bi do dién
tuong tu
13 |EC 60387 Quy cach ki hiéu chg cong to
dién xoay chiéu
14. IEC 60145 Var-hour meter
15. IECTS61724-1,2,3 Hiéu suat hé théng dién
16. IEC 60099-4 Choéng sét lan truyén ma

khong c6 khe hg AC
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Hién nay, tai Viét Nam, cac du an dién mat
troi dua vao st dung va két néi lugi nhiéu
Vi san lugng 16n. Do d9, trong khuén khé
tim hiéu cla bdo cdo, chung té6i mong
muén tap hgp va tim hiéu ky cac qui dinh,
quy chudn va tiéu chudn dugc 4p dung tai
Viét Nam d6i v6i cac du an dién mat trai

2. PHUONG PHAP

2.1 Tiéu chuén IEC

Mot s6 tiéu chudn IEC &p dung cho hé
thong dién mat troi ap mai dugc tra clu tai
www.iec.ch dugc chung téi liét ké thong
qua Bang 2.1

2.2 Tiéu chuén Viét Nam
Sau day la cac tiéu chuan Viét Nam d6i vdi
hé théng dién mat troi ap mai dugc thong
bao tai thong tu 39/2015/TT-BCT dugc liét
ké thong qua bang 2.2:

Bang 2.2: Tiéu chuan Viét Nam cho hé
théng dién mat troi ap mai.
Pai luong Van ban quy dinh

Cong suat Piéu 41 Thong tu 39/2015/TT-BCT
& vi tri dau néi

Tén s6 Diéu 41 Thong tu 39/2015/TT-BCT

Dién ép Diéu 41 Thong tu 39/2015/TT-BCT

Can bang pha Diéu 6 Théng tu 39/2015/TT-BCT

Xamnhap a0 4, diéu 41 Theng tu 39/2015/TT-BCT
dong DC
Semg ] Diéu 7 Thong tu 39/2015/TT-BCT
dién ap
Nhap nhay Diéu 8 Théng tu 39/2015/TT-BCT
dién ap
NG dat Khoan 1, diéu 10 Thong tu 39/2015/TT-BCT
Baové Khoan 5, diéu 41 Théng tu 39/2015/TT-BCT
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Hinh 1.2. Cong suat dién mat trdi tang thém
clia cac nudc trong nam 2019

3.DANH GIA

3.1 Tiéu chudn ap dung véi hé théng dién
mat tr&i dp mai.

DPay la nguén nang luogng phan tan: Cac
tiéu chudn chl yéu 4p dung trong lugi dién
ha ap.

3.2 Tiéu chuén 4p dung d6i véi trang trai
mat troi

DPay la nguén nang luong tap trung: Cac
tiéu chudn ap dung khét khe va nghiém
ngat hon so véi hé théng dién ap mai do cac
tiéu chuan nay phai dp dung céc tiéu chuan
trong cac luéi dién cao, trung va ha ap.

3.3 Bénh gid va phan tich

Theo théong tu sé& 39/2015/TT-BCT: Quy
dinh vé hé théng dién phan phdi cho lugi
dién ha 4p - Muc 2: Yéu cau déi vai hé
théng dién mat troi ddu néi vao ludi dién
ha ap quy dinh:

Cac yéu cau hé théng can phai dap tng khi
dau néi vao ludgi dién ha ap:



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION SEVEN

Bang 3: N&i dung tiéu chuén 4p dung cho hé
théng dién mat troi 4p mai
tai Viét Nam.

STT Pai lugng Yéu cau

1. Cong suat Téng cong suat dat phai nhd hon
30% téng céng suat suat tram bién
4p phan phai
Hé théng c6 cong suat nhé hon
3KVA dugc ddu néi ludi ha ap 1
hodc 3 pha
Hé théng c6 cong suat tir
3-100KVA théa man (1) dugc dau
ndi ludi ha ap 3 pha

2. Tan s6 Phai c6 kha nang duy tri phéat
dién van hanh lién tuc trong dai
tr 49-51Hz
Khi tan s6 nam ngoai dai (1) thi
phai cé kha nang duy tri phat dién
t6i thiéu 0,2 s

3. Xam nhap Su'xam nhap dong 1 chiéu khéng

dong DC dugc vugt qué 0,5% dong dinh
muc tai diém dau néi

4. Thiét bi Hé théng cé cong suat tir 10KVA

bao vé khach hang muén ddu néi phai
’ théng nhat yéu cau vé bao vé véi
hé théng phén phéi

5. Pién ap, Pugc quy dinh tai diéu 5,6,7,8, 10

canbing tai théng tu nay
pha, séng

haiva
nhép nhay

lién tuc

Céac tiéu chudn, quy chuén la bé khung
quan trong dadm béo phat trién bén ving
nang lugng.

4, KET LUAN

DPa ¢6 nhiing tiéu chudn cu thé cho dién
mat trdi ap mai tuy nhién can phai hoan
thién hon nita cac tiéu chuan dé phu hop

véi thuc tién nhu c6 nhiing tiéu chudn vé
phong chédy cho nhimng coéng trinh ndm
ngoai phu luc IV nghi dinh 79/2014/ND-
CP, hay nhiing tiéu chudn vé méi trudng ,
dam bao an toan chat lugng dé phat trién
nguén nang lugng mat trdi bén viing tranh
viéc phat trién 6 at mat kiém soat.

TAI LIEU THAM KHAO

[11  Théng tu39/2015/TT-BCT Quy dinh hé théng dién
phan phoi

[2] www.iec.ch

[3] Renewables 2020, Global Status Report
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INTRODUCTION TO OVERVOLTAGE PROTECTION OF PV PLANT
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ABSTRACT

On many parts of the world, solar
photovoltaic (PV) systems are currently
regarded as one of the best renewable
energy (RE) sources in terms of cost of
installation, return of investment (ROI),
incentives and benefits to users and power
grid. PV systems are mostly installed on
building rooftop or outdoor locations to
increase received sun energy but at the
same time assume high possibility of

getting struck by atmospheric lightning.
Lightning protection of photovoltaic
installations is an important aspect, to
warrant uninterrupted operation of the
system, avoiding faults and damages
to PV plant equipment. Risk evaluation,
external and internal lightning protection
(LPS) system, selection guide for LPS
components and devices are discussed in
this paper.

Keywords: overvoltage, lightning protection, PV plant

1. INTRODUCTION
TheSunisanenormoussource of renewable
energy. At any instant, the surface of the
terrestrial hemisphere exposed to the Sun
gets a power exceeding 50 thousand TW;
the quantity of solar energy which reaches
the terrestrial soil is enormous, about 10
thousand times the energy used all over
the world. (ABB 2014)

Photovoltaic (PV) systems, due to their
extensive surface and their installation
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position in wide-open areas, are vulnerable

to direct or indirect atmospheric
discharges, which can cause damages
and failures to their equipment and
interruption of their normal operation. The
layout of a typical PV installation is larger
in comparison with conventional power
systems, so the probability to be struck by
lightning is higher. About 26 % of damage
to PV systems are from lightning strikes

and overvoltage surges (Fig.1).
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The current work deals with design of
a protection system for PV installations
against lightning. It emphasizes on
coordination of various surge protection
parts and summarizes the basic procedures
for the sufficient and effective study of PV
lightning protection. The presented design
technique includes risk evaluation, the
separation into lightning protection zones
(LPZ), the internal and external LPS, the
selection of the electrical characteristics,
Standards,

considering, simultaneously, international

according to  existing

research results and common practice.

2. RISK EVALUATION

Starm

“";'_' B kil "
b il

Malevebence
"

Hastaa fiure
M Thett

Fig 1. Damage statistics for PV systems
(Ahmad, N. 1. et al. 2018)

The necessity of a PV lightning protection
system shall be examined, in an effort
to reduce lightning-caused losses. Risk
evaluation procedure is described in IEC
2010.The risk (R) is the value of a probable
average annual loss. For each type of loss

-y

(L) corresponds a type of risk (R), i.e., risk of
loss of human life (R,), risk of loss of service
to the public (R,), risk of cultural heritage
(Ry) and risk of loss of economic value
(R,). Each risk is the sum of different risk
components Ry (where X=A,B,C,M,U,V,
W, Z), which are grouped according to the
source and the type of the damage. Each
risk component Ry, Rg, R, Ry, Ry RyRy
and R, is calculated according to equation

(1.
“bx (1)

where:

N, is the number of dangerous events per
annum,

Py is the probability of damage to the
structure,

and L, is the consequent loss.

In order to characterize protection
IEC EN 62305-1 (IEC 2006)
defines the Lightning Protection Level
(LPL). Four LPLs are defined, from LPL | (the
most severe: the probability of occurrence

measures,

of lightning with minimum or maximum
current parameters outside the range of
values defined for LPL | is less than 2 %) to
LPL IV (the least severe). Each Protection
Level is related to a defined set of lightning
current parameters and to the probability
of a lightning strike being included in these
parameters and therefore in the protection.
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3.LIGHTNING PROTECTION SYSTEM (LPS)
The classification of lightning protection
system is shown in Fig 2 and Fig 3 below:

Lightning protection system

Fig 2. Classification of lightning protection
system (Ahmad, N. I. et al. 2018)

3.1 Types of lightning protection on PV
system

3.1.1 External lightning protection

An external lightning protection system
(external LPS), is intended to intercept the
stepped leader through an air termination
system, to conduct the lightning current
safely towards ground level via a down
conductor and to conduct the lightning
current into the earth through an earth
termination system. The most important
equipment are lightning rods and lightning
arrester.
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3.1.2 Internal lightning protection

As shown in Fig 2 there are two types
The
equipotential bondingisinterconnection of

of internal lightning protection.
the structural metal parts and installations,
the internal system and the external
conductive parts and lines connected to
the structure. The second one is separation
distance between: the air termination or
the down conductor and the metallic parts.

Fig 3. A schematic diagram of external
and internal LPS (Ahmad, N. I. et al. 2018)

of the installation, the length of the
conductors and the insulation material and
the sharing of the lightning current.
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4. CONCLUSIONS

An overview of solar PV system and the
previous works established by other
researchers have been introduced and
summarized. It is clear that the highly
excessive voltages and currents can
threaten the operation of a PV system.
The potential risk due to lightning strikes
and the necessity of protection against
lightning strikes are the essential steps
for the effective design of LPS. In order to
ensure the sufficient lightning protection,
the correct protective measures need to
comply with the standards requirements as

it can prolong lifespan of PV operation.
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YTUGNG
& nudc ta nhitng nam gan day da co nhitng budc tién manh mé vé phat trién nang
lugng dién gio, tiém nang vai hon 39% téng dién tich Viét Nam dugc udc tinh la cé
téc d6 gio6 trung binh hang ndm 16n hon 6m/s, & dé cao 65m, tuong duong vdéi téng
cdng suat 512 GW. Va hon 8% dién tich Viét Nam c6 tiém nang gié rat tot (t6c do gio
& dd cao 65m la 7-8 m/gidy), c6 thé tao ra hon 110 GW. Qua day, téi mudn dé xuat du
an Tuabin gié khong khi & d6 cao 16n hay con goi la Airborne Wind Energy System
(AWES) nhdm khai thac t8i da va phat trién tiém ndng cla dién gié t6t hon. !

Hé théng nang lugng gio trén khong (Airborne Wind Energy System-AWES), la mot
loai chuyén d&i nang luong gié maéi dugc hinh thanh dé san xuat dién. Hé théng méi
nay st dung canh hodc may bay c6 day budc bay dé ti€p can gié théi & cac tang khi
quyén ma cac tuabin gi6 truyén théng khong thé tiép can duoc.

Tirkhoéa: AWE; AWES, Hé théng nding lugng gid trén khdng, Tuabin gié khéng khi & dé cao Ién.

1. GIGI THIEU

& nudc ta nhifng nam gan day da cé nhiing
budc tién manh mé vé phat trién nang
lugng dién gi6, tiém ning vdi hon 39% téng
dién tich Viét Nam dugc udc tinh la c6 toc
d6 gio trung binh hang nam I6n hon 6m/s,
& d6 cao 65m, tusng duong véi téng cong
sudt 512 GW. Va han 8% dién tich Viét Nam
c6 tiém nang gio rat tét (téc dd gid 6 dd cao
65m la 7-8 m/gidy), c6 thé tao ra hon 110
GW. Qua day, t6i mudn dé xuat du an Tuabin

140 | DIEN DAN SINH VIEN 2020 - NANG LUQNG TAI TAO

gi6é khong khi & d6 cao 16n hay con goi la
Airborne Wind Energy System (AWES) nham
khai thac t6i da va phat trién tiém nang cla
dién gio tét hon. M

2.PHUONG THUC HOAT PONG

2.1 PHAN LOAI

«  Tuabin gi6 trén khong (Airborne Wind
Energy System) bao gém hai loai thiét
bi nang lugng™?:
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< Tram mat dat (Ground Gen-AWES):
pht hop & do cao tir 300-10000m va
t6i uu la tir 300-1000m

- Tram di chuyén (Fly Gen -AWES):phu
hop & d6 cao tir 300-10000m va téi
uu la tir 300-1000m

2.2 PHAN TiCH CHUNG
Trong cac hé théng Tram mat dat nang lugng
dién dugc san xuat trén mat dat bang céng
viéc co hoc dugc thuc hién béi luc kéo, truyén
tir may bay dén hé théng mat dat théng qua
mat hodc nhiéu sgi day thimng, tao ra chuyén
déng ctia may phat dién. Cac hé théng Tram
mat dat cé thé dugc phan loai thanh cac
tram mat dat c6 dinh va di chuyén.

Generation Phase

. Rope/s unwind

Recovery Phase

(b)

. Rope's rewind
Hinh 1. Ground -Gen mat dat c6 dinh

L [ [}

i s £
Je— LA N
. i .

Hinh 2. Tram mat dat di chuyén

-y

. Tram mat dat c6 dinh dugc cho la mot
phuong an dé dang ti€p can va kha
thi han so véi tram di chuyén. N6 c6
2 chu trinh tao ra nang lugng la chu
trinh san xuat (Generation phase) va
chu trinh phuc héi (Recovery phase).

- Tram mat dat di chuyén c6 hé théng
phuc tap hon nham muc dich cung
cap mot dong dién ludn ludn tich cuc
ma lam c6 thé don gidn héa két néi
cuta ho véi lugi dién.

Céc hé théng Tram di chuyén nay st dung
tuabin gié trén may bay détaoradién. Nhiing
chiéc may bay nay cé thé c6 nhiéu hinh thuc,
chdng han nhu may bay c6 canh, may bay 4
canh quat, hodc tham chi béng bay. Trong

a) Plane with turbines b) Multi-plane with turbines

&5

-

<) Lifting balloon d) Generating quadcopter

Hinh 3. Cac hé thong Fly-Gen
khi cac hé théng Tram di chuyén c6 canh duy
tri trén khong bang cach sir dung luc nang
dugc tao ra tur canh clia ching tuong tu nhu
hau hét cac hé théng Tram mat dat, cac hé
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théng may bay 4 canh quat ® phu thudc vao
luc ddy tir canh quat va cac hé théng Tram
di chuyén st dung néi nhe hon khéng khi.
Khéng cé van dé phuong phap & trén cao, hé
théng Tram di chuyén st dung tuabin dé tao
ra dién trén may bay va truyén tai xuéng dat
théng qua mét sgi day thiing ddc biét mang
cap dién. Tram di chuyén san xuét dién lién
tuc trong khi hoat déng ngoai tri trong qua
trinh cat canh va ha canh.

3. KET QUA VA THAO LUAN

o KétQua:
Nang luong gié & dé I6n cao la 1 tai
nguyén rat hifa hen cho viéc san xuat
bén viing ndng lugng dién véi lugng
nang luong clia gi6é théi tir 300 dén
1000m so véi mat dat sé c6 thé trich
xuat hon 1800TW I6n hon khoang 100
lan so vai nhu cau nang luong hién nay
trong khi nang lugng gi6 chi cung cap
bé mit 400TW .
Gi6 trong khi quyén c6 xu hudng nhanh
hon va nhat quan hon gié bé mat, diéu
nay dat ramot co hoi thu vi dé thu hoach
nang lugng véi téc do cao hon vai gio
trong khi quyén so véi gi6 bé mat.”

. Cohéi:
- Khéng chiém nhiéu dién tich dat
- Gia thanh ré hon so vai viéc lap dat

nhing c6t tuabin gié théng thudng

- La mét nguodn tai nguyén vé han rat

htta hen cho viéc san xuat bén vimng
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ning lugng dién, tan dung t6i da
nang lugng cuia gié dem lai

- C6 thé dap ung nhu cau nang lugng
clia nudc ta clng nhu trén thé gidi
khong lam anh hudng dén moi trudng

« Thach thuc:

- Thir thach céat canh, ha canh la mét
van dé kho khan vé ty dong héa phai
doi hoi dé nghién cdu.

- Cép rat dai can dam bao d6 6n dinh,
an toan la moét kho khan [6n

- Su kho khan cua thai tiét lam anh
hudng dén chu trinh bay cda thiét bi

+ Ung dung thuc nghiém:

- Vao thang 12 nam 2016, Makani lan
dau tién van hanh mot nguyén mau
600 kW vGi sdi canh 28 mét. K& tu
thang 8 nam 2018, Makani da van
hanh mét dia diém thd nghiém diéu
nang lugng trén Hawaii. ©
& cac nudc EU, cac nudc da phat trién
thanh céng hé théng Skypull 1 MW
gdp doi tuabin gio céng suat dinh muc
tuong tu, dugc I3p dat & cing mot vi tri.
May bay khong ngudi lai o kich thudc

nho hon 7 1an so véi canh quat tuabin
gi6 truyén théng va hoat déng & do
cao 200-600 mét, giam 90% tac dong
thi gidc. Chi phi nang lugng dugc quy
d6i (LCoE) cho hé théng Skypull TMW
sé thap hon 30% so vdi cac tuabin gio
truyén théng & cac vi tri 6 gi6 thap

Tiém nang ctia Tua bin gi6 trén khéng
déi vai Viet Nam: Nuéc ta thudc khu
vuc nhiét dsi gi6 mua dm. Khéng
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nhiing thé, ching ta cé viing bién rong
I6n => c6 thé phat trién loai hinh nay
trén lanh thé nudc ta trén ving nui va
ngoai bién ma khéng anh hudng dén
thuong mai hay kinh té chinh tri.

4, KET LUAN

Cac thiét bj nang lugng gié trong khéng khi
G d6 cao Ion dat ra cho chiing ta rat nhiéu
ca hdi vi nudc ta c6 dudng bd bién trai dai
tlr Bac vao Nam, khi quyén thuan lgi, moi
trudng nhiét déi gi6 mua dm, hoan luu
gio tich cuc c6 thé dap ung nhu ciu niang
lugng clia nuéc ta cling nhu trén thé gidi
khong lam anh hudng dén moi trudng .

Tuy nhién bén canh dé cing xuat hién
nhirng thach thic khé khan vé cong
nghé, ki thuat. D€ thuong mai hda, hién
thuc hoa van dé nay, ching ta can cé
nhiéu dy an nghién ctru duge Chinh Phu
dau tu mét cach nghién tic vi n6 co thé
la nguén nang lugng chinh thay thé cho
nguén nang lugng hoa thach hién gio.

TAILIEU THAM KHAO
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TOM TAT

Dién gio6 la mot trong nhiing nguén néng
lugng téi tao ngay cang phat trién manh
mé. Bén canh nhimng uu diém thi dién gié
cling nhiéu nhugc diém, mét trong nhing
yéu diém I6n nhat la cac Tua bin gid (WT-
Wind Turbine) hay bi sét danh hodc sét
danh gay su ¢6 hu hong thiét bi lam gian
doan phat dién. Mac du, cac WT da c6 cac
bién phap bao vé chdng sét nhung su c6

do sét gay ra van con cao. Bai bao nay trinh
bay két qua nghién ctu su lan truyén qua
dién 4p trong mot trang trai dién gi6é (WF-
Wind Farm) khi sét ddnh vao mét trong
nhirng WT va khi xay ra sét danh tir dudng
day trén khéng néi lusi vao WF. Két qua mé
phong dugc thuc hién bang chuong trinh
qua do dién tir EMTP/ATP va két hgp phan
mém MATLAB.

Tirkhéa: Tua bin gié, chéng sét van, phdn mém EMTP

1.GIGI THIEU

Theo nghién ctiu clia ngan hang thé gigi
chi ra rdng, Viét Nam (VN) la nudc ¢ tiém
nang gié 16n nhat trong 4 nudc trong khu
vuc. V6i hon 39% téng dién tich ctia VN dugc
udc tinh ¢é téc d6 gio trung binh hang nam
I6n han 6 m/s & d6 cao 65m tuong duong véi
téng cong suat 512 GW. VN ndm trong khu
vuyc cd mat do giong sét kha cao?, mat do sét
tur 1.4-14.9 lan/km?/nam nén sé lan sét danh
vao cac WT rat I6n, theo B s6 lan sét danh vao
WT c6 thé t6i 30 lan/nam.
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Theo [3,4] su ¢ do sét gay ra thudng xuyén
xay ra trong mach dién ap thap, diéu khién va
théng tin lién lac chiém hon 50%. Su ¢6 nay
khéng chi do sét danh truc ti€p vao WT dé
ma do sét danh tir dudng day trén khong noi
ludi lan truyén vao trong WF. Hién nay, trong
cac WT luén dugc trang bi cac thiét bi chéng
sét, trén canh ctia WT lap dat cac dau kim thu
sét, con phia so cap va thi cap may bién ap
dugc l3p dat cac chéng sét van (CSV) dé han
ché qua dién ap.
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Khi sét danh vao WT (hodc dudng day trén
khong ndi lugi tir WF 1én 1uGi) c6 thé xudt
hién QDA sét nguy hiém trong WF. Sét danh
sé gdy hong WT dan dén diing van hanh may
phat dién gay su c6 nghiém trong. Do dé, bai
bao nay sé trinh bay két qua nghién ctu qua
dién ap khi sét danh vao WT va sét danh tu

2. MO TA MO HINH

M6 phéng cho mot WF gém hai WT giéng
nhau mo ta trén hinh 1. Cong sudt m6i WT
la 1 MW, cé6t WT cao 60m, canh WT ban
kinh 3m, WF ngéi vai hé théng lugi dién
bang duong day trén khong dai 15km.
Mbi WT st dung mét hé thong néi dat
dugc thay bai dién tré mét chiéu o tri sé
10 Q va hé théng néi dat cta 2 WT dugc
néi v&i nhau bai thanh dan c6 ban kinh

3. KET QUA MO PHONG VA THAO LUAN
3.1 Trudng hgp sét danh vao mét WT

Gia thiét sét danh vao canh WT1, két qua
mo phoéng séng dién ap cia moét pha (pha
A) phia so cap ctia MBA1 khi sét danh vao
WT1 véi dong dién sét 51 kA (1.2/50us)
trinh bay trén hinh 2. Ké&t qua mé phéng
cho thay phia so cap ctia MBA 1 c6 dién ap
rat 1én gan 35 kV gap 4 lan muc BIL (cap
0,6 kV dién ap xung BILIén nhat =8 kV),
néu khéng cé bién phap han ché sé gay hu
héng cho céc thiét bi.

Anh huéng cua tri s6 dién trd tiép dia tiing

-y

dudng day trén khong néi véi WF dé danh
gia muic d6 nguy hiém clia qua dién ap (QPA)
do sét gay ra dé€ lam cc s& dé xuat va nghién
ctu bién phap giam thiéu. Trong bai bao nay,
cac thanh phan ctia WT, may bién ap (MBA)
va CSV, hé théng néi dat st dung mé hinh da
dugc dé xuat trong 349 d€ mé phéng.

10mm, chén sau trong dat 0.8m. Téng
tré song cla cédt la 122 Q va canh la 500
Q xac dinh theo thyc nghiém dugc moé

ta trong .
MBAL
300 m
¥ " MBA3  HT
SV va v 300m
0666,6 kY
w2 = Bt
sy v

MBAZ

Hinh 1. Mé6t WF gom 2 WT

WT sé anh hudng rat 16n tdi tri s6 QDA cac
pha. Két qua moé phong QDA pha A phia so
sap MBA1 khi sét danh WT1 véi cac tri s6
Rtd trén hinh 3. TU két qua cho thdy d€ han
ché& QDPA thi thuc hién noi dat sao cho Rtd
cla cadc WT ¢ tri s6 nhé nhéat cé thé.

a H 1 [ )
[Fi oo v )+ SD0TEA

Hinh 2. Dién ap pha A phia so cap MBA1
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o « b= U_A_phia HA
= 20 —&—U_A_phiaCA
=
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0 s 10 15 20

Rud (€2}
Hinh 3. Tri s6 dién ap pha A phia so cap
MBAT1 theo Rtd

.

4%
78444

728394 e

728,144

T2

Taned

H L 12 1% (]
[ T T

Hinh 4. Dién 4p pha A phia so cap MBA1
khi sét danh dinh co6t dudng day trén
khong

Trudng hgp sét danh vao day pha, dong
dién sét c6 tri s6 6 kA (1,2/50us) dién ap
phia so cap MBA1 trén hinh 5

v
St N

H H 12 % () 2
(fim mpS.0M; x-vvar ) wODOOLA

Hinh 5. Dién 4p pha A phia so cap
MBAT1 khi sét danh day pha A dudng
day trén khéng
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K&t qiia moé phong cho thay khi sét danh
vao dinh cot hoac DCS va vao day pha
cla duong day trén khong dién ap trén
day pha phia so cap cua MBA1 va MBA2
khéng dang ké, con phia thu cap cé tri
s8 cao, do vay dé gidm QPA c6 thé s
dung bién phap dat CSV phia tha cap va
sO cap clia MBA3.

4, KET LUAN

Khi sét danh vao mot WT hién tugng QDA
xuat hién trong WF méc du da dugc lap
CSV. V6i cudng do dong dién sét 51 kA,
dién tré ndi dat WT 1a 10 Q bién d6 dién ap
pha phia so cap MBA1 va MBA2 rat I6n gay
QDA nén can két hgp cac bién phap bao
vé trong d6 bién phap gidm Rtd cac WT.

Khi sét danh vao dudng day trén khong
da treo DCS dién 4p cac pha trong WF
mac du déu thadp hon muc BIL, nhung dé
dam bdo an toan hon véi nhiing cu sét cé
cudng dé 16n nén Idp CSV cudi doan cap
néi véi dudng day trén khong.

Ngoai ra, dé dé thuc phdi hop bao vé,
dam bao an toan cho cac phan tu, thiét bi
trong WF nén thuc hién ndi dat tai méi WT
€6 tri s6 nhé nhat c6 thé, déng thdi nén su
dung hé thong néi dat chung.
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TOM TAT

Nang lugng gi6 dang dan phat trién theo xu hudng nang lugng sach trén thé gisi, nhung
V@i cau truc khac véi cac dang nang lugng truyén théng va tinh bat 6n dinh da dat ra nhiéu
van dé can gidi quyét dé tan dung nguén nang lugng nay. Bai viét nay dé cap dén 1 trong
nhiing van dé do la ltc xay ra cac sy c¢6 ngan mach, dong gop cia dong ngan mach tu
tuabin gi6 sé thay d6i va anh hudng nhu nao. Viéc phan tich 2 loai tuabin gi6 dién hinh
hién nay da cho ta thay su khac nhau gitra chiing. & may tuabin may phat dién gi6 loai 1 va
loai 2 dudng dac tinh ctia dong dién van tuan theo dudng xac dinh bai cac dac tinh théng
thudng clia may phat dién cdm (ing dang roto 16ng xdc nhung riéng loai 2 bi thay d&i do
anh huéng cla bién trd trén roto. Phat hién nhimng thay déi cia dong ngén mach nay sé

giup ich rat nhiéu cho céng tac van hanh va bao vé cho lugi .

Tirkhéa: Néng lugng gio, ngdn mach, 4 logi tuabin gié, dnh hudng cua ndng lugng gié

1. GIGI THIEU

Cung Vvéi sy phat trién cla nganh dién
nai riéng va hé théng dién néi chung, cac
ngudn nang nugng tai tao trén toan thé giGi
dang ngay mot phat trién dem nguén ning
lugng vé tan thay thé cho cac ngudn nang
lugng khoang thach c6 han, su phét trién
cla néng lugng sach dang va sé la xu thé
phat dién mgi cta tuong lai [3]. Trong do
nang lugng dién gi6 dugc danh gia sé phat
trién t6t tai Viet Nam véi nhiéu diéu kién
thuan Igi. Tuy viéc phét trién nang lugng
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dién gié la nhu cau tat yéu nhung ciing véi
dé can phai phat trién toan bé mang luéi
dién truyén théng trong nudc. Viéc tich hgp
cac nguén nang luong c6 cdng sudt va tan
s6 khong 6n dinh c6 thé gay mat déng bd
cung véi dé 1a viéc kiém soat va diéu phoi sé
cuc ki khé, cung v6i mét s6 chi tiéu vé kinh
té€ la nhimng van dé dat ra cho cac ki su hé
théng dién. Mot van dé dugc néu ra trong
nghién ctu nay la su thay ddi clia cac dong
dién ngan mach khi tuabin may phat khong
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con la tuabin cda may phét dién thong
thudng ma thay thé bang tuabin gié, dong
dién ngan mach khi cé su c6 déng gop vao
hé théng co su thay déi.

2. PHUONG PHAP NGHIEN CUU

Mot s6 Ung dung chinh clia ndng lugng
gio la hoa dién va lugi cung cép dién cho
phu tai, nhung tua bin nay thudng cé kich
thudc kha I6n 1én t6i trén 1 MW. C6 4 loai
tua bin gié chinh dang dugc st dung.

2.1 Loai 1- Tuabin mdy phat cdm Ung dang

I6ng x6c¢

PFC
Capacitors

Hinh 1. Tuabin gié Loai 1

Tuabin gié loai 1 s& dung mdy phat dién
dang roto 16ng s6c néi truc tiép dén 1 may
bién ap tdng ap dang bac thang ®. Tuabin
may quay véi téc dé gan bang vdi tan s6
lugi. Mot dac diém bdi quan tinh ca hoc
khi t6c d6 gi6 thay déi dot ngot sé dan dén
diéu chinh céng suat bi han ché

Tuabin nay dugc diéu khién chinh bang téc
do déng bo( téc do tir trudng quay). Anh
hudng clia téc d6 déng bo dén cong suat
phat dugc thé hién qua doé trugt. Do truct
duoc hiéu la d6 léch giira téc d6 ti trudng
quay va téc dé hoat dong ctia may dién

-y

cadm Ung. May phat dién hoat dong trong
diéu kién binh thudng sé c6 dé trugt tir 0%
dén -1% M. Do truot va cdng sudt phat tuan
theo dudng dac tinh .

Power versus SHp

Power WIG ()

o 0,005 001 0015 002 0028
Slip| i pou

Hinh 2. Budng dac tinh gitta d0 trugt va
céng suat phat thuc cta tua bin loai 11

C6 thé thdy moment clia may phat tang
tuyén tinh véi téc do , véi do trugt 0.005 pu
sé phat céng sudt dinh muc. khi vuot qua
hé s6 nay céng suat phan khang sé ting
khi cong suat phat tang.

M6 hinh tuabin Loai 1 mé phdng bang

phan mém pscad ..

) (]

par

wipy O

i e
1§i_® >

=

Hinh 3. M6 hinh tao su c¢6 ngan mach

tuabin gié Loai 1

Trén m6 hinh diém ngdn mach dat tai
diém dau tua bin
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Hinh 4. Dong ngdn mach cta 4 dang su
¢6 gay ra bai tuabin loai 1

Dong dién ngan mach khi cho 4 loai su c6
tac déng dugc thé hién trén hinh véi thai
gian bat dau tir giay thi 3 khi téc d6 tuabin
én dinh va kéo dai trong vong 1s. & su ¢é
3 pha tram dat, dong xung kich ban dau
tang cao gap khoang 4 dén 5 lan dong
dinh muc sau d6 gidm xudng tri s6 rat nho
so v&i dong dinh muc, con véi cac su c6
khac dong dién tang lén va giam xuéng 1
tri s6 nhat dinh nhung van dat gia tri I6n
hon dong dinh muc

2.2 Loai 2- May phat dién cam Ung dang
[6ng x6¢ ¢6 bién tré
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Induction
Generator Bus

Hinh 5. Tuabin gié loai 2

Tuabin gié Loai 2 st dung may phat dién
cdm Ung roto day quan ndi truc tiép véi
may bién ap tang ap. Mach stato tuong tu
nhu mach ctia tuabin loai 1 v&i viéc b6 sung
mot bién trd. Mét thiét bi dién ti cong suat
vGi dién tré dugc 13p ngoai roto (thiét ké
Weier) giup kiém soat dong dién roto cho
c6bng sudt phat 6n dinh nhung thiét ké c6
nhugc diém dé anh hudng dén phan tng
doéng khi ¢ su e

Tard
=il et Fum

u_ L \ﬁ’ - ng-

g
LEL
-
.o
S

Hinh 6. M6 hinh tao sy c6 ngdn mach
tuabin gi6 Loai 2

Power versus |Skip

Hinh 7. Dudng dac tinh cong suat phat va
do truot tuabin gid Loai 2 [1]
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Bo diéu khién dién trd roto cho phép thay
déi rat nhanh dién tré hiéu dung dat trén
roto. Pac tinh trugt clia Loai 2 dugc so sanh
véi Loai 1:

Puong dac tinh d6 truot cla tuabin loai 2 la
cac dudng thang tuyén tinh, tai dinh gia tri
dinh muc cta cong sudt phat do truot thay
d6i sé ko lam thay d6i gia tri cong sudt phat.
Bo diéu khién dién trd roto van hanh rat linh
hoat, t6c dé gi6 thap gdéc mé canh dat gia
tri t6i da dé€ gilr cdng suét dat dinh muc do
trugt sé thay ddi gid tri dién trd tu diéu chinh
gia tri thap nhat va ngugc lai, nhung sé xay ra
van dé phat néng va tén that nhiét khi may
hoat ddng & do trugt qua cao gia tri dién tré
tdng. Mot so dé tuong duang va biéu thic
dugc dua ra tur so d6 tuong duang ctia may
phat dé kiém soat do trugt va gilr cong suat
dinh muc( van hanh t6i uu nhat).

May phét dién loai 2 c6 mét uu diém la cho
phép do truot dao dong trong pham vi +
0.01 pu du cho géc mé& canh diéu chinh dé
khéng ché dé trugt .

Dong ngdn mach trong cac ché do su cé:

AP P “'

I

i

\ Ii I [ |
IIll |1I|'|41 Il I|“||1I”|1'| i "|1~| l_ W

bk b A B
LT

Hinh 8. Dong ngdn mach cua 4 dang su
¢6 gay ra bdi tuabin gio loai 2

D6 thi dong da thé hién bién d6 dong xung
kich va duy tri clia tuabin gié Loai 2 gay ra
nhé hon Loai 1 do dién tré roto hoat déng
lam gidam dong ngan mach. Khi dién trg
roto gidm cuc dai dong ngan mach tuong
tu nhu may phat roto 16ng xéc.

3. KET LUAN

Qua nghién ctu ta thay dugc anh huéng
cGa dong ngdn mach tu tuabin Loai 1 va
Loai 2 may phat dién gi6 dén luéi ¢ su
khac biét. Gia tri dong ngdn mach Ién nhat
& su ¢6 ngdn mach 3 pha, dong ngdn mach
1 pha cham dat c6 bién dé duy tri I6n hon
do anh huéng clia dién 4dp duong day...
C4c gia tri thu thap dugc c6 thé dong gop
vao cong tac lap ké hoach cai dat bao vé
role cho dudng day hay ché tao va cai dat
cac thiét bi lam viéc riéng cho cac ludi cé
tich hgp ndng lugng gié. Viéc danh gia
anh huéng su cd dé dua ra cac bién phap
phong ngua kha quan trong trong céng
tac quan ly va van hanh, giam thiéu t6i da
anh hudng cuta su ¢é tac déng. Cac ngudn
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nang lugng tdi tao noi riéng va ndng lugng
gi6 ndi chung can dugc quan tdm va phat
trién hon nita vi day la nhiing nguén nang
lugng sach va vé tan, trong tuong lai cong
tac nghién clu sé dugc phat trién hon dé
déap ung nhu ciu phd bién, tang cong suat
hoa lugi cla ngudn nang lugng nay.
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FOR AN ELECTRICAL VEHICLE CHARGING STATION
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ABSTRACT

The development of electric vehicles (EV)
has been a promising field in Vietnam due
to its remarkable contribution in reducing
fossil fuel consumption and CO, emissions.
However, such vehicles’ energy demand
could become a burden on the transmission
line, causing overloads to the national
electricity network. Hence to solve this
problem, a decentralized renewable energy
system can be utilized to fulfill electricity
needs in an EV charging station. In this
paper, a methodology for sizing a grid-tied

photovoltaic (PV) system for a charging
station will be discussed. Moreover, a
proposed PV rooftop system for a specific
site in Hanoi for a charging station with
theoretical demand will be simulated. This
paper’s main idea is to provide an approach
to design a desirable PV system to supply
the load consumption and provide sufficient
energy to the charging station. This paper
can be a recommended input for electrical
engineers and investors to consider using
this energy source for charging vehicles.

Keywords: Renewable Energy, Photovoltaic System, Rooftop PV, Electrical Vehicles, Charging Station.

1.INTRODUCTION

In line with the fast growth rates of the
economic, Vietnam still depended primarily
on hydropower and thermal generation
from fossil fuels, as stated in the annual
report of Electricity of Vietnam (EVN).
Thus, Vietnam has been facing multiple
problems in terms of environment such
as air pollution, water contamination, and
soil degradation, mainly from industrial

production and transportation. In such a
context, the rising development of electric
vehicles is one of the most promising
technologies with the urge to solve these
obstacles and to diversify energy sources
from petroleum. However, the energy
demand of this means of transport has
caused a situation of strain on the national

grid system. With increasing growth
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of renewable energy in recent years,
particularly the growth of solar energy, a
decentralized rooftop PV system will be
an auspicious way of meeting the need for
EV charging station and in the meantime
fixing the overload problem.

The paper contains two main parts: the first
one provides a simulated model of the EV
charging station located at Pham Van Dong,
Hanoi, Vietnam, and the methodology
for sizing a rooftop PV system installed at
the EV station. The second part will focus
on analyzing the data obtained from the
PVSYST 7.0 software (licensed) and giving
some conclusions for the collected results.

2. METHODOLOGY

The PV charging station model is simulated
with the PVSYST software, which provides
the meteorological data obtained from
MeteoNorm. This database records the
climatic parameters for specific sites with a
radius of 10km, such as Global Horizontal
Irradiance (GHI) or Ambient Temperature.
These data undergo processing progress
of PYSYST to acquire the exported ones
under the form of photovoltaic system’s
production (Energy output, Available
energy...). For this case study, the PV system
is located at Pham Van Dong street, deduces
the shadowing effects thanks to its West-
East orientation. As a result, the PV module

is installed according to the North-South
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axis. This system’s installed capacity is
55kWp (129 modules in 320m?) designed
to partially supply for the load including EV
charging system (Level 2 standard-7.4kWac)
and a cafeteria. The EV charging demand
is assumed to be 19 electric cars per day
with 1-hour charging for each car, from 8 to
18h. The daily consumption for theoretical
demand is 220kWh/day. The lack of energy
could be compensated from grid-connected
resources. " 21 The schematic view of the
evaluating site is simulated using SketchUp

software, see Fig 1.

Fig 1. Schematic view of the evaluating site

3. ANALYSIS

Using optimal orientation for PV system in
Hanoi (azimuth angle is 0° and tilted angle
is 15°), the simulation result is obtained from
PVSYST. The designed system’s yearly output
is 64.7 MWh/year, with specific generation is
1167kWh/kWp/year.The overall performance
ratio is 0.832, and the normalized production
is 3.20kWh/kWp/day. The average power
output per hour and the average daily yield
are illustrated in Fig 2 and Fig 3, respectively.
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Fig 2. Average power output per hour (kW)
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Fig 3. Average daily yield (kWh)

In this study, it is shown that the system
could supply about 60-70% of the charging
station’s demand with detailed information,
see Fig 4. The power output varies under
wild fluctuation between summer and
winter, as the power distribution of January
and July, see Fig 5.
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Fig 5. Violin plot of power output
distribution in January and July
4. CONCLUSIONS

The results of the aforementioned
analysis have proved the necessity of grid
connection and local storage systems to
improve the overall performance. With
the support of this roof-top PV system, the
financial benefit could be considerable
by saving around 129 billion VND/year
(considering 2000VND/kWh generated).
Additionally, this distributed generation
source could save more than 381 thousand
tons of CO, emission in its 20-year lifespan
and could be even higher, considering
reducing gasoline vehicles. In this study,
the advantage of the battery system has
not been analyzed; however, this work still
indicates an overview of the potential of
PV-based EV charging stations.
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DU AN THIET KE - TINH TOAN HE THONG DEN
NANG LUGNG MAT TROI

*Nguyén Tuan Anh (1)

(1) Gidng vién khoa Ky thuat dién, nghién cuu sinh khoa Céng nghé nang lugng - Truong Bai Hoc Dién Luc
*Tac gid lién hé: Anhnt88@epu.edu.vn
Gido vién huéng dan: Pham Manh Hai

TOM TAT

Thé ky 21 nang lugng tai tao ndi chung va nang lugng tai tao noi riéng dang la mot trong

nhimng lva chon hang dau vé phat trién nang lugng. Viéc st dung nang lugng mat trdi

mang lai nhiéu lgi ich nhu tinh kinh t&, giam 6 nhiém maéi trudng, da dang héa ngudn nang

lugng...Trong bai bdo nay ching t6i dé xuat mot phuang an thiét ké tinh toan cho hé

théng dén nang lugng mat trdi va mét mo hinh dén mét trgi nho.

Tirkhéa: Néng lugng mdt trdi, dén ndng lugng mdt troi, ndng lugng tdi tao

1. GIGI THIEU

Muc tiéu thiét ké dén st dung dién tir ndng
lugng mat troi, den tu dong bat vao ban
dém va tat vao ban ngay. Du én dugc thuc
hién béi gidng vién va nhém sinh vién
nghién ctu khoa hoc khoa Ky thuat dién
Trudng Dai hoc Dién Luc

2. PHUONG PHAP THIET KE

2.1 Yéu cau thiét ké

& pham vi bai nghién cuu, ta sé tinh toan,
thiét ké mé hinh hé thong dién nang lugng
mat trai cé kha nang cung cap cho tai mot
chiéu 12W trong 12h, dién &p cép cho tai
Led - 12V (Dién ap mot chiéu).

=>Téng c6ng suat phai cap cho tai:
12x12 =144 Wh.

2.2 Danh séach linh kién
Céc linh kién st dung:

Tam pin mat troi (40wp)

Mach diéu khién sac: LM7805,
IRF3205, Di-6t 6A10,

bién trd 10kQ va 330Q), Led bao tin
hiéu (chon led mau tuy y)

bén led 12V-12W, Header, jump, day
dan,...

Ac quy (24Ah)

Gia d&, day cam.
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3. Tinh toan thiét ké ky thuat
3.1Tinh todn théng s6 céc thiét bi ctia dén

Tinh toan ac-quy

T6éng céng sudt cap cho tai/

(0.85x0.6x12)=144/(0.85x0.6x12)=23.5 Ah

Hiéu suat x& nap cta ac quy chi
khoang 85% cho nén chia sé Wh clia
tai tiéu thu vaéi 0.85 ta c6 Wh clia dc
quy Vé&i muc deep of discharge DOD
(mUic xa sau) 1a 0.6 (hoac thap hon la
0.8),ta chia s6 Wh cutia ac quy cho 0.6
sé c6 dung lugng &c quy

Tinh toan tam pin mat troi

144 x 1.3 = 187.2 Wh/ngay. Téng Wp cla
tdm PV =183.2/4.58 = 40.8 Wp. Chon loai
PV 6 40Wp.

Thiét ké diéu khién mach sac™

Hinh 1. Mach diéu khién sac cho dén

mat trdi
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3.2 Phan tich hoat déng ctia mach

Ban ngay, khi c6 anh ndng mat troi,
dién ap pin mat troi & vao khoang 15
+17.9V.

Mach gém 2 phan: Phan bao tin hiéu
va phan mach nap.

*)Vao ban ngay:

Pin mat trgi tao ra dién, khi cé dién
ap tai phan bao tin hiéu, qua IC7805
thi dién ap sé 6n dinh & gia tri 5V, qua
dién tré R2=330Q thi dién ap sé én
dinh & gia tri 1.7V cung cap cho dén
bdo tin hiéu tranh bi quéa ap khi pin
mat tr&i hoat déng khéng 6n dinh.

Dong dién tur pin mat troi di truc tiép
téi dc quy, mach nap c6 mét di 6t D1
chéng phoéng dién ngugc tur ac quy
tr&d vé ngudn gdy hu héng ac quy va
chéng dién ap ti 4c quy phong lén
lam déng cuc G clia mosfet.

*)Vao ban dém:

Khi dién ap cung cap ti pin mat troi
xuéng dudi ngudng dién ap tiéu
chuén &c quy la 13.8V thi luc nay dén
bdo tin hiéu sé bdo gidam dan tin hiéu
cho dén khi ko c6 dién tir pin mat troi
dén tin hiéu sé tat hoan toan. Luc nay,
ac quy sé phéng dién lén théng qua
R1=10kQ sé lam dién ap & chan G cta
mosdet tU mdc 0 lén muc 1. Cuc G
dugc déng vao, dién ap sé dan tu cuc
D sang cuc S, dong dién sé khép mach
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tUr dc quy => bong dén => cuc DS clia
mosfet => di 6t => tr& vé ac quy. Qua
trinh nay sé 1ap lai hang ngay

3.3 Kétqua

Hinh 2. Bén ndng lugng mat troi vao

budi t6i

4.Panh gia
M6 hinh den nang lugng mat trdi hoat
dong tét vao

buéi téi dung véi nguyén ly hoat déng.

Théng s6 cla dén

Cong suat: 144 Wh

Can nang: 15 [kg]

Cac théng s6 khac: chiéu dai 0.8m (tam
pin), chiéu cao Tm

TAI LIEU THAM KHAO

[1] L.K.Anh,“Ung dung cac bé dién tif cong suat
trong diéu khién néi lugi cdc nguén phan tan,”
Tap chi Khoa hoc Trudng Dai hoc Can Tho Phan A:
Khoa hoc Tu nhién, Cong nghé va Maéi truang, p.
44,2013.
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HE THONG MO PHONG TiCH HOP PHAN CUNG CHO HE NANG
LUGNG LAITREN XE O TO DIEN MITSUBISHI I-MiEV

Nguyén Tran Hoai Linh, Nguyén Vin Son, Hoang Xuan Tri va TS. V6 Duy Thanh

Phong thi nghiém Nghién ctiu Xe dién, Vién Bién, Trudng Dai hoc Bach khoa Ha Noi

Tac gia lién hé: hoailinhkuro@gmail.com

TOM TAT

O t6 dién dang ngay mot phat trién nhu
mot xu thé tat yéu cla thoi dai. Mot trong
nhing van dé I6n can quan tam nghién
ctu d6 la nguén nang lugng cho xe. Xe
dién trong tuong lai sé c6 it nhat hai loai
nguén dién phdi hgp véinhau dé dat hoat
dong hiéu qua hon, khi dé bai toan quan
ly ndng lugng gita cac ngudn nay cling
tré nén thuc su can thiét. Viéc thir nghiém

nhimng chién lugc diéu khién quan ly nang
lugng trén xe that gdp nhiing khé khdn
nhat dinh do chi phi cao va tinh an toan
cho con ngudi, vi vay tac gia dé xuat mot
hé thong mo phong tich hgp phan cing
(Hardware-in-the-loop) dang céng suat
(Wilamowski & Irwin, 2016) nhu mét budc
trung gian dang tin cay trudc khi dua thuat
toan vao thdr nghiém trén thuc té.

Tir khéa: O t6 dién, hé ndng Iuong lai, mé phdng HIL, phuong phdp biéu dién vi mé ndng

lugng (EMR).

1. PHAN MG PAU

Hé théng nang lugng la mét thanh phan
quan trong bac nhat trong cac loai xe chay
bang nguén nang lugng dién. Hién nay, pin
13 loai nguén dugc st dung phé bién nhat
do c6 kha nang tich trit ndng lugng rat tét.
Tuy nhién, véi hé théng chi st dung pin lai
tén tai mot sé van dé I16n nhu mat dé cong
sudt clia pin thap, viéc diéu tiét nhiét d6 ctia
pin trong diéu kién chiu tai cao. Bén canh
dé, tudi tho clia pin cling can dic biét luu
tam trong hé théng van hanh c6 tan sé nap
xa cao nhu 6 t6 dién. Mét gidi phap duogc

160 | DIEN DAN SINH VIEN 2020 - NANG LUQNG TAI TAO

dua ra dé khic phuc nhugc diém tir hé ning
lugng chi dung pin dé la mot hé nang lugng
lai két hgp gilia pin va siéu tu dién. C6 thé
thdy réng siéu tu dién va pin la su bé sung
cho nhau dé tao nén moét hé théng tét khi
ma pin c6 mat d6 nang luong rat cao nhung
mat do cong sudat lai thap, con siéu tu thi
nguagc lai. Hon nia, viéc siéu tu cé kha nang
nap xa nhanh clng sé giip cho hé nang
lugng trén xe c6 thé hap thu nang lugng tot
hon trong qua trinh ham tai sinh. Phong thi
nghiém Nghién ctu Xe dién hién st dung
mau xe Mitsubishi i-MiEV, hé nang lugng lai
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pin-siéu tu trén xe sé trao d&i nang lugng véi
hé truyén déng dién khi xe di chuyén trén
dudng. P& c6 thé nghién clu dugc nhiing
chién lugc diéu khién phan phéi nang luong
thi can 13p pin va siéu tu Ién xe roi ti€n hanh
chay xe trén thuc té. Tuy nhién diéu nay
tiém &n nhi€u nguy cc vé su an toan cling
nhu tén chi phi van hanh 16n. Vi vay, trudc
khi thuc hién, can c6 nhiing budc kiém tra
tinh dung dan clia cac thuat toan téi uu va
b6 diéu khién dugc st dung. Véi bai toan
dat ra nhu trén thi mé phong tich hgp phan
cung la gidi phap phu hgp. Tu day, tac gia
tlng budc xay dung moé hinh moé phéng HIL
dang céng suat cho hé nang lugng lai nham
th&r nghiém cac chién lugc quan ly nang
lugng trén 6 t6 dién. Trén ca s& ly thuyét nay
sé trién khai ché tao hé théng mach thuc
nghiém dé phuc vu cho nhiing nghién ctu

Vé 0 t6 dién trong tuong lai.

2. CAU HINH HE THONG VA MO HINH HOA
2.1. Cau hinh hé théng

Xét riéng phan ddng ca va cac thanh phan
xe, 6 thé thdy rdng hé théng con nay chi
6 vai trd tao ra yéu cau vé dong dién (itrac)
cho hé théng nang lugng pin va siéu tu
trong qua trinh xe chay trén dudng. Khi dé
toan bo phan truyén déng dién cling nhu
phan déng hoc than xe c6 thé dugc mo
phong lai bang moét nguén dong cé diéu
khién, nguén dong nay dua ra dugc dac
tinh dong dién giéng hét nhu thuc t€ va

\In

Ghi chii:
. x 18 hé &t & phy thudc
1y wibo cong sult thi nghiém

Hinh 1. Cau hinh m6 phéng HIL dang
cdng sudt cho hé nang lugng lai

dugc ghép néi véi hé nang lugng lai (Hinh
1). TU d6 qué trinh trao d6i nang lugng
gilta cac phan trong hé théng c6 thé dugc
nghién ctu theo thdi gian thuc va mang lai
dac tinh nhu mét chiéc xe dién. Y tudng dé
tao ra nguén dong c6 diéu khién mé phong
cho xe la dung mét siéu tu dién khac ghép
néi ti€p véi moét cudn khang va mot bo
bién d6i DC/DC 2 chiéu (Nguyen, German,
Trovao, & Bouscayrol, 2019). Khi da c6 cau
hinh cta bo gia lap xe, viéc tiép theo la tao
ra dugc mét bé di liéu chinh xac vé
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dong dién thuc té ma xe yéu cau trong
qua trinh chay theo mot chu trinh [i tha
nghiém chuan lam lugng dat dé diéu khién
nguén dong. D€ cé dugc diéu dé, tac gid
da xay dung mét mo hinh truyén dong
dong ca IPM clia xe i-MiEV (Chouhou, Grée,
Jivan, Bouscayrol, & Hofman, 2013) tu
nhiing théng sé ky thuat da co. Viéc kiém
tra tinh dung dan ca mé hinh nay dugc
dua trén nhing két qua sdn cé tu dé tai
cap nha nudc KC-03.08/11-15 da nghiém
thu cia Phong thi nghiém: “Nghién ciu
thiét ké ché tao hé thong truyén dong va

diéu khién cho xe 6 t6 dién”.

2.2. M6 hinh héa va biéu dién hé théng
Dudi day la mé hinh toan clia cac phan tu
trong hé théng:
e Pin
Upge = const. 1)
e Siéuty dién
t
.11, 2
Uge = Ug — Rycisc — EI iscdt. @
0
¢ Cudn khéang phia nguém

. . (3
U =1L a"sc + isc?y + Uch. )

e Bj bién d6i DC/DC 2 chiéu phia ngudn:
{ Uep = MylUpge 4
fcp = mliscncilk-
e Cudn khang phia nguon gia lap:
Usctrac = L at isc trac T sc tracTL &

+ Uch trac.

B bién déi DC/DC 2 chiéu phia nguén gia lap:

[ Uch trac = MaUpat (6)
— k
ltrac = Malsceractcn
R L.
*  Diém noi mach:
{ Upqe = const (7
ich + ipat = ltrac:
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Hinh 2. Cau hinh mé phdéng HIL dang
cdéng suat cho hé nang lugng lai

TU cau hinh phan ciing hé théng dugc dé
cap & muc 2.1 va mé hinh toan da cé clia
cac phan tl, hé théng dugc biéu dién va
thiét ké diéu khién bang phuong phap
biéu dién vi mé nang lugng (Bouscayrol,
Hautier, & Lemaire-Semail, 2013) nhu
trén Hinh 2. Do hoat doéng bén trong pin
khong phai néi dung nghién ctu chinh
nén mo hinh toan cuta pin dugc mo ta don
gidn nhu & (1). Bo bién déi DC/DC & day
cling dugc gia thiét nhu moét phan ti bién
déi dién-dién c6 hiéu sudat 1a nch dé don
gidn héa mé hinh, phan t6n that va kha
nang chiu tai ctia mach dién tr céng suat
sé dugc tinh toan chi tiét trong qua trinh
thiét k& mach.
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3. KET QUA MO PHONG VA PANH GIA

Hé théng dugc moé phéng kiém ching
bdng phan mém Matlab/Simulink 2017b
qua 2 budc gbm: mé phong bang mé
hinh trung binh hé théng biéu dién bang
phuong phap EMR va mé phéng két hop
cac phan tu dién ti cong suat sir dung thu
vién SimPowerSystems v&i bo diéu khién da
dugc thiét ké dua trén EMR trudc d6. Kich
ban thif nghiém & day st dung chu trinh 13i
chuan trong noi dé ECE ctia chau Au.

The dj [mis]

] 0 40 60 80 100 120 140 160 180 200
Thiri gian [3]

Hinh 3. Dap (ing t6c dé ctia mé hinh xe
i-MiEV theo chu trinh ECE

K&t qua dap ung toc do clia xe theo chu
trinh ECE & Hinh 3 cho thay tinh chinh xac
ctia moé hinh truyén doéng cda xe i-MiEV.
Hinh 4 cho thdy yéu cau vé dong dién cua
nguén dong giad lap xe itrac va dap Ung
cUa phia nguén ibat va ich & cd mé hinh
trung binh. Hinh 5 la su kiém chung lai
bang mé hinh dang chuyén mach, c6 thé
thay dugc dang dong dién dap ung giéng
vGi d6 thi mé hinh trung binh & trén.

-y

Thii gian [s]

Hinh 4. Dap Uing cac dong dién mé hinh
trung binh

Criagdydingaiialh)

2 . L L i L L L L L
o 20 40 &0 80 100 120 140 160 180 200
Thai gian [5]

Hinh 5. Dap Uing cdc dong dién dang
chuyén mach

TU nhimng két qua trén, tac gia da co co s&
ti€p tuc trién khai hé théng thuc nghiém
trén thuc té. Phong thi nghiém hién da co
2 siéu tu dién va hé théng pin, vay nén tac
gia da thiét k& phan tir con thiéu la bo bién
d6i DC/DC 2 chiéu va ché tao cudn khang
phu hop véi yéu cau vé cong suat ctia hé
théng. Do gidi han cua bai bdo cho dién
dan nén tac gia khong dua vao phan thiét
ké mach. Viéc ché tao va hoan thién mach
hién dang dugc nhom nghién ciu tiép
tuc trién khai va sé dugc dé cap tdi trong
nhiing cong bé khoa hoc sau.
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4. KET LUAN

Nhing nghién ctiu vé 6 t6 dién noi chung
va hé théng nang lugng noi riéng van luén
la mot ch( dé néng. Nhan thay van dé vé
chi phi cling nhu su an toan da mang dén
nhiing tr& ngai khong hé nhé cho nghién
cltu, nhém tac gia da tim hiéu nhing uu
diém cta phuong phép biéu dién vi mé
nang lugng va mé phdng tich hgp phan
cling dé dua ra mét hé théng mé phéng
c6 tinh an toan va tiét kiém hon rat nhiéu.
Ngoai ra, phuong phap mé phdong nay con
dem lai tinh thai gian thuc va sat véi thuc
té hon so véi mé phong chi bang phan
mém. Cudi cling, cac két qua dugc dua ra
G trén da chuing minh d0 tin cay cia moé
hinh @é xuat va hoan toan trién khai dugc
thanh hé théng thuc nghiém trong phong
thi nghiém.

TAC GIAY TUGNG

Nguyén Tran Hoai Linh nhan bang ct nhan
Ky thuat diéu khién va Tu déng héa (2020)
tai Trudng Pai hoc Bach khoa Ha Noi. Hién
anh la hoc vién cao hoc tai Truong Dai
hoc Bach khoa Ha Noi. Huéng nghién ctu
chinh cta anh la vé quan ly nang lugng
cho xe dién va cac hé théng nang lugng
tdi tao

164 | DIEN DAN SINH VIEN 2020 - NANG LUQNG TAI TAO

TAI LIEU THAM KHAO

[11  Wilamowski, B. M., & Irwin, J. D. (2016).
Control and mechatronics. https://doi.
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V& Duy Thanh nhan bang ky su (2004),
Thac si (2007) va Tién si (2019) nganh
Ky thuat diéu khién va Tu dong hoa tai
Truong Dai hoc Bach khoa Ha Noi. Hién
nay anh dang la gidng vién tai b6 mén Tu
ddng héa cong nghiép, Vién bién, Trudng
Dai hoc Bach khoa Ha Néi. Huéng nghién
ctu chinh cta anh gém: Phan tich, mé
hinh hoéa va diéu khién déng co dién, Thiét
k& va diéu khién cac day chuyén san xuat
tu dong va Diéu khién 6 t6 dién (EVs).
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DANH GIA KINH TE CUA HE THONG DIEN MAT TROI
MAI NHA TAI VIET NAM

PoanTién Anh", TS. Nguyén Thi Anh
(1) Sinh vién Vién Bién-Trudng Dai hoc Bach khoa Ha Noi
Tac gid lién hé: anh.dt173637@sis.hust.edu.vn

TOM TAT

Véi chinh sach hé trg cta Chinh pha Viét
Nam, dién mat tr6i mdi nha nhing nam
gan day phat trién manh mé véi téng cong
suat lap dat tinh dén 9/2020 la 1531 MWp.
Tuy nhién su phéan b6 lai khong dong déu
tap trung & cac vung cé buc xa cao nhu
mién Trung va mién Nam va rat it & khu vuc
mién Bic. Do d6 dé phat trién déng déu
dién mat tréi & cac vung mién can phaixem

xét day du cac yéu t6 anh hudng dén chi

1. GIGI THIEU

Co6 thé thdy, nang lugng mat trai la ngudn
nang lugng vé tdn ma con ngudi c6 thé tan
dung dé dua vao phat dién. Bién mat troi
dugc danh gia la mét ngudn néng lugng
sach, than thién véi méi trudng. N6 co thé
bu dap lai su thiéu hut vé dién trong tuong
lai khi cadc nguén tai nguyén héa thach dan
can kiét. Vi ly do d¢6, dién mat trgi dugc
nhiéu quéc gia trén thé gidi va Viét Nam
khuyén khich phat trién théng qua chinh
sach hé trg tir Chinh phu. Viéc st dung
nang lugng mat troi mai nha sé gitp ngudi
st dung gidm dugc hoa don tién dién,

tiéu kinh té€ cGia dy an. Bai bao nay trinh bay
danh gia kinh té ctia cac hé thong dién mat
trai quy moé nhd & cac tinh, thanh phé véi
buic xa dién hinh & Viét Nam. Viéc danh gia
dugc thuc hién dua trén cac chi tiéu kinh té:
Gia tri hién tai rong (NPV), Ty & hoan vén
ndi bo (IRR), Chi s6 Igi nhuan (P1), Thai gian
hoan vén c6 chiét khau (DPP). San lugng
cla hé théng dién mat trai dugc moé phong
bang phan mém PVsyst.

trong khi dé ciing nhan dugc uu dai gid ban
tU chinh sach cda Chinh phu (8,38 US cent/
kWh (tuong duang 1943 déng) déi vai dién
mat trgi mai nha™. Bén canh do gia thanh
|3p dat hé théng dién mat trdi co xu huéng
ngay cang gidm, tudi tho 16n va chi phi bao
dudng déi vGi hé théng thap. Hé qua, dién
mat troi tai Viét Nam nhiing nam gan day
¢6 budc phat tri€én manh mé, trong 9 thang
dau nam 2020, trén toan qudc da lap dat
33606 du an dién mat trdi mai nha véi téng
cbng suat 1146 MWp. Téng cong dén nay,
da c6 55983 du an dién mat trgi mai nha da
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dua vao van hanh véi téng céng suat 1531
MWp ©. Tuy nhién, su gia tang nhanh dién
mat trdi tai mét s6 khu vuc mién Trung va
mién Nam c6 dau hiéu vuot kha nang tai
coéng suat lugi dién, con khu vuc mién Bac
thi rat it hé théng dugc 13p dat. Do dé can
¢6 nhiing chinh sach hé trg phu hgp hon

2. PHUONG PHAP NGHIEN CcUU

Viéc danh gia tinh kha thi vé kinh té& dugc
thuc hién véi cac hé théng dién mat troi
mai nha 6 céng suat 1ap dat la 10kWp &
chin dia diém c6 tiém nang ning lugng
mat troi khac nhau trén khdp Viét Nam
thong qua bén chi tiéu vé kinh té.

2.1.Phan mém mé phong

Pvsyst la phan mém dugc san xuat béi cac
nha nghién ctu khoa hoc c6 tru s cong ty
tai Thuy Si. Phan mém Pvsyst dugc st dung
dé thiét ké hé théng PV va mé phoéng san
lugng cta hé théng PV tu cac dia diém
khac nhau & Viét Nam.

2.2 Chi tiéu kinh t&

Gid tri hién tai rong (Net present value, NPV):
La chénh léch gitta t&ng dong thu ctia du an
dugc quy vé mat bang thai gian hién tai véi
téng chi phi dau tu cda du &n cling da duoc
quy vé mat bang thaoi gian hién tai theo mét
ti suat hoan vén nhat dinh.
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6 tinh t&i dac diém riéng cla ting ving
mién. Bai bao nay sé trinh bay nhiing danh
gia kinh té cho cac hé théng dién mat trgi
mai nha cho cac vung tai Viét Nam dua
trén cac chi tiéu kinh t& NPV, IRR, PI, DPP va
danh gia, phan tich dé nhay cta cac yéu té
anh hudng dén hiéu qua kinh té ctia dy an.

N 1 = 1
NPV=;TR,- (Hr)f—;c,- Ty ©

Trong dé: TR: Thu nhép héng ném cda du
an; C;: Chi phi hang nam cla du an; 7: Lai
suat chiét khau cta du an; n: S nam cla
duan

Ti 1& hoan vén ndi bd (Internal rate of
return, IRR): La ti I& chiét khau lam cho gia
tri hién tai rong (NPV) cua tat ca cac dong
tién tr mot du 4n cu thé bang khéng.

n

1

NPV =0= E TR —————
& Y(1 + IRR)!
=

n

1
h Z Ci (1 + IRR)! @

i=0

Chi s6 Igi nhuan (Profitability index, Pl): 1a
ti |é gilta gia tri hién tai cla cac dong thu
nhap va gia tri hién tai ctia cadc dong vén
dau tu cta dy an.



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION EIGHT

1
M+ )
- ¢ :. T) 3)
oGy

" o TR;
PI =

Thoi gian hoan vén c¢é chiét khau
(Discounted payback period, DPP): la
khoadng thdi gian can thiét dé téng gia tri
hién tai tat ca dong thu nhap trong tuong
lai ctia du an vira du bu dap s6 vén dau tu
bé ra ban dau.

DFPP

TR G o w
;((1”):"(1”)9‘ &

3.PIA PIEM MO PHONG

Tinh kha thi vé kinh té ciia mot hé théng
PV phu thudc rat nhiéu vao san lugng dién
cla né, do d6 phu thudc vao diéu kién khi
tugng tai vi tri hoat déng cda hé théng. Vi
san lugng dién phu thudc nhiéu vao buc xa
mat troi, diéu can thiét la phai biét chinh
xac dt liéu khi hau dai han c6 sdn cho vi tri
|3p dat. Dia diém mo phong vi tri 13p dat
cho trong bang 1.

Bang 1. Bang tén tinh, thanh phé dugc moé

phéng &

Bire  xp | 3.8-4.1 42- | 4.5- 4.8- 51- | 54-

(kWh/m?/ 4.4 4.7 50 53 5.6

ngdy)

Tinh, Thai Ha | Pién | Khanh | Cin | TP.Hé

thanh phi | Nguyén, | Néi, | Bién, | Hoa Tho | Chi
Quang | Hué | Ba Minh
Binh Niing

4. HUGNG NGHIEN cUU

DPénh gid dnh hudng va phan tich do nhay
cla cac yéu t6 anh hudng:

«  Thoéng s6 vé diéu kién tu nhién

«  Thoéng s6 cong nghé va lap dat

«  Théng s6 vé von dau tu

«  Phuong thuc chi tra

+ Quimo cua tai
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[11  EVN.Quyét dinh 13/2020/QD-TTg cla Thu tudng
Chinh pha chinh thic c6 hiéu luc thi hanh ti
ngay 22/5/2020, dién mat trdi mai nha dugc
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ky-vong-phat-trien-manh-66-142-25694.aspx.
[Online]

[2] EVNNPC.Tinh hinh hoat déng 9 thang dau nam
2020 va muc tiéu, nhiém vu céng tac 3 thang cudi
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clid=lwAR31lJgrycpFaMVx0kJSOnO2HfzMZAWc70s
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[4] Ciprian Cristea, Maria Cristea, lulian Birou,
Radu-Adrian Tirnovan. Economic assessment of
grid-connected residential solar photovoltaic,
Renewable Energy 162 (2020) 13-29 https://doi.
org/10.1016/j.renene.2020.07.130.
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Poan Tién Anh sinh nam 1999, sinh vién
nganh Ki thuat dién-K6é2 Vién bién, Truong
Pai hoc Bach khoa Ha Noi. Huéng nghién
ctru hién tai: Nhiing yéu t6 anh huéng dén
chi tiéu kinh té khi I3p dat hé théng dién
mat trdi.

GIANG VIEN HUGNG DAN

Nguyén Thi Anh sinh ra & Ha Noi, Viét
Nam. Cé nhan bang Ky su Hé théng dién
nam 2006, thac si nganh Ky thuat dién nam
2010 tai Truong Dai hoc Bach Khoa Ha Noi
va bang Tién si ky thuat dién tai Dai hoc
Chulalongkorn, Thai Lan. Hién nay, c6 dang
la gidng vién tai B6 mén Hé théng dién,
Vién bién, Trudng Dai hoc Bach Khoa Ha
No6i. Huéng nghién ctiu chinh: Tich hgp céc
nguén nang lugng tai tao, cac van dé vé
béo vé va tu déng héa trong hé théng dién.
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Phong: Orchid | Chii toa: Dinh Thanh Viét, Hoang Puc Chinh
HE THONG SAC DONG HIEU SUAT CAO CHO O TO BIEN

*Nguyén Xuan Khai, Nguyén Tuan An, Lé Van Hiéu, TS. Nguyén Kién Trung

Nhoém sinh vién nganh Ky thuat Biéu khién va Tu dong hoa, Trudng Pai hoc Bach khoa Ha Noi
*Tac gia lién hé chinh: khai.nx173970@sis.hust.edu.vn

TOMTAT

O t6 dién dugc khuyén céo st dung vdi
nhiéu uu diém. Tuy nhién, mét sé nhugc
diém ma xe dién gap phai nhu: sac pin
lau, quang dudng di ngdn, gia thanh pin
cao..dang han ché su phé bién cda 6
t6 dién. Nghién clu trong dé xuat nay
xoay quanh viéc thiét ké hé théng sac
dong hiéu suat cao cho 6 t6 dién. Dé

tai nghién ctu cau trdc 3 cudn truyén

1 cudén nhan véi mach bu LCC hai phia
dé nang cao hiéu suit truyén va dé xuét
cdu trac diéu khién bam tré khang téi
uu phia nhan. Hé théng dugc thiét ké co
cong suat dinh muc 1.5 kW, hoat déng &
tan s6 85 kHz. Tinh kha thi cua dé xuat
dugc kiém ching trén phan mém mé
phdng PSIM, v&i hiéu suét cia hé théng
thu dugc dat 95.3%.

Tirkhéa: sac khéng ddy déng, nang cao hiéu sudt, mach bu LCC hai phia, diéu khién tré khdng,

bdm tdi téi uu.

1. DAT VAN BE

Ngay nay, van dé cap thiét dugc quan tam
trén toan cau la su & nhiém maéi trudng
dang ngay cang nghiém trong va nguén
nhién liéu hoa thach dang dan can kiét bai
su khai thac va st dung qua muc ctia con
ngudi. Mét trong nhiing giadi phap cho van
dé nay la strdung cac nguén nang lugng tai
tao dé thay thé& cho ning luong héa thach
va chuyén sang st dung cac thiét bj tuong
thich, & té dién la mét trong sé do.

O t6 dién c6 uu diém nhu: than thién véi
moi trudng, s dung ngudn nang lugng
sach, tiéng 6n nho khi di chuyén,... Tuy

nhién, hién nay 6 t6 dién phai déi mat vai
nhiéu thach thic I6n, nhu thai gian sac
lau, gid thanh pin cao va quang dudng di
chuyén trong mot 1an sac ngan. D€ khac
phuc nhugc diém nay, dé xuat dugc dua ra
& day la st dung hé théng sac khong day.

Mpch e
Pin DD oy

Cugn dhy it
Cigho oy ra w_.

@ﬂﬁﬂﬁj

Ngudn AC  ACDC  DOAC hfach b
Tiin 36 vy 307 edp

H 1. Cau trdc chung hé théng sac khéng day
cho xe dién
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Hé théng sac dién c6 day c6 uu diém la hiéu
suat sac cao, sac nhanh, tuy nhién con ton
tai mot s6 han ché nhu khéng thuan tién
cho ngudi diing, d6 an toan chua cao. &
nhiing nai cong cdng, bd sac c6 day thudng
hay bi héng hoc & dau sac va cap sac gay
ro ri dién, dan tsi nguy hiém cho ngudi st
dung dac biét trong trudng hgp mai trudng
&m uét. Hé théng sac khong day c6 thé khic
phuc nhugc diém clia sac c6 day, ing dung
nguyén li cdm Ung dién tir gém cudn truyén
va cuén nhan nén an toan va thuan tién. Hé
théng sac khéng day duoc chia lam hai loai:
Sac khong day tinh va Sac khong day.

Hé théng sac khong day tinh c6 uu diém la
thuan tién, hiéu sudt truyén cao, tuy nhién
ton tai nhugc diém: Quang dudng di chuyén
trén mot lan sac khong dugc cao. Mudn thai
gian di chuyén trong mét lan sac dugc cao

2. KET QUA NGHIEN CUU

2.1 Thiét ké cudn day va mach bu

Trong nghién ctu nay, hé thong st dung cau
trdc cudn day theo phuong phép chia doan,
moi module gom ¢6 3 cudn truyén (H2.) dugc
dat sat nhau st dung chung mét bo bién déi.
Uu diém clia bo truyén kiéu doan la ching cé
thé dugc diéu khién linh hoat bat/tit (ng véi
vi tri ma cudén nhan di chuyén qua, khién tu
trudng ro ri thap hon, nang cao hiéu suat; cé
thé dé dang diéu chinh téng chiéu dai ctia bo
truyén va giam dién ap dat trén tu bu.
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hon thi can phai c6 moét dung lugng ac quy
I6n, do d6 gid thanh xe sé tang theo. Hé
thong sac déng la hé thong ma céc bo sac
dugc bé tri trén dudng, do d6 quang dudng
di chuyén dugc xa hon, va xe ctng chi can
mot dung lugng pin nhd, nh vay tiét kiém
dugc chi phi, gidam gia thanh.

Muc dich nghién cttu clia dé tai nay nham
khac phuc nhugc diém clia hé théng sac
déng la hiéu suat chua cao. Nhdm nang
cao hiéu suat ctia hé thong, nghién ctu dé
xudt st dung cau tric mang bu LCC hai phia
két hop vdi cau trdc 3 cudn truyén 1 cudn
nhan va phuong phép diéu khién bam tai
t6i uu théng qua phuong phéap udc lugng
hé s6 két ndi gitia hai cudn day. K&t qua moé
phoéng cho thdy hé théng cé thé dat duoc
hiéu suat cao nhat la 95.3% trong nhiéu diéu
kién khac nhau cta tai.

Pé& tang dugc hiéu sudt cla truyén nang
lugng diéu kién can la phai st dung nguén
xoay chiéu ¢6 tan s6 |6n khoang 100 kHz. Co
hai van dé lam han ché hiéu suat truyén cla

hé théng.
st sy “Tw L
1 i o
.,O o, T u '-{ N R
shg =n L, ‘{'}_Li s
Ta 3

H2. C4u trdc ctia hé théng
ba cudn truyén mét cudn nhan
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Tha nhat, chuyén mach cing gay ra tén
that trén van I6n. Thi hai, khi tan s6 cang
I6n thi tré khang cla cac gia tri dién cam
rd cang 16n lam cho khéng thé truyén dugc
cbng sudt tir nguén vao sang tai dugc.

DE gidi quyét dugc van dé nay, mot cau tric
mai két hgp gitta hai cdu trdc noi tiép va
song song. Mach bu gém hai tu dién va mot
cudn cam LCC dugc dé xuat st dung. Mach
bu LCC ndm & ca hai phia c6 thé thuc hién
nhu moét nguén dong & ca dau vao va dau
ra. Bén phia sa cap, mach bu LCC c6 thé tao
ra diéu kién chuyén mach mém gidp gidm
tén hao nang lugng trén van. Bén phia thi
cap, cong sudt phan khang dugc bu dé tao
ra cong suat I16n, do d6 hiéu suat dugc tang
cao ddi véi tai nhe va tai nang 1.

2.2 Piéu khién tré khang bam tai téi uu
2.2.1 Phan tich thiét ké va cong thiic udc lugng
Dé& hiéu suat 16n nhat khi va chi khi:

o' 3
R =—r |- 1
Lo =R \3+K0Q ®

Trang thai acquy thay déi lién tuc khi sac,

do d6 ta can diéu khién bam gia tri tr&
khang t6i uu dé hiéu sudt t6i uu. G day R,
la tr& khang cla tai, dé duy tri tré khang
bam vai gia tri trd khang t6i uu ta st dung
bé bién déi chinh luu tich cuc toan cau su
dung phuong phap dich pha déi xiing két
hgp véi déng bo pha. Vi vay méi quan hé
cla ching dugc biéu thi trong phuong
trinh (2) dugi day:

-y

u @

8 »
‘fr

R=—

cos® (fm,, -

VGi cdu trdc mach bu LCC hai phia co
nhing uu diém nhu tao nguén dong ca
2 bén. Ta coi dong dién trudc chinh luu la
ngudn dong, thay vi diéu khién truc ti€p trg
khang ta diéu khién ty sé trén bam vdéi gia
tri tré khang téi uu.

Ngoai ra, qua phan tich, cong thic udc
lugng hé s6 hd cam:

1 WCLULR +1,

) P

: (3)
JLL~~ wWCCU

Viéc tinh toan hé s6 hé cam thong qua viéc
do dong va dién ap bén thu cap.

2.2.2 Thiét ké bo diéu khién bam tré
khang téi uu

Dong dién, dién ap & dau ra ctia bo chinh
luu dugc do vé, tir dé udc lugng dugc hé s6
hé cdm dugc udc luong theo (3). Sau do trg
khang t6i uu dé dat hiéu suat cao nhat dugc
tinh theo (1). Gia tri tré khang nay nhan véi
dong dién dau ra bé chinh luu sé la gia tri
dat dién ap cho mach vong diéu khién PID,
diéu khién dién ap dau ra ctia bd chinh luu.

3. KET QUA MO PHONG

DO thi H 3 mo ta hiéu suat clia hé théng khi
gia tri tai tr& thay d6i. Néu c6 bo diéu khién
bam tré khang t6i uu thi hiéu sudt ca hé
théng cao va dat trung binh 95%.
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Két qua hiéu suat ctia hé théng tai tai trd 220
Q, di chuyén déng truc dugc thé hién & H 4.
Khi khéng st dung b diéu khién bam trg
khang t6i uu thi hiéu suat trung binh ctia hé
théng dat 92,3%. Khi ¢ bd diéu khién bam
trd khang téi uu thi hiéu suat trung binh hé
théng dat 95,3%. Tu d6 ta thdy rd tac dung
clia bo diéu khién bam tré khang t6i uu dé

nang cao hiéu suat ctia hé théng.

4, KET LUAN

Dé xuét da trinh bay vé tiém nang cla xe
dién cling nhu nhiing lgi ich cta viéc s
dung phuong tién giao théng chay dién
déi voi viec bdo vé moi trudng song. Dé
xuat dua ra mét thiét ké cu thé ctia mot hé
théng sac dong hiéu suat cao cho 6 t6 dién.
Mach bu LCC hai phia cho hé théng (3 cudn
truyén, 1 cuén nhan) gidm dugc tén that
chuyén mach, cai thién hiéu suat. Phuong
phéap diéu khién tai t6i uu la phu hop dé
nang cao chat lugng cda hé théng.

TAI LIEU THAM KHAO

11 S.Li, W. Li, J. Deng, T. D. Nguyen, and C. C. Mi, “"A
Double-Sided LCC Compensation Network and Its
Tuning Method for Wireless Power Transfer,” IEEE
Trans. Veh. Technol,, vol. 64, no. 6, pp. 2261-2273,
2015.
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ABSTRACT

In this research we propose a combination approach-ing of adaptive algorithm called

Condition Memory Re-cursive Least Square (CMRLS) to continuously identi-fies the

parameters of battery equivalent circuit model (ECM), the achieved model then be used to

estimate SoC by Uncented Kalmann Filter (UKF).

Keywords: Battery, Battery management system, State of charge, Equivalent circuit model,

Uncented Kalmann filter

1.INTRODUCTION

As the drastically growing of electric vehicles
(Evs) and hybrid electric vehicles (HEVs)
around the world, the Lithium-ion batteries
management system (BMS) for vehicles are
extremely important™. The most im-portance
role of BMS is State of Charge estimation
or also known as determining the residual
capacity of the battery pack. Accurate
determination and calculation of SOC is
essentially for guarantees the reability and
capa-bility of delivering power and energy
of the battery pack to predict the remaining
range of the EV.

There are a lot of methods used for estimating
SOC. Those most well-established methods
are open circuit voltage (OCV) method and
coulomb counting method which are direct,

simple and clear to understand. However, the
accuracy of these two methods is difficult to
guar-antee. In addition, the machine learning
approach can be used directly to estimate
SOC but they have low inter-pretableness and
dificult to deploy on embeded system due to
the calculation limitation. Hence, the most
widely used method of SOC estimation is
the model-based method . The method we
propose here to estimate the SOC is based on
considering a simple resistance—capacitance
(RCO)-equivalent circuit to model the battery
dynamics while using an adaptive online
parameter-identification algorithm to identify
and update the mod-el’s parameters as they
change, the achieved model then be used to
estimate SoC by Uncented Kalmann Filter.
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2.PARAMETERS IDENTIFICATION
2.1 Thevenin equivalent circuit model

for battery
Uytn)
L] l I - — ity
| SR
c_.!.-} i :

och n.C) ) Uy

Figure 1. Thevenin model for Lithium-ion battery
Thevenin model in the frequency domain
can be de-scribed as:

7, (s)="8 4 L1©
{ U= G * RiCy (1

Up (8)=Ugcv (s)-U, (s)-R,I(s)

Set U, (s)-U,(s)=E(s), then the transfer

function is:

_E@) __RotR1+RoR Cys
G(s) 1(s) 1+R,Cys @

After discretization G(s) by Tustin’s method,

we obtain:
1

G(z)=28Z ®3)

l-ayz’!

E(k)=a,E(k-1)+a,I(k)+a3l(k-2) (4)

(k)-U_(k-1)=0[3]
then above eq can be rewrite:

By assuming that U

ocv ocv

Uy (k)=(1-a;)Ugcy+a, Uy (k-1)+ayI(k)+asl(k-2)  (5)

Define ®=[1,U, (k-1),I(k),i(k-1) as the
measured data vector; O=[(1-a,)

Uyev,s2,a,] as the parameters vector.

ocv/
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identified
by recursive fomulas then the model

Parameter vector 6 can be

parameters R R,C, can be derived from
expression of a ,a,,a..

2.2 Condition memory recursive least
square

The usual RLS algorithm has its limitations
dealing with the data saturation problem.
The proposed CMRLS
forgetting factor (FF) to overcome this phe-

introduces a

nomenon. The identification is realised as:

¥~ ()0 (k)+e(k) (6)

E(k)=Uy (k)-@(k)0(k-1) 7N
_ P(k-1)0" (k)

K(k)-Mk-l)+0r(k}P(k-1)0[(k} ®

B0)=0" ()+K (K)e(k) ©
_ Ple1)-KKIO ()P(k-1)

PO=-"——0 (10)

AI)=1-— o (11

1+K " (P EK)
8(k): estimation of parameter vector 6; e(k):
estimation error of the terminal voltage
U, (k); K(k): gain, P(k): covariance matrix,
\: FF to perform real time correction for
changes in parameters and update the

covariance matrix.

The idea of CMRLS algorithm can be clearly
seen from fomula of A (k). When the system
changes significantly i.e the error e (k)
increase then A(k) decrease rapidly, so that
the old data are quickly “forgotten” while
a new learning model is established using
newest data, thus achieving the target of
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fast tracking for latest state of the system.
However, with the continuous input of
new samples, the new learning model
gradually converges. In this process, as the
prediction error e (k) gradually decreases,
correspondingly, A (k) gradually increases,
thus increasing the effective data window
length and ensuring the system to have
higher steady-state accuracy.

3. UKF SOCESTIMATOR

».I—-’

*'L

Optimal State Obterver __

Figure 2. Linear Kalmann Observer

The most commonly used meth ods for
SoC estimation include Kalmann Filter (KF)
and its derivative algorithm . KF algorithm
is capable of correcting the error of initial
values and reducing the effect of Gausian
noise. The Extended Kalmann Filter (EKF)
can be used in more complex and nonlinear
models. However, due to the er-rors caused
by linearization process and the difficulties
of calculating Jacobian matrix, the EKF still
needs to be developed. The UKF which
base on Uncented transform is developed
to solve this problem. UKF proves its
out-standing accuracy over EKF through
several verification tests ©.

4. SIMULATION RESULT

The equivalent circuit model of a battery will
be con-structed on Simulink using the given
parameters in the example provided by
Matlab. The precision of the RLS algorithm
will be examined by comparision between
their ouputs and the reference parameters
of the construct-ed battery ECM.

|_ P

Figure 3. Estimation result of C R R,

5.CONCLUSION

Research in the paperimproves the accuracy
of iden-tification and tracking capability of
model’s parameters without increasing time
consumption too much, therefore ensuring
the calculation efficiency. However, the re-
searches on a single cell battery seems to
be saturated, the future approach of our
group is to analyse the model and estimate
the SOC for multiple cells battery pack with
the temparature, state of health and types
of load taken into account.
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MO PHONG THOI GIAN THUC CHO O TO DIEN
SU DUNG PHUONG PHAP BIEU DIEN Vi MO NANG LUGNG

Nguyén Minh Ti€n, Tran Anh Diing, Ta Hitu Quang Duy, TS. Vé Duy Thanh
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Sinh vién nganh Tu déng héa Céng nghiép, Trudng Pai hoc Bach khoa Ha Noi
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TOM TAT

O t6 dién da va dang la mot cha dé hap dan,
thu hat nhiéu su quan tam nghién ctu. Mot
trong nhiing céng cu manh mé mdi dugc
phat trién trong thoi gian gan day dé giai
quyét van dé nay la Phuong phap biéu dién
vi mo6 nang lugng (Energetic Macroscopic
Representation - EMR). Trong bédo cdo nay,

ching t6i thuc hién viéc mé hinh héa 6
to6 dién st dung phuong phap EMR, sau
do tién hanh mé phong thai gian thuc
cho 6 t6 dién. Tinh kha dung cdia mo hinh
dugc kiém ching bang mé phéng trong
moi trudng MATLAB/Simulink két hgp
dSPACE1103.

Tirkhéa: O t6 dién, biéu dién vi mé néng Iugng, mé hinh héa, thdi gian thuc

1. PHAN M& PAU

Trong thai dai xa hoi ngay cang phét trién,
kéo theo v6 van hé luy tac dong xau lén
méi trudng. Viéc tim ra nhing giai phap lam
gidm anh hudng xau clia con ngudi lén méi
trudng da va dang la yéu té séng con. Chinh
vi vdy, trong tuang lai gan, 6 t6 dién chinh
la mét gidi phap thiét thuc va hiéu qua. Tuy
nhién, viéc phat trién va t6i uu nguén nang

lugng trong 6 t6 dién dang con nhiéu kho

khan, phan Ién vi hé truyén dong nhiéu
thanh phan phuc tap. Phuong phap EMR!
dugc phat trién giup nha nghién ciu c6
céi nhin téng quan va dé dang hon vé hé
théng trén. Qua trinh mo6 phéng thoi gian
thuc dugc tién hanh trén dSPACE1103 da
kiém chung tinh chinh xac cia mé hinh xe
dién dugc xay dung bang EMR. Két qua mé
phoéng dugc thé hién trong bao céo nay.

DIEN DAN SINH VIEN 2020 - NANG LUGNG TAI TAO | 177



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION NINE

ﬁ

2. MO HINH HOA O TO DIEN [2]

Trong do:
- Nguén (pin): U, , =400V (1) U, U, la dién dp cia bé chuyén déi va
. o e nguoén.
-Bé chuyén déi: U =U, xm, |, =l xm (2) 2 aee
I, .. 1a dong dién caa by chuyén doi va
-Déng co mét chiéu: nguoén.
R, L,  ladiéntrg dién cam cia cuén ddy va
=i dicn ,
Ueh = E = icn X Rg + La X (3) sudt dién déng phan ing.
T =K xi, T oov T.ld momen hép s6 va truc déng co.
W, W, la toc d6 quay cta hop s va truc
E =K Xw, (4) déng co.
Foons Funy 10 lUC kéo cua xe va luc can cda moi
- Hép s6: Tgem =T X K W, = Wgea’ X K (5) trudng.
-Bdnhxe:T =F, xrV,,=wXxr (6) M., V.., la khéilugng va van téc cia xe.
) K latisé truyén cta hop sé.
- Khung gam: g . L . .
Four Fgm v Fouo 10 It cdn lan, thanh phan
_ dVyen .
Ferans = Fonw = Myen X =, (7) trong luc cta xekhi Ién doc va luc cdn khéng khi.
. Mé hinh EMR dugc xdy dung trén Hinh 1.
- Méi trudng:
Fe nv = Faero + Frall + Fgrade (8)
Ngudn (pin) B chuyin 851 Dong col 1 chidiy Hopst Truc bénh hung ghm Ml truing
™ Uy, U“ T, W Frw N
Env
@=L ® . Z @
| | E e W, A M

b -y

.

Hinh 1. M6 hinh & C4u tric diéu khién ctia EMR 6 t6 dién
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3.TRIEN KHAI TREN THOI GIAN THUC
Sau khi mé phong trén MATLAB/Simulink,
m6 hinh dugc dua lén dSPACE1103 dé
chay thai gian thyc. Tin hiéu van téc dugc
xuat ra c6ng DAC va hién thi tin hiéu trén
Oscilloscope dudi dang tin hiéu dién ap.
Dé& dadm bao co thé xuat chinh xac tin hiéu
van toc ra, van toc dugc ma héa theo cach
thiic: 0 + Vmax tuong Uing vai dau vao cla
khéi DAC la s6 thuc 0 + 1. Ta c6 dau ra clia
DAC tuong Ung véi khoang tin hiéu dau
vao 0 + 10V. K&t qua dugc hién thi trén
Oscilloscope.

Hinh 2. Kit dSPACE1103

4. KET QUA MO PHONG
4.1. M6 phéng biang MATLAB/Simulink

Gia tri thuc bam sat véi gid tri dat, tinh
dung dan ctia mé hinh dugc ki€ém ching.

’r'_-"\ :m‘
N A\
£ ‘f“-—-‘i / \‘
gs» f li‘, .f'r‘ 'll
M (£ |} I \
et B . ll':----‘r.. e l!-—-.

Hinh 3. Két qua mé phdng téc do trong
MATLAB/Simulink

4.2. M6 phong thai gian thuc

Mé hinh thdi gian thuc dugc trién khai trén
dSPACE1103 va phan mém ControlDesk.
Tin hiéu van téc dugc dua ra cng DAC.
S dung Oscilloscope dé do dang tin hiéu
dién ap dau ra trén chan DACHS, nhan
thay tin hiéu hién thi trén ControlDesk
va Oscilloscope déu giéng nhu khi ta mé
phdng trén MATLAB/Simulink.

Do han ché vé dai do cta Oscilloscope (téi
da 48 gidy) trong khi thaoi gian khao sét la
200 gidy nén két qua thu dugc véi 4 chu
trinh do dugc hién thi trén Hinh 4. Chu
trinh 1 Ung vdi hinh 4a, téc d6 tang tir 0 1én
4.2 m/s, duy tri trong 8 gidy sau d6 giam vé
0. Chu trinh 2 Ging vai hinh 4b, t6c d6 tang
dén 4.2 m/s, duy tri trong khoang thai gian
ngén sau dé tang va én dinh & gia tri 9 m/s
réi vé 0. Chu trinh 3 dién ra tir gidy thi 117
dén gidy 150 (ing véi hinh 4c, xe trai qua 3
lan tang té¢, 6n dinh & 14 m/s. Chu trinh 4
khao sat & khoang thai gian con lai, t6c d6
giam ti 14 m/s vé 9.5 m/s sau d6 giam dan
vé 0, Uing vai hinh 4d.

DIEN DAN SINH VIEN 2020 - NANG LUGNG TAI TAO 1179



CAC DE XUAT NGHIEN CU'U KHOA HOC - SESSION NINE

i [
i mﬁll!lmﬂlll

mm T um\\mnww{/f

il

f{f

I

nll"“"”’ : \N

Hinh 3. Két qua mé phdng téc do trong
MATLAB/Simulink

5.KET LUAN

Trong sudt chu trinh mé phdng MATLAB/
Simulink va mé phong tich hgp phan cting
dSPACE, gia tri thuc ludn bam sat gid tri dat.
Cac két qua m6 phong la minh ching rd
rang cho tinh ddng dan ctia mé hinh déng
thoi cho thdy phuong phap EMR c¢6 tiém
nang quan trong trong nghién ctu vé quan
ly nang lugng va diéu khién chuyén déng
cho xe dién.

TAI LIEU THAM KHAO

11 Alain
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TOMTAT

Trong nghién ctiu nay, ching toi dé xuat
moét gidi phap thu hoach va luu trir ndng
lugng tu hiéu tng ma sat dién xay ra khi
mot cap hai vat liéu khac nhau dugc co sat
vGi nhau. Viéc trién khai cac cap ma sat dién
nhiéu I6p dat dudi dé giay c6 thé thu hoach
dugc nang lugng Ién téi 32 mW/m?2 Cong
suat thu dugc nay du cung cap cho nut cdm
bién do cac thong sé nhu sai budc, téc do

chay, va truyén tin cong nghé BLE véi cong
suat tiéu thu cuc thap dugc tich hgp trong
giay. Gidi phap thu hoach nang lugng tu
hiéu (rng ma sét dién cung cap nguédn cho
cam bién khong day cda giay théng minh.
Gidi phap dugc phat trién phuc vu nhu cau
clia nhitng van déng vién va nguoi dam mé
bd mén chay véi cdm bién cong sudt cuc
thap dugc tich hgp trong giay.

Tir khéa: giay théng minh, hiéu ting ma sdt dién, thu hoach ndng lugng tu hiéu ting ma sdt

dién, tiét kiem ndng lugng.

1. GIGI THIEU

Thu hoach nang lugng la qua trinh chuyén
d8i cadc nguén nang lugng tu nhién hodc
san sinh ra trong qua trinh sinh hoat hang
ngay cla con ngudgi. Trong nghién ctiu nay,
ching téi dé xuat viéc thu hoach nang
lugng tur co nang san sinh ra khi con ngudai
budc di. Nguén nang lugng nay dugc san
sinh ra khi con ngudi chuyé&n déng, va viéc
thu hoach nang lugng nay da dugc céac
nhom nghién ctu trén thé gidi thuc hién tur
nam 2012 dén nay. VGi mat d6 nang lugng

tang vot tu 3.67 mW/m? lén t&i 313 W/m?
11 d& m& ra mdt gidi phap méi cung cap
nang lugng cho céc thiét bi, nit cdm bién
coéng sudt thap co thé tu chd dugc ning
lugng khéng can phai st dung pin. Van
dé kho khan chung téi giai quyét trong dé
xuat nay la tich hgp mach thu hoach nang
lugng vao trong dé giay voi kich thudc
5cmx5cm va phai dam bao chat lugng cla
dé giay khong bi anh huéng. Nhugc diém
cla nghién ctu® déi véi ing dung clha
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chiing téi la kich thudc 16n va c6 do cing
cao vi vat liéu dugc st dung dé ché tao tam
thu hoach néang lugng lam tir nhya. D3i véi
nghién ciu®®, chuyén dong ctia budc chan
ngudi co chiéu Ién xuéng nén viéc tiép xuc
truot quay dugc dé xudt trong® kho cé thé
trién khai thuc hién. Dé xuat ctia ching téi
c6 cong suat thu dugc 1a 80 uW véi mat
d6 nang lugng 32 mW/m? da dé cung cap

2. PHUONG PHAP NGHIEN CUU

2.1 Kién trac dé xuat

M hinh cta tdm thu hoach nang lugng
dugc dé xudt la cau tric cap ma sat dién
nhiéu 1&p tang nang lugng thu dugc tu
doéng nang do tang dién tich ti€p xdc cha
ma sat dién. Lua chon vat liéu c6 tinh chat
am Ién dugc st dung nghién ctu la PTFE
cung vai vat liéu co tinh chat duong dé tich
hgp lam ban cuc la nhém. Silicon thém vao
dé tang do dan hoi giup kién truc trd lai
trang thai ban dau khi khéng bi tac dong
bsi ngoai luc. Kién tric dé xudt dugc thé
hién trong hinh 2.

. ]

B Nbém

e —

[' B H i«
B) b)

Hinh 2. Kién tric dé xuat ché tao
a) cap ma sat dién 1 18p va b) cdp ma sat dién 4 16p
véi vat liéu la nhom va PTFE
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nang lugng cho nut cdm bién hoat dong do
téc dé chay, sai budc, va truyén thong theo
cong nghé BLE.

it

Tien the boach
nidng lngmg tir
ma it dadn

Kbdi chash heu

Tai bode mach b
trir pdng hemg

Biag nlag cua
busbe chuler

Hinh 1. So d6 khéi chitc nang thu hoach néang lugng
ti hiéu Ung ma sat dién

2.2 Ky thuat thu thap dirliéu

Bang 1 t8ng hap két qua clia cac cong trinh
nghién ctu lién quan. Theo®, muc tiéu thu
nang lugng téi da clia cong nghé BLE vao
khodng 15 mW, vi vdy nguén nang lugng tur
hiéu (ing ma sét dién hoan toan du dé nat
cam bién khéng day cong nghé BLE tu duy
tri hoat dong.

Bang 1. Cac cong trinh nghién ctu lién quan

Congbd  Céng sudt thu Mt d§ cong sudt
duge
21 132 mW 120 W/m?
31 4mW 1 W/m?
[4] 33 uW 21.6 mW/m?

2.3 Phan tich mo hinh toan hoc

$1eebeisssbibis

Hinh 3. M6 hinh mach tuong duong
Mé hinh héa tuong duong kién tric dé xudt trong hinh

3.Cong thuc tinh dién ap hd machVOC (Qla
dién tich cla 2 ban cuc, o la mat dé dién tich
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mat sau khi va cham)

__ofa ox(t)
Voo = 5o ( +x(t)) +%, m

Ghép néi véi tai thuan trd ta c6 dién &p roi
trén tai theo cong thuc (2) (ghép ndi dé do

cdng suat)
d
R =V ==7Q+Vo @

3. K&t qua va nhan xét
Hinh 4 thé hién két qué ché tao va hinh 5 thé
hién két qua do tdm thu hoach nang lugng
tU hiéu Ung ma sat dién

b)

Hinh 4. Ché tao a) cap ma sat dién 1 16p b) cap ma sat
dién 4 I6p véi vat liéu la nhém va PTFE

-y

b)
Hinh 5. Két qua do a) cap ma sat dién 1 16p b) cap ma
sat dién 4 16p vai vat liéu la nhém va PTFE

Cac két qua do dac trén dugc thuc hién
vdi diéu kién do 1a cdm truc ti€p tai 10 MQ
vao dau ra clia tdm thu hoach nang lugng
tU hiéu tng ma sat dién. Cdp ma sat dién
1 16p thu dugc dién ap dinh - dinh tur 30V,
coéng suat thu dugc trén taila 11.25 uW. Cap
ma sat dién 4 I16p thu dugc dién ap dinh -
dinh 80V, cong suat thu dugc trén tai la 80
uW tén tai trong 150 ms. Két qua khao sat
cho thay khi thyc hién nhiéu 1&p cdp ma sat
dién cho két qua t6t hon rat nhiéu 1 cdp ma
sat dién. Céng suat thu dugc cta 4 16p ma
sat dién cao hon 7 lan cap ma sat dién 1 16p.

Nang lugng thu dugc cla 4 I6p ma sat dién
12 uJ trong moi budc chan chuyén déng.
NUt cdm bién da thiét ké dat dudi dé giay
dugc thiét ké véi IC DA14585 c6 dién ap
cung cap 3.3 V véi cong suat tiéu thu toi
da 11 mW khi hoat dong. Khi nat cdm bién
truyén ban tin c6 khung truyén tinh 50 bytes
VGi t6c d6 1Mbps mat thai gian truyén la
400 us tiéu thu ndng lugng 4.4 uJ theo cong
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nghé BLE. Trong diéu kién ly tudng tich tri
ndng lugng khong bi hao phi, lugng ndng
lugng thu hoach tir méi budc chan da da dé
cung cap cho nut cam bién hoat déng.

4. KET LUAN

Kién tric ctia khéi thu hoach néang luong ti
hiéu (ing ma sat dién dugc dé xuat trong bai
viét nay da dugc ché tao va duoc do kiém. Déi
Vi tai 10 MQ, cong sudt thu dugc trong moi
budc chan tir hiéu ting khi st dung cdp ma sat
dién 4 16p la 80 uW va tdm thu nang lugng ma
sat dién co mat d6 cong suat la 32 mW/m?2.

TAI LIEU THAM CHIEU

11 Wang Zhong Lin, “Triboelectric Nanogenerators as
New Energy Technology for Self-Powered Systems
and as Active Mechaincal and Chemical Sensors,”
ACS Nano., vol 7, pp 9533-9557, Nov. 2013, doi:
10.1021/nn404614z.

[21 G. Zhu et al, “Toward Large-Scale Energy
Harvesting by a  Nanoparticle-Enhanced
Triboelectric Nanogenerator,” Nano Lett, vol.
13, no. 2, pp. 847-853, Feb. 2013, doi: https://doi.
org/10.1021/nl4001053

[3] L Lin et al, “Segmentally Structured Disk
Triboelectric  Nanogenerator for Harvesting
Rotational Mechanical Energy,’” Nano Lett, vol.
13, no. 6, pp. 2916-2923, Jun. 2013, doi: 10.1021/
nl14013002.

[4] W. Jiang et al, “Fully Bioabsorbable Natural-
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PHAN TiCH BANH GIA DAO DONG CONG SUAT
CUA NANG LUGNG TAI TAO TRONG HE THONG DPIEN
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MKhoa Ky Thuat Dién, Pai hoc Bién Luc

*Tac gia lién hé: minhngoc.nguyen29@gmail.com
Giadng vién huéng dan: TS. Pham Manh Hai

TOM TAT

(NLTT) dang la mot trong nhiing lua chon
hang dau vé phat trién nang lugng, nhung
bén canh @6 NLTT cling c6 rat nhiéu nhugc
diém, mét trong nhimng yéu t6 khién
nang lugng tai tao khé dugc mé rong &
quy mo cong nghiép va cé ty trong nang
lugng 16n trong hé théng dién chinh la su
thiéu 6n dinh trong viéc phat cong suat,

do bi anh hudng bdi yéu t8 thoi tiét. DE
dam béo tinh 6n dinh cda hé théng dién
trong tuong lai, nghién ctu vé dao dong
cong sudt cta dién mat troi hay dién gidé
qua nhiéu nam dé du bdo va cé cac kich
ban cho 8n dinh hé théng dién la nhing
nghién ctu rat can thiét.

Tirkhéa: NLTT, Dao déng céng sudt, 6n dinh hé théng

1. INTRODUCTION

Nang lugng tdi tao va nang lugng hat nhan
dang la tuong lai nang lugng sap téi ctia con
ngudi. Trong khi ndng lugng hat nhan dang
¢6 nhiing giGi han vé mat céng nghé, con
ngudi chua vuot qua dugc, thi NLTT la xu
hudng trong ngan han dé bu dép nang lugng
sap thiéu hut trong thdi gian sdp tdi, cing
nhu ¢6 gang cat gidm tiéu thu hoa thach
dang lam bién d&i khi hau trong thai gian
qua.Trong qua trinh hinh thanh va phat trién

nang lugng tdi tao, cdc nghién ctu va du bao
vé dao ddng cong suat nang lugng tai tao
dugc cong b lién tuc véi cac xu hudng tang
vé nang lugng gié va nang lugng mat troi.
Trong nghién ctiu (Gallego-Castillo, 2015), da
théng ké tirndm 2007 dén thang 8 nam 2014
da lién tuc gia tang. Trong cong trinh nghién
ctu (Ferreira et al., 2011), da chi ra bon chi sé
vé dao dong cong suat can trong nghién cdu
vé ndng lugng tai tao, bao gom:
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APr: Dao dong cong sudt trong khoang
thoigianT

At :khodng thai gian ma cong suat thay déi
APr/At :Ti |é giao dong cong sudt trén thoi
gian

t,: 6 1an cong suat dao dong trong

Céc nghién ctu trong du bdo va phan tich
dao doéng cong suat dugc di theo 3 nhom
chinh, tap trung vao tim kiém dinh nghia lai
cac dao dong céng suat trong nang lugng
tai tao va danh gia phan tich cac yéu t6 va
théng ké nhu nhimng nghién ctiu clia cac bao
cado (Wan, 2011), (Kamath, 2010). Xu hudng
nghién clu tiép theo sé tap trung vao mot
van dé chinh la su tuong quan gilta dao dong
cOng sudt tai tao vdi cac yéu to thai tiét tai
cac nghién ctru s6 ((Cutler et al., 2007), (Zack,
2007) ). Cudi cuing la xu hudng 16n nhat la cac
du bdo muic dé va thai gian dao dong cong
suat trong cac bai bao (Ferreira et al., 2013),
(Greaves et al.,, 2009) va (Ferreira et al., 2012)
Trong nghién clu nay, tac giad sé di theo xu
hudng thi nhat, phuong phap théng ké dé
tinh toan dao déng cong sudt tai Dai Loan
trong 2 nam tu 2016 t6i 2017. Nghién cuiu
sé thong ké lai cac dao dong cong suat trén
toan qudc, theo vung, trong tiing thang. Tu
do dua ra nhiing danh gia va dua ra cac gidi
phap dé& han ché dao déng cong suét trong
mot hé théng dién, han ché cac kich ban
phét dién cuc doan.
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2. METHODOLOGY

2.1 Proposed Model.

Nghién ctu dugc st dung trén ca sa dir liéu
nang lugng mat trdi trong sudt 2 nam tai
Dai Loan tir 2016 va 2017 véi thoi gian lay
mau la nam phut mot lan.

D{ liéu sé dugc phan tich sy dao doéng
cdng suét trong thai gian 10 phat, 30 phut,
60 phut va 120 phat. Dua trén két qua dé
chiing ta dua ra su thay d6i dao déng céng
sudt trong su6t hai ndm, anh huéng cla
vung dia ly dén vai dao déng cong suat,
anh hudng clia cdc mua trong nam, va anh
hudng cla viéc su phat trién cong sudt
phat d6i véi su thay d6i cong suat phat.

2.2 Technique

2.2.1 Data acquisition

Trong nghién ctu nay, cac ky thuat tinh
toan va thong ké thudng dung dugc ap
dung vao, cac phuang phap tinh dugc lay
tUr tai liéu nghién ctu s6 (Davis, 1977).

Céng thic tinh toan dao déng céng suat:
AP =P, - P| (1

AP: Cong suat phdt dao dong

P: Cong suat phdt

n: Thoi gian ma cong sudt thay doi

Tinh todn Gié tri ky vong va Phuong sai

cla dao déng cobng sudt theo thdi gian.

Phuong sai ctia dao déng cdng suat dugc
tinh toan theo cong thic s6 2.

Var (X) = E (X-= w)? (@)
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W: gid tri ky vong ciia dao djong cong sudt

T: gid tri cong sudt tai tho'i diém t

3. ANALYSIS

3.1 Visualization

Hinh biéu dién clia dao déng cong sudt
dugc thé hién bang biéu dé bbox

t

PR T W W |

[ r——

B s b b

Hinh 1. Dao dong cong sudt tai mua thu vao nam 2016
tai mién bac Dai Loan

Két qua dugc téng hop dudi dang bang
théng ké cac phuong sai cta dao déng
cdng suat theo cac thang trong nam, cling
nhu cdc mua trong nam, trong dé dao
déng cong suat bi anh hudng béi vi tri dia
ly va mua trong nam, bén canh dé thi dao
déng coéng suat co dau hiéu tang khi cong
sudt tang theo, viéc theo déi bién dong
cong suat cé thé gitp du bdo céng suat
thay d&i tir d6 chon cac vung dia ly phu
hop d€ xay dung cac nha may lam giam
dao dong cong suat doi véi lugi dién.

-y

Trong cac xu huéng nghién ciu truéc day

3.2 Results and Discussion

khi tap chung theo phuong phép thong ké
va phan tich dao déng céng suat déu chi
ra rang, khi téc do gia tding cdng suat nang
lugng tai tao tang 1én cing lam gidm thiéu
trudng hgp tang cong suat. Dac biét, trong
nghién ctiu s6 (Wan, 2011). Trong d6 da thé
hién la su gia tang cdng sudt ctia nang lugng
gi6é tai Hoa Ky trong vong 5 ndam. Nghién
clru cling cho chung ta thdy muc dé dao
doéng cong sudt & toan Hoa Ky c6 xu huéng
lién tuc gidm khi cong sudt vé nang luong
tdi tao lién tuc tang. Nhung ngugc lai chung
ta co thé thay trong dao déng cong suat &
Dai Loan c6 xu hudng tang khi téng cong
sudt phat tang, trén toan lanh thé cta dao
Dai Loan (Trung Quéc). Do trong nghién clu
chi st dung dit liéu trong hai nam tu 2016
dén 2017. Nén nghién ctu can mé& réng
thém d liéu cGia cac nam sau. Nghién ciu
can chu trong thém van dé dit liéu dia ly chi
tiét cho tiing nha may nang lugng tai tao.

4, CONCLUSIONS

Trong nghién cru dang théng ké dao déng
céng suat clia cac nha may dién mat trdi
trong 2 nam 2016 va 2017. Tl d6 dua ra cac
yéu t6 anh hudng téi dao dong cong suat
ca NLTT bao gém yéu t6 dia ly, miic tang
céng sudt va theo cac mua trong nam tac
doéng t6i dao dong céng suat ngén han
trong nam.
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Tran Dinh Chién™, Pau Danh Quyét", Vit Hoang Phuong, Hoang Diic Chinh

(1)Sinh vién bo mon Ty déng hda Cong nghiép, Trudng Dai hoc Bach khoa Ha Noi
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TOMTAT

Hé théng dién mat trdi kiéu lai tich hgp cac
nguodn nang lugng tai tao va cac bo luu dién
la hé théng nang lugng c6 dé tin cdy cao. Hé
thong c6 kha nang lam viéc & ché do doc
lap hodc ché d6 néi ludi trong do6 dién duoc
cung cap cho ludgi dién theo yéu cau clia cac
cong ty quan ly va khai thac ludi. Viéc tich
hogp céc thiét bi luu tri nang lugng nhu pin

hodc ac quy vao hé théng khai thac nang
lugng mat troi khong chi lam tang do tin
cdy cla hé thdng ma con giup cho viéc
diéu tiét nang lugng dat hiéu suat cao. Bai
bdo nay trinh bay dé xuat mét hé théng
giam sat ti xa cho hé thédng nang luong
mat troi ndi ludi dé giup cho viéc theo doi
va quan ly néng lugng hiéu qua hon.

Tirkhéa: hé théng Solar PV, hé théng gidm sdt ndng lugng, nguén néng luong phdn tdn...

1. GIGI THIEU

Ngay nay, nhu cadu nang lugng khéng
nglng gia tang, trong khi nang lugng
hoéa thach hodc nang lugng hat nhan
c6 xu hudng suy gidm do lo ngai vé
van dé 6 nhiém méoi trudng va su gidi
han vé tai nguyén. Cac giadi phap nang
lugng than thién véi moéi trudng dang
dan dugc quan tdm nhiéu hon va dua
vao Ung dung réng rai, dac biét la ndng
lugng mat troi. Tuy nhién, do dac tinh ty
nhién clia nang lugng mat troi va diéu
kién moi trudng xung quanh trong qua
trinh hoat déng khié€n cong suat khai

thac dé thay déi. Do d6 viéc giam sat
cac bién trang thai ctia hé théng la hét
stc can thiét dé c6 nhiing diéu chinh
kip thoi nham nang cao hiéu qua khai
thac nang lugng .

2. CAU TRUC HE THONG NANG LUQNG

Nhu da trinh bay & trén hé thong dugc dé
xudt c6 su tich hop nhiéu nguén dién khac
nhau bao gém PV, pin va luégi, dugc néi vai
tai qua mét bd bién tan nhu mo ta trong
hinh 1. Trong d6 céac bién trang thai ma ta
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can theo déi bao gém: céng suat cua tiing
thanh phan trong hé théng (dai dién cho
cudng do6 hoat dong cla ting thanh phan
nang lugng) va dién dp/dong dién tuong
Ung véi cac thanh phan do (dai dién cho
su 6n dinh cla cac nguén nang lugng).

DC Bus

Load
Power

Hinh 1. Cau tric hé théng nang lugng.

3. HE THONG GIAM SAT

3.1 C4u truc

DE& giam sat cac théng s6 da duoc dé cap
& phan trén ta sé can cai dat cac giao thuc
truyén thong cho hé théng. Hé thong dugc
dé xuat ¢ day bao gom hai phan chinh:
b6 bién di cong suat & cap trudng va hé
théng may tinh va mang giam sat cap cao.
Cac giao thurc thuyén thong dugce st dung
tuong Ung trong hai thanh phan nay la
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giao thuc Controller Area Network (CAN)
dung dé trao ddi dir liéu gitra cac vi diéu
khién cla cac bd bién d8i cong suat va cac
giao thuic dé trao ddi gilia cac thiét bi trong
mang internet nham muc dich theo déi hé
théng tir xa nhu HTTP va MQTT. Ngoai ra,
giao thuc truyén théng Zigbee ciing dugc
st dung dé truyén dir lieu gitta hé théng
céng sudt tai hién trudng va thiét bi thu
thap dir liéu & phong diéu khién. Cau trc
hé théng dugc mé ta nhu trong hinh 2.

|

|

" (i) | {hsaster) ==

| |

| BATTERY orp ||

~ lstave) {slave) [slave) :
Zighee
(Chudn ban
tin
Modbus)

o _—IPhase g ; |
LOAD MeU | e
(Stave) ‘ [Master) ‘ [

PV BATTERY GRID |
IStave) {Stave) (stave)

Hinh 2. Cdu tric hé théng giam sét.

3.2 Controller Area Network (CAN) va Zighee
Mang CAN déng vai trd giao thuc trao d&i
théng tin gilla cac vi diéu khién. Trong
mot mang CAN luén chia hai loai thiét
bi Master va Slave. Trong hé théng thi
nghiém, Master dugc chon la vi diéu khién
STM32F407, con véi Slave & day dugc chon
la DSP F28379D LauchPad.
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Dua trén y tudng & 2, hé théng st dung
mang Zigbee hai module Master STM32F4
tuong Ung vai hé théng 1 pha va 3 pha
sé gui cac dai lugng yéu cau lén Gateway
Raspberry Pi d€ gUi dt liéu 1&n Internet.

3.3 Cac giao thirc mang Internet dugc st
dung

Trong hé théng giam sat nhu & trén hinh
2, Raspberry Pi khong gui truc tiép dir liéu
dén Web hién thj ti xa ma sé théng qua
giao thic MQTT gian ti€p gli qua mét phan
mém may chi trung gian goi la Broker. Viéc
gUi/nhan trong giao thic nay dugc thuc
hién théng qua co ché Subscribe/Publish.
Mbi khi cé mot thiét bi trong mang Internet
gui (publish) mot ban tin nao dé dugc xac
dinh bang mét topic cu thé thi thiét bi khac
c6 thé nhan dugc du liéu nay bang cach
dang ky nhan (subscribe) vao topic doé. Viéc
phan luéng guii nhan cac ban tin nay dugc
dadm nhiém bdi Broker nhu mo ta trong
hinh 3

Nghién ctu nay st dung mot broker ma

nguén maé la mosquitto .,

Thiét bi may chui (host) & hinh 2 la mét may
tinh v8i mét phan mém dugc phat trién
bdng ngdén ngl Python dam nhiém viéc
thu thap va luu tri dit liéu cta hé théng.
May tinh nay thuc hién giao thiic MQTT
dua vao module paho-mqtt cho ngon ngt
Python. Bong thdi, do yéu cau néi mang
noi bo, Web server ciing dugc cai dat dé

-y

thuc thi giao dién giam sat trén nén Web
da dugc xay dung.

Rasbemry
e MaeT
N

Hinh 3. Phan luéng dit liéu trong giao thic MQTT

4, KET LUAN

Bai bao da trinh bay dé xuat hé thong giam
sat nang lugng mat troi. Co s& ha tang cla
hé thong da dugc xay dung va phan mém
giao dién da dugc phat trién vdi cac tinh
nang cd ban c6 thé theo dbi cac théng
s6 chinh clia céc bd ngudn.Hé thong van
dang trong qua trinh hoan thién dé co thé
thu thap dir liéu day da hon. Tur do sé gidp
cho dinh huéng nghién ctu tiép theo clia
nhém la phan tich va dua ra cac khuyén
nghi cho viéc van hanh an toan cling nhu
dua ra cac du doan vé kha nang khai thac
nang lugng va nhu cu tiéu thu cla tai dé
t6i uu hoa hoat déng.
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Hinh 4. K&t qua trén web hién thj
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ABSTRACT
With the
technology to the

integration of smart grid
existing power
grid, namely the inclusion of cyber
infrastructure and the improvements of
Supervisory Control and Data Acquisition
systems (SCADA), the modern power grid
could be considered as a cyber physical
system. There had been cyberattacks on
cyber physical system, including smart
grid, which caused disruption to normal
operation and cause extensive damage to

equipment. With regards to the physical

layer of smart grid, many studies have
focused on detecting, mitigating the
effect of such attack on smart grid and
improving the resiliency of the grid.
However, the implementations of the
attack on the test system are usually not
stated in detail. In this paper, we present
method to conduct simulated false data
injection (FDI) attack on the IEEE 14-bus
test system using pandapower tool. The
impact of FDI attack is then considered in
terms of grid stability.

Keywords: Smart Grid, Cyber-Security, Malicious Attack, Power Grid Simulation

1. INTRODUCTION

The progress of information and
communication technology (ICT) in recent
years has enable the integration of such
technology in physical infrastructures,
one of which is the inception of smart
grid concept, which ultimately serves to
improve the infrastructure’s performance'".
Due to the interconnection with the cyber
layer in the forms of communication and
control, physical grids are also exposed

to cyberattacks, if successfully disrupted

the grid’s operation, could inflict serious
consequences on the national scale.
A famous example was the attack on
Ukraine power grid in 2015, when hackers
paralysed the SCADA system and forced
grid operators to switch to manual
control,

After bypassing cybersecurity measures
and having infiltrated the system, the
attackers could destabilise a vulnerable
grid by

tampering with the grid’s
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measurements. This is FDI attack on

measurements. Therefore, research on

cyber physical system also focus on
detecting, mitigating bad data sent by
adversaries and enhance the robustness of
the grid so that it could reduce the adverse

effect from the attack.

To experiment with cyber physical security
strategy, the method of simulating attack
and control strategies on IEEE test bus
using software, or testbeds for hardware-in-
the-loop (HIL) simulation, is often chosen.

2. METHODOLOGY

2.1 Proposed Model

2.1.1 IEEE 14-bus system

Fig 1 displays the IEEE 14-bus system
used in our simulation. The measurements
are taken from every bus and line. The
measured values are voltage, active power
and reactive power for bus; current, active

and reactive power for line.

4T b S TRET GATOR BB CO06 SeMCRAR

Fig 1. Single-line diagram of the IEEE 14-bus system
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Software such as MATLAB (MATPOWER®,
PSCADY, and recently, pandapower have
been used to demonstrate results of
those strategies. Pandapower has some
advantage over other software, namely
its open-source nature and the ease of

parametrise electric models ©.

This paper intends to go through the
process of setting up the test system
in pandapower for measurement FDI
attack and assess the impact of FDI on an

un protected system.

2.1.2 Power system state estimation (PSSE)
PSSE is performed on the data collected by
the SCADA system to estimate the electrical
state of the power grid, which is used
to determine the behaviour of the grid,
including detecting and isolating faults.
Bad data detection method is employed
to omit egregious measurements from
However,

malfunctioning  equipment.

attack could bypass detection with

Meast it

Y

State estimation

Optimal load flow [

Fig 2. The operation loop of the simulation. FDI attack is
carried out on measurement step
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2.1.3 Optimal power flow analysis

Power flow calculation is done by the
software.The result values of the calculation
are used for generating attacked data.

2.2 Technique

2.2.1 Data acquisition

By method presented in ©, the active and
reactive power of loads in the test system
are scaled by random variables with
Gaussian distribution, where p=1, 0=0.2,
respectively.

Pe = PRlys| M)
Qr = Qxlyol

The generated data is used by power flow
calculation to determine the bus voltage
magnitude and phase angle.

2.2.2 Simulation

The study uses the IEEE 14-bus test system
for grid state calculation, using the generated
artificial data set mentioned in the previous
section. Bus 1 is set as slack bus. For
demonstration purpose, the result voltage
magnitude data of bus 13 is chosen for FDI
attack. We recreate two types of FDI attacks
on the voltage magnitude data, which are
sporadic sensor measurement injection and
playback measurement injection.

3. ANALYSIS
3.1 Governing Equations

PSSE estimated parameters are represented as

-y

X=Hx+e+c (2)

With ¥ be the measurement vector, H be
the continuous differential matrix, x be the
state variable vector, e be noise vector with
Gaussian distribution and c be the attack
vector, which is a zero vector when there is
no FDI attack B,

3.2 Results and discussion

(S

Fig 3. Compromised measurement of bus 13 under
replay measurement injection

Veitage Magrtuce

— angnal
Rischnd

[ » = [ " 00

Fig 4. Compromised measurement under sporadic
sensor measurement injection

False measurements when pass through
control system of the grid generates
false actuations. For instance, on-load
tap changer and droop controller use

voltage measurement for input. Replay
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measurement injection repeatedly sends
an identical signal to deceive the operator
on the true state of the system. Sporadic
sensor measurement injection meanwhile
attempts to disrupt operation with abnormal
value without raising warning from bad data
detection "\, Further development for this
paper includes implementation of control
mechanism to investigate grid response
and co-simulation of the physical layer and
communication layer to better imitate the
real operation of smart grid.

4. CONCLUSION

We setup a test system for implementing
cyber physical security measures against
measurement FDI attacks. The effect of
the attack on vulnerable power system
is discussed.
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ABSTRACT

The Modular Multilevel Converter (MMCQ)
is  worldwide recognized as one of the
most innovative converter topologies
regarding renewable energy applications.
The most significant features of using this
configuration are less component count,
less switching losses, and improved output

voltage/current waveform. Due to these

aforementioned benefits, the evolution
of multilevel inverter topology has shown
tremendous developments over the last
decade. In this study, cascaded H-bridge
MMC topology with phase-shifted carrier
(PSC) modulation and its application for
high-power PV systems are proposed.

Keywords: Modular Multilevel Converter, High-Power PV System.

1. INTRODUCTION

Recent years have witnessed considerable
demand for high power and high voltage
converters, which can generate a high-
quality waveform while using low-
voltage equipment and low switching
frequency. This has led to the evolution
of the multi-level inverter. Initially, the
majority of power converters used were
two-level converter. These days, this
conventional scheme is still favored for

low-voltage implementations. However,

it is less effective for systems operating at
voltages beyond kilovolts since there are
no available power semiconductors that
able to block voltages above this level. An
alternative solution is to directly connect
semiconductor elements in series to create
valves that can withstand higher voltages.
This method has been developed, but
the complexity to ensure the operation
and fault tolerance of such a valve does
not make it a worthwhile option. Instead,
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for high power and voltage applications,
utilizing multilevel inverters has the
following advantages 2:

« The

significantly reduced, so the switching

switching frequency s
loss is marginalized.

. Harmonic components in the inverter
output voltage are minimized.

+ The
electromagnetic interference (EMI) are

switching stress and
low.

« It can be stacked up to almost an
unlimited number of levels due to its

modular structure.

2. METHODOLOGY

2.1 Proposed Model

Cascade H-bridge multilevel inverter for a
three-phase PV system is shown in Fig 1.
Each phase consists of n submodules, each
submodule consists of four semiconductors
in the full-bridge arrangement in parallel
with an isolated DC source. This DC source
can be fed by a string PV panel with an
independent MPPT and a DC-DC converter.
This can optimize the power yielded from
the PV panel ™. Given that the operating
irradiance is steady, the DC voltage of
every module is equal and constant. Each
submodule can create three different
voltage levels (-VDC, 0, VDC), as shown in
Table 1. The voltage output of an inverter
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arm is the sum of all submodule output
voltage. Therefore, with n submodules, the
output voltage created has (2n+1) levels,
which are {-n,...,-1,0,1,...,n}*V_ .

Table 1. Switching state and Voltage
output of a submodule
Switch Switching state Vo
51 82 53 54
1 1 0 1 0 0
2 1 0 0 1 Voe
3 0 1 1 0 [ -Vic
4 0 1 0 1 0

2.2 Phase-shifted carriers (PSC) modulation

In the PSC strategy, the method is based
on splitting the multilevel waveform into
a sum of two-level PWM waveforms, each
with its own carrier, while using a single
reference voltage. Carriers are shifted
triangle waves with the frequency is the
switching frequency. For n levels inverter,
there are (n-1) carriers with the shifted
angle is calculated as follow:

g="" )

n-=1
And the modulation index:

A
mg =2 @
with the A is the amplitude of the
reference waveform and A_ is the

amplitude of the carrier waveform.
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Fig 1. Topology of the modular multilevel inverter
for the PV system.

3. ANALYSIS
3.1. Harmonic equation.
After the Fourier analysis, the coefficient
of the first group of harmonics that will
appear in the multilevel inverter can be
calculated as:

f=N.fs (3)
Where N is the number of carriers and
f is the switching frequency. It can be
concluded that by increasing the number
of voltage levels, the switching frequency
can be reduced to minimize the switching
loss but still achieve a high-quality output
voltage waveform.

3.3 Results and Discussion

The performance of the proposed scheme
is modeled with MATLAB/Simulink. The
output of two three-phase MMCs with
different numbers of submodules is shown
in Fig 2.

Fig 2. (a) Output of 6 submodules per phase MMC,
(b) Output of 48 submodules per phase MMC.

4. CONCLUSIONS

In conclusion, in this study, the topology of
the Cascaded H-Bridge Modular Multilevel
Converter is proposed. The performance
of this proposed scheme is investigated
with the MATLAB environment.
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TOM TAT

Cac hé théng dién mat troi cong suat nho
két néi véi lusi ha ap la mét husdng phat
trién quan trong cla nang lugng tai tao.
Viéc phan tich va tim hiéu van dé xay ra clia
cac hé théng nay la can thiét nham nang
cao hiéu qua hoat dong. B6 luu trir nang
lugng lai ghép (HESS) la mot gidi phap hiu

Turkhoa : Tich hop PV, HESS, Ludi ha dp.

1.GIGI THIEU

Cac hé thong dién mat troi 4p mai dang
ngay mot phé bién do chi phi 13p dat ngay
cang gidm va nhiing uu diém clda né Vi
moi trudng. Tuy nhién, su xam nhap sau clia
PV cling dan dén nhing van dé vé ky thuat
nhu hién tugng qua dién ap va dao déng
dién ap" @, Bai bao nay dé xuat giai phap
st dung HESS nhu mét cong cu dé quan ly
dong céng suat tac dung cla ludi, tr do co
thé kiém soat dugc dién ap. Bén canh do,
mo hinh tinh toan ciing dugc dé xuat nham
xac dinh dung lugng hop ly ctia HESS véi
muc tiéu |a t8i thidu héa chi phi van hanh.

ich nham nang cao chat lugng dién ap cua
hé théng dién mat trdi ndi lugi. Bai bao nay
sé trinh bay cac van dé vé dién ap trong
luéi ha ap khi cé su xam nhap sau cta PV
va giai phap khac phuc bang cach st dung
HESS. Ngoai ra, m6 hinh tinh todn va huéng
nghién cuu tiép theo cliing dugc dé xuat.

2. VAN BE BIEN AP CUA LUGI HA AP KHI
CO SU XAM NHAP SAU CUA PV

2.1.Van dé qua dién ap

Khi cong sudt PV tang cao c6 thé sinh ra
céng suat du thlra va truyén ngugc vé
nguoén. Tén that dién ap AU ldc nay sé c6
gia tri am (vGi chiéu duong la chiéu cla
dong céng suat ti nguén téi phu tai). Lac
nay, dién p cla phu tai sé tang cao va c6
thé vugt nguéng cho phép.

2.2.Van dé dao dong dién ap ngan han

Khi c6 su thay d6i thai tiét, vi du nhu mét
dam may che khudt pin mat trgi, céng
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suat ca PV bi thay d6i dan dén dién ap phu
tai sé bi dao déng theo. Qua trinh nay xay
ra trong th&i gian ngan, vai s dén vai chucs.

3. SU DUNG BO LUU TRU NANG LUONG
LAl GHEP

BO luu trit nang lugng lai ghép bao gom pin
luu trr dién (Battery, BAT) va siéu tu dién
(Supercapacitor, SC). BAT sé giup luu tr
cong suat du thira ctia PV, tranh qua dién ap.
Lugng nang lugng nay sé dugc st dung khi
can. BAT c6 dung lugng I6n nhung céng suat
dau ra thap. Trong khi d6, SC c6 thé cung
cap mét cong sudt 16n (~10kW/1kg thiét bi)
trong khodng thai gian ngan (0,3s-30s) 2, sé
gilip gir dién ap 6n dinh, dac biét trong qua
trinh dao dong dién ap ngan han. Hai thiét
bi nay khi két hgp sé gilp nang cao chat
lugng dién ap trong dai han va ngan han.

4, MO HINH TiNH TOAN

4.1.B6 luu trir

SOE (State of energy) la muc nang lugng
hién c6 cla thiét bi luu trir. Ta co:

Pyr'm'rfmz:hx' oclloc-ac 100%(1)

BAT

SOE},; = SOEj); +

Py Aoy e pcTlpe
SOE}. = SOEY! + ¥sc-At7IscToc-pcllpc-sc g”f-”‘"”‘ -4C. 100%(2)

5C

D&u “+” khi sac va dau “-” khi xa dién
Suy gidm dung lugng clia BAT trong qua

trinh van hanh
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PAL

=1
Er

AE,; =Z.Ey,. 3)

Epr = Ers:flr —AE;,, )

4.2. M6 hinh diéu khién

. DC-DC A
Ceragat o Converier H
i = OC Lead
Controlier i

Actice HESS

Hinh 1. So d6 két néi ctia HESS

Chién lugc van hanh HESS: Khi c6 yéu cau
xa dién, néu SOE,_ > SOE
Khi c6 yéu cau nap dién, néu SOE, <SOE,

s SC s€ xa dién.

wax SC s€ nap dién. Trong cac trudng hop
con lai, BAT sé hoat déng. Do do, SC luén
hoat déng trudc nham lam gidm t6i da s6

lan hoat déng ctia BAT.

Véi cac dit liéu dau vao la thong so tai va
céng suat PV, viéc 1ap k& hoach van hanh
t6i uu cho BAT dugc tién hanh théng qua
viéc gidi bai toan téi uu véi rang budc la
gir dién ap phu tai nam trong gidi han cho
phép. Khi xay ra dao dong dién ap, bo diéu
khién phat tin hiéu nap xa va SC sé hoat
déng nham gitr dién ap én dinh.
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4.3. Ham muc tiéu

1=24

F= z (’?--AEEMT + ﬁ-(E;gr + Esc)) (5)

t=1

AAE', |2 chi phi tén thit do suy hao dung
lugng BAT. .(ES,, + £,.) la chi phi bao tri thiét
bi véi Ej,, la dung lugng ban dau cua BAT,
E . 1a dung lugng ctia SC.

5. DE XUAT

DE& nang cao chat lugng dién ap, can tim
dung lugng va ké hoach van hanh t6i uu
cho HESS. Qua trinh nay sé dugc thuc hién
véi muc tiéu 13 t6i thiéu hda ham muc tiéu F.

TAI LIEU THAM KHAO

[11 Nguyen, AnhThi; Chaitusaney,Surachai; Yokoyama,
Akihiko (2019). Optimal strategies of siting, sizing,
and scheduling of BESS: Voltage management
solution for future LV network. IEEJ Transactions
on Electrical and Electronic Engineering, Volume
14, Issue 5 Pages 694-704.

[2] Sahin, Mustafa Ergin; Blaabjerg, Frede (2020). A
Hybrid PV-Battery/Supercapacitor System and a
Basic Active Power Control Proposal in MATLAB/
Simulink. Electronics 2020, 9(1), 129. http://doi.
org/10.3390/electronics9010129

[3] Ru, Y, Kleissl, J., Martinez, S., 2013. Storage size
determination for grid connected photovoltaic
systems. IEEE Transactions on Sustainable Energy,
4:68-81. doi: 10.1109/TSTE.2012.2199339

Ki HIEU

E', .+ dung lugng cta BAT tai thoi diém t
(kWh)

E.:dung lugng clia SC (kWh)

Mg Nser Mpeacr Moo - Ni€U sudt ctia BAT, SC
va bd bién déi

P, .. Pg.: cong sudt hoat dong clia BAT va
SC (kw)

P ':cong suat xa clia BAT (kW)

Z : hé s6 suy hao clia BAT

AE',,,: d6 suy hao dung lugng cua BAT tai
budc thu t (kWh)

B: chi phi béo tri thiét bi ($/kWh.day)

A: chi phi cho méi don vi suy hao ctia BAT
($/kWh)

TACGIA Y TUGNG

Duong Minh Khanh sinh nam 1998 tai Ha
Noi, sinh vién Truong Pai hoc Bach khoa Ha
Néi chuyén nganh Hé théng dién. Hudng
nghién ctu chinh: Tich hgp PV, BESS.

GIANG VIEN HUGNG DAN

Nguyén Thi Anh sinh ra & Ha Noi, Viét
Nam. C6 nhan bang Ky su Hé thong dién
nam 2006, thac si nganh Ky thuat dién nam
2010 tai Truong Pai hoc Bach khoa Ha Noi
va bdng Tién si ky thuat dién tai Dai hoc
Chulalongkorn, Thai Lan. Hién nay, c6 dang
la giang vién tai B6 mén Hé théng dién,
Vién bién, Trudng Pai hoc Bach khoa Ha
No6i. Huéng nghién ctiu chinh: Tich hgp céac
nguén nang lugng tai tao, cac van dé vé
bao vé va tu dong héa trong hé théng dién.
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KHAC PHUC VA CHAN DOAN LOI CHO BIEN TAN DA MUC
TRONG HE PV CONG SUAT LON

Truong Viét Hoang ), Nguyén Van Cao ™, TS. Vii Hoang Phuong

(1) Sinh vién bé mon Ty dong hoa Cong nghiép, Vién Bién, Trudng Pai hoc Bach Khoa Ha Noi
Tac gia lién hé: Hoang.tv161726@sis.hust.edu.vn

TOM TAT

Thé ky 21, cac bé nghich luu da mic dugc st dung rdng réi trong cac hé théng nang lugng

tai tao, dac biét 1a cdu tric cau H ndi tang. D€ nang cao db tin cdy cho bién tan, nhém dé

xuat phuong phap khac phuc va chan doan 16i hd mach van ban dan. Phuong phap chdn

doan dam bao chinh xac vi tri 16i, nhanh va don gian. Viéc khac phuc 16i st dung thuat toan

diéu ché vector khéng gian téng quat 4p dung véi bién tan cé sé muc bat ki.

Tur khéa: Nghich luu da mirc néi tdng cdu H, 16i héd mach, chdn dodn 16i, khdc phuc 16i, diéu

ché vector khéng gian

1.GIGI THIEU

Nghich luu da muc néi tdng cau H dugc
st dung rong rai trong cac hé théng nang
lugng téi tao, nha uu diém gidm dién ap
dat 1én cac linh kién ban dan, c6 thé tao ra
dién ap gan nhu sin tir cdc nguén DC cach
ly 18y tir cac tdm PV. Vi viéc tang s6 muc,
kha nang xay ra I6i trén mét hodc nhiéu
van ban dan hoan toan cé thé xay ra. Hai
16i thudng gép la hd mach va ngan mach
van ban dan. H& mach van la van khong

2. NOI DUNG NGHIEN CUU.

2.1. Chan doan 16i hé mach van.

Thuat toan chdn doan su c6 hd mach nhu
Hinh 1, dua trén sai léch gitta dién ap dau

vao V va tin hiéu diéu khién tuong

out cellx
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dan dong khi dugc cdp tin hiéu diéu khién.
Trong bai bao nay sé tap trung giai quyét
cac van dé do su c6 héd mach gay ra cho
bién tan. Bén canh d6, CMV gay ra nhiing
anh hudng tiéu cuc trong hé théng. Dé
gidi quyét cac van dé trén, bai bao dé xuat
thuat toan khac phuc va chan doén 16i cho
bién tan da muc trong hé PV cong suat 16n,
lam suy gidm CMV, nang cao do tin cdy va
chat lugng hé thong.

Uing KH_ cla cau H. Khi hoat déng thuc
té, dién ap dau vao clia cau H thanh phan
bi dao dong, do doV_,  dugc chudn hoa
VGiV, /2 trg thanh tin hiéu logic Vc_, r6i so

sanh v6i KH_ . B6 dém T1 hoat dong khi 2

cellx’

cellx
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tin hiéu khac nhau. Néu T1 dém vugt qua
nguéng CT1, Fault signal dugc dat bang 1,
cau H do dugc coi bi 16i. Trong thuc té&, ludn
tén tai khoang thaoi gian sai léch nhat dinh
va KH
16i do deadtime, tré mach do,... goilaT,

gitta V. w1, Ngay cd khi khéng cé

elay”

Vi vay can chon CT1 > T, nham tranh

dela

bao 16i gid. B6 dém T2 duoc étlng dé reset
chuong trinh chdn doan 16i. Khi lap trinh,
can dam bao CT2 > CT1.Trong bai bao, CT1
va CT2 dugc chon la Tms va 2ms. Hinh 2 la

nguyén ly hoat ddng clia thudt toan.

Hinh 2. So d6 thai gian tin hiéu.

2.2. Khac phuc 16i.

2.2.1. Cau hinh bién tan trong trudng
hop 15i.

Nham loai bo cau H bi 16i ra khoi hé théng,
ta st dung contactor & ting cau nhu Hinh
3. Khi khéng ¢6 16i thi cau H dugc két néi
vGi hé théng. Néu su ¢6 xay hd mach xay ra,

-y

contactor dugc tac dong, ngan mach dau
ra & cau 16i, cdu H dugc loai bd khoi bién
tan, dong thai khong dugce cap xung diéu
khién.

Hinh 3. C&u hinh nghich luu da muc khi xét dén tinh
huéng 16i hé mach van ban dan.

2.2.2 Thuat toan diéu ché vector khéng
gian trong truéng hop 16i hé mach van
ban dan.

Dua vao thuat toan diéu ché vector khéng
gian téng quat cho bién tan da mdc ", tan
dung kha nang tao ra cung mét vector
dién ap ti nhiéu muc trang thai khac nhau
cUa thuat toan diéu ché vector khéng gian,
ta loai bo cac muc trang thai khong su
dung dugc do 16i. TU d6, khoi phuc su can
bang dién ap ba pha, ti€p tuc van hanh hé
théng khi o su c6 hd mach van. Dong thai
cac trang thai dugc lua chon théa man cho
CMV nho nhat.

a) Gidi han dién 4p dau ra clia bién tan.

b)
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Hinh 4. Khong gian vector cta bién tan khi c6 16i.

Khi 6 su c6 hd mach xay ra, mot s6 vector
chuén bj mat hét cadc muc trang thai ding
dé diéu ché, mé ta béng A trén Hinh 4. D&
ti€p tuc van hanh, can xac dinh dién ap dau
ra cuc dai v'/max cda bién tan, ta c6 (1):

Y J—dg(m 1-e,,) M

Véi e = max(e,+e e +e e +e,), m la s6
muc cla bién tan, e, e, e_la s6 cau H bi 16i
trén ting pha.

¢) Tim mdic trang théi ctia vector chudn khi
co su co.

Sau khi tim dugc dién ap cuc dai ca bién
tan, can luya chon mdrc trang thai khong bi
anh huéng bai 16i.

Xét trén sector |, ta c6 muic trang thai can
théa man (2):

-n+e, n—e,
maxq -n+k +e; r<k<ming n+k e, 2
—n+k, +k, +e. n+k, +k —e.
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Tu do, ta tim dugc cadc muc trang thai nhu
(3):

G ; x N
b |= X &, | véi X, = / y3 1 3)
%

key ke

MUc trang thai trén sector con lai dugc tinh
toan tuong tu nhu trén sector .

2.3. K&t qua thyc nghiém.

Tinh dung dan cla cac thuat toan duoc
ching minh bang két qua thuc nghiém
trén Hinh 5:

o —— ] | T

Ve camar | 70t
Ims_ " fault signal 1 b
“'-"**""'**-""“'1“\"!"3 | b & . |
) Tin higu phithign18i hawapmm.émanmnami'

fawlt Vo P Fp

fanls e " fa

e T

<) CMV

d) Démg din qua i

Hinh 5. K&t qua thuc nghiém.
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3. KET LUAN

Bai bao dé xuat thuat toan chan doan va
khac phuc 16i cho bién tan da murc trong
hé PV cong suat 16n, da dat dugc cac két
qua nhu sau: Thir nhat, chan doén 16i chinh
xac, nhanh, don gidn. Thud hai, ddm bao
tinh téng quat vai bién tan c6 sé mic bat
ki. Thi ba, suy giam dién ap khi cé 16i la nho
nhat. Th tu, téi vu dién 4p common-mode

trén bién tan.

THAM KHAO

11 C.M.Van,T.N.Xuan, P.V.Hoang, M.T.Trong, S.P.Cong,
and L. N.Van,“A Generalized space vector modulation
for cascaded h-bridge multi-level

Proceedings of 2019 International Conference on

System Science and Engineering, ICSSE 2019, pp.

18-24, 2019, doi: 10.1109/ICSSE.2019.8823465.

inverter,’

TAC GIAY TUGNG

Truong Viét Hoang, MSSV: 20161726,
sinh nam 1998, la sinh vién K61 Vién bién,
Trudng Pai hoc Bach khoa Ha Noi. Huéng
nghién ctu hién tai la: Bién tan da muc,
truyén dong dién, nang lugng téi tao

Nguyén Van Cao, MSSV: 20160385, sinh
nam 1997, la sinh vién K61 Vién Dién,
Trudng Pai hoc Bach khoa Ha Noi. Huéng
nghién ctu hién tai la: Bién tan da muc,
truyén dong dién, nang lugng téi tao

GIANG VIEN HUGNG DAN

TS. Vi Hoang Phuong tét nghiép Dai
hoc va nhan bang Thac si khoa hoc, Tién si
chuyén nganh Diéu khién va Tu déng hoa
tai Truong DHBKHN vao cac nam 2006,
2008, 2014. Tu nam 2006, anh la gidng
vién Trudng DHBKHN.

Linh vuc nghién cdtu gém mé hinh hoa
va diéu khién cac bd chuyén déi dién
tl céng sudt cho cac ting dung nhu PV,
truyén dong dién.
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SESSION 11

Phong: Jasmine 2 | Cha toa: Vii Hoang Phuong, Lé Viét Tién

NGHIEN CUU DANH GIA HIEN TRANG CONG NGHE
DIEN MAT TROI O VIET NAM

Nguyén Trung Nam,*, Phan Van Khéi™

1.Vién Khoa hoc va Cong nghé Nhiét-Lanh, Trudng Pai hoc Bach khoa Ha Noi
*Email: nam.nt172074@sis.hust.edu.vn
Gido vién hudng dan: Pham Hoang Luong

TOM TAT

Nang lugng tdi tao dong vai tro quan
trong trong tién trinh chuyén dich nang
lugng trén thé gidi tir nhirng nam dau
cla thé ky 21. Su gia tang nhanh chong
vé sO lugng va quy mé cac dy an dién
mét troi (DMT) trong nhiing nam gan day
da dem lai nhiéu két qua tich cuc trong
viéc b6 sung nguén nidng lugng sach
trong hé théng dién Viét nam song cling
dat ra khong it thach thic cho viéc phat

1. DAT VAN BE

PMT phat trién manh tir nhitng nam dau
2000. Lugng PMT san xudt nam 2018 trén
thé gidi khoang 110-120 MWp va duy kién
dat 120-140 MWp nam 2019) I,

Céng nghé PMT dugc phat trién rat nhanh
trong vai nam trd lai day. T6ng cong suat dat
tich 10y ctia PMT trén thé gidi khoang 520
GWp (ndm 2018) va 650 GWp (tinh dén cudi
nam 2019), dap ung khoang 4% nhu cau
dién nang toan cau. Du kién, téng cong suat
dat PMT tinh dén 2024 va 2050 sé tuong Uing
la 1.400 GWp va 4.500 GWp vao ndm 2050 2,
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trién bén viing loai hinh céng nghé ning
lugng nay trong tuong lai gan. Trong
nghién ctu nay, trén cg s& téng hgp va
phan tich cac théng tin/s6 liéu vé san
xudt, st dung va quan ly cac tdam quang
dién mat trai (Solar photovoltaics Panels,
thudng dugc goi la pin mat troi-PMT) trén
thé gigi va & Viéet Nam, mét s6 dé xuat ky
thuat vé Idp dat va quan ly PMT da duoc
nhan dang va dé xuat.

& Viet Nam, tinh dén cudi thang 6.2019,
téng céng sudt dat cia PMT vao khodng
6.GWp trong dé loai hinh trang trai dién
mat trgi chiém khoang 5.3 GWp va dién
mat trai ap mai khoang 0.7 GWp Bl

Cong nghé san xuat PMT duogc phan
thanh 2 nhom: i) Pin C-Si dua trén tinh
thé Silicon, va ii) Pin mang moéng dua trén
hé vat lieu Cadmium-Tellurium (CdTe).
Pay la nhiing loai vat liéu c6 kha nang
gdy tdc dong t&i moi trudng va suc khoe
con ngudi.
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V6i thoi gian st dung ctia PMT du kién
khodng 30 nam (v&i PMT chat lugng cao)
va 15-20 nam (d6i véi PMT chat luong thap
hodc c6 hdéng héc trong qua trinh khai

thac), viéc nhan dang va dé xuat ap dung

cac tiéu chi ky thuat cho cac dy én BDMT va
quan ly chat thai sau khi PMT hét han st
dung & Viét Nam do vay can dugc dac biét

quan tam !

2. PHUGNG PHAP NGHIEN CUU

Thu thap téng hgp théng tin vé hién
trang céng nghé DMT, quy trinh ché
tao va xt ly PMT trén thé gidi va tai
mét s6 qudc gia phat trién trong linh
vuc DMT;

Thu thap t8ng hop théng tin tir mot
s6 du an dién mat trai cda Viét Nam vé
xuat x{/ ngudn géc va cac thong so ky
thuat clia PMT, hién trang van hanh va
dinh hudng xtr ly PMT sau khi hét han
st dung.

3. KET QUA NGHIEN cU'U VA TRAO POI

Khoang 95% lugng PMT hién dang
dugc san xuat sir dung cong nghé
Silicon tinh thé, suat tiéu thu Silicon
trung binh khoang 3.5g/Wp. Véi xu
huéng phét trién cong nghé vat
liéu da silicon (polysilicon material),
suat tiéu thu sé gidm xuéng con
2.1-2.69/Wp;

-y

Lugng chat thai khi PMT hét thoi gian
st dung la rat dang k& Cubi nam
2018, lugng chat thai tich Iy toan cau
tor PMT khoang 43.500-250.000 tan,
chiém khoang 0.1-0.6% khdi lugng
tich Ity téng cong clia cac tam PMT da
dugc 13p dat (khoang 4 triéu tan);

Véi gid thiét tudi tho clia PMT la 30
nam, khéi lugng chat thai sau khi PMT
hét han st dung sé vao khoang 5.5-6
triéu tan vao nam 2050;

Chat thai tir PMT vira tao ra thach thuc
mai vé van dé moi trudng, nhung
doéng thai ciing tao ra nhiing co hoi
chua tung c6 cho nganh cong nghiép
thu héi va xt ly chat thai PMT (Solar
PV end-of-life industries). Viéc phat
trién cac phan nganh céng nghiép
nay phu thudc chd yéu vao: i) Céng
nghé ché tao va gia thanh ctia PMT, va
ii) Quy mé thu gom chat thai ti PMT
dé x{ ly-tai ché;

Cong nghé xt ly, tai ché PMT phé thai
ld cdng nghé téng hap, két hop cac
cong nghé vat ly, cong nghé nhiét
va cong nghé hoa hoc. D& ting hiéu
qua xtr ly, c6 thé két hgp véi cac cong
nghé khac nhu siéu am, mai mon,
ngam chiét;

Cong nghé xt ly, tai ché PMT phé thai
do vay sé st dung nhiéu nang lugng
va c6 kha nang gay phat thai tha cap;
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- D6i v6i cac du an DMT clia Viét Nam,
ton tai 2 dé xuat xu ly PMT sau khi
hét han st dung: i) Chuyén tra lai nha
cung cap PMT; ii) Nghién va chén lap.
Du la cach nao thi ca hai phuong an
trén day déu dugc xem la khéng bén
viing, bai chat thai sé& con ton dong
trong moi truong trong khoang thoi
gian rat dai. Viéc trit cac tdm PMT tai
cac bai phan loai rac sé gay 6 nhiém
cho toan b6 khu vuc.

4, KETLUAN VA KIEN NGHI

+ Nang lugng tai tao, v&i viéc phat
trién nhanh cac du én PMT trén thé
gidi va & Viét Nam trong thaoi gian
qua da va dang gop phan tich cuc
cho tién trinh chuyén dich ning
lugng ddm bao an ninh ndng lugng
va phat trién bén ving;

«  Viéc san xuat, s dung va xu ly - tai
ché PMT c¢6 tac dong dén méi trudng
sinh thdi va suc khde con ngudi;

- Can thiét phai nghién cutu, xay dung
cac tiéu chuan, quy chuén ky thuat vé
nguodn goc/xuat xi PMT, quy dinh 1ap
dat van hanh PMT va quy trinh quan
ly PMT sau khi hét han st dung (hoac
bi hdng hoc) & Viét Nam.
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LO1 CAM ON

Hai tac gid (Nguyén Trung Nam va Phan
Van Khéi) xin cdm on Ban t6 chiic Dién dan
Sinh vién 2020 - Nang lugng téi tao da
cung cap théng tin vé Dién dan va hé trg
nhoém nghién cdu trong viéc hoan thién
bao cao dé tai nghién ctru nay.
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[5] Pham Hoang Luong. Co s& nguén va céng nghé
nang lugng - Nang lugng mat troi, Bai gidang hoc
phan HE 4061 danh cho sinh vién dai hoc chinh
quy nganh Ky thuat nhiét, Vién KH&CN Nhiét-
Lanh, Truong Pai hoc Bach khoa Ha N6i, 2019.

[6] HO soky thuat ctia 8 Dy an dién mat trdi tham du
Chuang trinh binh chon Dy an Nang lugng tai tao
tiéu biéu Viét Nam 2020 (do Phong Céng nghiép
va Thuong mai Viét Nam va Uy ban Trung Uong
M4t tran T8 qudc Viet Nam déng chd tri, thang
10.2020.
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su chuyén nganh Nhiét dién (1984), Thac
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(INPT, Cong Hoa Phap). PGS. Luong hién la
giang vién cla Vién KH&CN Nhiét-Lanh va
la Giam d6c Vien KHCN quéc té Viét Nam-
Nhat Ban, DHBKHN. Linh vuc dao tao va
nghién ctu khoa hoc cta PGS Luong bao
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du an nang lugng theo chu trinh vong dai
(Life Cycle Assessment, LCA).
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LAP KE HOACH QUAN LY NANG LUGNG CHO LUGI BIEN
SIEU NHO XET BEN TiNH BAT BINH SU DUNG
PHUGNG PHAP ROBUST OPTIMIZATION

Nguyén Xuan Thang ", D6 Diic Quang ", Nguyén Thi Hoai Thu

(1) sinh vién Vién Bién -Trudng Dai Hoc Bach Khoa Ha Néi
*Tac gia lién hé: thu.nguyenthihoai@hust.edu.vn

TOM TAT

Luéi dién siéu nho (Microgrid - MG) véi
ngudn nang lugng tai tao dang rat dugc
quan tdm do nhimng uu diém vuat trdi va
kha nang van hanh & ché d6 noéi ludi hoac
tach ddo. Tuy nhién, do tinh bat dinh ctia n6é
nén viéc tinh toan chi phi van hanh cia MG
gdp nhiéu khé khan. Muc tiéu cia nghién
cliu nay la téi thi€u héa chi phi van hanh

clia MG c6 xét dén tinh bat dinh st dung
phuong phéap t6i uu manh mé Robust
Optimization (RO). Bai toan t6i uu cé dang
max-min dugc bién d6i thanh bai toan doi
ngau bang diéu kién t8i uu KarushKuhn-
Tucker (KKT), va 4p dung phuong phap quy
hoach tuyén tinh nguyén thuc hén hop
(MILP) @é giai.

Keyword: microgrid, RO, KKT, MILP, tinh bdt dinh I6n nhdt.

1.GIOITHIEU

Trong nhiing nam tr& lai day, do su gia tang
vé nhu cau st dung nang lugng cung véi dé
la su can kiét cGia cac nguén nang lugng héa
thach. Hé théng nang lugng tai tao da trd
thanh mét xu hudng toan cau do nhiing uu
diém rat I6n clia n6 vé kha nang tai tao, su
tién ich va do than thién véi moi trudng. Viét
Nam hién cling la mét trong nhimng nudc ¢
tiém nang I6n vé nang lugng tai tao. Tuy
nhién, hé théng nang lugng tai tao van tén
tai nhiing nhugc diém cét 16i 1a dao déng
bat dinh, phu thudc nhiéu vao thai tiét va
gia thanh cao. Diéu d6 gay ra rat nhiéu khé
khan trong viéc xac dinh cédng suat dau ra, chi
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phi van hanh va dam bao 6n dinh dién. Dé
ung dung dugc hé théng nang lugng tai tao
& Viét Nam thi ta can khéac phu dugc nhiing
nhugc diém trén. Vay nén, viéc tinh toan dé
t6i uu hoa hé théng dugc xem nhu mét yéu
t6 gilt vai tro then chot.

Hién nay, viéc chuyén d6i lugi dién truyén
thong thanh lugi dién thong minh dang la
gidi phap dé c6 thé thu thap tat cd cac ngudn
dién nham nang cao chat lugng van hanh,
cdi thién d0 tin cay cho ngudi tiéu dung.
Cac Microgrid (MG) dugc két néi véi nhau
va clng két néi véi ludi dién tao thanh mot



CAC DE XUAT NGHIEN CUU KHOA HOC - SESSION ELEVEN

hé théng. Vi vay can tao ra hé théng quan ly
nang lugng (EMS) c6 chiic nang phan phoi
cbng suat va luu trit ndng lugng. Bang cach
quan ly nang lugng mot cach hgp ly c6 thé
giam thiéu chi phi van hanh, t&i uu viéc mua
ban, tich trir dién nang va dam bao dugc chat
lugng dién. C6 3 phuong phap EMS da dugc
st dung la EMS tép trung, EMS phi tp trung
va EMS phoi hgp. Chiic ndng ctia EMS tap
trung la quan ly can bang céng suat, dong
dién, nang lugng du tr{r cGa pin trong toan
b6 hé théng. EMS tap trung phi hop véi lugi
dién siéu nhdé nhu mét ho tiéu thy, cé tai thay
d6i cham. Tuy nhién chi can mét thay d6i nho
thi viéc phuc héi can béang tré nén rat kho
khan 1. D&i véi EMS phi tap trung méi MG la
mat ca thé riéng biét c6 chuc nang la t6i da
héa lgi nhuan trong trang thai néi ludi va gitr
6n dinh nguon dién khivan hanh déc lap. Tuy
nhién han ché la khéng dat dugc can bang
cOng suat trong toan hé théng 2. EMS phéi
hap la su khic phuc nhugc diém va ké thira
uu diém cda ca hai phuang phép: can bang
cbng suat, du trit nang lugng va téi uu hoa
chi phivan hanh B,

Tuy nhién, cac phuong phap EMS trén van
chua xét dén tinh bat dinh. Khi ma cac rang
buéc vé tinh bat dinh khéng dugc can nhac
dén, két qua thu dugc c6 thé bi sai léch
nghiém trong va néu dugc ting dung trong
thuc té, né c6 kha nang gay ra nhimg hau qua
nang né. C6 2 phuong phap thudng duoc st
dung dé gidi quyét van dé trén la phuong
phép t6i uu héa manh mé (RO) va phuong

-y

phap t6i uu héa ngau nhién (SO). Phuong
phép RO dugc Zhang dé xuat dé€ quan ly van
hanh MG ™. D6 bat dinh dugc Zhang giai
quyét bang cach két hgp gitta thiét lap mot
mo hinh sac/xa khéng lién tuc va viéc diéu
chinh t3i nhdm muc dich gitt cho MG dugc
can bang doc lap nhiéu nhat cé thé. Phuong
phép dé x{ ly tinh bat dinh con lai - phuong
phap t6i uu héa ngau nhién (SO) cling dugc
st dung rat rong rai. Bao da ap dung phuong
phap nay vao mé hinh quan ly MG té&i uu ¥,
Bai bao thiét Iap hai m6 hinh: mé hinh du béo
va mé hinh thuc. M6 hinh du bao dugc thiét
lap dua trén su bat dinh cda nhiéu trudng
hop khac nhau va dat muc tiéu la t6i thiéu
héa chi phi. Con mé hinh thuc dugc xay dung
theo di liéu ctia mé hinh du bao. D6 sai léch
trong du béo sé dugc lam min bang cach luu
trf ndng lugng dudi dang hoéa ndng (pin) va
luu trit dudi dang nhiét nang (tai lam mat) dé
dap ting nhu cau da dang ctia ngudi tiéu thu
(dién nang, nhiét nang).

Nhugc diém 16n nhat khi 4p dung phuong
phap SO la yéu cau khaéi lugng tinh toan I6n
do s6 luong cac trudng hop can tinh toan
nhiéu cling nhu phai dam bao cac rang budc
Vvé xac suat ©. Ngugc lai, phuong phap RO
khéng phai xét tat ca cac trudng hop trong bod
bat dinh ma chi quan tam dén trudng hop véi
d6 bat dinh 16n nhat nén sé giam dugc khéi
lugng tinh todn. Do do, trong nghién ctu nay
chuing téi st dung phuang phap RO dé giai
bai toan lap k& hoach quan ly nang lugng
trong ngay tdi cla MG c6 xét tinh bat dinh.
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2.PHUONG PHAP NGHIEN CUU:

M6 hinh MG cé nguén dugc lay tur hé
théng pin mat trai, turbin gidé va dién
nang tu ludi hé théng. Tinh bat dinh cla
nguén la do lugng céng suat dau ra khéng
¢6 dinh va thay déi theo thdi gian. Trong
do, nguén gié phu thudc vao van téc va
hudng cla gid; nguén pin mat trdi phu
thuéc vao lugng buc xa, nhiét d6 trén tam

pin va géc tdi cla tia sdng.

2.1. Ham muc tiéu:

Muc tiéu cha dé xuat nay la t8i thiéu hoa
chi phivan hanh (min) nhung vi c6 xét dén
tinh bat dinh cla ngudn nang luong tai
tao nén can xét dén trudng hop bat dinh
I6n nhat (max), ta c6 ham muc tiéu sau:

T 11;1{112330 [Cpvy (Boviw) + Cwny (Pugey) +
Caatco (Pratto) + Crac (Praw)] 1)

u: Tinh bat dinh cla téng c6ng suit dau
ra.

Cov G, Coypt tuong ting la chi phi van hanh
cla PV/Wind/Battery.

va (t), P, (t): tuong Ung la cong sudt dau ra

cGia nguén PV,Wind.
C,, Gid 1TkWh trao d6i véi ludi.

P Cong sudt trao déi vai luai.
2.2.B6 bat dinh:

Pw € {P’ 240 Apmax, pIYP® _ Apmax)
dir bio o thyc té

PW _PW
W <
t AP = Tw 2)
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APy, : Do léch so véi gia tri du bao.
5, s
t OPpy

< Ty 3
Tpv 1a mot s6 nguyén mang y nghia: han
ché s6 khoang thai gian cong sudt PV thuc
té thudc khoang sai léch du bao trong mét
ngay.

Tw: DO léch so véi gia tri du bdo.

u =Py + Py )

2.3. Cacrang budc:
« Rang budc can bang cong suat:

P PU% =Pev+ Pw +Bfir - Pojr- P (9)
« Rang budc cong suét trao déi véi ludi:

0 < Ptt&é“ < Nbin. Ptt&én max
0< Ptr&ma < Nmua. Ptla'lua max

Nbin + Nenua < 15 Npin, Nenwa € {031}
» Rang budc BATTERY:

EESD isac- P;isr = EESD isac- PgiT (6)
i+ sge < 15 ixa, lsac € {051}
0SBy Si P
0<Pgr <iu PRAP™
SOC=—t 0
Edgm
SOCmin< SOC < SOCmax
SOC: trang thai luu trir néing lugng cia BAT.

At 3 At
Ew1=Ei+ Pya. — - Pfar. — 8
+ BAT" " FBAT- (®)

Et:ndng luong luu trit ctia BAT tai thoi diém t.
E:: ndng lugng luu trit dinh mdc ctia BAT.
Msae, Hxa : hiéu suat sac, xa clia pin.
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3. TONG KET:

Du kién céng viéc: Ham muc tiéu dugc
bién déi thanh bai toan d6i ngdu bang
diéu kién KKT dé chuyén vé dang min
(max) ti€p do tuyén tinh hoa rang budc
réi gidi bang phuong phap MILP st dung
phdn mém Matlab dé hé trg. K&t qua
mong mudn sé t6i uu dugc chi phi van
hanh trong ludi, ddm bao chat lugng va
dd én dinh dién.

TAILIEU THAM KHAO
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centralized energy management system for

DE, Canizares CA, Kazerani
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2014;5(4):1864-75.

[2]: Wang Z, Chen B, Kim J. Decentralized energy
management system for networked microgrids in
grid-connected and islanded modes. IEEE Trans.
Smart Grid Mar. 2016;7(2):1097-105.

[3]: Wang Y, Mao S, Nelms RM. On hierarchical power
scheduling for the macrogrid and cooperative
microgrids. |[EEE Trans. Ind.
2015;11(6):1574-84.

[4]: Zhang C, Xu Y, Dong ZY, Ma J. Robust operation
of microgrid via two-stage coordinated energy

Informat. Dec.

storage and direct load control. IEEE Trans. Power
Syst 2017; 32(4): 2858-68.

[5]: Bao Z, Zhou Q, Yang Z, Yang Q, Xu L, Wu T. A multi
time-scale and multi energytype coordinated
microgrid scheduling solution-part I: model and
methodology. IEEE Trans Power Syst Sept. 2015;
30(5): 2257-66.

[6]: Zhang B, Li Q Wang L, Feng W. Robust optimization
for energy transactions in multi-microgrids under
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Hiéu qua cua phuong phap: Do xét dén
tinh bat dinh cla ngudn nang lugng tai
tao, rang budc vé can bang cong suat, kha
nang luu trlt va gidi phdng nang lugng cla
pin nén két qua du doan sé chinh xac hon.
Diéu nay dan dén viéc mua ban vaéi ludi
dién hiéu qua hon va clng thu dugc loi
nhuan cao hon cho ca nha dau tu va ngudi
tiéu dung dién.

TACGIAY TUGNG

D6 Puic Quang: La sinh vién Hé théng dién
(2017), K62, Vién Bién, Truong Pai hoc Bach
khoa Ha Néi. Huéng nghién ctu: T6i uu van
hanh hé théng nang lugng tai tao.

Nguyén Xuan Thing: La sinh vién Hé
thong dién (2017), K62, Vién bién, Trudng
Pai hoc Bach khoa Ha Noéi. Huéng nghién
ctru: T6i uu van hanh hé théng nang lugng
tai tao.

GIANG VIEN HUGNG DAN

TS Nguyén Thi Hoai Thu: nhan bang Ky su
- Hé thong dién (2006), Thac sy - Mang va Hé
thong dién (2008) ti Dai hoc Bach khoa Ha
Noi va Tién sy - Ky thuat nang lugng va co khi
(2017) tu Pai hoc Tsukuba, Nhat Ban. Hién c6
dang la gidng vién Trudng Pai hoc Bach khoa
Ha Noi. Cac huéng nghién ctiu chinh la téi uu
dung lugng thiét bi, du bao cong suat va tinh
bat dinh clia ngudn nang lugng tai tao.
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TONG HOP CAC PHUGNG PHAP AP DUNG Al VAO PIEU KHIEN
HE THONG NANG LUGNG TAI TAO

Nguyén Duy Btic Anh, Bui Dic Thinh, Pham Van Nam,
Tran Tién Diing, TS. Vii Thi Thiy Nga

Sinh vién Vién bién, Truang Pai hoc Bach Khoa Ha Noi
Tac gia lién hé: anh.ndd173615@sis.hust.edu.vn

TOM TAT

Bai nghién ctiu gidi thiéu cac phuong phap Al (ing dung trong nhiing bai toén diéu khién

hé théng ndng lugng téi tao. Cach dp dung mét s6 thuat toan Reinforcement Learning

(RL) vao bai toén diéu khién nguén sé dugc xay dung cu thé. Muc dich cudi cung la diéu

khién céng sudt nguén dat cuc dai.

Tirkhéa: Néing luong tdi tao, pin mdt trdi, hé bdm diém céng sudt cuc dai, Al, Reinforcement

Learning, Deep Q-Network

1.GIGI THIEU

Trong nhitng ndm gan day, thé gidi chiing
kién sy phat trién manh mé cda nang
lugng téi tao khi né khong chi than thién
vGi mai trudng ma con co tiém nang giai
quyét nhu cau nang lugng khi ma cac
nguén nang lugng héa thach ngay cang
can kiét ", Bén canh do6 thi hé thong diéu
khién l1a mét khau khéng thé thiéu dé
dam bao hé théng nang lugng tai tao van
hanh 6n dinh va téi uu. Rat nhiéu phuong
phap diéu khién khac nhau da va dang
dugc st dung nhung dé hé théng van
hanh linh hoat va t6i uu hon thi viéc su
dung Al sé la xu huéng cuda tuong lai do
do rat nhiéu phuong an van dung Al vao
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hé théng nang lugng tai tao da duoc cac
nha khoa hoc dé xuat.

Trong hé théng ndng lugng tai tao cé rat
nhiéu bai todn nhu hé théng diéu khién,
van hanh téi uu, thj trudng dién, dam bao
an toan hé théng. Bai nghién ctu nay sé
tap trung vao viéc dp dung Al trong bai
toan van hanh t6i uu hé théng nguén.
Thuc té hién nay da c6 nhiing phuong
phap truyén théng dé x{ ly bai todn bam
diém cong suat cuc dai ctia ngudn tiéu
biéu la phuong phap Perturbation and
Observation (P&0). Tuy nhién dé phuong
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phap dat dugc hiéu suat t6t nhat can phai
¢6 nhiing su hiéu biét chuyén sau vé hé
théng dé hiéu chinh thuat toan cho phu
hgp dé tranh xay ra dao doéng I6n xung
quanh diém cong suat cuc dai cing nhu
thoi gian qua d6 lau gay ra tén that 2,

Vi xu hudng hién tai Al dugc dua vao su
dung dé hé théng van hanh hiéu qua va
linh hoat hon, trong dé RL dugc st dung
nhiéu trong hé théng nang lugng tai tao
nh& uu diém tu hoc va cdi thién théng qua
viéc danh gia phan hoi dé hoc chinh sach
t6i uu cho muc dich dé ra. Vi vay RL la mot
céng cu phu hgp dé téi uu hé théng phi
tuyén nhu hé théng ndng lugng tai tao
nham cai thién kinh té, tinh linh hoat cling
nhu tinh tin cay cta hé théng M.

Téng quat lai, bai nghién ciu dé xuat
thuat toan RL diéu khién céng suat nguén
dat cuc dai cho hé thdng nang lugng tai
tao. Muc dich viéc s&r dung Al dé dam bao
coéng suat ra c6 d6 6n dinh 16n va c6 tinh
linh hoat cao khi thay d6i cac trang thai
hoat déng cua tai.

2. CAC BAI TOAN Al TRONG HE THONG
NANG LUGNG TAITAO

Bang 1.T6ng hop céc ting dung ctia RL
trong van hanh va t6i uu hoa nang luong
bén viing va hé thong dién

Bufc xa

(kWh/m?/ngay)

3.8-4.1

Single microgrid

Phia cung cap dién Multi-microgrid

El

IES
Single IES

Hybrid ESSs

Electric water
heater

HVAC

Phia nguoi dung Batiery

Residential
customers in IES

Thermostatically
controlled loads

Smart building(s)

Different home
appliances

Wind resources,
Ca hé théng

battery, and
customers

g
diesel generators,

4.2-4.4
Fuzzy Q-learning
(multi-agent)

Cooperative RL
(multi-agent)

DQON

Combination
of ADP and RL

Combination
of DNN and MC

A3C
Q-learning
DDQN
Q-learning
DDQN
Q-learning
Fitted Q-iteration

Q-learning

Combination of
RNN and
Actor-Critic

Dual iterative
Q-learning
Q-Learning

Batch RL

(multi-agent)

DQN/ Deep Policy
Gradient

Q-learning
(multi-agent)

Q-learning
(multi-agent)

Bang 2.Téng hop cac Uing dung cua RL
trong diéu khién hé thong dién

Phan loai Thuat toan hoc
RL
Emergency Combination of RL and classical control
control method
DRL
RL
Normal DRL
control
Transfer RL
RL
MPPT control

Combination of ANN and RL
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3. UNG DUNG Al TRONG BAI TOAN
MPPT CONTROL:

Nhu vay, tir bang trén ta c6 thé thdy hé
théng nang lugng téi tao co rat nhiéu van
dé can giai quyét. Tuy nhién & day ta sé tap
trung giai quyét bai toan téi uu phia nguén
cap (supply side) v6i muc tiéu chinh la t6i
da hoa céng sudt nhan dugc tir nguén tai
tao (MPPT Control). V&i déi tugng nhu tam
PV, Free-model Reinforcement learning
ma cu thé la Q-learning t6 ra la phuong
phép kha hiéu qua dé cé thé ap dung. Tuy
nhién trong thuc té, lugng dit liéu trang
thai cha méi trudng la rat I6n, viéc st dung
Q-learning la khéng kha thi. Qua viéc xap
xi Q-table bang mdt mang neural, ta cé
thé gidm dang ké luong tai nguyén tiéu
tén. Phuong phap nay dugc goi la Deep
Reinforcement learning (két hgp gitta Deep
learning va Reinforcement learning).
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4.KET QUA MO PHONG
Ta mé phdng bai toan MPPT control trong
hé théng nang lugng mat trai véi thuat
toan P&O va Q-learning.

Hinh 1. D6 thi dap ting MPPT
cua thuat toan P&O

Hinh 2. D6 thi dap Gng MPPT
cla thuat toan Q-Learning

Ta c6 thé thay véi phuang phéap Q-Learning
ban dau tuy mat thai gian dé hé théng hoc
nhung sau khi hoc xong thi ta c6 diém cuc
dai dao dong it hon nhiéu véi AP=1.3W
trong khi v&i phuong phap truyén théng
P&O thi sé gay dao dong & diém cuc dai kha
I6n v6i AP=6W gdy tén hao nang lugng.
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5. KET LUAN

Sau qua trinh phan tich bén trén ta c6 thé
thay ré dugc ing dung rong rai cta Al
vao ndng lugng tdi tao néi chung va nang
lugng mat trdi néi riéng. Do nhém em
mai bat dau tham gia nghién ctu trong
khoang thai gian ngan ti dau ky hoc do
dé & giai doan hién tai nhom mdéi tim
hiéu dugc cong nghé va cach van dung
vao nang lugng mat tr&i. K& hoach dat ra
trong thai gian téi cia nhém la sé strdung
phuang phap phu hop dé édp dung vao
bai todn MPPT nhdm t6i uu cong suat cla
hé théng va trong tuong lai gan nhom sé
nham t&i gidi quyét van dé kiém soat nhu
cau nang lugng.
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ABSTRACT

The lifespan of photovoltaic (PV) systems is estimated to be around 25 years, which seems a
long time to return the investment cost. Nevertheless, in order to make proper investment
decisions, the degradation of PV systems need to be carefully scrutinized as the degradation
phenomenon can damage the PV systems quickly. In this paper, a numerical method based on
the single-diode model is utilized to forecast the cell temperature and solar irradiance, which
greatly relate to the increase of the series resistance. After that, the degradation of PV modules
is detected through analyzing the incrementing progress of series resistance of PV modules. In
addition, the proposed model could suggest the appropriate temperature and irradiance levels
for applications, such as cooling PV systems or the PV array reconfiguration in order to ensure
PV modules will be in healthy states. Also, the proposed model has advantages of eliminating
PV measuring instruments and avoiding the error happening in the measuring process.

Keywords: on-line PV monitoring, degradation detection, single-diode model, PV cell
temperature estimation, solar irradiance estimation.

1. INTRODUCTION

Vietham's energy sector witnessed an  might cause PV systems being early

uprecedented increase in the installed
capacity of photovoltaic (PV) systems, from
86 MW in 2018 to about 4.5 GW by the end
of June 2019 (Do et al., 2020). Although PV
systems offer many benefits, these systems
are susceptible to suffering various kinds of
problems, such as long outdoor operation,
series resistance increment, bypass diode
failure, partial shading conditions, which
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degraded (Piliougine et al, 2021). As a
result, PV systems need to be monitored
periodically. There are two PV monitoring
methods, the off-line method and the on-
line method. This paper concentrates on
the on-line method as it can help the PV
systems avoid being disconnected from the
load (Bastidas-Rodriguez et al., 2015), which
enhances the reliability of the power supply.
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2. METHODOLOGY

2.1 Proposed Model

In this paper, the single-diode model (SDM)
is employed to characterize the electrical
behaviour of PV modules. The equivalent
circuit of the SDM is depicted in Fig 1.

Ipy R, AR, I
—_—

=
P
CD \V4 [] Ry VI

Fig 1. Equivalent circuit of the SDM
The current-voltage (I-V) relationship of this
model is expressed by (1):

gV
]_nf{gg +AR,) a

Falpp=Tig [e““'s“" -1 -
sh

where V-[V]and -/A]aretheoutputvoltage
and current of the PV module, respectively,
I1,-[4] is the photo-induced current, /-
[A] is the saturation current of the Shockley
diode, R-/Q] is the series resistor, R -/Q] is
the parallel resistor, a is the diode’s ideality
factor, N, is the number of PV cells in the
module, k is the Boltzmann constant (k=
1.380649x10~3J.K "), q is the electron
(q=1.602176634x10""C), T-[K]
is the cell temperature. The degradation

charge

of the PV module is represented by the
incrementing series resistance 4R -/Q].

-y

2.2 Compute the increment of series resis-
tance, compute the healthy temperature,
irradiance for PV modules

First, we extract the parameters of the SDM
at the standard test condition (STC), 25°C,
1000 W/m?, (P-SDMSTC) by utilizing the
method in (Nguyen-Duc et al, 2020). In
the study day, the parameters of the SDM
at the operating temperature-irradiance
condition (P-SDMT-G)

using five measured |-V pairs of five points

is estimated by

around the mximum power point (MPP)
on the power-voltage (P-V) curve of the PV
module.

Phase 1: Calculate increment of the series
resistance

Begin
Calculate P-SDMsrc (including R, g (0)) from
datasheet of the IRl
¥
t™ day
Calculate P-SDM 1. (including R, r.¢ (1))
from 5 measured points
¥

Compute cell temperature and solar
irradiance by (2), (3)

| Compute ROy ® ]

Compute standard increment of R,
AR, src (£) = R; 570 (O) — R; 57¢(0)

Compute T-G-dependent increment of R,
AR, r_ ()= Ry r-c(8)= Ry s (1)

'
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Phase 2: Checking health state and making suggestions

= Ry src(t) <Ry src (0) ‘—l

;

Choose Ryei) =Ren |

Compute Tuft), Gul) by (4) |

Request: Cooling system or PV ‘
array reconfiguration

Fig. 2 Flowchart of monitoring series
resistance

The obtained values of IPV and lIsat are
used to calculate the module temperature
and the solar irradiance by (2) and (3),
respectively:

~9Eg(7)
Tow = CsmT?'e kT @
IPV_IPVSTC (1+G"r T TSTC)) (3)
where C, .is the STC coefficient and

Eg(T)-[eV] is the material band gap of the
PV G-/W/m?] module.is the solarirradiance,
a,-[A/°C] is the thermal coefficient of the
current. The series resistance at the new
T-G condition is computed by (4):
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G
4)
Gsre ]]

The increment of series

.R_5 'RbSTC TSTC[I—UHTIN[

resistance is
composed of two elements, the difference
between the series resistance in the study
time at the STC and its manufactured
value at the STC (standard degradation),
and the increment caused by the new
T-G condition on the PV module (T-G.-
dependent degradation). In phase two, the
series resistance at the STC in the study day
is compared with its manufactured value
multiplied with the threshold coefficient
(ath) to decide whether it needs to be
replaced or not. Finally, the increment of
Rs at specific T-G conditions in the study
day are compared with its threshold of
increment to decide the health state of the
PV module. If the increment of Rs is greater
than its threshold, the expected values of
Rs, Rs,ex(t), is chosen to be equal to the
threshold of Rs. The expected T-G level
is calculated by (4) to make the requests
to application changing operating T-G
conditions, such as cooling PV systems or
the PV array reconfiguration. The above-
described procedure to monitor the series
resistance of the PV module is represented
in Fig 2.
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A SIMULATION APPROACH

*Nguyen Sy Quan ", Dr. Nguyen Duc Tuyen

Advanced Program: Control Engineering and Power System
(1) Hanoi University of Science and Technology, Vietnam
*Corresponding author: quan.ns181916@sis.hust.edu.vn

ABSTRACT

With the ongoing development of renewable energy in recent years, power system
is becoming more and more complicated around the globe due to the emergence of
Distributed Energy Resources (DERs). To make sure that complicated system operates
efficiently and achieve maximum customer satisfaction, a “smarter” solution for the
traditional grid is demanded, therefore pushing research in the field of Smart Grid and
Advanced Power System. This research proposal is not only a theoretical State-of-the-
art of Smart Grid technology and its impact on the integration of renewable energy but
also features a simulated model of smart grid using MATLAB/Simulink and other related
tools. The motivation is to provide greater insight into the current progress of smart grid
technology and renewable energy industry.

Keywords: Smart Grid, Power Grid, Solar, Wind, Photovoltaic, Renewable Energy, Simulation,
MATLAB, Simulink, Power System

1.INTRODUCTION
Smart Grid
grid that consists of not only traditional

is an advanced electrical ways and highly interactive, making the

integration of smart grid become extremely
electrical devices but also the most recent

important, especially when traditional

21st telecommunication and information  grid is incapable of solving many critical

technologies such as smart meter, smart
appliances, database, etc. Such advanced
technology enables efficient energy
resource utilization to optimize energy
consumption, manage Distributed Energy
Resources (DERs) and distribute generated
power, which means the power flow and

communication of smart grid will be two-
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problems such as load balancing, demand

response, power supply optimization,
etc. arising from the mass integration of
distributed and centralized renewable

energy sources in recent years 1", 2.

This
development of smart grid technologies,

paper will discuss the current
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showcase theoretical modeling of typical
renewable energy sources as well as a
simulation model of smart grid with the

integration of solar panel and wind energy

‘v

utilizing MATLAB and Simulink will be
presented in chapter 2 and final conclusion
regarding this topic will be demonstrated
in the chapter 3.

Fig 1. State of the art smart grid

2. METHODOLOGY
2.1 Theoretical Equation Overview
2.1.1 Modeling of a wind turbine

P =KC V._ 3 1)

m_pu p ppu  wind_pu

Where:
P, .= the power in per unit of nominal
power for values of A and p,

C .= the performance coefficient

K, = the power gains

V of the base wind speed. The based

wind_pu
wind speed is the mean value of the

expected wind speed in m/s.

Fig 2. Simulation model in MATLAB
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2.1.2 Modeling of a photovoltaic module

evd

2vd vd
Ipy= Igc— 1 [exp(m?rc - 1] - ﬁ )

Where:

1, = the photovoltaic current
I, =thelight generated current,
1 = the dark saturation current

0
dependent on the cell temperature,

e = the electric charge e=1.6%10-19C

K: =Boltzmann’s constant,
K=1.38%10-23 J/K,

F: =the cell idealizing factor,

Tc  =the cell's absolute temperature

Vd =the diode voltage,
Rp =the parallel resistance

3. CONCLUSION

The proposed model investigates the
impact of solar and wind energy on
a simulated smart grid system under
normal operating conditions and overall,
the integration of Smart Grid can further
improve the efficiency of power system
with deep renewable energy participation.
However, due to the fact that current
experiment is conducted on a small scale
and the smart grid architecture is still yet
to mature at the moment, more researches
need to be conducted in this field so as to
achieve a “smart’, effective and reliable
power system, toward 100% Renewable
Energy (100RE) society.

5 Algoritm Fixed dc
Solar irradiation PV Power ot voltage
:> Controlle :> *
Temperature mp i fi
Current
Photovoltaic Module de/de converter
P el S i
1 A Three-phase
1 — : et i
Windspeed ﬁ: Rotor * =I-
I :
! Stator | Electrical
air condition ] Output dc Bus
defac invertes
! Wind Turbine Asynchronous | ac/de thyristor controlled L X
! Induction ! double-bridge rectifier
\ generator
O o e e #

Fig 3. Proposed Model
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GIAI PHAP THU HOACH NANG LUONG
TU SONG VIEN THONG
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LO1 DAN

Trong nghién ctiu nay, ching t6i dé xuat hai gidi phap thu hoach, luu trit nang lugng tu
séng vién théng trong maéi trudng séng dé cap ngudn cho cac thiét bi dién td tiéu thu
céng suat thap bang hai thiét ké mach thu hoach nang lugng. D6 1a méang chinh luu thu
s6ng goc réng dua trén siéu vat liéu (metameterial) va mach chinh luu hai bang tan s
dung diplexer. H&¢ mach dugc do dac va thi nghiém thu hoach nang lugng tir séng vién
théng céng nghé 5G (3,75GHz) va 4G (1,8GHz va 2,6GHz) trong diéu kién thit nghiém &
phong nghién ctiu véi hiéu sudt chuyén ddi RF-DC cao nhat dat 50% khi cong suat séng
t6ila 0 dBm va 39% tai-10 dBm.

Tir khéa : Thu hoach nédng lugng tir séng dién tu, siéu vdt liéu, cam bién khéng day tu chu
ndng lugng.chd ndng lugng.lugng, Cam bién va diéu khién, Mé hinh hod néng lugng, Mo
phdéng nédng lugng.

1. GIGI THIEU

Thu hoach nang lugng la qué trinh lay
nang lugng tir cdc nguén bén ngoai nhu
(ndng lugng mat trai, nhiét, gié, ddng nang
dugc biét téi nhu nang lugng trong moi
trudng) va chuyén déi, luu trit chung dudi
dang dién nang dé cung cap cho cac thiét
bi dién t&r nho hodc thiét bi khéng day tu
chli ndng lugng (nhu cac thiét bj deo trén
ngudi hay nat cdm bién khong day von co
muc tiéu thu néng lugng thap). Tuy vao
dac tinh clia méi ngudn nang lugng can
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thu hoach ciing nhu la tng dung sé trién
khai ma chung ta sé 4p dung cac giai phap
thu hoach ndng luong phu hop. Nguén
séng dién tu trong moi truong tuy cé mat
dé nang lugng thap nhung véi uu diém vé
d6 phd bién va thoi gian tén tai bat ké ngay
dém dang dan trg thanh mot déi tugng
tiém nang, hap dan vai cac nha khoa hoc,
cdng ty, vién nghién ctu trén toan thé gigi
trong viéc tim ra gidi phap thu hoach nang
lugng va trién khai chiing lén cdc mang cdm
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bién khéng day. Diéu nay khong con trg
nén xa vai nhd vao sy phat trién clia cong
nghé théng tin, truyén théng khéng day va
cong nghé dién, vi co dién td trong nhiing
nam gan day. Cac két qua nghién ctu budc
dau mé ra tuong lai vé mét giai phap cung
cdp nang lugng sach va nguén cung cap
nang lugng lau dai cho céc thiét bj dién tu
tiéu thu codng suat thap c¢6 vai mW nhu cac
nut cdm bién trong mang cam bién khong
day (Bang 1), thay thé cho phuong an cap
nguodn truyén théng s dung pin vén cé
dung lugng hu han va gay 6 nhiém méi
trudng. Tuy nhién dé c6 thé hoan thién
dugc gidi phap thu hoach nang lugng séng
dién ti va ing dung né vao ddi sdng thuc
té thi con nhiéu van dé can giai quyét hién
nay nhu : mat d6 céng suat thap cla séng
dién tu trong moi truong lam gidm hiéu
suat chuyén déi niang lugng 1 chiéu, huéng
t6i va phan cuc cia séng trong mai trudng
la khong du dodn dugc va thu hoach hiéu
qué nhiéu bang tan séng tai mét don vi
dién tich trong méi truong.

Bang 1. Cac nghién ctu lién quan

Mat @6 .
. . . . . Hiéu suat
Cong bo Tanso nang lugng o
N chuyén doi
toi
T. Matsunaga et N
al (2015) 58 GHz 0,041 W/m 44,1%
RL
H.Sunetal DRL (2013) 1,8 GHz
Transfer RL
U.Muncuketal  LTE 700, GSM 850 o
(2018) ISM 900 -10dBm 40%

2. PHUONG PHAP

Cau tric théng thudng cia mot hé thu
hoach ndng lugng gém mach thu hoach
nang lugng tu séng dién tU, thudng goi
la rectenna c6 cau tao gobm hai phan ti
chinh la d@ng-ten thu va mach chinh luu
(xem Hinh 1). Ang-ten gitp chuyén d6i
nang lugng séng dién tu trong moi trudng
thanh dién ap xoay chiéu tan sé cao. Nang
lugng thu dugc nay sé dugc chuyén tdi
mach chinh luu va loc nhdm bién déi
ching thanh dién 4p mét chiéu phu hop
cho mach quan ly va luu trr nang lugng.

Tram thu phit goc

w {Base Station Tower)
r Sang vi tuyen

trong moi tr

216G, 3G, 4G, 5G

wimg

I7
Mach thu hoach ning hromg

Mack ek brw iri Nt chm bicn
i‘ chinh lru  mang hrgwg  kbing diy

Hinh 1. Cau tric mét hé mach thu hoach
nang lugng

2.1 Giai phap dé xuat

DE giai quyét cho hai van dé chd yéu trong
huéng nghién ctu nay la thu nang lugng
hiéu qua véi gdéc séng tGi rong va nhiéu
bang tan trén moét don vi dién tich, ching
téi dé xudt hai gidi phap cho mach thu
hoach (rectenna) gém: mang chinh luu géc
rong (dva trén siéu vat liéu metameterial)
gitp thu hoach dugc nhiéu nang luogng
hon (cdu thanh tir nhiéu phan tt chinh luu
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lam tang dién tich thu hoach cung viéc
duy tri hiéu sudt chuyén déi cao véi nhiéu
goc séng tdi khac nhau) va mach chinh
Iuu hai bang tan (ghép bang diplexer) cho
viéc thu hoach nhiéu nang luogng hon trén
cing mét don vi dién tich thu hoach cla
ang-ten. Mach thu hoach nang lugng dugc
két hgp cing mach luu trit va quan ly nang
lugng do ching toi thiét ké nham luu tri
nang lugng thu hoach dugc va én dinh
dién 4p mot chiéu nay & muc 3,3V dé cung
cap cho céc thiét bi dién tir cdng suat thap.

2.2 Thiét ké clia chung toi

Dua trén cau truc chung noéi trén, ching toi
thiét ké nén hai cau trdc mach thu hoach
khac nhau, dua trén hai nguyén tic dé thu
dugc nhiéu nang lugng hon tir méi trudng:
st dung nhiéu ang ten ciing tan sé (Hinh
2) va thu hoach nédng lugng ti nhiéu tan
s6 khac nhau (Hinh 3). C4u trdc & Hinh 2 |a
moét mang thu hoach néng lugng 3,75GHz
dua trén siéu vat liéu (metamaterial), bao
g6ém nhiéu phan t&r don vi, méi phan ti déu
c6 kha nang hap thu séng & nhimng goc téi
rong, sau d6 dugc chinh luu, trudc khi nang
lugng thu dugc trén tat ca phan tir dugc két
hop lai va truyén dén tai gitp lam ting téng
nang lugng thu dugc nhd s6 lugng céc phan
tdr. Cau truc & Hinh 3 1a mét mach chinh luu
hai bang tan, gém hai chinh luu don tan, két
nGi vdi ang ten thu bang théng réng théng
qua mét mach diplexer. V6i thiét ké nhu vay,
n6 cé thé thu dugc song dién ti & ca tan s6
1,8 GHz va 2,6 GHz. Cau tric dé déng thai
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con ¢6 thé dé dang dugc mé rong dé tich
hgp thém nhiéu tan s6 khac, théng qua
viéc thay mach diplexer thanh triplexer hay
quadruplexer.

S
b

LA L L )
L L L R

Hinh 2. Mang chinh luu géc rong dung siéu
vat liéu

Hinh 3. Mach chinh luu hai bang tan dung
diplexer

3. THU NGHIEM

Viéc thir nghiém dugc tién hanh nhu sau:
ching téi phat tin hiéu song vé tuyén
theo cac chuadn cong nghé nhu 4G, 5G
bang may tao tin hiéu cla Keysight va
ang-ten phat. Sau d6 tién hanh thu ndng
lugng va khao sat hoat dong clia hé mach
da thiét ké (Rectenna thu hoach nang
lugng két néi v6i mach luu trr va quan ly
nang lugng) tai cac vi tri c6 cong suat tai
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tir-20 t&i dudi 0dBm (la mat do trung binh,
phd bién cla séng vién théng trong moi
trudng). Pién dp mot chiéu tai dau ra cla
mach luu trlr va quan ly nang lugng duogc
do bang oscilloscope (Hinh 4).

Hinh 4. K&t qua thir nghiém vai hai gidi phap
dé xudt

Ching t6i danh gia va khdo sat cu thé,
vGi ngudng cdng suat song téi ti -15 téi
-10dBm mach c6 kha nang cung cép nang
lugng tu 9uW cho t&i 0,04mW (véi rectenna
hai bang tan) hoac 0,15mW cho t6i 0,64mW
(véi mang rectenna). Trén hinh la hai két
quad thi nghiém tiéu biéu cla ching téi.
bién ap thu dugc tu mach thu hoach, qua
mach luu trr va quan ly ndang lugng dat
muc 6n dinh 3,3V ¢6 kha ndng cung cap
truc ti€p cho cac nat cdm bién khong day.

4, KET LUAN

Trong nghién ctu nay, ching t6i da dé
xudt hai giadi phap thu hoach nang lugng
tUr séng vién théng. Mach dugc ché tao
va do kiém vdi két qua tht nghiém thuc
té€ cho thdy céng suat thu hoach dugc
sau khi qua mach luu trf va quan ly ndng
luong d0 dé cung cdp nang lugng truc

-y

tiép (dién ap vao 3,3V) cho cac mach cam
bién khéng day c6 cong suat thap & ché do
ngl va hoat dong & mot sé ché do truyén
théng nhat dinh. Két qua kha hua hen vé
mot giadi phap tu chi ndng lugng cho cac
mach cam bién khéng day hién dai.
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HIGH VOLTAGE DIRECT CURRENT INTEGRATED RENEWABLE ENERY
SOURCES INTO THE GRID

Nguyen Van Thuc, Dr. Duc-Tuyen Nguyen
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ABSTRACT

High Voltage Direct Current (HVDC) is worldwide recognized as one of the most effective
way to transmit power. HVDC has many advantages compared to conventional HVAC
power transmission, especially when integrating many renewable energy sources into the
grid. The most significant benefit is HVDC can control the energy flow very quickly, thereby
improving stability. Because of these benefits, HVDC has been used in many countries. In
this study, HVDC and its application are proposed.

Keywords: HVDC, HVAC (high voltage alternating current), renewable energy, MMC (multi
modular converter)

1.INTRODUCTION
In recent years, renewable energy hasbeen 2. The HVDC system can help exchange

increasing rapidly and it plays an important power between different power
role in the structure of the power system. systems in terms of frequency,
Most renewable energy sources are DC operating moderation, and even link
sources, so a system is needed to transmit between a strong power system and a
this large amount of electricity. Moreover, much weaker one without disturbing
transmission by HVDC line has many together

advantages compared to transmission by

3. Formarine cables with a length of over
traditional HVAC.

50km, AC transmission is not feasible,
1. The HVDC line does not transmit while HVDC cables can transmit up to
reactive power, but only transmits 600km

active power, so there are no .
4. The HVDC system is capable of

overvoltage problems on long lines . . .
isolating the grid breakdown and

like ac systems. . ; N
increasing the system stability
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5. HVDCinvestment efficiency compared
to HVAC increases proportionally with
line length

Currently, there are about 160 projects
of one-way HVDC super high-voltage
transmission lines operating or under
construction in the world, of which there
are 43 projects in China, nine in India, nine
projects in Canada, America seven projects,
Australia three projects, Brazil three
projects, Europe 72 projects. In Southeast
Asia, countries with HVDC lines include:

Philippines, Thailand, Malaysia, Indonesia.

2. METHODOLOGY

2.1 HVDC Model

Model include:

«  ACSystem

. Converter station: HVDC Transformer,
Rectifier, Inverter

+ Overhead line: DC cable

HVOC Rectifier Invirier HVDC
Transformer Transformer
] P Ry

Kl
=

LT

1 [ comverter station | [ comverter station | o l|
iy == o |
Fig 1. HVYDC Model

i

HVDC is mainly based on converters to be

2.2 Technique

used.

Fig 2. Circuit diagram of MMC- HVDC

converter
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3. ANALYSIS

3.1 Governing Equations

The circulating current control is based
on. In order to regulate this, it is important
to know the leg inner current that may be
expressed as follows:

i (G, +i_.)
: — 7 de _ V(+)) (-Jj)
g =1l T =

3 2

Izj is the circulating current. [

Following characterization provided by
Kirchoff's Voltage Law ™

Vo = Vie _ Veepy TVep)
2 2

3.2 Results and Discussion
The circulating current control depends
on the legs synthesized voltage. And if
this voltage is different than the dc link
voltage, the circulating current can be
more quickly controlled than if the dc
voltage is kept constant. An easy and
robust programming strategy details
the balancing method using a reduced
switching frequency.
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4. CONCLUSIONS

This research shows the advantages of
HVDC over traditional HVAC and gives a
simple HVDC model. This research also
proposes a model of the HVDC converter,
the MMC-HVDC.
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NGHIEN CUU PHAN TiCH SU BIEN THIEN CUA BUC XA MAT TROI
TAI MOT VUNG O DAI LOAN
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TOM TAT

Ngay nay su tham gia cla cac nguén
nang lugng tai tao (RES), ddc biét la dién
mat trdi vao hé thong dién dang tang I1én
dang ké. Dién mat trdi la nguén khong 6n
dinh va phu thudc vao buc xa mat trai. Khi
buic xa méat tréi bién déi theo thai tiét thi
cong suat phat dién mat trai cling bién
ddi theo. Néu lugi dién khong kiém soat
dugc tét thi khi thdi tiét thay d6i dan tdi
cong suat phat cia nha may dién mat troi
clng thay déi, diéu nay sé gay ra su c8
mat an toan déi véi ludi dién. Do dé viéc

du bdo dugc cong suat phat clia nha may
dién mat troi dé xay dung phuong an van
hanh hé théng ciing la mét van dé quan
trong can gidi quyét. Diéu kién dé€ du bao
dugc cong suat phat dién mat trdi la phai
du bao dugc su bién thién cla buc xa mat
troi. D& du bao dugc chinh xac su bién
thién cla buc xa mat trgi thi viéc phan
tich danh gia su thay d6i cta buc xa mat
trgi trong diéu kién ly tudng va ngoai thuc
té la diéu quan trong can dugc thuc hién
trudc khi xay dung moé hinh du bao.

Tirkhéa: Bién thién birc xa mdt trdi, ndng lugng mdit troi.

1.GIGI THIEU

Néi dung dé xuat:

I.  B&d{rliéu vé bic xa mat troi.

Il. BO dir liéu vé nhiét do, d6 am, téc do
gié moi truong.

lll. B& ditliéu vé cong suat thuc té clia nha
may dién mat troi.

IV. Céc chi s6 uéc luong su bién thién buc
Xa mat troi
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V. S dung cac chi sé buc xa thu dugc
trong thuc t€ dé danh gia két qua udc
luong su bién thién buic xa mat trdi.

VI. Két luan.
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2. PHUONG PHAP NGHIEN CUU

2.1 Hudng nghién ctu

Dua trén cac di liéu buc xa thu dugc co
san dé danh gia két qua udc lugng su bién
thién clia buic xa mat troi

2.2 Kithuat thu thap dir liéu

St dung di liéu buc xa do dugc trong thuc
té tai cac tram PV khac nhau tai dé danh
gia su bién déi gitta diéu kién ly tudng va
thuc té clia buc xa mat trgi tai Dai Loan

Bang 1: Vi tri va cong suat lap dat cla cac dia
diém tram dién mat troi (PV) da lap dat tai dailoan

Vi tri tram Mat do v (R 2
N . R . Hiéu suat chuyén
dién mat Vido nang .
e e do'
trai (PV) lugng téi
PV1 23,412481 120361236 203,06
PV2 22,664814 120,499167 368,42
PV3 23,179864 120,337342 251,685
PV4 24,026727 120,410892 177,735
PV5 23,743341 120,554517 580
PV6 23,613408 120,288616 493,92
pV7 23,541335 120,223774 387
PV8 23,649720 120,295902 182,16
3. PHANTICH

3.1 Phuong trinh diéu chinh
(*) Cac chi s6 thudng dung khi du bdo
buic xa mat trai 112134

-y

Do trong
Ga bau trai LI79  -0,0019x(90" |
P cs1=1159,2xcos(z)"” xe ™
N/ 2 2
Chi 56 bién E (GHI, - GHI,_,)" + At;
thien (V) =)
>\cst,~cst,. )+
o
. wvr = AGHL
Chi s6 bién
thién ty
nhién (NVI) . ~ Lg [AGH‘L_AG—.)Z
AGHI ~ \m-1,2 !
piémbién  VSuue =100xmax[RR xP(RR,|>RR,)]
hién (VS
et VSW=min[ ||RR:+[P[ERRM|)RR')-]}]
Trong do:

GHI :Chi s6 buic xa ngang toan cau
Oarr : Biéu thi d6 léch chuan clia thay déi
buic xa mat troi do dugc trong moét
khoéng thai gian cu thé.
M  :sélan do buc xa.
G :Gid tri trung binh ctia buc xa do dugc
AG :Gidtritrung binh cla cac budc thay
déi buic xa
VSrraist : Diém bién thién gilta d6 déc ban
dau va dudng cong xac suat.
VSear : Di€ém bién thién ctia ham phan phéi
tich Gy
RRy: D6 déc ban dau
RRAt : Do décty lé
P (| RRa:[> RRo]) : Nghich ddo cia ham phan
phai tich Idy.
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3.2 Phuong phap s6
St dung phan mém mo phong, phan phém
Iap trinh MATLAB.

3.3 Kétqua

Bang 2: Gia tri cac chi s6 bién thién trong
moét ngay quang dang va trong moét ngay
c6 nhiéu thay d6i vé buc xa mat trdi

o PR RV Nga Bcrr 1R
Cac chi so bién 9 y~ Ngay c6 nhiéu
thién quang dang thay déi
(09/11/2019) v
Buic xa mat trai 174,35W/m? 237,47W/m?*
D6 léch chuan ctia bic
xa thay d6i trong thai 8,19 W/m? 147,01W/m?
gian 5 phut
Chiso baL_I troi quang 0,84 113
dang
\ 1,03 9,42
NVI 0,03 0,22
VScdf 0,02 0,08
VSdict 6,13 48,01
o E g Joss — !
—— Measussl brradismcs ——— Messaced liradeen
- — i Sy M
-
i -
£ - {
00
» "
Jon L] L 280 AL
Tiawe of Day Tieme af Dby
b ten
158 148 |
E L] = 1en
& &
- = 1
L L
-2 . -" 80 3% & M8 S

Changes in Irradiance (W/m2) Changes in Irradiance (W/m2)
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Hinh 1: Biéu d6 so sanh cac chi s6 bién
thién

Hinh 2: Biéu d6 tuang quan gilia cac chi

s6 bién thién

(Dua trén dii liéu c6 sén tu thuc t& dé danh
gia két qua udc lugng sy bién thién cuta

buc xa mat trai).
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4. KET LUAN

Nghién ctru c6 thé st dung dé nghién cdu
hoc tap trong linh vuc du bao su bién thién
clia buc xa mat trdi, nang lugng tai tao va
du bdo céng suat phat ctia nha may nang
lugng mat troi.
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ABSTRACT

This paper proposes a calculation method to estimate surge impedance of blade and tower

of the wind turbine through computing the equivalent capacitance. The blade and tower

capacitance are determined by simulating the electric field energy on the wind turbine.
This work is implemented in the module AC/DC in COMSOL Multiphysics software, which
is based on the Finite Element Method (FEM). The calculation results using the proposed

method are compared to the Analytical method.

Keywords: protection of wind turbine, surge impedance

1. INTRODUCTION

Wind turbines are devices with high
magnitude and often set in isolated
locations, making the theme susceptible to
lightning. The higher the wind turbine, the
greater the lightning strikes rate, and the
wind turbine failures caused by lightning
each year could be as high as 36% ™. To
limit the damage caused by lightning,
the lightning protection calculation is
necessary by estimating the overvoltage
value applied to each wind turbine element.
Consequently, the blade and tower present
through an electrical quantity equivalent
to the surge impedances.
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Several ways to calculate the surge
impedance of the blade and tower. The
analytical method in ¥ was considered
an approximation the tower as a simple
cylinder while the blade as a cone. In
reference®, calculating the blade and tower
surge impedance is based on the electric
field stored by computing the capacitance
through analytical. The limitation of these
methods was not considered to the actual
structure and materials of the wind turbine.
Therefore, this paper proposes a new
calculation method to estimate the surge
impedance of the wind turbine’s blade
and tower, considering both the actual
structure and the wind turbine materials.
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2. METHODOLOGIES

2.1 Analytical Method

The tower is treated as a conductive cone,
meanwhile the blades are treated as a
conductive cylinder, as shown in Figure 1.
The blade and tower surge impedance are
given by Equations "2

VA —60.n 2 ang Z, —eomv2 e )

43 h

where Hb and rb is the height and radius
of the blade, respectively; Ht and rt is the
height and radius of the tower, respectively.

[

Fig 1. Circuit diagram of wind turbine

2.2 CIGRE Method

The blade and tower surge impedance
of the wind turbine is calculated through
the parameters of the capacitance as the
following equation ©!

H

= 2
z C.CT ( )

where k is the ratio between maximum
height and maximum width, and AT is the
surface area of the objective in m2.

0.5
with ¢, = k) 3)

0.5
) In(4k)

C;r = n‘.‘on(4ﬂ'Ar

2.3 Proposed Method
Equation (2) is used to compute the surge
impedance. However, the blade and tower
capacitances are inferred from electric
field energy stored in wind turbine, given
by:

2w

Cr=—
UZ

@

where U is a potential set on the blade and
tower (1V), W is computed in module AC/
DC of COMSOL based FEM.
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3. SIMULATION RESULTS

The structure of a wind turbine Vestas
V66-1.65MW is tested in this paper. Figure
2 shows the potential distribution of the
blade and tower. Table 1 shows the surge
impedance obtained by various methods.

1

0.9
08
0.7
0.6
0.5
0.4
0.3
02
01
0

Fig 2. Potential distribution on blade

and tower
Components ZAlalytical [Q] ZProposed [Q]
Blade 580.82 507.13
Tower 240.16 195.57

Table 1. The surge impedance of blade
and tower

The surge impedance calculated by the
FEM for blade and tower is smaller than
the Analytical method. The error of surge
impedance of blade and tower is 14.53%
and 22.8%, respectively. This difference
is because other methods the actual
structure and material of wind turbine
are not taken into account. For the blade:
shape, size, and materials of the blade are
ignored. For the tower, the other methods
have considered the tower as a cone
without considering the tower’s thickness
and material.
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4. CONCLUSIONS

This paper has proposed a method for
computing the surge impedance of
blade and tower. The proposed method
provides a better the surge impedance
estimation of the blade and tower than
Analytical method by considering the
actual structure and materials of wind
turbine. By the calculating, the surge
impedance using proposed method can
reduce about 15% for the blade and 23%
for the tower. This work can improve the
estimation of the overvoltage value set on
the blade and tower of the wind turbine.
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TIET KIEM NANG LUGNG

Pao Van Diing™
(1) Sinh vién khoa Dién - Dai hoc Cong Nghiép Ha Noi
Email: dungdao191299@gmail.com
Giang vién hudng dan: TS. Pang Hoang Anh

TOM TAT

VGi tinh hinh bién d&i khi hau ngay cang
xau di nhu hién nay, viéc bao vé méi trudng
ngay cang dugc xem trong. Bén canh cac
phuong phdp bdo vé moéi trudng nhu
khac phuc & nhiém méi trudng, st dung
cac nguodn nang lugng téi tao thi viéc tiét
kiém nang lugng, sir dung t6i uu nguén
ndng lugng cling la mét trong nhiing viéc
rat 13 dugc quan tam. Tuy nhién dé c6 thé

danh gia mot hé théng van hanh t6i uu hay
khéng can phai dua trén cac co sG thuc
tién va cac théng s6 cu thé. Ma dé c6 thé
thu dugc két qua do sé rat ton kém va mat
nhiéu thai gian Vi vay viéc ap dung cac mé
hinh m6 phong nang lugng trg thanh moét
bién phap dugc lua chon nham danh gia
d6 hiéu qua cac chién lugc van hanh trudc
khi dua vao thuc nghiém.

Tir khéa: Gidm sdt néng luong, Piéu khién tu déng,Téi uu hod, Van hanh téi uu néng luong,

Cdm bién va diéu khién, Mé hinh hod néing lugng, Mé phdng néng luong.

1.GIGI THIEU

Ngay ngay, véi su phat trién ctia xa hoi, cudc
sOng clia con ngudi ngay cang tién nghiva
hién dai. Kéo theo su phat trién d6, nhu cau
st dung nang lugng ngay cang dugc tang
cao, dac biét la nhu cadu vé ngudn nang
lugng dién. Chinh viéc nay da gop phan
khoéng nhé vao su thay d8i khi hau va néng
[én toan cau, lam can kiét cac nguén tai
nguyén thién nhién. Theo théng ké, téng
nang lugng tiéu thu cho cac céng trinh xay
dung chiém tir 40%-70% nang lugng cung
cap cho d6 thi. Va theo théng ké vé co cau
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st dung nang lugng cho cac loai hinh toa
nha, tiéu thu Ién nhat chinh 1a hé théng diéu
hoa khong khi vai khoang 40%, tiép theo la
chiéu sang chiém khodng 30% téng lugng
tiéu thu. Chinh vi vay viéc thuc hién tot vé
ti€t kiém nang lugng va st dung hiéu qua
cac nguén nang lugng sé gidp giam tiéu thu
nang lugng, han ché cac tac dong xau dén
mai trudng cling nhu gidam lugng phat thai
nha kinh. M6t trong nhing gidi phap tiét
kiém nang lugng dé chinh la st dung céc
phuong phap diéu khién théng minh.
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Mot hé théng van hanh thong minh va
t6i uu can phai dam bao do tién nghi cho
ngudi st dung trong khi van phai dam béo
viéc sir dung tiét kiém nang lugng. Tuy
nhién véi cac chién lugc dua ra, ta khong
thé& thr nghiém tung céi vé6i hé théng thuc
vi nhu vay sé ton rat nhiéu chi phi va thai
gian. Vi vay viéc dua cac chién lugc trén
thong qua mét mo hinh mé phong sé gitp
ta c6 két qua gan sat vai thuc té nhat. Dua
trén cac két qua thu dugc sé ap dung véi
cac hé théng thuc.

Vi vdy nhom nghién ctiu dua ra cac muc
tiéu cho dé tai bao gom:

. Xay dung hé théng giam sat diéu khién
ty dong hoa toa nha

«  Xay dung mé hinh nang lugng va trién
khai mé phdng nang lugng

- Dua ra chién lugc van hanh t6i uu hoa
nang lugng cho toa nha

2. PHUONG PHAP

2.1 Hé théng gidm sat, diéu khién tu dong
hod toa nha

Viéc xay dung hé théng diéu khién tu dong
hoa toa nha nham muc dich giup cho hé
théng sé van hanh dung theo nhu nhing
gi ma chién lugc van hanh dé ra. Hé théng
sé duoc xay dung dua trén cac phan cing
va phan mém nhu ma nguén ma. Trong
dé, cac thiét bi chdp hanh Iénh va gidm sat

-y

dugc xay dung dua trén Iap trinh nhing
nhu la Arduino. Cac phan mém ma nguén
m& nhu la Openhab, MQTT, InfluxDB,... cé
vai trd nhu la b nao giup diéu khién giam
sat cac thiét bi ciing nhu dong vai tro thanh
mot hé thu thap di liéu.

Hinh 1: So d6 nguyén ly hé th6ng diéu

khién tu ddng hoa toa nha

Xét vé téng quan, hé théng sé bao gém 3
thanh phan chinh la cac thiét bi gidm sat
nang lugng va cdm bién, cac thiét bi diéu
khién va bo diéu khién trung tam. Cac thiét
bi giam sat, cdm bién va diéu khién sé duoc
két néi va van hanh théng qua bo diéu
khién trung tam théng qua cac chuén giao
ti€p M2M (hinh 1).

2.2 M6 hinh hod nang lugng va mé phéng
nang lugng

DaGi vai viéc xay dung mé hinh nang lugng,
mo hinh xay dung can phai c6 dap tng du
céc théng s6 dé phuc vu cho viéc tinh toan
mo phong, khéng chi bao gom cac tham
s6 nhu két cau, vat liéu ma con cd cac mod
hinh hé théng diéu khién tu ddng cling can
thiét phai dua vao trong mé hinh. Sau dé
mo hinh can dugc mé hinh toan hoc hoa
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ﬁ

dé thuc hién viéc tinh toan. Vi vay cac phan
mém moé phong (EnergyPlus,...) dugc st
dung trong viéc xay dung mé hinh va tinh
todn mo phong.

Open or Proprietany
Manutacturer
Modeds

el ———

EnergyPlus SOEP

Hinh 2: Xay dung mo6 hinh mo phéng
nang lugng

2.3 T6i uu hoa chién lugc van hanh tu déng
Tu mé hinh nang lugng da xay dung dugc,
ta c6 thé dua vao cac chién lugc van hanh
da dé ra dé co thé thuc hién tinh todn mo
phéng. Sau dé dua trén cac tiéu chi da dat ra
ban dau ( tién nghi, ti€t kiém nang luong,...)
va két qua nhan dugc sau khi thuc hién tinh
todn mo phéng cho khoang thai gian dai(
1 thang, 1 nam,...) ta ti€p tuc t6i uu lai va
thuc hién viéc mé phéng, tir d6 c6 thé danh
gia dugc chién lugc nao téi uu nhat dé dua
vao ap dung thuc nghiém véi hé théng ty
dong hod da xay dung dugc. Muc dich cuéi
cung la huéng dén dua ra dugc chién lugc
van hanh t6i uu cho hé théng.
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Hinh 4: Mét s6 co s& d liéu thu thap duoc

Du kién tiép theo tac giad sé bat tay vao
xay dung lén cdc mo hinh nang lugng va
c6 thé dua vao cac chién lugc van hanh dé
thuc hién tién hanh mo phong, tinh toan.
Két qua cudi cing dugc hudng dén sé la
mot hé thédng van hanh thong minh theo
cac chién lugc t6i uu hoa. Cac két qua thu
dugc sé tiép tuc dugc dua ra vao cac cong
b8 khoa hoc sau.
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3. KET LUAN

Hé théng diéu khién tu dong khéng phai
la y tudng mdi la v6i moi ngudi. Tuy nhién
viéc dua vao cac chién lugc van hanh téi
uu hoa thi lai chua dugc quan tam réng rai.
Vi vay viéc dua vao cac gidi phap téng thé
la diéu can thiét va dé phat huy dugc hiéu
qua moét cach téi da kha nang clia hé théng.
bay sé la mot trong cac gidi phap gitp cho
toa nha dat dugc muc Zero Net Energy khi
két hgp vai cac hé théng st dung nguén
nang lugng tai tao.

NHOM SINH VIEN THUC HIEN

Pao Van Diing Sinh nam 1999, sinh vién
K12, khoa bién, chuyén nghanh Tu Béng
Hod, Trudng Dai hoc Céng Nghiép ha Néi.
Huéng nghién cdu hién tai la 1ap trinh
nhidng va IOT.

GIANG VIEN HUGNG DAN

TS. Dang Hoang Anh T6t nghiép Tién sy
nganh Ky Thuat Bién (2013) tai Trudng Dai
hoc Grenoble, CH Phap. Linh vuc nghién
ctu chinh hién nay xoay quanh cac van
dé vé Hiéu qua nang lugng trong toa nha
thong minh, tich hgp ndng lugng tai tao
hudéng t6i Zero Energy Building. Cac nghién
cttu chti yéu gan day tap trung lam cha hé
théng IOT cho toa nha va M6 phdéng néng
lugng. Cac nghién cdu tiép theo trong
tuang lai gan dinh hudng vao cac van dé
t6i uu nang lugng, tién nghi chi phi cho hé
théng thuc va cac ing dung Al lién quan.
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15 DE XUAT NGHIEN C’U KHOA HOC XUAT SAC NHAT

STT Authors and paper title

1 Lé Viét Thinh, Monitoring health state of photovoltaic module through

series resistance analysis

2 Nguyén Xuan Khai, Nguyén Tuan An, Lé Van Hiéu, Nguyén Kién Trung,
Hé théng sac tu dong hiéu suat cao cho 6 té dién

3 Nguyén Minh Tién, Tran Anh Diing, Ta Hitu Quang Duy, Vé Duy Thanh,
M6 phdng thai gian thuc cho 6 t6 dién st dung phuong phap bi€u dién vi
mo nang lugng

4 Vi Xuan Son Hiru, Assessment of solar irradiance forecasting utilizing
attention-based bidirectional long short-term memory model via mean
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5 Nguyén S§ Quan, Impact of smart grid on renewable energy: a simulation
approach
6 Pinh Quang Minh, Vii Hong Tién, Gidi phap thu hoach ning lugng tu

song vién théng

7 Nguyén Thanh Hung, Tran Minh Ngoc, L& Quang Huy, Gidi phap thu
hoach nang lugng tr hiéu ing ma sat dién ing dung cho giay théng minh

8 Pham Van DPéng, Pham Trong Hiing, Nguyén Thanh Nam, Calculating
the surge impedance of wind turbine
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STT Authors and paper title

9 Lé Hai Triéu, Trinh Tuan T4, Vi Xuan Son Hitu, Short-term load

forecasting using long short-term memory network

10 Nguyén Trung Tuyén, Nguyén Thé Anh, Vii Quang Hai, Ty dong
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11 Nguyén Thi Dung, D6 Van Pat, Nguyén Thi Hang, Ngé Linh Trang,
Xay dung céng cu xac dinh hiéu qua dau tu clia cac du &n dién mat troi
mai nha tai Viét Nam

12 Trinh Tuan T4, Duong Tuan Anh, Hoang Thi Huong Giang, Nguyén
Thay Nga, Pham Viét Hoang, Optimal sizing for battery energy
storage in isolated power systems

13 Nguyén Thi Bich Ngoc va Hoang Trung Kién, Wind farm layout
optimization considering wake effect
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15 D6 Thi Ngoc Diém, Ngé Thi Trang, Pé Thi Nguyét, Hoang Viét
Phuong, Nghién ctiu dé xuat phuang phéap dung nhiét lugng U ti

ham rac dé san xuat dién
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Ong Nguyén Buc Huy phat biéu tai su kién
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MOT SO HINH ANH NGI BAT

Ong Sven Ernedal trd chuyén cling cac sinh vién
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MOT SO HINH ANH NGI BAT
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Nguyé&n Manh Cuémng
Vign Nang Lwrgng
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Cac dién gia tai su kién
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MOT SO HINH ANH NGI BAT
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Cac sinh vién trinh bay Dé xuat nghién ctu tai Dién dan

Cac sinh vién trinh bay Dé xuat nghién ctu tai Dién dan
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MOT SO HINH ANH NGI BAT

Anh dién gia va 15 nhdm c6 bai trinh bay xuét séc nhat
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Cac sinh vién 1ang nghe phat biéu cta dién gia

Dién gia giao luu cung sinh vién
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Sinh vién dang ky théng tin trudc su kién
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MOT SO HINH ANH NGI BAT
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Ki niém chuong va qua tdng cho cac bai trinh bay xuat sac nhat

Cac sinh vién trinh bay Dé xuat nghién ctiu tai Dién dan
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