BAI TOAN T6I UU HOA LOI iCH THOY DIEN VA UNG DUNG
CHO NHA MAY THUY BIEN HO NUI COC, THAI NGUYEN.

Pao Vin Khiém®

Tom tat: NGi dung bai viét nghién ciru va phan tich bai toan toi wu héa loi ich kinh té cho nha
may thay dién sir dung ho chira véi cét mede kha bién va &p dung cho truong hop nha may thiy
dién Nii coc. Tac gia da xay dung cdc quan hé kinh té nhw ham san xudt va ham lgi ich ciia nha
may thiy dién dé lién hé cong sudt, san lwong phat dién véi gid tri kinh té ma nha may thay dién tao
ra cho nén kinh té. Téc gid ciing da phat trién mé hinh tinh toan va six dung phan mém Lingo (phién
bin khéng gidi han 5.0) dé tinh todn cdc két qua sé cho nghién ciru inh huéng tai nha may thiy
dién & ho Nii céc, tinh Thdi nguyén, thich hop véi cdc quan sdt thuec té.

Tir khéa: Kinh té thuy dién, toi uu hoa thiy dién

San xuit ning lwong dién 14 mot bai toan
toan cuc va phic tap, tuy nhién, mot cau phan
quan trong ctia hé thong cung cép ning luong
dién cho qudc gia 1a thuy dién. Vi thay dién con
la mot cAu phan cua hé thong kinh té tai nguyén
nuée, cu thé 1a hé thng tai nguyén nudc cua
mot luu vuc song, do vay, viéc phat trién mo
hinh kinh té cho cau phan nay tir lau d& nhan
dugc nhiéu sy quan tdm ciia cac nha nghién ciu
kinh té. Bai viét cua chang toi dé& cap téi mot
van dé twong d6i khiém ton, nhung 13 nén mong
ban dau cho tiép can kinh té phan tich loi ich
kinh té cua nha may dién gin v6i mot hd chia
da-muc tiéu.*

Phan tich kinh té duoc minh hoa bdi mot
nghién ctru-tinh hudng tai Hé théng ho chira da-
muc tiéu NUi cdc, 14 noi cung cép nudc tudi,
nudc cong nghi€p, nude sinh hoat, giam nhe It
séng Cau. Bén canh d6 Hé thong hd Nui coc,
trong nhitng nim gan day, dang nhanh chong
phét trién cac st dung nuéc khac nita nhu du
lich, nudi trong thuy hai san, .... Pic biét, vao
gitra nam 2008, mdt nha may thuy dién cong
suit gan 1900 Kw da duoc ldp dit tai chan dap
chinh cuaa hd, va ngay nay san luong dién hang
nim cta nhd may nay da dat t6i gan 8 triéu
Kwh. Nha may thay dién nay, tuy nho, nhung
trong thoi gian qua d& ching t6 1a mot trong s6
rat it nhirng nhd may thay dién da thuc sy sinh

L Bg mén Kinh té, Pai hoc Thuy loi
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loi ctia chiing ta.

Phan tich cua chung toi s& bao gdm mot sd
budc sau: (i) Phan tich cung, (i) Phan tich cau,
(iii) Xay dyng mé hinh téi uu tinh, (iv) Tinh
toan cho truong hop nghién ciru-tinh hudng cho
Hé thong Nui cdc, va (v) Két luan.

1. Phan tich ham san xuit ciia nha may
thuay dién

Xét nha may thity dién c6 cot nude kha bién.
Cong thic tinh toan cong suat 1a:

P =7pQgh o

trong do, P 1a nang lugng tinh bang watt, n
1a hiéu qua caa tude-bin (vi du 0.85), p 1a mat
d6 cua nuée tinh bing kg trén m® (xép xi
1000kg/m®), Q 1a lwu lugng (m%/s), g 1a gia toc
trong truong (xdp xi 9.81m/s%), va h la chidu cao
cot nude cua nha may dién. Vi du, & Nui cdc,
cbng thire (1) duoc ap dung la

P=0,85x1000x 23(m’/5)x9,81x10(m) =

=1917855,0 watts hay 1917,855 kw.

Xét ham san xuat nhu da dugc xdy dung
trong dé tai Nghién ciru cip bd (2007-2009)
(Cha nhiém dé tai 1a Pao Van Khiém), tir (1)
chlng ta co:

San lugng dién Pt =npQ(=1m*/s)gh tic 1a
1m®/s trong t don vi thoi gian tao ra Pt don vi
san lwong dién. P61 véi vi du Nui cde, luu
lwong 23 m®s duy tri trong 1 gio, v6i chénh
léch cot nude ¢b dinh 10 m, sé cho ta mot dau ra
la 1917,855 kw, do viy, trong mot gio dong hd,
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s& ¢6 23 (m%/s) x 3600 (s) = 82800 m®, va luong
nude ndy tao thanh 1917.855 kw = ta ¢ thé coi
1 m® nu6c trong hodn canh ndy tao ra
0,0231625 kwh. Tuc 18 1m® nuée chay véi tde
d6 23m’/s trong 1 gid s& tao ra san luong dién 13
0,231625 kwh tai mirc chénh léch cot nude 1a
10 m.

Quan hé nay ciing c¢6 thé duoc biéu dién 1a 1
triéu m* trong didu kién ndy s& tao ra 23162,5
kwh, hay 0,0231625 nghin Mwh. Tuc 1a, 1 triéu
m?® chay véi téc do 23m*/s trong mot gidr & tao
ra 0,0231625 nghin Mwh tao mirc chénh léch
¢t nudc 1a 10 m. Di nhién, quan hé giita khi
lugng nude va san lugng noi trén con phu thudc
vao chéch léch cot nude (va dai lugng nay tai
NUi cdc s& thay do6i tir 10 toi khoang 17 mét).
Quan hé gitra nuwde va chénh léch cot nude ¢
thé tinh dya vao bang sau: ,

Bang 1: Quan hé chénh léch cét nude va cong suat

phat dién

L iR (Kw) (triéu Mw)
nuéce nudce bién

10 40 1917.86 1.91786
11 41 2109.64 2.10964
12 42 2301.43 2.30143
13 43 2493.21 2.49321
14 44 2685 2.685

15 45 2876.78 2.87678
16 46 3068.57 3.06857
17 47 3260.35 3.26035

Quan h¢ gitra san lugng dién (prf) va chénh
léch cot nuée (h), (la quan hé trong kinh té
thuong duoc goi 1a ham san xudr)

prf(Nghin Mw/ triéu m®) = 0,138086*h  (2)

Két qua quan h¢ gitra san luong dién va do
cao so V&i miat nude bién (H = h + 30):

prf(Nghin Mw/ triéu m®) =

= 0.138086*H — 4,14257

Tuy nhién, tir dic trung cia H6 Nuai cdc,

(3)

hay prf(Nghin Mwh/ triéu m®) = 0,138086*h =
pri(Nghin Mwh/ triégu m® = 0.138086*H -
4,14257= prf =0.000233*S"2-4.14257(5)

Tuy nhién, di véi tinh toan thuc té, (5) can
dugc tinh cho timg thang, tic 14, dé tinh duoc
san lugng dién ciia thang tha i, prf,, ta cin sir

dung dung tich trung binh S, nhu sau:

= In(1) Out(l)

Si=8(1)+= > (6)

trong 6 S(1) 1a dung tich nudc trong ho tai
thoi ky dau thang i (hodc cudi thang trudc);
In(1) 1a cac dong dén ho trong thang i (vi du nhu
nuéc dén, mua,...); Out(l) Ia cac dong di khoi
ho trong thang i (Vi du nhu cic cung cép nudc,
xa thira, boc hoi, va luong phat dién T(1)); Thay
(6) vao (5) ching ta nhan duoc san lugng dién
Xap xi trong thang i, tit nhién con phai ké t6i
rang budc cot nude cho phat dién.

Vi vay, trong treong hop cia chang ta, (5) ¢o
thé duoc viét lai thanh (5°) nhu sau:

prf (Nghin Mwh/triéu m®) =(5°)

0.000233*[S(I)+1/2*(IF(I)+luwgng mua; —

— T(1) - DELIVERY(l) — tran; — boc hoi;)]

N2— 4.14257

2. Phan tich ciu sir dung dién

Phan tich cau 1a phan tich vé quan hé giira
muc gia va khdi luong dién ma nhiing nguoi
tiéu ding mudn sir dung g v6i mirc gia d6. Vi
thi truong nang lugng dién 1a linh vuc quan ly
ctia nha nude trong dai da sd cac qudc gia, cho
nén cau sir dung dién cta todn bo nén kinh té 1a
mot trong nhitng ddi twong chinh cta quan ly
nha nude. O Viét nam, Cuc Dién luc 1a co quan
dai dién cho nha nudc an dinh cau sir dung dién
cua thi truong nay.

Pé don gian cho tinh toan, chung toi gia st
biéu gia dién trong ngdy 1 nhu sau:

ching ta da c6 quan hé gitra d6 cao muc nudc
S0 V6i muc nude bién (H) va dung tich nudc trir
trong ho chira (S) Ia:
H =0.0016858*S"2 (@))]
Do vay thay (4) vao cong thirc (3), chung ta
c6 prf 12 mot ham cua S. Cu thé ta co:
prf(Nghin Mw/triéu m*)=0.138086*
*(-0.00107*S"2 + 0.4494*S) — 4,14257

Gio cao Ngoai gio | Ban dém
diém cao diém
Thoi gian 6 tiéng 10 tiéng 8 tiéng
Gia 647 VND | 624 VND | 582 VNb

O mirc cong suat thiét ké, tac 13 do cao cua
nude so voi myc nude bién 1a 40 m (chénh léch
cot nude la 10 m), san lugng dién trong gid cao
diém, ngodi-cao diém va ban dém la:
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0.647 (nghin VND) * 1917.86 (kwh) * 6 (gid) =

= 7445.133 (nghin VND)

0.624 (nghin VND) * 1917.86 (kwh) * 10 (gi®) =

=11967.45 (nghin VND)

0.582 (nghin VND) * 1917.86 (kwh) * 8 (gi®) =

=8929.556 (nghin VND)

Tong cong:28342.14 (nghin VND)

Dua vao phéat trién xay dung dudng cau theo
tiép can phan du (Pé tai Nghién ctu Cip Bo
nam 2007-2009 do Pao Van Khiém lam Chu
nhiém), ching t6i s& xdy dung mot ham cau
tuyén tinh (cac ham cau c6 dang khéc tuyén tinh
cling duoc phat trién tuong tu), sao cho ¢ dién
tich bén dudi ham cau bang véi loi ich 28342.14
nghin VND nhu trén.

Tuy nhién, d&& xdy dung dudng cau dbi véi
phat dién cho thang, chang ta can diéu chinh lai
theo san lugng cuia 30 ngay, cling nhu gia tri tao
ra trong khoang thoi gian do.

San lugng dién thang 1a:

1917.86*24*30=1380859.2 Kwh

hay 1,3808592 (nghin Mwh)

Tong gia tri 1a:

28342.14 (nghin VND)*30(ngay) =

= 850264.2 (nghin VND)

hay 0,850264 ty VND.

Lugng nudc can xa twong Gmg ¢ muic chénh
léch cot nude 10 m (duge 1ay 1am chuan) cho
san lugng dién trén (va gia tri tuong ung) la:

1917.86(Kwh)/82800m® = 0.0232(Kwh/m?)

Tir d6 thi (Hinh 1) dudi ddy, chung ta thay:

P (ty VIND/Mwh)
P=b Cau Thay dién
(theo thang)

1.3808592 nghin Mwh
hay )
59.519793 triéu m’

0.850264 ty VND

Luong nudc xa qua
tude-bin (triéu m?)

Hinh 1: Ham cau doi véi phat dién theo biéu gid
cua Cuc Pién luc
Goi phuong trinh ham cau 1a
P=ax + b, (P la gia, x la san lugng dién), ta
CO:
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Tai P =0:0=2a(59.519793) + b

= a =-b/59.519793

Tai x =0: P = b, theo cdng thic tinh dién tich
tam giac vudng, ta c6

b = 0,850264*2/59.519793

=0.0285708; tir d6 =

a=-b/59.519793

=-0.0285708/59.519793 =-0.00048

Do vdy, phuong trinh ham cau 1a

P =-0.00048*X + 0.0285708(7)

trong d6 P la gid dién tinh theo ty VND/
nghin Mwh, X 1 lwong x4 (triéu m®).

3. M6 hinh t6i wu tinh

Trong bai toan kinh té cung cap thuy dién,
chi phi cha yéu ctia nha may la chi phi vén cho
xay dung va lap dit tudc-bin, may phat dién va
c4c trang thiét bi chuyén tai dién nang. Chi phi
van hanh va bao dudng cta nha may thay dién
twong d6i nho. Do vy, chung ta tam thoi bo qua
tinh toan chi phi vi trong giai doan xac dinh lgi
ich do phat dién, chi phi c6 thé duoc coi 1a ¢b
dinh, khong c6 anh hudng t6i cac quyét dinh toi
uu.

Theo Laufer va Morel-Seytoux (1979), tich
phan cua tich ctia ham san xuat (prf) tir (5) véi
ham gia can bién (7) theo lugng nhitng xa qua
tudc-bin T(1), s& cho ta ham loi ich trong khoang
thoi gian 1.

T
Goi TB,(T;,S5;)=[ prf (S)P(s)ds Ia ham loi
0

ich do phat dién mang lai khi xa T; don vi nudc
trong thang i, vdi ham san xuat prf(S) ¢ muc
dung tich trung binh thang S, va dé dap ung
ham cau P(s), trong d6 s la bién gia dé tinh tich
phan TB;. Pdi v6i truong hop nghién ciu-tinh
hudng & nha may dién Nui cc, ham nay la:

TB(I) = I‘g‘” (prf*cau)ds =

J|3® (0.000233%572-4.14257) (8)

(-0.00048*X + 0.0285708)ds

Thé cong thirc (5°) dé biéu dién S Xap xi qua
s, chuing ta cé:

TB(I)=[[5" (0.000233*(S(1)+0.5*(IF(1)-

DELIVERY(I)-X_INSTREAM_CONG(I)- (9)

5))2-4.14257)(-0.00048*s + 0.0285708)ds
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Luu y: Can phan biét hai trudng hop:

(i)Luong nudc qua tudc-bin ¢ thé duoc cung
cap cho céac sir dung khéc thi ta c6 s =t +
DELIVERY = z, nhu duoc thé hién trong cac
biéu thac trén cua ham loi ich, trong d6 t la
lugng xa chi cho phat dién, con DELIVERY la
cung cap nuéc cho cac sir dung khac nhu tudi,
nudc sinh hoat, nude cong nghiép, ...

(i) Tuy nhién, néu luong nudc qua tudc-bin
khong duoc sir dung tiép thi s chi bang t.

Ching ta sé xem xét ca hai truong hop, tuy
nhién, dé cho tién, ¢ ddy s& chi xét bai toan
s =t nhu d thé hién & trén, tic 13 bai toan san
Xuit dién sau khi da thoa mén c4c yéu cau nudc
cho tudi, cung cdp nudc sinh hoat, nudc cong
nghiép, ....

Khi d6, ta c6 ham loi ich cua thang i Xap xi
la:

TB(1)=-2.796E-09*(1/4)*S(1)"4+1.66425E-

07*(1/3)*S(1)"3+1.1184E-07*W*(1/3)*

S(1)"3-6.657E-06*(1/2)*S(1)"2+

((0.00233*Wn2-4.14257)*(-0.00048))

*(1/2)* S(I)2+ (0.00233*W"2-4.14257)

*0.0285708*S(1)

Trong d6, IF(I) 1a cac dong nudc téi hd chira
(dong séng, subdi téi hd, nudc mua,...),
DELIVERY(I) la cac cung cap nudc cho cac sir
dung khac nhau (nhu tudi, nude sinh hoat,..., ké
ca bdc hoi), va T(1) 1a lugng nude xa cho phat
dién.

4. Tinh toan cho trudng hop Hé thong Niii
coc

S6 liéu vé dac trung H6 Nii coc va cac sd
liéu thiy vin nhu luong mua, luong bdc hoi,
nhiét do, toc do giod, sé gid nang, ... cling cac sd
litu ning sudt loa, chi tiéu san xudt nong
nghiép, so liéu vé sir dung nude sinh hoat, nudc
cong nghiép, ... va cac diéu kién tu nhién, kinh
té, x4 hoi khac duogc lay tir Dé tai Nghién ciu
cap Nha nuéc nam 2011-2012 (do NCS BUi Thi
Thu Hoa lam Chi nhiém va d@ nghiém thu vao
thang 2 nam 2013, va tac gia 1a mot thanh vién
ciia nhém nghién ctiru) dé phuc vy tinh toan cho
nghién ctru-tinh hudng hién tai.

So dd cung cip nudc ctia Hé théng Nui cbe
duoc thé hién boi Hinh vé sau:
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‘Ha Nii Cée

Hinh 2: So' d6 cung cdp nuée ciia Hé thong
NUi céc, Thdi nguyén

Két qua nhan dugc 1a: tong loi ich phat dién
t6i da co thé cua phat dién tai Nai coc xap xi 1a
5.44 ty VND. So voi thyc té hién nay, nha may
tao ra mot san luwong la 7.9 triéu Kwh/nam,
twong duong vé mit gia trj vao khoang 4,3 ty
VND. Luong xa nudc tdi wu cho phat dién
(nghiém cua bai toan) tur cac thang tiur thang 1 tGi
thang 12 xép xi 1a: 5.76 triéu m®, 1.51 triéu m’,
0.0, 0.835 trigu m®, 9.1 trigu m®, 20.06 triéu m’,
21.12 triéu m°, 21.12 triéu m°, 16.46 tricu m’,
2.44 trieu m®, 5.47 tricu m®, 2.01 tricu m’.
Lugng xa ndy phd hop véi dién bién nuéc dén
va diéu kién thiry vin cua Nui che.

5. Két luin

Bai viét ciia chung toi d4 thuc hién hai nhiém
vu. Thtr nhat, tac gia dua ham muc tiéu loi ich
kinh t& vao md hinh téi uu hoa tinh trong hoan
canh cua mot hé thong tai nguyén nudc cd hd
chira va cac hé théng cung cip nudc cho cac st
dung khac nhau. Ham loi ich kinh té trong bai
viét nay co tinh t6i phan ng cia ngudi tiéu
ding théng qua biéu gid duoc dit ra boi Nha
nuéc thong qua Cuc Pién lyc. Gia thiét ngdm
ctia mo hinh nay 13, théng qua biéu gia nay, Nha
nudc da tinh toan quan hé cau dé bao dam can
bang thang du nguoi tiéu ding cua dat nude, va
Nha nudc ciing dé loai bo tinh doc quyén von co
cua nganh dién. DU sao, nha may thay dién Nui
cdc cling c6 san lwong qua nho so véi thi
truong, cho nén hanh vi téi wu loi nhuin cua
mot cong ty thi truong bat ky duoc thoa man
cho trudng hop ndy. Do vy, ban chat cot yéu
cua bai toan khéng bi anh huong.

Thir hai, cac tac gia cling st dung cac cong
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cu t6i wu héa dé phuc vu phan tich cac bai toan
kinh té noéi chung, ciing nhu trudng hop phat
dién cua cac nha may thuy dién noi riéng. Trong
ndi dung bai viét, cac k¥ thuat tdi uvu héa phi-
tuyén, nhu ham muyc tiéu bac hai, dd duoc sir
dung. Céc k¥ thuat toi vu hoa phi-tuyén sir dung
ham mi, 1&a mot kiéu ham hay duoc sir dung
trong kinh té va kinh té tai nguyén nudc ciing c6
thé duoc sir dung twong tu, nhung khong duoc
trinh bay ¢ dy (tham khao nghién ciru phan b6
tdi vu nude cua Pai hoc Colorado, 2010).

Tai ligu tham khao
Tai liéu tham khao trong nudc;

Cac md hinh tbi wu hoa dong ciing da duoc
phét trién trong cac dé tai nghién ciu cap bo va
cap nha nudc ma tac gia duoc tham du (Dé tai
Cép B6 2007-2009, Pao Vin Khiém; Dé tai Cap
Nha nuée 2011-2012, Bui Thi Thu Hoa). Tuy
nhién, vi dung lugng c6 han, bai toan nay s¢
dugc trinh bay trong mot bai viét khac. Céc tac
gia ciing quan tdm t6i viéc phat trién cic mo
hinh téi wu héa véc to cho cac truong hop trén,
tuy nhién, nghién ctru con dang trong qua trinh
phét trién.
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Abstract:
FORMULATING BENEFIT-OPTIMIZATION PROBLEM FOR HYDROELECTRIC
GENERATION AND APPLICATION FOR NUI COC HYDROPOWER PLANT,
THAINGUYEN PROVINCE

This paper studies and analyzes the problem of optimizing economic profits for hydroelectric
plant with variable head with reservoir and tries to apply analytical results to Nuicoc hydroelectric
plant. The author has established various economic relationships such as production function,
benefit function, etc in order to relate capacity of electric generation, electrical productions with
economic values produced for the economy. The author also has developed numerical models by
using Lingo Package (unlimited version 5.0) in order to get variuos numeral results compatible
with practical obrservations at Nuicoc, Thainguyen province.

Keywords: Hydropower economics, optimization of hydroelectric generation.
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