Nghién ctru phén tich kha ning phat trién nha may thiy dién song dé thay thé diesel tai dao
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Tém tit: Pao An Binh (Ly Son) dwoc cip dién 24/24 tir hé hybrid gom cdc tim ning luong
mat troi (PV) + pin + diesel. San lwong dién swr dung diesel chiém t6i 2/3 t&ng san lwgng dién
phat ra (2023) va phat thai gan 200 tan COz/nam. Pé c6 thé thay thé diesel bang h¢ PV + pin
can phai b6 sung quy dit dé phat trién cac tim PV va dau tw b6 sung pin trong béi canh gia
pin con cao va quy dat han hep. Trong khi dé, ddo An Binh thugc vung c6 tlem nang nang
lwong song tot nhit Viét Nam va thudc nhém cao trén thé giéi. Bai bao phat trién cong nghé
OWC sir dung trong du 4n ning lwong séng thanh cdng nhat trén thé giéi va dé xuit nha
may thily dién séng. Két qua phan tich so sanh véi hé tham chiéu PV + pin cho thiy viéc trién
khai nha may thiy dién séng 1a huéng di trién vong cho 1§ trinh thay thé diesel tai diao An
Binh.

Tir khéa: cong ngh¢ OWC, nha mdy thiiy di¢n séng, dio An Binh, h¢ hybrid pin + PV, thay thé
diesel.

Chi 56 phén loai: 3.4.1

A Study on the Feasibility of Developing a Wave Hydro Power Plant to Replace Diesel on
An Binh Island, Ly Son

Abstract

An Binh Island (Ly Son district) currently receives 24/7 electricity supply from a hybrid
system comprising photovoltaic (PV) panels, batteries, and diesel generators. However, diesel
still accounts for up to two-thirds of the island’s total electricity generation in 2023, resulting
in nearly 200 tons of CO: emissions annually. Replacing diesel with a PV + battery system
would require additional land for PV deployment and substantial investment in battery
storage—challenges that are compounded by limited land availability and high battery costs.
Meanwhile, An Binh Island is located in one of the regions with the highest wave energy
potential in Vietnam and ranks among the top globally. This paper focuses on the
development of Oscillating Water Column (OWC) technology based on the world’s most
successful wave energy project, and proposes a wave power plant for the island. Comparative
analysis with the PV + battery reference system indicates that deploying a wave power plant
offers a promising pathway for replacing diesel and decarbonizing An Binh Island’s energy
system.
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1. it véan dé

X3 dao An Binh c6 dién tich 0,69 km? vé&i gﬁn 100 hd dan, thugc vung dac bi¢t kho khan Theo
Quyét dinh s6 353/QD-TTg ngdy 15/3/2022 cta Thi tuéng Chinh phu vé Phé duyét danh sach
huyén nghéo, xi dic biét kho khin ving bai ngang, ven bién va hai dao giai doan 2021-2025. Pao
khoéng c6 nudce ngot va khong duge ndi voi ludi dién qudc gia. Hé hybrid gdm cac tim quang ning
PV, pin va diesel chi dép tmg nhu ciu co ban cua cu dan dao. Ngoai viéc phat thai hang trim tin
CO: do phat dién diesel trong khi dao duoc quy hoach 1a khu du lich, gi4 thanh cung cip dién wéc
cao khoang gap 4 1an gia ban dién binh quan theo quy dinh cta Chinh pht nén EVN dang phai bu
chéo véi dién str dung trong dat lién. V& nude ngot, ngoai nudc mua, dao duogc cung cap tir nha
may loc nudc RO do DOOSAN tai trg. Nha may loc nudc RO 1a phu tai dién 16n nhét, tiéu thu
dién khoang 4-5 kWh cho 1 m® nuéc san xuit nén gia thanh vuot xa gia ban nudc sinh hoat trong
d4t lién. Hang nam, ngan sach nha nudc dang cAp bu phan chénh léch giita gia thanh san xut nudc
va gia nudc quy dinh trong dat lién cho lugng nude dinh mic cia cu dan dao. Phin nudc ngot
ngoai dinh mirc, cur dan dao phai mua ngoai, nhidu khi véi gia gap hang chyc 1an gia ban nudc sinh
hoat trong dét lién.

Trong khi d6 An Binh c6 tiém ning phat trién ning luong tai tao tir gi6, mat trdi va song. Tiém
nang ning luong gié thudc nhom trung binh véi tée do gio trung binh cac thang dao dong tir 2,7
dén 6,4 m/s. Tuy nhién dao thuéc nhém cé bdo manh, trung binh mot nam c6 tir 0,7 — 1 con bio
vé6i gid giat trong bio c6 thé dat cap 15 — 16 theo cap gié Beaufort [1] nén viéc phat trién dién gio
c6 nhiing han ché nhét dinh. Buic xa trung binh ctia An Binh 1a 4,7 kWh/ngay/m? véi s6 gid nang
khoang 2430 gid, thudc nhom trung binh trong ca nude, c6 tiém ning kha tot dé phat trién [2]. Ly
Son thudc ving bién tir Pa Niang dén Ninh Thuan véi tiém ning ning luong song tot nhat Viét
Nam, véi ning luong séng 16n nhat khoang 50-60 kW véi gié mua dong bic va khoang 25 kW véi
gi6 mua tady nam [3,10].

Trong bdi canh dao An Binh duge quy hoach 1a khu vuc du lich dich vy, yéu cau giam thiéu san
luong dién phat tir diesel 1a can thiét, ngudn dat cho phat trién ning lugng mat troi han ché, trong
khi da0 An Binh 1a mot trong cac vung c6 tiém ning ning luong song tot nhat Viét Nam, bai bao
d¢ xudt mo hinh ning luong séng dé phat dién thay thé cho diesel, giam gia thanh cung cap dién
va bd sung ngudn cap nude cho nha may loc nuée RO.

2. Tong quan vé cong nghé ning luwong séng

Nang lugng song c6 tinh 6n dinh, d& du bao voi mat do ning luong theo m? trung binh 2 — 3 kW,
gap 10 1an so véi dién mit troi. Thém vao d6, nang lugng song c6 chu ky ngén, khoang vai gidy
nén nhu céu tich trir ciia ning luong song khong dang ké so v6i nang lugng mit troi hay gié. Van
dé 1a cong nghé dién séng dang & giai doan dau phat trién. Tir nim 2000, d4u tu toan cau ca trong
khu vyre cong va tu 1én dén hang ty USD hang nam cho nghién ctru phat trién dién mat troi. Sau 10
nam (ndm 2010) budc ngoat dot pha phat trién dén vai dién mat troi voi muc chi phi san xuat dién
binh quan (LCOE) giam manh, dén nim 2023 giam hon 85 - 90% so v6i ndam 2000 (con khoang
0,04 — 0,06 USD/kWh). Tinh theo san luong dién c6 thé phat ra thi gia thanh dién mit troi da thap
hon nhiét dién than/khi & nhiéu khu vuc dan dén sy bung nd cong suat dién mat troi trén toan ciu
tang voi téng cong suit trén 1200 GW, gﬁn 1000 14n so v&i nam 2000. V&i su gia tang dién mat
troi trong co cau phat dién, diém yéu cua dién mat troi cling bét dau duoc nhan dang. Do tinh khong
lién tyc cua dién mat troi, cac ngudn dién xanh khac phai bo sung va/hodc phai lap pin tich trir di



kém. Khi tinh dén yéu to nay thi gié thanh thuc sy ctia di¢n mat troi1 khong con thép nira, dac biét
v6i diéu kién bién dao khi gia pin tich trit vin dang & mc rit cao.

C6 nhiéu nguyén nhan cho thanh tyu twong dbi khiém ton ctia nang lugng séng so véi nang luong
mit troi. Thir nhét 1a ddu tu cho ning luong song kha nhd, cu thé 1a dau tu cho nghién ctru phat
trién cong nghé séng nam 2023 trén toan cau khong bang dau tu cho dién mit troi nhitng nim
2000[12]. Thu hai, cac thanh tyu vugt bac cua dién mat troi cling 1a rao can cho dau tu va cong
nghé soéng. Thir ba, cudng qudc di dau trong dau tu nghién ctru va phat trién dién mat troi 1 Trung
Quéc lai khong phai 1a qudc gia co tiém ning ning luong song tot. Thiéu dau tu cho nghién ctu
phat trién duogc coi 1a nguyén nhan chinh din dén gia thanh cong nghé séng dién con kha cao, dao
dong tir 0,18 — 1 USD/kWh.

Hién nay cac cong nghé chuyén ddi dién song chinh dang duoc nghién ctru phat trién va hoan thién
gom:
- OWC (Oscillating Water Column): sir dung dao dong mat nudc dé tao ludng khong khi
chuyén dong lam quay tua-bin.

- Point absorber: thiét bi phao thu ning luong dao dong.
- Attenuator: hé thiét bi dang dng doc theo huéng song.

Trong d6 khai thac ning lugng song véi cong nghé OWC dugc nghién clru phat trién nhicu nhét
trong cac cong nghé soéng. Cong nghé OWC 1a cong nghé chuyén doi ning lugng song bién thanh
dién niang thong qua chuyén dong 1én xudng ctia mot cot nudc trong budng kin. Khi séng bién di
vao budng chira mot phan khong khi va mot phan nude, muc nude trong budng dang day khong
khi phia trén qua turbine ra ngoai. Khi séong rat, muc nudc trong bué)ng ha, tao luc hut kéo khong
khi bén ngoai qua turbine vao budng. Turbine sir dung trong cong nghé OWC 1a loai turbine dic
biét ludn quay theo mot chidu nhat dinh du dong khi qua turbine dao chiéu. Cong nghé OWC cho
phép tach roi phan chuyén dong (turbine) khoi méi trudng bién va turbine gié (chit luu 1a khong
khi) dugc st dung dé phat dién nén tdc dong moi truong giam thiéu, tudi tho cua thiét bi tang va
chi phi bao dudng van hanh giam. Bén canh ap dung cong nghé OWC dé phat dién, bom nudc st
dung nguyén Iy OWC ciing d3 duoc nghién ciru phat trién. Trong bom song OWC néi tiép, budng
OWC thtr hai dugc bd sung, nbi véi buong OWC thir nhét tai khe khong khi phia trén. Hai budng
OWC duoc thiét ké phu hop dé dao dong & cot nudce tai budng OWC thir hai dugc khuéch dai so
v6i dao dong & cot nude 6 budng OWC thir nhat, dam bao dwa nude 1én cao.

Hién nay trén thé gidi, duy nhat c6 du an dién song Mutriku stir dung cong nghé OWC 1a phat dién
thuong mai 6n dinh. Piém khac biét ctia cong nghé dy an so vdi cac cong nghé song dang duoc
nghién ctru phét trién hién nay 1a khong c6 bo phan co khi van hanh trong nuéc bién. Dy 4n gdom
16 budng khong khi bang bé tong, tich hop v&i dé chin song va 16 turbine Wells ¢6 tong cong suat
296 kW. Du 4n c6 tong mirc dau tu 1a 6,4 triéu USD trong d6 phan xdy dung 1a 4,4 triéu USD va
phén dién 1a 2 triéu USD. Dy an dugc dua vao van hanh thang 7/2011 va phat dién thuong mai on
dinh véi san luong dién binh quén tong cong dén hét nam 2023 trén 3 GWh, tuong tmg binh quéan
nam khoang 300 MWh bang khoang ¥ so véi thiét ké) [5].

3. Hién trang cip dién tai ddo An Binh (Ly Son)

Nim 2017, EVNCPC dau tu hé thong dién mit troi + dc quy véi tong mirc du tu 14 10,8 ty VND
[6], gdm 300 tdm quang ning (PV) véi cong suat 96 kWp, 5 bo Inverter ndi ludi 100 kW, 192 dc



quy voi tong dung luong 9600 Ah tai 48 VDC va 12 bo Inverter dc quy tong cong suit 72 kW. Bo
dc quy véi dung luong tong cong 460 kWh, chi dii cung cdp phu tai dém cho cac ngay trong thang
9 dén thang 3 nam sau va mot phan phu tai dém cho cac thang con lai. Vi vay, 4 to may diesel cong
suat tong 720 kVA duogc lip dit dé hd tro thém vao budi dém tir thang 4 dén thang 8 va cho nhing
ngay khong c6 ning. Dién thuong phim udc dat 300 MWh nam 2023 véi nhu cau dién cuc dai vao
thang 5 (75 kW). Phu tai 16n nhat 1a nha may loc nude RO nhu cau cong suat cyc dai 20 kW. Do
diéu kién thyc té thoi tiét khic nghiét tai bién déo, tai An Binh da c6 17 tAm quang nang bi hong
do bio, % Inverter da hong can phai thay thé, va san luong thyc té khai thac khong dat thiét ké
(nam 2023 phat duoc 66 MWh, twong tmg 40% san luong thiét ké). Két qua 1a dién san xuat tir
diesel nam 2023 13 248 MWh (chiém 79% co c4u san xut dién) [7,9] voi lugng CO2 phat vao khi
quyén tuong tmg khoang 200 tin CO».

4. Phuong phap nghién ctru

Nghién ciru ndy ap dung phuong phép phan tich dinh lugng gia thanh san xuat dién tham chiéu va
phan tich k¥ thut cong nghé dién song tét nhat, dé xudt cac giai phap hoan thién cong nghé dé
giam gia thanh va so sanh vé6i gia thanh san xuét dién tham chiéu dé phan tich kha ning phat trién
cong nghé ning luong song tai An Binh. Cuy thé nhu sau:

bl. Xac dinh gi4 san xuat dién tham chiéu tai An Binh khi hé hybrid PV + pin dam bao thay thé
diesel (diesel chi str dung dé dy phong)[11]:

Dé dam bao hé PV + pin c6 thé thay thé diesel, dung luong pin S phai dam bao cung cap dién cho
1 ngay phu tai dién hinh cta thang 16n nhat:

24
S = ‘max ZDLJ
i=1+12 ’

j=1

trong d6: D; 14 nhu cau cong sut gio j ngay dién hinh thang i.

Cong suat PV ciia hé PV duoc xac dinh trén nguyén tic dam bao tich trir san lugng dién du thira
ban ngay du cung cap cho phu tai khi khong c6 ning.

24
PV = min ZP--—D--
i=1+12 b T

j=1

trong do: Pij va Dij 1a cong suat phat ciia hé PV va nhu cau cong
sudt gio j cua ngdy dién hinh thang i va X3, P, ; — D;; > 0 voi Vi =1+ 12

Chi phi dién quy dan (LCOE) ctia hé hybrid dugc tinh theo cong thirc sau day:

n I+ O+ Ry
=1 (1 +nr)t
n __Et
=11 +7r)t
Trong d6: n: sb nam tinh toan; I, Oy, R¢: twong tmg 14 chi phi dau tu, chi phi bao dudng va van
hanh va chi phi thay thé nam t, E¢: dién ning san xuat nam t, r: h¢ s6 chiét khau.

LCOE =

b2. Dé xuét cong nghé dién song trén co s& phat trién cong nghé OWC cua Mutriku. Udc so bo gia
LCOE cua cong nghé dé xuit.



5. Két qua va thao luan
5.1 Tinh toan LCOE cua hé théng dién tham chiéu

- Gia thiét tinh toan: Birc xa Ly Son duoc ldy tir trang web PVGIS theo gid cta 17 nim quéa kht
(tir 2006 dén 2023).
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Hinh 1: Phy tai An Binh ngay dién hinh mua

R Hinh 2: Cong sudt phat di€n mat troi An
kho6 va mua mua

Binh ngay dién hinh 12 thang

Birc xa ngay dién hinh ciia thang duoc tinh tir s6 liéu trung binh cua 17 nim. Gia Pin 1 400
USD/kWh. Suat dau tu hé PV + Inverter 1a 700 USD/kW. Chi phi O&M cho hé PV + pin 1a 15
US$/kW.nam. PV c6 tudi tho 25 nam va pin 14 12 nam (gia thiét pin duoc nap/xa 1 lan/ngay dém).
Hé s6 chiét khau 7%.

- Két qua tinh toan

Gia thanh san xuat dién quy dan (LCOE) ciia hé hybrid hién tai tai dao An Binh 12 0,47 USD/kWh
(trong duong 12.338 VNB/kWh), cao hon gia dién san xuat tir diesel do CAPEX cuia pin 16n (750
USD/kWh) trong khi dung lwong pin lip dit 1a 460 kWh qué 16n so v6i cong suat dién mit troi du
thira nhung lai khong du dé cung cip cho phu tai 1 ngay khong c6 nang.

Véi phuong an thay thé diesel bang hé PV + pin, dung luong pin tich trit dam bao cung céap cho 1
ngay phu tai 16n nhét trong nam 1a 1242 kWh, cao gép 2,7 lan dung luong dy trit hién tai. Mic du
thang 8 san lugng dién mit troi kha cao nhung do nhu cau phy tai cao nén san lugng dién dur thira
1 it nhat. Dé dam bao san luong dién du trir ngay thang 8 dap ung du nhu cdu ngay/dém thi cong
suat PV can thiét lap dat 12 296,64 kWp (twong tng 927 tam PV cong suat 320 W, gip 3,1 1an hién
tai). Do gia CAPEX hién tai ctia pin thip hon nhiéu so v6i thoi diém 2017 nén mic du dung luong
pin ting gip 2,7 lan nhung gia dién LCOE chi con 0,24 USD/kWh, t6t hon phuong 4n hién tai.
Van dé 1am cho phuong 4n kém vé tinh kha thi 14 nhu cau quy dét b6 sung gép khoang 2 1an hién
tai, trong khi quy hoach duoc phé duyét cia An Binh khong c6 danh quy dét cho hang muc nay.

Cong ngh¢ dién song Mutriku da chirng minh tinh kha thi nhung gi4 thanh cia dy &n Mutriku uée
1a 2.13 USD/kWh cao hon rat nhiéu. C6 thé thdy, néu khong c6 sy cai tién cong nghé OWC cua
Mutriku thi viéc khai thac ning lugng séng kiéu Mutriku tai An Binh 1 khong hiéu qua.

5.2 P& xuat cong nghé song phat trién tai An Binh:
a. Phan tich kha ning phat trién cong nghé OWC tai Mutriku dé giam gia thanh:



Hiéu suét thuc té cua Mutriku chi dat khoang 12%, thép bé‘mg Y5 50 v6i thiét ké [8], m& ra co
hoi nghién ciru hoan thién cong nghé OWC. Ly do hiéu suat thip 1a do dic tinh ctia ludng khong
khi qua turbine do song tao ra. Song bién dwoc md phong dang do thi hinh sin ¢6 chu ky ngin
khoang vai gidy véi 1 pha song t&i va 1 pha song rit. Ludng khong khi tao ra do séng ciing c¢6 dang
hinh sin, d6i chiéu mot 1an trong mdi chu ky gitta pha song t6i va pha song rat va vi thé toc do gio
rat thap tai giai doan du va cudi cia ca pha song téi va song rit. Trong khi do, turbine gid c6 dic
tinh chi lam vi¢c trong mién van tdc gi6 xac dinh, cu thé 13 turbine gi6 s€ ty dong cit khi van tdc
gi6 qua turbine thap hon gia tri cuc tiéu cho phép (thuong 13 3 m/s) va cao hon gia tri cuc dai cho
phép (thuong la 20m/s). Vi vay st dung turbine gi6é voi cong nghé OWC khong khai thac dugc
ning lugng song tai giai doan dau va cudi ciia ca pha song tdi va pha song rat. Thém vao do6, hiéu
suét turbine gié bi gi6i han boi gia tri 59,3% theo dinh ludt Betz. Vi vay hiéu suit chuyén d6i song
dién cta cong nghé OWC truyén thong twong dbi thap, khong qua 30%. Han ché vé hiéu suat khi
st dung turbine gi6 v6i cong nghé OWC c6 thé duogc giai quyét néu st dung turbine thuy dién dé
chuyén doi nang luong séng sang dién. Turbine thily dién c6 kha niang phat & moi mic cong suat
khong vuot cong suat dinh muic nén dam bao khai thac ning luong song co chiéu cao song thap tai
dau va cudi cua cac pha séng rit va song téi. Quan trong hon, turbine thiy dién c6 hi¢u suét cao,
thong thuong tir 75 + 95%. Vi vy néu khai thac dao dong cot nudc OWC dé dua nude 1én bé tich
10i phat dién bang turbine thuy dién thi hiéu suét ctia cong nghé chuyén doi song dién co thé ting
1én 5 - 6 1an va gia thanh san xuét dién c6 thé giam chi con 0,3 USD/kWh. Ngoai ra, nudc tir bé
tich nuéc co thé sir dung nhur nuée dau vao cho nha may loc nude RO vao nhiing thoi diém tridu
xudng, gitp giam gia thanh san xuat nudc tai déo.

Chi phi phan dién cta Mutriku twong tng khoang 6700 €/kW, cao hon suit dau tu phan thiét
bi ctia turbine gié thong thuong hién tai gan 8 lan. C6 02 1y do dan toi suat dau tur thiét bi cao tai
Mutriku. Thir nhat 13 Mutriku duge dau tu xay dung nam 2010 va cong nghé turbine gio tién bo
vugt bac trong thdp ky qua. Thur hai turbine gié st dung trong cong nghé OWC 1a loai dac biét,
truc turbine chi quay theo 1 chiéu nhat dinh, khéng phu thudc vao chiéu ludng gid va phai duoc
ché tao tir vat liéu chiu duoc an mon. Thuc té 14 sau 11 nim van hanh, du kién toan bd hé turbine
+ may phat phai thay thé véi chi phi u6c tinh 1én téi 3,2 triu €. Vat liéu tong hop c6 gia thanh thap
va kha nang chiu dn mon tot nén néu c6 thé sir dung vat liéu tong hop dé ché tao turbine thi s& giam
dang ké chi phi dau tu phan dién yéu cau. Trong cac cong nghé turbine, turbine khong canh (turbine
Tesla) 1a loai turbine quay do lyc ma sat nhét gitra 16p nude va mat dia va lyc nay nho hon dang
ké so véi luc dap ctia dong nudc véi turbine c6 canh truyén théng nhu Cross-flow, Caplan... Vi
vay turbine khong canh c6 thé duge ché tao tir vat lidu tong hop. Cac nghién ciru gan day cho thiy
do ton thét tai duong nudc vao va ra nén turbine Tesla c6 hiéu suét thép hon turbine Cross-flow
nhung gia thanh thap hoan toan co thé bu diap duogc yéu t kém vé hiéu suét, didu nay dic biét dang
ké véi diéu kién van hanh chiu dn mon. Cai tién dudong nudce vao/ra ciing 1a giai phap tiém ning
tang hiéu suat cua turbine Tesla.

b. Pé xuat md hinh nha may thuy dién séng dé khai thac nang lugng song tai An Binh
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Hinh 1. Nha may thuy dién song v6i pha song rat  Hinh 2. Nha mday thuy dién séong voi pha song t6i

Nha may thuy dién séng co cic cdu phan hoan toan tring hop voi nha may thay dién tich ning
thong thudng. Khac biét duy nhit 1a bom st dung dién trong nha may thay dién tich ning duoc
thay thé bang bom séng OWC ndi tiép. Véi viéc sir dung bom séng OWC ndi tiép, ning lugng
song & moi do cao song déu duoc chuyén thanh thé ning ciia nudc tai hd tich nude. Thé ning cia
hd tich nudc duoc chuyén thanh dién ning nho turbine thay dién + may phat dién. Hiéu suit cia
qua trinh chuyén d6i song dién udc dat khoang 75-85%. Turbine Tesla dugc st dung dé c6 thé ché
tao tir soi téng hop va noi dia hoa bﬁng may in 3D. Gié thanh ché tao turbine dy kién s& giam 75%.
Véi cac cai tién nay, gia thanh san xuat dién cua nha may dién thuy dién song s& twong duong véi
hé PV + pin v6i phuong an gia pin 1a 400 USD/kWh.

5.3 Trién khai thir nghiém:

Dé xuit trién khai m6 hinh thir nghiém nha may thiy dién séng cong suat 120 kW, dién tich bién
chiém dung <100 m?, chi phi dau tu khoang 700.000 USD.

6. Két luin

Nha may thuy dién song ¢ hiéu suat chuyén doi song dién cao, c6 thé ché tao tir vat liéu chiu min
gi4 thanh thip nhu bé tong va soi tong hop va nhu cau sir dung dat khong dang ké. Véi cac uu thé
nay, nha may thily dién song 1a lya chon tiém ning dé thay thé diesel tai cac dao khong nbi ludi
dién quéc gia nhu An Binh. Tuy nhién, dé hién thyc hoa, can san xut thir nghiém dé hoan thién,
ddng thoi ¢ chinh sach hd trg nhu di timg ap dung véi dién mat troi.
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