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Tém tit

Trong nhitng ndam gan ddy, tua-bin dién gioé noi
ngoai khoi (TPGNNK) dang dan dwoe quan tam
nhiw mét nguon nang heong tdi tao méi trong boi
canh cdc tua-bin dién gié cé dinh ngoadi khoi
(TDGCPNK) dang dan cham téi nguong giéi han
vé do sau. Nhiéu du dn dé duwoc dé xudt cung voi
sw gia tang nhanh vé sé lwong lap dat TPGNNK;
tuy nhién, khia canh kinh té van con bé ngé la mét
van dé dwoc nhiéu ngwoi quan tam. Pé dwa ra
nhitng gidi phdp kha thi nham tiét kiém chi phi,
bai bdo thuc hién so sanh phan tich chi phi cao
bang dién (LCOE, Levelized Cost of Electricity)
giita TDGCPNK va TDGNNK ngoai khoi. Nhitng
phan tich tai liéu tham khao cung voi bang phdn
chia chi phi dwge sir dung dé phan tach cac khoan
chi phi vao cdc muc khdc nhau trong méi cdp d.
Sau khi tim hiéu cdc loi thé giam chi phi cia
TPGNNK, trién vong vé LCOE dwoc phdn tich
nham dwa ra cdi nhin tong quan cho TDGNNK
trong nhitng nam tiép theo. Cudi ciing, mét sé
nhitng yéu té anh hwong t6i chi phi, vi du nhue loi
thé vé quy mé, cong sudt tua-bin, ... dwoc dé cdp
va phdn tich nham dwa ra nhing dé xudt giip
gidm thiéu chi phi cho TDGNNK trong twong lai.

Tir khoa: Tua—bin dién gi6 néi ngoai khm‘: tua-bin
dién gio co dinh ngoai khoi, chi phi cao bang dién.
Abstract

In recent years, floating offshore wind turbines
(FOWT) have attracted more attention as a new
renewable energy resource while bottom-fixed
offshore wind turbines (BOWT) reach their limit
of water depth. Various projects have been
proposed with the rapid increase in installed
floating wind power capacity, but the economic
aspect remains as a biggest issue. To figure out
sensible approaches for saving costs, a
comparison analysis of the levelized cost of

electricity (LCOE) between FOWT and BOWT

was carried out. A cost break-down and a
literature review analysis were used to itemize the
costs into its various components in each level.
After emphasizing the cost-reduction advantages
of a FOWT, its LCOE outlook is provided to give
a brief overview in the following years. Finally,
some estimated cost drivers, such as economics of
scale, wind turbine rating, etc are outlined as
proposals for floating wind LCOE reduction.

Keywords: Floating offshore wind turbine,

bottom-fixed offshore wind turbine, levelized cost
of electricity.

1. Tong quan tinh hinh nghién ciru

Ning lugng xanh ludn 14 dé tai néng trong nhimng
nam gan day. Mot trong nhirg ngudn ning lugng sach
chinh 13 ning lugng gi6, mot ngudn ning lugng doi
dao vo tan, c6 sy phat trién rit manh mé véi 2 loai
chinh 1a dién gi6 trén bo va dién gid ngoai khoi. Vi
loi thé vé dia 1y, Viét Nam co rat nhiéu tiém nang dé
phat trién dién gi6 ngoai khoi. Thém vao d6, Viét Nam
cling da cam két giam phat thai khi cac-bon vé khong
vao mbc nam 2050. Do vay, Viét Nam cling dang
hudng téi ké hoach phat trién nhing dy an dién gié
ngoai khoi trong twong lai gan, tuy nhién méi chi
dimg ¢ nhitng du 4n vé dién gi6 c¢b dinh gan bd (Nghi
quyét s6 55-NQ/TW vé dinh huéng Chién lugc phat
trién nang luong québc gia cua Viét Nam dén nam 2030,
tam nhin dén nam 2045, Dy thao Quy hoach dién
VIII). Tiém ning vé dién gio xa bd con rat 16n, nhung
v6i han ché vé cong nghé ciing nhu loi thé vé kinh té
giam dan theo d6 sau cua muc nudc bién, dién gio cd
dinh lai khong thé trg thanh phuong an ti wu lau dai.
Dién gi6 ndi ngoai khoi 1a mot linh vuc nghién ciru
méi mé, can duoc tim hiéu va nghién ctru sau hon,
nhu mot giai phap thay thé cho han ché cua dién gié
¢ dinh ngoai khoi. Mot loat nhitng nghién ctru vé
dién gi6 ndi ngoai khoi dd dua ra nhing gidi thidu
tong quat vé nhitng du 4n ciing nhu tiém nang phat
trién trong twong lai ciia dang ning lugng nay. Trong
nghién ctru cia Beiter et.al.,(2017), 6ng va nhoém cong
sy da dua ra nhiing danh gid dya trén md hinh chi phi
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vé LCOE dé tiép can tiém ning kinh té ctia cong nghé
dién gio ngoai khoi, bao gdm dién gié ¢b dinh va dién
gi6 ndi tim nhin t&i nam 2030. Két qua chi ra ring
mic du dién gié ndi ngoai khoi van 1a mot cong nghé
md&i nhung téi ndm 2027, cong nghé nay duoc du doan
1a s& phat trién déng ké véi tong cong suét gio chiém
70% tong cong suit tai nguyén gié ngoai khoi trong
vuc tai nguyén ky thudt cua Hoa ky. Trong bai nghién
ctru cia DNV-GL(cong ty vé cung cap dich vu quan
ly rai ro cta Bi), da dy doan rang tong cong suét cia
dién gi6 ndi c6 thé dat toi 250GW véi chi phi giam
70% vao nam 2050, va dé dat duoc diéu nay, thach
thirc hién tai 1a cin chuyén nhanh sang cac du 4n
thwong mai ctia dién gi6 ndi. Ngoai ra, qua nghién ctru
phén tich chi phi thugc chuong trinh Horizon2020 cua
Lién minh chau Au (LIFE50+, du an lién quan ti phat
trién nang luong dién gié ndi) co thé thdy duoc dién
gi6 ndi co thé 1a mot giai phap canh tranh vé chi phi
s0 voi dién gio ¢d dinh va cac cong nghé khac. Tuy
nhién, tai Viét Nam nhirng nghién ciru vé linh vuc nay
chwa nhiéu do con han ché vé mit cong nghé ciing nhu
nhitng vuéng méc trong chinh sach phét trién cac du
an dau tu nudc ngoal Du vay, day van dugc coi la 1
linh vyc tiém ning can phat trién trong tuong lai dé
tang truong lau dai va bén viing.

Bai nghién ctru dudi dang tong hop kién thirc vé
dién gi6 ndi ngoai khoi. Thong qua viéc phén tich
nhiing tai liéu tham khao cung véi phan tich bang phan
chia chi phi dé tim hiéu nhimg thanh phan chinh trong
chi phi LCOE cuia tua-bin dién gi6 ndi ngoai khoi dé
tim ra nhitng yéu t6 tic dong dén chi phi d6. Pham vi
nghién curu tap trung so sanh gilra 2 loai tua-bin dién
gi6 ngoai khoi, dang c6 dinh va dang phao ndi, trong
khoang thdi gian tir khi dy 4n dau tién vé tua-bin dién
gi6 ndi duoc cong bé trén thé gisi cho téi nay.

2. Gi6i thi¢u tong quat vé hé théng tua-bin
dién gi6 ndi ngoai khoi

Véi wu diém vé tde do gio nhanh hon va 6n dinh
hon, sy phat trién cua nhiing trang trai dién gio ngoai
khoi da lam tang nhanh thi phém cua nang luong gio6
ngoai khoi trong nhiing nam tr¢ lai day. Pac biét, cac
trang trai gi6 c¢6 dinh ngoai khoi hién dang tré' nén
canh tranh hon so v&i nhiing trang trai ¢b dinh trén bd
do chi phi d4 giam dang ké.

Theo mot bao cdo khac cia nhom nghién ciru tai
Wind Europe, khoang 80% tiém ning ctia ning lugng
gi6 ngoai khoi nim & khu vue nude c6 d sau hon 60m.
Con sb nay tuong (mg véi khoang 4.000GW & chau Au,
2.450GW ¢ My va 500GW ¢ Nhat Ban. Véi yéu cau
két cdu nén 16n hon ciing chit lidu thép cimg cap hon,
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didu nay s& dem lai bat loi vé kinh t& d6i voi tua-bin
dién gi6 cd dinh ngoai khoi tai muc nude 16n hon 60m.
Do d6, mdi quan tam t&i cac tua-bin dién gi6 ndi ngoai
khoi (TPGNNK) dang tang 1én nhanh chong nhu mét
giai phap thay thé cho tiém ning dién gi6 ngoai khoi
chua qua ban tay khai thac ctia con ngudi.

Dién gi6 ndi ngoai khoi (PGNNK) 1a phuong
phap san xuat dién thong qua tua-bin gio két ndi véi
phan phu tro dong vai tro nhu mét phao ndi, gitp tua-
bin gié ndi trén mat nucc ma khong can ¢d dinh véi
day bién. Y tuéng vé DPGNNK duoc nhen nhém tir
dau nhitng nam 2000 cho téi nim 2009 dugc gidi
thiéu voi thé gidi thong qua viée ldp dit nguyén mau
dau tién v6i tén goi Hywind Demo, 1a mot TDGNNK
¢6 duong kinh canh quat 1a 82,.4m véi cong suat
2,3MW dugc thtr nghi¢ém tai phia Pong nam cua
Karmoy, Na Uy ¢ trén mat bién trong khu vue c¢6 do
sau 220m. V&i sy khoi dau bang Hywind Demo, cho
t61 nay, tong cong suat TDGNNK dwoc lép dat da ting
nhanh chong va dat khoang 124 MW vao nam 2020.
Céc du 4n thi diém cua TDGNNK dang dugc thuc
hién va chay thir cha yéu tai cic nude nhu Na Uy, Bd
Pao Nha, Anh, Phap, Nhat Ban va My.

DGNNK khong chi 1am ting tong san lugng ning
luong tai tao tai cac khu vuc bién sdu ma con giup
giam thiéu suy thodi hé sinh thai, giam thiéu khiéu nai
dan sy cling nhu cac van dé khac nhu tiéng on, do do;
xu hudng tap trung vao nang lugng gi6 da lan ra toan
thé giéi trong nhitng nam gan day.

Mic du ¢6 thé nhan théiy duoc nhitng vu diém vuot
troi d6 cia TDGNNK, chiing van la nhitng khai niém
con kha non tré so vai nhitng TDGCBNK, chinh vi vay,
chiing van khién céc nha dau tur hét stec lo ngai tinh kha
thi vé mat kinh té. Trong bdi canh d6, LCOE cua
TPGNNK va TDGCDNK can dugc phan tich dé tim
hiéu tinh kha thi vé kinh té. Thong qua d6, xac dinh cac
yéu t chinh anh huong t&i chi phi cia TDGNNK dé
tién hanh dwa ra nhig giai phap cai thién.

3. Khai quat vé thi trudomg dién gi6 ndi hoan toan

Sau khi TDGNNK dau tién trén thé gioi, Hywind
Demo duoc dua vao van hanh niam 2009, tong cong
sudt lap dat cia TDGNNK di ting déu din lén t6i
124MW vao dau nam 2020, véi 90% dugc lip dat tai
chau Au. My, Nhat Ban va Han Qudc dang chuén bi
thuc hién mot sé du an thu nghiém va déy nhanh su
phét trién ciia TDGNNK vao nhing nim dau cua thap
ky 2020 (theo Bang 1). Theo bao cao cia IRENA nam
2019, viéc lép dat TDGNNK duoc du bao s€ dat 10-30
(GW) vao nam 2030 va 1én t6i 250GW vao nam 2050.
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Bing 1. Mét s6 dw dn trang trai dién gi6 néi ngodi khoi duw kién di vio hoat dpng vao nim 2022

Tén dw an Quéc gia Téng cong suit [cong suit tua-bin] Nim hoan thanh
. 30 MW o
Hywind Scotland Anh [6 MW x 5] 2017 (dang hoat dong)
. . PO 25 MW A
Wind Float Atlantic B0 Pao Nha 8.3 MW 3] 2020 (dang hoat dong)
. . 50 MW
Kincardine Anh [2 MW 1, 96 MW x 5] 2021
. ) 28,5 MW
Groix and Belle-lle ~ Phap [9.5 MW 3] 2021/2022
. 30 MW
EFGL Phap [10 MW x 3] 2021/2022
. 30 MW
EolMed Phap [10 MW x 3] 2021/2022
. . 25,2 MW
PGL wind farm Phap [8.4 MW x 3] 2021/2022
. A Doz 22 MW
Goto City Nhat Ban [2MW x 1,5 MW 4] 2021/2022
. 88 MW
Hywind Tampen Na Uy 18 MW x 11] 2021/2022
Nguén: Nhém Tdc gid téng hop
I
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Nguon: Equinor
Hinh 1. M6 hinh Hywind Scotland

Trong s6 cac dy an thir nghiém vé TDGNNK trén
thé giéi, du 4n Hywind ciia Equinor (cong ty dau khi da
qudc gia cia Na Uy) va du 4n WindFloat ctia PPI (cOng
ty Principle Power ctia B6 Pao Nha) dugc coi 1a hai du
an tién phong nhat. Sau thanh cong ctia Hywind Demo
nam 2009, Equinor da xay dung mét trang trai thi diém
¢6 tén 1a Hywind Scotland, trang trai TDGNNK dau
tién trén thé gidi (theo Hinh 1). Hywind Scotland duoc
trang bi 5 tua-bin dién gi6 c6 cong suit 6MW gin trén
phao nbi tai ving nude c6 do sau 95-120m, bat dau di
vao hoat dong tir thang 10 nam 2017. PPI da lap dat
mot tua-bin dién gi6 c6 cong suat 2MW trén loai phao
ndi kiéu ban chim (semi-submersible), dugc goi la du
an WindFloat 1 vao nam 2011. Viéc hoan thanh thanh
cong du 4n d3 mo duong cho sy phat trién cia trang trai
TDGNNK, du an WindFloat Atlantic (theo Hinh 2). D6
la mot trang trai TDGNNK nam cach bo bién B6 Pao
Nha 20km va duge dua vao van hanh tir cudi nam 2020.
Du an dugc coi la trang trai TDGNNK vdi loai phao
ban chim déu tién trén thé gidi bao gdm 3 tua-bin dién
gi6 v6i cong suat 8 4AMW.

Nguén: PPI

Hinh 2. Mé hinh WindFloat Atlantic (PPI)

Trong 5 ndm dAu hoat dong, theo ghi nhan ctia bén
khai thac, WindFloat 1 d3 tao ra hon 11GWh san
lwong dién vai hé sé cong sudt trung binh trong 5 nim
la 47%, tua-bin gi6é da chiu dugc do cao soéng cuc dai
thue té 14 18m va khong c6 thiét hai vé ciu trac nao
dugc bao cdo. Hywind Demo da chiu dugc do cao
song cuc dai 1én téi 19m, san xuét khoang 55GWh san
luong dién véi hé ) cong suét trung binh hang nam
khoang 50% vao nam 2011. Sau khi di vao hoat dong
nam 2017, trang trai Hywind Scotland da ghi nhan h¢
sO cong suat 1én t&i 65% trong ba thang dau tién hoat
dong va hé s trung binh 1a 56% trong hai nim dau
hoat dong. Vé&i hé ) cong sudt 16n nhu vay,
TDGNNK di thé hién dugc stc canh tranh manh mé
s0 voi TDGCDNK c6 hé s6 cong suat nho hon 40%.

4. Chi phi LCOE ciia dién gi6 ndi ngoai khoi
Tinh kinh té ciia cic ngudn ning luong dugc danh
gi4 thong qua LCOE, chi phi cao bang dién, 1a chi phi
san xuét dién nang trung binh trong sudt thoi gian hoat
dong cua may phat dién va c6 nghia la chi phi phat
dién trung binh thyc té (USD) trén mot don vi dién
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ning (kWh) do mot nha may dién san xuat. LCOE
dugc tinh bang ty s6 giira gia tri hién tai ctia tong chi
phi cia méay phat dién va gia tri hién tai ciia tong lugng
dién duoc tao ra, dugc biéu thi bé’mg cong thuc sb sau:

R

n t
=11 +10)t

Trong d6 C, 1a tong chi phi san xuat dién ning
trong nam t, Q, 1a tong san lugng dién ning san xuat
trong nam t, i 1a ty 18 chiét khau va n 1a s6 nam hoat
dong cta nha may phat dién.
4.1. Chi phi von

Chi phi lién quan t6i tua-bin dién gi6 bao gdm chi
phi vbn, chi phi nhién liéu, chi phi van hanh-bao tri va
chi phi thi truong vé phat thai khi nha kinh (GHG).
Dbi v6i nang lugng tai tao nhu tua-bin dién gio, chi
can tinh dén chi phi von va chi phi van hanh-béo tri vi
chi phi nhién lidu va chi phi vé phat thai khi nha kinh
khong phat sinh.

Béng 2 cho ta thdy cac thanh phan chinh cia chi
phi v6n thong qua phan tich mot s6 tai liéu tham khao.
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So sanh chi phi vén giita TDGNNK va TDGCBNK
¢6 thé khong hoan toan chinh xac do dit liéu duoc thu
thap tir cic quy mo lap dit khac nhau, nhung c6 thé
riit ra mot s két luan nhur sau.

Nhur da thay trong Bang 2, chi phi v6n thuong bao
g6m bdn loai chi phi chinh: Chi phi phat trién - quan
1y, chi phi tua-bin, chi phi phan phy trg va chi phi van
chuyén - lp dat. Chi phi phat trién - quan 1y bao gdm
céc chi phi nhu chi phi phat trién, chi phi thiét ké, chi
phi khao sat moi truong bién, chi phi quan 1y, chi phi
bao hiém,... va thay ddi tily theo quy mo ctia dy éan.
Dbéi véi TDGNNK, pham vi va mirc d¢ khao sat moi
truong day bién it hon rat nhidu so véi TDGCPNK do
tinh chat khong can cb dinh dudi day bién, nhung chi
phi phén tich thoi tiét dé lip dat ¢ ving bién sau hon
¢6 thé cao hon.

Chi phi vé tua-bin dién gi6 bao gdm ba phan: ro-
to, vo tua-bin va thap dd. Vo tua-bin va cac bo phan
bén trong n6 chiém ty trong 16n nhét trong chi phi tua-
bin gid, theo sau do 1a chi phi r6-to. Khi nang cong
suét ciia mot tua-bin gi6 thi chi phi vo tua-bin va cac
bd phan bén trong ting dang ké, dic biét 1a chi phi vé
may phat dién, vi du nhu trong mgt bao céo cua trung

Bing 2 Thanh phén chinh ciia chi phi von tua-bin dién gié ngodi khoi dwa theo cdc tai ligu tham khéio

Nghién ciru TPGCDNK TDGNNK Ghi cha
CP phét trién: 4% CP phat trién: 2% Dura trén s6 liéu ndm 2015
Harries and Grace, CP tuq—bin: 45% CP tua‘-bin: 21% ciia TDGCDNK
2015 CP p}lén phu tro: 33% CP phén phu tro: 73% Dua trén so liéu nam 2020
CP lap dat: 18% CP lap dat: 4% cia TDGNNK

CP phat trién: 4%

CP tua-bin: 39%

CP phén phuy trg: 31%
CP lap dat: 26%

Gabriela et al., 2016

CP phat trién: 5,1%

CP tua-bin: 31,9%

CP phén phu trg:40,9%
CP ldp dit: 22,1%

Tyler et al., 2019

CP phat trién: 5%

CP tua-bin: 40%

CP phén phu tro: 31%
CP lép dit: 25%

Lerch, 2019

CP phat trién: 4,7%

CP tua-bin: 24,4%

CP phén phu tro: 47,1%
CP lép dit: 23,8%

CP phat trién: 5%

CP tua-bin: 39%

CP phén phu tro: 50%
CP lép dit: 6%

CP phat trién: 4,8%

CP tua-bin: 37,6%

CP phén phu tro: 44,5%
CP lap dat: 13,1%

Dura trén gié dinh v& CP cua
tua-bin cap 10 MW

Dua trén gia dinh v& CP ctia
trang trai 600 MW vai 10
tua-bin

Dua trén TDGCDNK 4,14
MW
Dua trén TDGNNK 10 MW

Nguon: Nhém Tic gid tong hop

Bing 3 Dac diém ciia céc dang phao néi

Muc/dang phao ndi

Phao ndi dang cjt

Phao ndi ban chim Phao ndi TLP

Trong lugng Néng
Do nhay voi song bién Thip
Phuong phap duy tri én dinh Nuée dian
Mirc do phirc tap ché tao(MCF)" 120%
Do sau muc nude > 100 m

Nang Nhe
Cao Thip
Luc dy nbi Day neo
200% 130%
>50m >50m

1) MCF: Mitc d6 phirc tap ché tao twong ddi so v6i méng monopile, méng co ban nhét cia TDGCDNK

Nguoén: Jung and Lee (2020)
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tam nghién ctru va cai tién cong nghé cia Anh (ORE
Catapult) nam 2019, d6i v6i truong hop tua-bin gio
khong hop s ting cong suat tir SMW 1én 10MW thi
chi phi méay phat dién ting gap doi.

Chi phi phan phu trg bao gdm phao ndi ciia tua-
bin dién gi6, hé théng neo va cap két nbi. Tir trude cho
td1 nay da c6 hon 40 khai niém vé phao ndi duoc dua

ra, nhung c6 thé tong két chung lai thanh ba loai chinh:

phao ndi dang cot (spar), phao ndi ban chim (semi-
submersible) va phao ndi gian chan cing (tension leg
platform, TLP). Phao ni dang cot c6 cdu trac 6n dinh
bang dan véi mén nude 16n thich hop cho ving nude
sau. TLP 1a mot cau trac 6n dinh bang st cang do sir
dung day chang, do d6, bé mit day bién can du cimg
dé 1ap dat va chi phi lap dat ciing tir d6 ting theo do
sau cua nudc. D6i véi phao ndi ban chim, véi két cau
6n dinh day neo, n6 phu hop véi ving nuéc tir nong
dén sau (theo Bang 3).

Theo co so dir liéu ciia Hoi dong Niang luong gio
Toan cau (GWEC), vao cubi nam 2020, 67%
TDGNNK trén thi truong st dung dang phao ndi ban
chim. Méc du phao ndi dang cot va TLP c6 thé lam
giam chi phi ché tao do trong lwrong nhe hon, nhung cac
quy trinh van chuyén, lip dat phirc tap hon so véi dang
phao ndi ban chim. Nguogc lai, phao ndi ban chim tuy
can quy trinh san xuat phirc tap hon va can nhiéu thép
hon nhung lai ¢6 wu diém nhu d& van chuyén va lap dit.

Cac TDGCDBNK va TDGNNK c6 su khac biét co
ban vé chi phi phan phu tro. Véi thiét ké phan phu trg
don gian nén chi phi tua-bin chiém ty trong 16n nhat
trong tong chi phi san xuat TDGCBNK. No6i cach
khac, viéc ting dung thiét ké nén tang cua tua-bin dién
gio trén bo cd thé duoc ap dung lai cho thiét ké cua
TPGCBNK. Ngugc lai, vi ton rat nhiéu chi phi dé
thiét ké va xay dung két cau phao ndi, nén hau hét cac
tai liéu tham khao déu udc tinh chi phi phan phu trg
ctia TDGNNK chiém ty trong 16n hon. Vi dy, theo Kkét
qua nghién ctru cuia Phong thi nghiém Nang lugng tai
tao Qudc gia My (NREL), dua trén mot tua-bin gio
cong suat 6MW, su khac biét giira chi phi tua-bin va
chi phi phan phuy trg cia TDGCBNK 1a khoang 9%,
nhung ty 1€ nay & TDGNNK lai 1én toi 22,7% (theo
Béng 2). Nguyén nhén ciia diéu nay 1a do phan phao
nbi cua tua-bin dién gio chiém ty trong 16n trong chi
phi phan phu trg. Khi cong nghé vé két ciu phao ndi
phat trién vé thiét ké va san xuat thi chi phi nay duoc
du kién s& giam nhiéu.

Chi phi van chuyén - 13p dat bao gdm chi phi van
chuyén, chi phi 1ip dat va chi phi ngimg van hanh. Chi

1 Ty gia chuyén d6i 1.0 £ = 1.21750 USD
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phi van chuyén - 13p dit chii yéu phu thudc vao loai
két cdu phao ndi. Dang phao ndi ban chim dugc lip
rap trén mit dat hodc tai xuong dong tai bo bién va
dugc kéo t6i vi tri lap dat ngoai khoi nén qua trinh lap
dat don gian hon va do d6 chi phi van chuyén-lap dit
ctia dang phao ndi nay canh tranh hon so véi cac dang
phao ndi khac. Phao ndi dang c¢ot can duge kéo mot
khoang cach nhét dinh t6i noi c6 du d¢ sdu myc nude
dé dyng dung va lam ndi bang nude dan. Sau d6 cac
c4u tric bén trén ciia tua-bin timg bude dugce 1ap ghép
va s& dugc lai dit t6i dia diém lap dat chinh thic. Doi
v6i phao ndi dang TLP, c6 nhiéu cach dé lap rap nhu
¢6 thé duogc lép rap trén bo va duogce lai dit bang tau
kéo hoac duogc van chuyén bé'lng thiét bi ndi dac biét
t6i dia diém lip dat. Vi vay, khac véi TDGCDNK,
trong qua trinh ldp dat khong nhat thiét phai sir dung
tau thao tac tyr nang ha trén bién. Chi phi thué tau thao
tac ty nang ha trén bién 1 ngay khoang 182.625USD?
trong khi ddi véi tau kéo chi khoang 36.525USD mot
ngay, tiét kiém dugc gap 5 1an chi phi.

4.2. Chi phi vdn hanh va bdo tri

Chi phi van hanh va béo tri 1a can thiét dé van hanh
va bao tri tua-bin dién gi6 trong subt qua trinh hoat
dong cua nd. Chi phi nay chu yéu dugce phéan loai
thanh chi phi van hanh va chi phi bao tri. Ty trong
phan chi phi nay khé tuong dong giita TDGCHNK va
TDGNNK, chiém khodng 22-34% cta LCOE. Chi phi
béo tri chiém ty trong 16n trong khoan chi phi van
hanh va bao tri. Pugc biét, do hé théng banh ring
phtrc tap chi phi bao dudng cua tua-bin loai c6 hop sb
cao hon chi phi bao dudng cta tua-bin loai khong co
hop sb (loai tua-bin chi ¢6 may phat dién ndi truc tiép
voi truc quay r6-to). TDGNNK dang phao ban chim
c6 thé duoc lai dat tré lai bai stra chira gﬁn bo bét cur
khi nao dé bao tri, do do, né ¢o loi thé hon so véi loai
TBDGCDNK.

4.3. Mt 56 gidi phdp gidam thiéu chi phi cho sin
xudt ning lwong gié ngodi khoi

Hinh 3 cho ta théy LCOE duoc du doan cua cac
TPGCHNK va TDGNNK thong qua nhidu tai liéu
tham khao. Cac dudng lién nét day mau dé va den lan
lugt la cac duong xu hudng cia TPGCDNK va
TDGNNK. Buong mau den giam nhanh hon duong
mau d6, diéu nay cho thdy LCOE ctia cic TDGNNK c6
kha ndng gidm nhanh hon TDGCDNK trong tuong lai.

Mic du dit liéu chi dya trén mot s6 du an thi diém,
nhung LCOE cua TDGNNK roi vao khoang 180-275
(USD/MWh), gan gép doi so véi TDGCDNK vao thoi
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Hinh 3. LCOE duw bdo ciia TDGNNK so sinh véi TDGCDNK

diém ndm 2017. LCOE cua cac TDGNNK du kién s&
giam con 135-175 (USD/MWh) sau nam 2022 va
tham chi s& con giam xubng khoang 60USD/MWh
vao nam 2035, gén nhu loai bo su khac biét vé LCOE
voi TDGCDHNK.

C6 nhiéu yéu t6 anh huong téi chi phi cua
TDGNNK nhu quy md phét trién, cong sudt cia
tua-bin, chi phi phan phu tro hay chi phi hoa vao
ludi dién,... Vi du, so v6i mot du an thi diém, chi
phi vén cua du 4n c6 quy mé thuong mai giam dang
ké. Mot td chitc cua Anh, Carbon Trust ugc tinh
rang chi phi vén cua trang trai dién gi6 ngoai khoi
c6 thé giam téi 48% khi mé rong quy mo tir mot du
an thir nghiém sang du an trang trai thwong mai lon.
Equinor ciing bao cdo rang chi phi vén cua trang
trai TDGNNK dau tién trén thé gigi Hywind
Scotland da giam 60-70% so véi dy an thur nghiém
ban dau Hywind Demo.

Sy tiét kiém chi phi 16n nhét cho céc dy an trang
trai dién gio ngoai khoi chinh 1a ¢ kich thuéc cua tua-
bin. Cong sut clia tua-bin dang ngdy cang ting nhung
ciling can phat trién cong nghé hd trg dé lap dat. Linh
vuc dién gi6 ngoai khoi dang & thoi diém chuyén tiép
do can phat trién cac can truc va tau méi dé chiu duge
c4c yéu cau vé do cao, tim v6i cling nhu sirc ning cua
cac cAu trac nay, ¢ thé anh hudng toi sy phat trién
cta tua-bin. Tuy nhién, thi trudng tua-bin gi6 tiép tuc
mo rong va cong nghé thiét ké, ché tao cac tua-bin
dién gi6 16n cang ngay cang phat trién. Tinh dén nam
2021, cac tua-bin 9,6 MW da dugc su dung trong trang
trai TDGNNK (du 4n WindFloat Kincadine), va nguoi
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ta cho rang cac tua-bin dién gi6 cong suit 15SMW s&
duoc st dung tr nam 2030 va céc tua-bin dién gid
20MW s€ dugc sur dung tur nam 2037 tai Anh.

Hién nay, tuy hu hét cac tua-bin dién gi6 ngoai
khoi dugc cai tao lai tir tua-bin trén bo, nhung can
phat trién tua-bin chuyén biét danh cho cac tua-bin
dién gid ngoai khoi, dic biét 1a TDGNNK. Phan dong
céc tua-bin trén thi trudng hién nay c6 hop sd, nhung
cac hop sb nay yéu cau chi phi bao tri cao hon so véi
tua-bin khong c6 hop sb. Cac tua-bin khong hop sb
phii hop hon & ngoai khoi vi nd yéu cau chi phi bao
tri thap cho cac bo phan ro-to két ndi truc tiép véi may
phat dién.

Su d6i méi lién tuc trong thiét ké va hiéu suét cta
két cdu phao ndi, chiém ty trong 16n trong chi phi von,
s& c6 tac dong dang ké dén téng chi phi. Ngoai ra, sy
phat trién cua vt liéu cap neo dau va tiéu chuén hoa
thiét ké hé thong neo dau déu c6 tiém ning giam thiéu
chi phi. Y tuong thiét ké tich hop ciia hé thong neo va
két cdu phao ndi khong chi gitp giam thiéu chi phi ma
con giam thoi gian van chuyén, 1ip dit va bao tri. Vi
du, muc ti€u cia dy &an COREWIND (giam chi phi va
tang hiéu suat cia cong nghé dién gi6 ndi) do Horizon
2020 thiic day la giam 15% LCOE ctia TDGNNK
thong qua cac cai tién trong hé théng neo va cap dién.
5. Két luan

Su khac biét chinh gitta TDGCDNK va TDGNNK
chinh 1a ty trong chi phi phan phu trg. Trong khi chi
phi tua-bin dién gié dugc danh gia chiém ty trong cao
nhét trong TDGCHNK thi dbi véi TDGNNK, chi phi
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phan phu tro lai doi héi nhidu hon nhitng chi phi khac.
Vi ¢6 nhiédu dang thiét k& phao ndi khac nhau, chi phi
phan phuy trg va chi phi van hanh - bao tri ciing c6 thé
duge giam bét bang cach lya chon hodc phét trién
dang thiét ké phao ndi phu hop véi diéu kién cia khu
vue lép dat. TDGNNK du kién s& canh tranh hon so
v6i TDGCDNK thong qua mét s6 chi phi thanh phan
thap hon.

Hién tai, LCOE ctia TDGNNK cao gip 1,5-2 lan
so voi TDGCHNK, nhung thong qua sy phat trién
cong nghé va giam chi phi, LCOE cua TDGNNK du
kién xdp xi twong dwong véi TDGCHNK vao nim
2035. Bang cach giam LCOE thong qua mét sé yéu td
anh huong nhu quy mo phat trién, cong suét tua-bin,
giam chi phi phan phu tro, giam chi phi hoa vao luéi
dién,..., du kién TDGNNK c6 thé tro thanh dong luc
quan trong hd tro chuyén dbi niang lugng sach trong
tuong lai.
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