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TOM TAT

Dién nang gop phan quan trong trong viéc dam bao phat trién kinh té, doi séng van
hoa x& hoi, phat trién khoa hoc cong nghé, 1am nén tang thuc day gié tri gia ting cua
san Xuat, v.v... trén pham vi quéc gia, khu vuc, ciing nhu toan thé giéi. Viéc tinh toan
kha nang dap @ng nhu cu dién ning cho phat trién kinh té phai dwgc thyc hién trudc
mot budc rat sém thdng qua cac kich ban phat trién tong thé nganh dién. Trong do,

c4c rang budc vé bao vé méi trudng dang duoc dit ra hét sic cap béach.

Muc tiéu caa luan &n 1a nghién cau xay dung kich ban ngudn dién huéng téi nén
kinh té carbon thap tai Viét Nam ti nam 2030. Cac ndi dung nghién ciu cu thé bao
gom: (1) Dy b&o nhu cau dién Viét Nam (GWh) dén nam 2030; (2) Du bao nhu cau
cong suat dinh cua hé thong dién Viét Nam (P,,4,) dén nam 2030; (3) Phan nhém va
du bao d6 thi phy tai gio cua hé thong dién Viét Nam dén nam 2030; (4) Bé xuét kich
ban ngudn dién vai cac kich ban “xanh” ¢6 su tham gia nhiéu hon ciia c4c ngudn ning
luong tai tao va giam nhu cau dién khi co sy tham gia caa dén LED va hé thong ning
lwgng mit troi PV 1ap mai; (5) Tinh toan ciu trdc ngudn phat téi wu vé chi phi, tinh

toan lugng giam phat thai CO> cua céc kich ban.

Vé (1) du b&o nhu ciu dién Viét Nam (GWh) dén nam 2030, nghién ctru sinh da
sir dung phuong phép dy bao theo mé hinh kinh té lugng (Econometric Model) trén
nén tang ham san xuat Cobb — Douglas, phuong phap nay lan dau tién duoc ap dung
tai Viét Nam. Két qua du béo cho thiy, nhu cau dién tai Viét Nam khong bj tac dong
truc tiép hay r rang bai cac yéu té GDP va ty trong cong nghiép va dich vu trong co
cau GDP cua Viét Nam. Cac yéu té duoc ghi nhan co tac dong rd rang dén nhu cau
dién d6 1a: thu nhap, dan sé va s6 ho gia dinh. Dy b&o nhu cau dién nang tiéu thy cia
Viét Nam qua cac nam 2020, 2025 va 2030 lan luot 12 230.195GWh, 349.949GWh
va 511.268GWh, két qua nay twong dong khi so sanh véi Quy hoach dién VII diéu
chinh.
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V& (2) dy bao nhu cau cong suat dinh cua hé thong dién Viét Nam (P,,4.), nghién
ctru sinh dé sir dung mé hinh mang noron truyén thang lan truyén ngugc FFBP. Dy
bao qua cac nim 2020, 2025 va 2030 lan luot la 40.332MW, 60.835MW va
87.558MW, két qua nay twong dong khi so sanh véi Quy hoach dién VII diéu chinh.
Luu y két qua nay chua tinh dén cac yéu t6 méi phat trién caa khoa hoc cong nghé

nhu: Cong nghé chiéu sang LED, hé thdng ning lwong mit troi PV 1ap mai.

Vé (3) phan nhém va dy bao dd thi phu tai gio cia hé théng dién: Pay 1a diém
hoan toan mai ca luan an dé phuc vu cho viéc tim cau tric tdi wu cho cac kich ban.
Két qua dat duoc 1a do thi phu tai gio caa hé thdng dién Viét Nam duoc chia 1am 8
d6 thi phu tai dic trung, duoc phan loai theo ngay Tét, ngay lam viéc, ngay nghi (Chi
nhat) twong tng theo cac nhdm thang. Tir cac quy luat vé hinh dang do thi phu tai rat
ra duoc tir cac nhom d6 thi phu tai dic trung trong qua kht, tién hanh du bao d6 thi

phu tai dac trung cho tuong lai.

Vé (4) dé xuat kich ban, bon kich ban dugce dé xuat lan luot 1a: (1) Business As
Usual - BAU: kich ban nén kinh té phat trién nhu hién tai; (2) Low Green — LG: kich
ban vai gia dinh sy tham gia nang luong ti tao & mic thap, gia nhién liéu va nhu cau
thap; (3) High Green — HG: kich ban véi gia dinh sy tham gia ciia nang luong tai tao
& murc cao, gia nhién liéu cao va nhu cau rat thap do c6 su tham gia caa cong nghé
chiéu sang LED; va (4) Crisis: kich ban véi gia dinh su tham gia cua ning luong téi
tao thap, gia nhién liéu cao va nhu cau thap. Trong d6, 02 kich ban LG va HG chinh
la nhitng kich ban “xanh” dwgc dé xuat caa luan an. Ngoai ra, kich ban Crisis, ciing

dugc dé xuat nham dy trd tinh hung khéng thuan loi cé thé xay ra.

V& (5) tim cau trtic phat dién toi wu, ham muc tiéu 1a tong chi phi phat dién thap
nhét, véi cac rang budc cua do thi phu tai trong lai dwoc du béo va cac gisi han cua
c4c loai nguon phét tham gia hé thong. Phan mém LINDO dugc st dung va thu duoc

cac két qua chinh nhu sau:

— Cong suat lap dat dy bao cua ngudn thay dién tai cac nam 2020, 2025 va 2030
lan luot 12 18,1GW, 18,6GW va 21,2GW; nhiét dién than ¢ kich ban HG va kich
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ban BAU cho ndm 2020 1an luot 1a 15,8GW va 17GW, céc két qua tuong (ng
chonam 2025 12 24,6GW va 29,3GW, va cho nam 2030 1a 38,9GW va 49,9GW.
Xét trong co cau cong suat lap dat ngudn tong thé, ty 1¢ nhiét dién than chiém
tir 27,8% dén 40,6%.

Pén nam 2020, cong suét lap dit cua nhiét dién khi dat xap xi 9,5GW; con s6
nay cho cac nim 2025 va 2030 lan luot 12 15,6GW va 23,2GW; chiém khoang
16,6% dén 20,3% trong co cAu ngudn tong thé. Cac két qua nay gan nhu khong
thay d6i & cac kich ban du béo. Cac dang nguédn phat dién khéac gan nhu di dat
dén gioi han lap dat va khong cd su thay doi dang ké vé cong suat lap dat.

Két qua du béo vé san lugng phat dién cua thiy dién tai nim 2020 va 2030 1a
66,3TWh va 68,6 TWh, giam ty trong tir 25,3% xudng con 11,9% sau nam 2030.
Du b4o nhiét dién than gia ting san lwong phat dién va chiém tir 44,3% dén
57,6% tong san lugng phat dién. Bén canh d6, du béo nhiét dién khi cling co su
tang truong nhe qua cic nam vai san lugng chiém ty 1é khoang 19% trong tong
o cau nguodn phat dién tong.

Luong phat thai du bao cho kich ban HG thap hon kich ban BAU 5,7% vao nim
2020, 19,7% vao nam 2025 va 27,1% vao nam 2030 nh¢ vao su dong gop voi
ty trong 16n cua cac ngudn ning lugng tai tao va nhu cau phu tai giam do sy
tham gia cua hé thong chiéu sang hién dai LED va hé thong nang lugng mit troi
Iip méi (PV rooftop).

Chi phi phat dién duoc du bao vai kich ban chi phi nhién liéu thap, gia phat dién
tuong tng tur 4,35 — 5,52US$cent/kWh, vai kich ban chi phi nhién liéu cao thi
gia phat dién tuong tng tur 6,03 — 7,76US$cent/kWh. Mot nhan xét dang cha y
la véi kich ban HG ban luong phét thai CO, s& ¢d chi phi thap hon kich ban HG
khong ban luong phat thai CO, khoang 10% va diéu nay din dén chi phi phat
dién cua kich ban HG s& gan bang voi chi phi phat dién cua kich ban Crisis vao
nam 2030.



Cac két qua nghién ciru trén cho thiy luan 4n d3 hoan thanh muc tiéu nghién ciu
dé ra. Pay 1a dong gop rat c6 ¥ nghia vé mat khoa hoc va thyc tién cho sy phat trién

dién luc cua Viét Nam.
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ABSTRACT

Electric power, one of the important promotion-bases of production’s added value,
plays a vital role for ensuring the development of economics, culture, science and
technology of a nation, a region and entire-world also. The estimation (or forecasting)
of supply capacity to meet the demand for economics development must be done in
early phases of planning process through a concept of “energy scenario”; in which

environmental protection is the most urgent constraints.

This study-based thesis aims to build reasonable scenarios for power sources
towards to a “low-carbon economy” for Vietnam to 2030. The study comprises five
main matters: (1) Forecasting electricity demand (GWh) for Vietnam to 2030; (2)
Forecasting the peak load demand B,,, of Vietnam power system to 2030; (3)
Clustering and predicting hourly electric load profile of Vietham to 2030; and (4)
Introducing green scenarios for generation; in which renewable energy resources are
accounted for significant contribution, and the penetrations of LED lamp
technologies and solar rooftop photovoltaic (PV) help to reduce the system’s
consumption demand; and (5) Computing the least-cost optimum structure for
Vietnam power generation system and calculating the CO2 emission potential of

different scenarios, correspondingly.

Doing research on forecasting electricity demand (GWh) for Vietnam to 2030,
candidate has employed a Cobb — Douglas production function based — econometric
model as prediction method, this method is first launched in Vietnam. Forecasted
results show that the GDP and the proportion of industry and service in GDP do not
make major impacts on electricity demand in Vietnam. Parameters which have strong
impact on demand are: (1) The per capita income; (2) Population; and (3) Number of
households. With medium scenario of the income, the forecasting consumptions in
2020, 2025, 2030 are 230,195GWh, 349,949GWh, 511,268GWh, respectively. Those
results are closed similar to numbers released by the Revised version of Master plan

no. VII for power system in Vietnam (PDP VIl rev.).
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In order to forecast the peak load demand P,,,, of Vietham power system to 2030,
researcher has implemented the feed-forward back propagation (FFBP) method, a
modified model of neural network. B,,, in 2020, 2025 and 2030 are forecasted at
40,332MW, 60,835MW, and 87,558MW, respectively. Those results are really
closed to values of the PDP VII rev. It is noted that new factors related to technogical
and scientific developments, i.e. LED technology, solar photovoltaic rooftop system,

have not been accounted to those results.

Clustering and predicting hourly electric load profile of power system is a pristine
point of thesis with aims to provide conditions to figure-out the least-cost optimum
structure for Vietnam power generation system. The results show that there are 8 load
patterns categorised by the consumption characteristics of Tet holidays, working
days, and weekend days corresponding to groups of month. Also, future load patterns

have been predicted.

In terms of scenario construction, four scenarios have been suggested. They are:
(1) Business As Usual — BAU: scenario with current conditions; (2) Low Green — LG
scenario represents for cases of low fuel price, low load demand, and low sharing of
renewable energy; (3) High Green — HG scenario is generated to perform the
conditions of high fuel price, deeply low load demand, and high renewable energy;
and (4) Crisis scenario is the case of high fuel price, low load demand and low sharing
of renewable energy. LG and HG are the suggested “green scenarios” of this thesis.
The Crisis scenario is introduced to indicate forecasted results caused by the worst

conditions.

With aims to find the optimal structure for the national power generation system,
an objective function has been employed. Objective function is the function where
the power generation cost is minimized, combined to numerous other constraints.

LINDO software was launched to generate these following results:

— Forecasted installed capacities of hydro are around 18.1GW, 18.6GW, and
21.2GW in 2020, 2025, and 2030, respectively; installed capacities of coal-
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thermal power plants in HG and BAU scenarios in 2020 are 15.8GW and
17GW, respectively; in 2025 are 24.6GW and 29.3GW, in 2030 are 38.9GW
and 49.9GW, correspondingly. Looking into the national installed capacity,
coal-thermal capacity accounts for 27.8% to 40.6%.

— Installed capacities of gas-thermal power plants reach around 9.5GW, 15.6GW
and 23.2GW in 2020, 2025, and 2030, respectively; account for 16.6% to 20.3%
in total installed capacity. These results keep nearly unchanged in all scenarios.
Other generations are all reach their upper limit installation and do not change
much through scenarios.

— Forecasted results for hydro generation in 2020 and 2030 are 66.3TWh and
68.6TWh, respectively (decreasing from 25.3% to 11.9% after 2030). Coal-
thermal generation is forecasted to increase its production continuously by years
and contributes 44.3% to 57.6% in the total production. Also, gas generation
has a slight increase by years and shares about 19% of total.

— The CO2 emission of HG scenario is 5.7% lower than the BAU in 2020, 19.7%
in 2025, and 27.1% in 2030 due to the significant contribution of renewable
resources and the reduction of demand caused by the penetration of LED lamp
technologies and solar PV rooftop system.

— Generation costs are computed as 4.35 US$cent/kWh to 5.52 US$cent/kWh and
6.03 US$cent/kWh to 7.76 US$cent/kWh in correspondence with low and high
fuel price scenarios in the future. A considerable note that if CO2 emission is
put into the market in the HG scenario, then the generation cost of HG scenario
could reduce 10%, approximately. As a result, it helps generation cost of both

HG and Crisis scenarios are nearly same in 2030.

Those results are used to demonstrate the success of thesis. All expected objectives
have been reached. Additionally, the success of this thesis can make various
significant contributions in terms of scientific and practical platforms for the

development of Vietnam power system.
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CHUONG 1. TONG QUAN

1.1. PAT VAN PE

Ning luong dién 1a dong lec bat bude dé phat trién kinh té caa tat ca cac quéc gia
trén thé gioi, trong d6 c6 Viét Nam. Pién ning tai Viét Nam chii yéu duoc tao ra tir
co niang (thay dién) va nhiét ning (nhiét dién than, dau, khi). Tuy nhién: (1) Ngudn
than da tai Viét Nam da can kiét sau mot thoi gian dai khai thac thiéu quy hoach, dan
dén thiéu hut nguyén liéu than cho cac nha may nhiét dién chay than vén phu thudc
hoan toan vao trit lugng than da quéc gia; (2) Nguon dau mé hién nay khong phu hop
dé phat dién do gia thanh phat dién qua cao (trén 10US$cent/kWh): va (3) Ngudn
nang luong thuy dién ciing tién gan dén muc téi han khi ngay cang nhiéu két qua
nghién cau vé tac dong xau cua thuy dién dén mai trudng sinh thai dugc cdng bd.
Trong khi d6, cac ngudn ning luong tai tao nhu gié, mat troi, sinh khdi, v.v... 12 nhitng
ngudn ning luong duoc danh gia rat cao vé tiém ning & Viét Nam nhung hién nay

van chua dugc khai thac mét cach quy mé do tdn tai nhiéu rao can vé chinh sach.

Tai quy hoach dién VII diéu chinh, du kién san lugng phat dién cho cac nam 2020,
2025, va 2030 lan luot 1a 265TWh, 400TWh va 575TWh. Trong d6 nhiét dién than
ch ty trong 16n vai san lugng dién twong tng cho cac nam du béo lan luot 1a 49,3%,
55% va 59%; thuy dién giam tir 25% xudng con 12,4%:; nhiét dién khi duy tri 6n dinh
& mac 17 — 19%; dién tir nang luong tai tao tang tur 6,5 — 6,9% trong giai doan 2020
— 2025 1én mae 10,7% vao nam 2030. Nhitng chi tiéu nay chi dap ung dugc khoang
60 — 70% muc tiéu cua Chién lugc phat trién ning luong tai tao quéc gia. Nhu vay,
mac du ¢ tiém niang 16n vé cac ngudn ning lugng tai tao nhu ning lwong mat troi,
gi6, sinh khéi, v.v... nhung dén nam 2030 nhiét dién than van chiém ty trong lon.
Diéu nay dat ra thach thic 16n cho viéc phat trién nguén dién dap @ng nhu cau phat
trién kinh té - x4 hoi va gop phan bao vé méi truong, phat trién bén viing cua quéc
gia. Vi vay, viéc xay dung céc kich ban ngudn ning lwong ndi chung, hay nguén phét

dién noi riéng hudng dén cat giam phét thai khi nha kinh véi chi phi téi thiéu theo



dinh huéng phat trién nén kinh té carbon thap vao nim 2030 mang mét ¥ nghia hét
sirc quan trong. Pay 1a dong co dé nghién ctu sinh lya chon dé tai nghién ciu “Xay
dung kich ban ngudn dién hwéng téi nén kinh té carbon thap tai Viét Nam téi
nam 2030”

1.2. MUC TIEU VA NHIEM VU NGHIEN CUU
1.2.1. Muc tiéu caa nghién ciu
Véi du bao dén nam 2030, linh vyc ning lwong tai Viét Nam chiém 66% tong
luong khi thai, trong d6 san xuat dién chiém xap xi 29%. Bé gop phan giam luong
phét thai CO2 ra mdi trudng va huéng téi nén kinh té carbon thap. Luan &n nghién
ctru dé xuat cac kich ban nguén phat dién ti wu vé gia thanh va hudng téi giam phét
thai CO; cho hé théng dién Viét Nam dén nam 2030.

1.2.2. Nhiém vu cia nghién ciru

— Thu thap, phan tich, tong hop tai liéu tham khao;

— Pé xuat luu db xay dung kich ban phat dién xanh tai Viét Nam;

— Du bao nhu cau phu tai Viét nam téi nim 2030;

— Xay dung céac kich ban phat dién hudng tai giam phat khi thai CO»;

— Tinh to&n ciu trac phat dién téi vu vé gia thanh cho hé thong dién Viét Nam.
1.3. POI TUQNG VA PHAM VI NGHIEN CUU

1.3.1. Poi tweng nghién ciru

— Hé thdng ngudn phat dién

1.3.2. Pham vi nghién c@u

— Vé khdng gian: Viét Nam;
— V& thoi gian: téi nam 2030.



1.4.

1.5.

PHUONG PHAP NGHIEN CUU

Phuong phap nghién ciru tai chd (desk-study): nghién ctu tai liéu, sach, cac van
ban chinh sich mang tinh vi mé va cac tap chi khoa hoc, cac dé tai nghién cau
cd lién quan ¢ trong va ngoai nudc. Nghién ciru cac ly thuyét thdng ké, du béo
va anh huéng cua sai s cua dit lidu;

Phuong phap tong hop dit liéu (data aggregation study): thu thap sé liéu, dit liéu
thong ké gbc co do tin cay cao bang cac cong cu thu thap di liéu (internet,
research-gates, APN,...);

Phuong phap md phong mo hinh (model simulation study):

+ Xay dung mé hinh mé phong LINDO (Linear, INteractive, and Discrete

Optimiser) dé giai cac ham muc tiéu nham t6i wu chi phi phat dién va cit giam
luong khi thai COg;

+ Xay dung céc giai thuat hoic str dung phan mém xu ly sb liéu, dir liéu;

+ Xay dung cac phuong phap kiém tra, danh gia, so sanh két qua nghién ctu.

PIEM MOI DU KIEN

Du bo nhu cau dién sir dung ham san xuat Cobb — Douglas va mé hinh kinh té
lugng (Econometric Model), phuong phap nay lan dau tién dugc ap dung tai
Viét Nam. Phuong phap du béo phi hop khi khdng c6 sé lidu chi tiét cua nganh
dién.

Str dung mang no ron truyén thang lan truyén nguoc FFBP — mét trong nhitng
mo hinh cia mang no ron — dy bao dai han tai dinh B,,,, cia Viét Nam. Phuong
phap duoc sir dung khi khong co du sé liéu chi tiét ciia nganh dién.

Phan nhom d6 thi phy tai 4p dung giai thuat K,,,,, — K, Két hop véi sy lua
chon cua chuyén gia dé tim ra 08 nhom do thi phu tai dién hinh caa hé théng
dién Viét Nam. Phuong phép nay lan dau tién duoc ap dung tai Viét Nam.

Pé xuat 03 kich ban ngudn phat hoan toan méi, hudng téi giam phat thai cho
hé thong dién Viét nam t6i nam 2030,

Tim c4u trac phat dién t6i wu vé gia thanh cho cac kich ban dé xuat.



1.6.

1.7.

GIA TRI THUC TIEN CUA PE TAI

Cung cp phuong phap du béo nhu cau phu tai méi khdng can sé liéu chi tiét
cua nganh dién. Két qua du bao nay Ia rat quan trong phuc vu cho quy hoach
phét trién nganh dién, ning lwong noi riéng, va cho phat trién kinh té & pham vi
qudc gia néi chung.

Cung cip phuong phap phan nhom phu tai dién dic trung dya trén tri tué nhan
tao va kién thirc chuyén gia phuc vu cho cho cdng tac tinh toan ciu tric phat
dién tdi wu va cho van hanh, diéu do hé thdng dién.

Pé xuat cac kich ban phat dién xanh (giam luwong khi thai CO2) gop phan phat

trién nén kinh té carbon thap cho Viét Nam.

BO CUC CUA LUAN AN

Bé cuc caa luan an bao gom 5 chuong:

Chuong 1: Tong quan

Chuong 2: Phuong phap xay dung kich ban phat di¢n
Chuong 3: Du bao nhu cau dién

Chuong 4: Xay dung kich ban va cu truc phat dién tbi vu

Chuong 5: Tom tat — Két luan — Kién nghi



CHUONG 2. PHUONG PHAP XAY DUNG
KICH BAN PHAT PIEN

2.1. CAC PHUONG PHAP XAY DUNG KICH BAN NANG LUOQNG
TREN THE GI0i

Thach thire chinh cho chién luge dap wng nhu cau ning lwong qudc gia la tinh
khong chéc chin trong twong lai dai han cua céc yéu t dau vao (phia cung) nhu: (1)
Gia ning luong; (2) Kha ning cung cap, khai thac c4c ngudn ning luong so cap truyén
thong, nang luong tai tao; va (3) Chinh sach ciia nha nudc; va cac yéu té dau ra (phia
cau) nhu: (1) Nhu cau nang luong; (2) Su phét trién ciia cac cong nghé sir dung nang
luong tiét kiém va hiéu qua. Khi d6, phuong phap du bao dugc ap dung phd bién 1a
phuong phap xay dung cac kich ban. Trong d6, cac t6 hop cua nhitng yéu té khéng
chic chan s& duoc dé xuat théng qua cac du bao hay gia dinh; véi mdi té hop duoc
dé xuét s& dugc xem nhu 1a mot kich ban c6 thé xay ra trong tuong lai. Viéc tinh toan
tinh kinh té - k§ thuat — moi trudng cua tirng kich ban s& duoc giai quyét thong qua
viéc giai bai toan tdi uu vai muyc tiéu chi phi nang lugng/dién nang 14 thap nhat, cing

VGi cac rang budc vé ki thuat, moi truong.

Pé 1am 16 co s ly thuyét xay dung kich ban, luan an nghién ctu, tham khao cac
phuong phap xay dung kich ban nang luong cua hai t6 chuc uy tin trén thé gioi 1a co
quan nang lugng qudc té (IEA) va British Petroleum (BP); cling voi cac phuong phap
xay dung kich ban phat dién cua mot sé qudc gia co diéu kién kinh té va béi canh
nang luong tuong tu nhu Viét Nam nhu Thai Lan, Pakistan, Malaysia.

2.2. PHUONG PHAP XAY DUNG KICH BAN PHAT TRIEN NGANH
PIEN CUA VIEN NANG LUQNG
2.2.1. Phwong phap truc tiép

Thuce hién tdng hop du bao va ké hoach phat trién ting tinh, viing, mién va ting

nganh, nghé, linh vyc. Trén co sé d6 tinh toan nhu cau dién truc tiép theo mac tiéu

hao dién ning trén mot don vi san pham hoic don vi dién tich.



2.2.2. Phuwong phap gian tiép

Vién Ning luong di st dung mé hinh da hdi quy (st dung phan mém Simple-E),
thuc hién du bao nhu cau dién cho ba mién va toan qudc chir khdng du béo theo quy
md hanh chinh cip tinh hoic pham vi phuc vu caa cac cong ty dién lec thanh vién.
Phuong phap nay duoc khai thac dé du béo cho ba (03) kich ban: kich ban thap, kich

ban co sd, va kich ban cao. Dit liéu dau vao caa md hinh bao gom:

— Du bao dan sé va mirc tang truéng dan s hang nim cua Viét Nam dén 2030;
— Cac kich ban tang truong kinh té Qudc gia dén nam 2020, tim nhin 2030;

— Heé sb tiét kiém nang luong;

— Du béo kich ban gia dién va tac dong cua gia dién dén nhu cau;

— Du béo kich ban gia nguyén nhién liéu phat dién.
2.2.3. Phwong phap duw béo biéu d6 phu tai

Phuong phap dugc ap dung trong QHP VII PC dé du bao dang d6 thi phu tai toan
qudc va tirng viing, mién, nganh, nghé trong ca nudc. Gigi han va két qua du béo caa
phuong phép nay 1a dy bao d6 thi phu tai dién cia cac ngay dién hinh (ngay lam viéc,
ngay nghi, ngay cudi tuan, ngay c6 phu tai cuc dai) theo muia (mua kho va muiia mua)
tai cac nam moc 2010, 2015, 2020, 2025, va 2030 cua hé thong dién quéc gia va ba

khu vuc Béc, Trung, Nam.

2.3. PHUONG PHAP XAY DUNG KICH BAN PHAT PIEN CUA LUAN
AN

2.3.1. Luu @6 phwong phap

Dé thuc hién dy béo nhu cau dién (GWh) va du bao nhu cau cong suat dinh (P,,qy)
cua Viét Nam dén nam 2030, luin an sir dung céc s6 liéu dau vao duoc thu thap,
thong ké trong nhiéu nam va c6 kha ning tac dong dén nhu cau dién nhu: GDP, téc
d6 tang truong GDP, thu nhap binh quéan trén dau ngudi, dan so, sé ho gia dinh, ty

trong gitta cac linh vuc trong nén kinh té, v.v...
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Hinh 2.1. Luu do phuong phap xay dung kich ban cuaa luan an

Khéi luu dd do thi phu tai gio caa hé thdng dién 1a s6 liéu dau vao dé du bao tim

ra d6 thi phu tai gio dién hinh trong tuwong lai, 1am co so xac dinh cau tric ngudn phat

dién t6i uu khi xay dung kich ban.

Khéi luu d6 céc kich ban ngudn nhién lidu, kich ban nhu cau dién ning tiéu thy va

kich ban su tham gia caa cong nghé chiéu sang LED va ning luong mat troi PV lap

mai 12 c&c gia dinh 1am co s¢ xay dung kich ban ngudn phat dién.

Khoi lIuu d6 hé sb phu tai, chi phi van hanh bao dudng, hiéu suat, gidi han cong

Suit, v.v... 1a cac rang budc cua chi phi phat dién tdi uu.

Va khéi du bao luong phat thai CO2 la tham s dé tinh toan du doan lugng phét

thai CO; cua cac kich ban ngudn phat dién.



2.3.1.1. Quy trinh xay dwng kich bdn

Budc 1: Luan &n lya chon phuong phap du bao nhu cau dién (GWh) theo mé hinh
kinh té luong trén nén tang ham san xuat Cobb — Douglas dé tién hanh du bao nhu
cau dién cua Viét Nam dén nam 2030. M6 hinh du bao chi tiét dugc trinh bay tai

chuong 3 cua luan an.

Budc 2: Luan an lya chon mang no-ron truyén thang lan truyén nguoc FFBP du
bao nhu cau cong suét dinh (P,,,,) do kha ning tu hoc va tu diéu chinh trong sé dé
cai thién tinh chinh x4c cua két qua du bao dé du bao nhu cau cong suét cuc dai P,,q,.

Chi tiét caa phuong phap duogc trinh bay trong chuong 3 cua luan an.

Budgc 3: Phan nhom db thi phu tai va dyu bao do thi phu tai: Luan an st dung s6
licu dd thi phu tai theo gior cua hé thdng dién Viét Nam duogc thu thap trong 10 nam.
Luan an lra chon giai phap sir dung giai thuat K,,,,, — K Két hop véi su lua chon
ctia chuyén gia dé tim ra cac dang d6 thi dic trung cua hé thong dién Viét Nam tai
cac nam 2006, 2010, 2012, va 2014. Tir @6, sir dung cac dang dd thi twong tu nhau
dé dy bao d6 thi phu tai trong tuong lai.

Buéc 4: Xay dung kich ban va tim cu trac téi wu cho cac kich ban: kich ban nguén
phat dién dugc xay dung nham dam bao dap wng nhu cau dién dén nam 2030 véi co
c4u nguon phat dién, chi phi phat dién téi wu va luong phat thai khi CO2 ra méi truong
thap nhat. Céc kich ban dugc xay dung dua trén dic tinh rai ro va khéng chic chin
cua cac tham s c6 tac dong 16n dén cong suat ngudn phat dién va nhu cau phu tai
trong hé thong dién nhu: (1) Gia nhién liéu trong twong lai; (2) Sy suy giam nhu cau
tiéu thy dién do su xam nhap thi trudng cua cdng nghé chiéu sang LED va céc hé
théng niang luong mat troi quang dién lap mai; va (3) Cong suat phat dién tir nguon
nang luong tai tao.

Luan an da sir dung ham muc tiéu ciu tric phat dién téi vu 1a tdi thiéu téng chi phi
phat dién vao cac nam 2020, 2025, va 2030 duoc trinh bay chi tiét tai chuong 4 cua

luan an.



2.4. KET LUAN CHUONG 2

Chuong 2 nghién ctu lan lugt cac phuwong phap xay dung kich ban nang luong cua
thé gidi nhu mé hinh WEO (IEA), mé hinh x4y dung kich ban ning luong/dién ning
cua British Petroleum — BP ciia Vuong qudc Anh, md hinh xay dung kich ban ngudn
phat dién cua cac qubc gia co hé thdng dién co sy twong ddng vai hé thdng dién Viét
Nam nhu céac trudng hop cua cac quéc gia: Pakistan, Malaysia, Thai Lan va nghién
ctru xay dung kich ban quy hoach phat trién dién luc cua Viét Nam. Qua phan tich,
nhan thiy cac nudc Pakistan, Malaysia va Thai Lan déu xay dung kich ban ngudn
phat dién hudng dén muc tiéu dam bao nhu cau dién ning tiéu thu cho dat nudc va
giam lugng phat thai CO2 ra mdi trudong. Cac nghién ctru da sir dung két qua du bao
Vva cé4c gia dinh dé tién hanh xay dung kich ban véi sé lugng kich ban duogc xay dung
tir ba dén nam kich ban cho mdi nghién ciru. Cong cu phd bién dung dé tinh toan xay
dung kich ban c¢d khac nhau vé thuong hiéu, tuy nhién vé céng nang déu gidng nhau
va déu la cac phan mém thuwong mai pho bién va dé sir dung nhu: LEAP, TIMES,
ExSS, v.v... Tuy nhién, cac mé hinh kich ban nay chua xem xét yéu té do thi phu tai
gio cua hé thong dién. Piéu nay dan dén két qua cac kich ban ngudn phat dién co veé

hop 1y nhung con c6 khoang cach kha 16n khi so vai thuc té phat dién.

Diém noi bat cia phuong phap dé xuat 1a: (1) Du b&o nhu cau dién (GWh) theo
mé hinh kinh té luong trén nén tang ham san xuat Cobb — Douglas véi viéc sir dung
c4c thong s6 dau vao 1a cac s6 lidu théng ké kinh té x& hoi dugc cong bé rong réi; (2)
Céu tric phat dién tdi wu voi chi phi phat dién thip nhat, ngoai cac rang budc truyén
thdng, con tinh téi rang budc cua dd thi phu tai va tinh toan lugng giam phat thai CO;

ra moi truong.



CHUONG 3. DU BAO NHU CAU PIEN

3.1. DAN NHAP

Nghién ctru va xay dung quy hoach phat trién dién luc qudc gia cho twong lai noi
chung va quy hoach phat trién ngudn dién cé chat lwong tét va sat véi thyuc té phét
trién kinh té - xa hoi, dam bao an ninh ning lwong, sin sang dap wng trong cac tinh
hudng khan cip caa quéc gia, v.v... doi hoi quan trong bac nhat va dau tién 1a xéac
dinh va dy b&o nhu cau st dung dién twong d6i chinh xac. Thuc té, Viét Nam trong
nhiéu nim qua cac quy hoach phat trién tong thé dién lec qubc gia chua dat hiéu qua

nhu mong muén, phan 16n ¢6 nguyén nhan tir cong tac du bao nhu cau dién.

Dé xay dung kich ban ngudn dién phat dién cho Viét Nam hudng dén nén kinh té
carbon thap tdi nam 2030 c6 d tin cay cao, luan an tién hanh nghién cau cac mé hinh
du bao nhu cau dién cho Viét Nam bang cac cong cu: Str dung ham san xuat Cobb —
Douglas dé du bao nhu cau dién (GWh), sir dung mang no ron truyén thang lan truyén
ngugc FFBP dé du bao phu tai dinh (P,,4,) Va st dung giai thuat Ko, — K dé
phan nhom db thi phu tai, tim dang do thi phu tai dic trung trong qua khir va dy bao
d6 thi phu tai gio cho twong lai. Két qua cua du béo 1a co so dé luan an thyuc hién xay

dung kich ban phuc vu cho viéc quy hoach ngudn phat dién Viét Nam dén nam 2030.

3.2. DU BAO NHU CAU PIEN GWH PEN NAM 2030
3.2.1. Cac phuong phap du bao dién nang tiéu thu dai han
Trude day, cac ky thuat du bao phu tai dai han thuong dugc phan loai theo hai
nhom: (1) Nhom cac phuong phap du bao dinh tinh; va (2) Nhém cac phuong phap
du bao dinh lugng. Trong do:

— Céc phuong phap du bao dinh tinh thuong duwoc cac nha quy hoach st dung dé
du bao twong dbi. Cac phuong phap thong dung bao gom phuong phap Delphi,
phuong phap 1ap day dudng cong (d6 thi) phu tai;

— Cac phuong phap du bao dinh lugng thuong la cac mé hinh phac hop c¢d ham

luong cac phan tich toan hoc va sb hoc I6m, cac phuong phép nay nam trong cac
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nhom hdi quy (regression analysis), nhom san bing sé mil lily thira (exponential
smoothing) va nhom phan tich Box-Jenkins.

Tuy nhién hién nay, do s6 luong mé hinh du béo rat Ién, cong vai viéc ap dung ky
thuat két hop cac mé hinh du bao truyén thong thanh cac md hinh lai ghép (hybrid
model) dé cai thién tinh chinh xéc cua du béo dan dén kho khin trong viéc liét ké cac
mo hinh lai ghép nay vao cac nhém phuong phap du bao theo dac tinh ky thuat hoac
ham toan nhu trén. Do d6, cac nha khoa hoc da dé& xuat to chirc phan loai lai céc
phuong phap du bao dai han thanh hai nhém chinh: (1) Nhém phuong phap tham s6
(parametric methods); va (2) Nhom phuong phap tri tué nhan tao (artificial intelligent

methods). Trong d6:

— Nhoém phuong phéap tham sé khai thac méi quan hé gitra nhu cau phy tai thuc té
Vva cac hé sb tac dong truc tiép dén no va dién ta mdi quan hé d6 bang cac mo
hinh toan hoc. Céac phuong phap thudéc nhém nay khéng can bat ci thdng tin
noi tai nao tir hé thong ma ching mé phong ma chi vién dan dix liéu cho phép
truy xuat méi quan hé giira cac dix liéu qué khir dé du bao hanh vi trong lai. Cac
ki thuat thong ké duoc st dung chii dao trong cac phuong phap nay 1a thuat
toan hoi quy (Regression), du b4o theo chudi thai gian (Time-series Prediction),
V.v... Trong sé cac md hinh truyén théng nay, ba mé hinh théng dung nhat Ia
mo hinh phén tich xu hudng (Trend Analysis), m6 hinh tiéu thy (sir dung) dau
cudi (End-use model) va md hinh kinh té lwong (Econometric Model):;

— Nhoém cac phuong phap tri tué nhan tao sir dung cong cu may hoc dé xir ly sé
liéu, tinh toan va du bao cac tap dir liéu mai bang ky thuat phét trién lap. Cac
phuong phap pho bién thuoc nhém nay bao gom: cac md hinh mang no-ron
(Neural Network), may hoc dinh huéng (Support Vector Machines), cac thuat
toan di truyén (Genetic Algorithms); logic mo (Fuzzy Logics); hé chuyén gia

(Expert System); va cdc mé hinh lai ghép gitta ching véi nhau.
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Theo cach phan loai nay, cac phuong phap du bao duoc liét ké theo dung ban chat
noi tai cua chdng, va gilp cac nha quy hoach du bdo nhu cau dién d& dang lva chon

phuong phap theo diéu kién thyc té vé dir liéu cua ho.

3.2.2. Phwong phap dé xuat cia luan an

3.2.2.1. Lwu do nghién ciru

X4c dinh cac bién cla
phwong trinh dw bao dé xuit

4

X4y dung ham san xuét
Cobb-Douglas dac trung

4

Bi€n doi tuyén tinh
phwong trinh Cobb-Douglas

N Loai bd cac bién
khong tac dong

Y

Thu thép s6 liéu qua khir
theo chudi thoi gian

Phuwong trinh dw b4o chuén

A 4

4

Chay dw bao

4

Két qua

Hinh 3.1. Luu d6 phuong phap dy bdo nhu cau dién trén nén tang ham san xuat
Cobb-Douglas
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3.2.2.2. Di# ligu diu vio va két qui

a. Dir liéu dau vao

Dit liéu dau vao duoc tap hop theo chudi thoi gian tir 1990 dén 2015.

Bang 3.1. Bang tong hop dir liéu dau vao ciaa mé hinh du bao dé xuat

DPién ning , Ty trong | S6 hd gia

Nam GDP Danso | Thunhap

tiéu thu CN&DV dinh

GWh Ty USD | Ngan dan | USD/dan % Trigu hg
1990 8.678 6,47 66.017 100 61,3 15,49
1991 9.152 9,61 67.242 110 59,5 15,93
1992 9.654 9,87 68.450 130 66,1 13,42
1993 10.665 13,18 69.645 170 70,1 13,81
1994 12.284 16,29 70.825 200 72,6 14,21
1995 14.636 20,74 71.996 260 72,8 14,62
1996 16.946 24,66 73.157 310 72,2 15,05
1997 19.151 26,84 74.307 350 74,2 15,49
1998 21.665 27,21 75.456 360 74,2 15,93
1999 23.739 28,68 76.597 370 74,6 16,66
2000 26.745 33,64 77.631 400 77,3 16,87
2001 30.187 35,29 78.621 430 78,5 17,36
2002 34.073 37,95 79.538 460 78,7 17,87
2003 38.461 42,72 80.467 510 79,1 18,38
2004 43.414 49,42 81.436 590 80,0 18,92
2005 49.008 57,63 82.392 680 80,7 19,47
2006 53.845 66,37 83.311 760 81,3 20,03
2007 59.159 77,41 84.219 850 81,3 20,61
2008 64.998 99,13 85.119 1.000 79,6 21,21
2009 71.415| 106,01 86.025 1.120 80,8 22,44
2010 78.466 | 115,93 86.933 1.270 69,1 22,80
2011 94.658 | 135,54 87.860 1.390 69,0 23,16
2012 105.474 | 155,82 88.809 1.550 70,8 23,53
2013 115.069 | 171,22 89.760 1.740 71,9 23,85
2014 128.435 | 186,20 90.729 1.900 72,3 24,27
2015 141.800 | 193,60 91.704 1.990 73,0 25,18

b. Két qud dw bdo nhu ciu dién ning ciia Viét Nam dén niam 2030

Sau qué trinh kiém dinh dé loai bo cac bién khdng phu hop, ltc nay phuong trinh
du béo chi con ba bién sé dy bao, bao gom: (1) Dan s6; (2) Thu nhap binh quan dau

ngudi; va (3) S ho gia dinh tai Viét Nam. Gi4 tri du b4o cua céc bién sé nay duoc
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liét ké trong Bang 3.2. Thay céc gia tri nay vao ham du bao, luan an thu duoc cac

kich ban nhu cau dién trong tuong lai tai cac ndm 2020, 2025, va 2030 (Bang 3.3):

Bang 3.2. Téng hop sb liéu du bao dau vao vé dan sd, thu nhap binh quan dau
nguoi, va so hd gia dinh cia Viét Nam qua cac nam 2020, 2025, va 2030

Bién s6 Ghi cha 2020 2025 2030

Dan sé (triéu ngudi) Triéu nguoi 96,302 | 99,929 | 102,886
Kich ban thdp 3.307 4.939 7.205
Thu nhap binh quan (USD/nguoi) | Kich ban co s¢ 3.370 5.111 7.836
Kich ban cao 3.485 5.450 8.450
S6 ho gia dinh (triéu h) Triéu hg 29,89 34,49 39,79

Bang 3.3. Két qua dy bao nhu cau dién trong twong lai cua Viét Nam
tuong ung vai cac kich ban cua so li¢u dau vao

Nhu ciu dién du béo (GWh) 2020 2025 2030
Kich ban thap 229.341 347.597 502.882
Kich ban co s¢ 230.195 349.949 511.268
Kich ban cao 231.722 354.404 518.923

3.3. DU BAO CONG SUAT PINH Pwax CUA HE THONG PIEN PEN
NAM 2030

Du béo P,,,, hay con goi la dy béo nhu cau céng suat cuc dai trong khoang thoi

gian du bao doi hoi d6 chinh xé&c cao dé tinh toan do du trir cdng suat phd hop, phuc

vu ké hoach san xuat dién, diéu tiét, du phong va an ninh ning luong.
3.3.1. Cac phwong phap dw béo cong suat dinh (Pmax) dai han
Trong gan ba thap ky vira qua, gidi khoa hoc quéc té da ghi nhan kha nhiéu cac

md hinh dy bao cong suat dinh (P,,4,) dai han hiéu qua da duoc trinh bay ¢ phan

trudc, bao gom:

— M5 hinh SARIMALt: mé hinh du bao dya trén dit liéu chudi thoi gian, trong d6
chudi thoi gian 1a mot tap hop cac gié tri dir liéu caa mot bién du bao nao do.

— M@ hinh héi quy.

— MO hinh logic mo.

— M@ hinh mang no ron hay cac mo hinh lai ghép.
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3.3.2. Phuong phap dé xuit caa luan an

Mbi twong quan giita nhu cau phu tai dién va cac yéu td tac dong truyén thong nhu
GDP va céc yéu t6 kinh té, xa hoi nhu muc tiéu thu dién theo dau ngudi, muc tiéu
hao dién ning trén don vi san pham, gia dién, v.v... bi anh hudng dang ké theo thoi
gian va méi quan hé giira chiing 1a méi quan hé khong tuong minh. Cac ham toan
biéu dién tinh khong tuwong minh thuong rat phuc tap va khé dua ra duoc két qua
chinh xac. Do vay, mang no-ron FFBP duoc nghién ciru va phat trién dé tim ra cac
méi twong quan néu trén bang giai thuat xap xi cac ham phi tuyén biéu dién tinh chit

khong tudng minh d6. Quy trinh du béo bao gdm cac budc:

— Xay dung giai thuat mang FFBP
— Cap nhat cac vector trong sb

— Hiéu chinh trong sb vector

— Lua chon ham tac dong

— Xay dung luat hoc co6 giam sat

— Kiém soat cac rang budc va xuat két qua
3.3.3. Dir liéu ddu vao va két qua dw bao

Dé du bao cong suat nhu cau dinh P,,,, cua hé thong dién Viét Nam, luan an lya
chon hai bién ngd vao 1a toc do tang truong GDP (%/nim) va nhu cau dién ning tiéu
thu naim (GWh). Dit liéu dau vao trong quéa khir dugc thé hién trong Bang 3.4, trong
d6 bao gom: X, — toc do ting trusng GDP (%/nam), X, — dién ning tiéu thu nim
(GWh), Y_target la cong suat dinh (P,,4,). S6 liéu du bao vé ting truéng GDP va
nhu cu dién (GWh) theo QHP VII diéu chinh dugc trinh bay trong Bang 3.5 dé lam
co sé dy bao. Sau khi mang két thic qua trinh huan luyén, lay 5 gia tri gan nhat dé so

sanh gia tri B,,,, thdng qua ngd ra tir mang ro-ron.
3.3.4. Két qua dw b4o bang mé hinh FFBP dé xuat

Khi so sanh vai gid tri kiém tra dé danh gia sai s6 cia mé hinh FFBP, két qua du

bao dugc trinh bay ¢ Bang 3.6. Sai s6 trung binh ciia mé hinh dat xap xi 1,92%.
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Bang 3.4. Dit liéu qué khtr ding dé huan luyén mang dé xuat

< X1 X, Y_target
Nam [%/nim] [GWh] [MW]
A. Tap dix liéu huan luyén
1990 5,10 8.678 1.660
1991 6,00 9.152 1.850
1992 8,60 9.654 2.005
1993 8,10 10.665 2.143
1994 9,30 12.284 2,408
1995 9,54 14.636 2.796
1996 9,34 16.946 3.177
1997 8,15 19.151 3.595
1998 5,80 21.665 3.875
1999 4,80 23.739 4.329
2000 7,10 26.745 4,615
2001 7,10 30.187 5.181
2002 7,10 34.073 5.817
2003 7,10 38.461 6.530
2004 7,10 43.414 7.331
2005 7,55 49.008 8.230
2006 6,98 53.845 9.015
2007 7,13 59.159 9.876
2008 5,66 64.998 10.818
2009 5,40 71.415 11.851
2010 6,42 78.466 15.416
B. Tap dit lidu kiém tra
2011 6,24 94.658 16.490
2012 5,25 105.474 18.603
2013 5,42 115.069 20.010
2014 5,98 128.435 22.210
2015 6,20 141.800 25.295
Bang 3.5. S6 liéu dau vao
Nim Tang trwéng GDP Nhu cau dién ning
[%/nam] [GWh]
2020 7,0 230.195
2025 7,0 349.949
2030 7,0 511.268

Bang 3.6. Két qua dy bao cong suat nhu cau dinh P,

Cong suit nhu ciu dinh P,,,, du béo

Nam

2020 40.332
2025 60.835
2030 87.558
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3.4. PHAN NHOM VA DU BAO PO THI PHU TAl

Théng thudng, viéc phan nhém chia yéu nham muc dich phan loai h tiéu thy dién
theo dic tinh hanh vi tiéu thu dé hoach dinh gia dién va xay dung cac chuong trinh
quan ly nhu cau tiéu thy dién cua cac don vi cung cip dién. Tuy nhién, trong linh vuc
quy hoach hé thdng dién thi phan nhém do thi phu tai con ¢d nhiéu ¥ nghia quan trong
khac. Bé giam s6 lugng bién ciia chuong trinh du b4o, mét trong nhirg phuong phap
hiéu qua 1a phan nhém d6 thi phu tai dé tim ra cac nhém phu tai c6 cung hinh dang.
Véi y nghia twong ty nhu vay trong quy hoach nhu cau dién dai han, luan an thuc
hién phan nhom do thi phu tai dé tim ra cac quy luat tiéu thu dién tai Viét Nam trong
qua kha, trén co sé d6 du bao @ thi phu tai dién cua tirng nhém phu tai dén nim
2030.

3.4.1. Cac phwong phap dw bao d6 thi phu tai

Céc phuong phap du bao d6 thi phu tai cling duwoc phan thanh hai nhém: (1) Nném
cac phuong phap théng ké; va (2) Nhém cac phuong phap mé phong tri tué nhan tao.

— Nhom céc phuong phap thong ké: cac phuong phap ndi bat va dugc st dung
phd bién bao gom phuong phap thong ké ARIMA, phuong phap san bang ham
mil bién kép Holt-Winters, mang no-ron truyén thang lan truyén nguoc va hoi
quy tuyén tinh str dung cac phan tich thanh phan trong sé (PCA). Trong do,
phuong phap san bang ham mii bién kép Holt-Winters 1a phwong phap chinh
x&c nhat, don gian nhat va nhanh nhat.

— Nhom céac phuong phap mé phong tri tué nhan taoTrong sb cac phuong phap
mo phong tri tu¢ nhan tao thi mang no-ron la phuong phap duoc quan tam,

nghién ciu va ang dung phé bién nhat trong du bao d thi phu tai dién.
3.4.2. Cac phwong phap phan nhém dé thi phu tai

Vé mit ly thuyét, cac phuong phap phan nhém d6 thi phy tai dwoc chia thanh ba
nhom chinh: (1) Nhom phuong phap phan nhém khong theo luat hoc giam sat; (2)
Nhoém cac phuong phap tri tué nhan tao; va (3) Nhom cac phuong phap khac.
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— Phuong phap phan nhom khong luat hoc gidm sat c6 dién nhét 1a phuwong phéap
ban d6 tu sap xép Kohonen (Kohonen's self-organising map — SOM);

— Cac phuong phap tri tué nhan tao bao gom mang no-ron, phuong phap luong tir
hoa vector, logic mo, ki thuat théng ké K-means (KM), phan tich chudi da bién,
va cac phuong phap lai ghép khéc;

— Cac phuong phap vira duoc dinh nghia gan day bang Iy thuyét théng tin nhu
phuong phap FDL, phan loai tap hop bang vec-to dinh huéng.

3.4.3. Phwong phap dé xuit caa luan an

3.4.3.1. Luwu dé dw bdo

THU THAP DU LIEU
Thu thap dir liéu do thi phu tai trong 10 nim

v

QUA TRINH PHAN NHOM
° Ap dung giai thuat K — Knin.
e Nhap s6 lwgng nhom k, kich thude/ quy mdé mdi nhom m
e Két qua phan nhom (d5 thi)
v

QUA TRINH SAU PHAN NHOM
(sap xép lai boi chuyén gia)
Tim va loai bo céac két qua 1i
Sap xép két qua con lai, thu két qua phan nhom cudi cing
Str dung dit liéu GWh qua khtr dé kiém tra d6 chinh xac cac nhom do thi.
Tim quy ludt ctia cac nhom do thi.

v

QUA TRINH TRUOC DU BAO
e Tim gia tri Ppay cia tirng dang do thi
e Chuyén dir liéu do thi sang hé don vi tuong ddi (P max = 1)

v

QUA TRINH DU BAO
e Tao do6 thi twong lai rng vi tung nhom do thi bang gia tri P« da du bao

Hinh 3.2. Luu d6 phan nhdm va du bao do thi phu tai
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3.4.3.2. Két qud qud trinh phin nhém phu tii

Két qua phan nhom db thi phu tai duoc liét ké trong Bang 3.7. Sau khi x4c dinh va
loai bo 16i bang hé chuyén gia, két qua cudi ciing dugc trinh bay trong Bang 3.8. Két
qua kiém dinh sai s6 giita nhu cau du bao va thuc té duoc thé hién trong Bang 3.9.

Bang 3.7. Két qua phan nhom db thi phu tai sau qua trinh phan nhém

STT Dang db thi 2006 | 2010 | 2012 | 2014
1 | Ngay nghi tét X X X X
2 Ngay lam viéc thang 1, 2 X X
3 Ngay lam viéc thang 1, 2, 3 X X
4 Ngay lam viéc thang 3, 4 X
5 Ngay lam viéc thang 3, 4,5 X
6 Ngay lam viéc thang 4, 5 X
7 Ngay lam viéc thang 4, 5, 8 X
8 Ngay lam viéc thang 5, 6 X
9 Ngay lam viéc thang 6, 7 X
10 | Ngay lam viéc thang 7, 8 X
11 | Ngay lam viéc thang 6, 7, 8 X X
12 | Ngay lam viéc thang 9, 10, 11, 12 X X X X
13 | Chu nhat, ngay nghi thang 1, 2, 3 X
14 | Chu nhat, ngay nghi thang 1, 2 X X
15 | Chu nhat, ngay nghi thang 1, 2, 3, 4 X
16 | Chu nhat, ngay nghi thang 3, 4, 5 X X
17 | Chu nhat, ngay nghi thang 4, 5, 8 X
18 | Chu nhat, ngay nghi thang 5, 6, 7, 8, 9 X X X
19 | Chu nhat thang 6, 7 X
20 | Chu nhat, ngay nghi thang 9, 10, 11, 12 X
21 | Chu nhat, ngay nghi thang 10, 11, 12 X X X

Bang 3.8. Két qua phan nhém phu tai sau qua trinh tai phan nhom

STT Dang d6 thi

Ngay nghi tét

Ngay lam viéc thang 1, 2

Ngay lam viéc thang 3, 4, 5

Ngay lam viéc thang 6, 7, 8

Ngay lam viéc thang 9, 10, 11, 12

Ngay chu nhat va ngay nghi I thang 1, 2

Ngay chu nhat va ngay nghi Ié thang 3, 4,5, 6, 7, 8, 9
Ngay chu nhat va ngay nghi I thang 10, 11, 12

I NO|OT|BWIDN|F-
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Béing 3.9. Két qua kiém dinh sai s giira dién nang tiéu thy (GWh) thu dugc tir do
thi phu tai va dién nang tiéu thu (GWh) thuc té

Nam Nhu cau GWh thwc | Nhu cau GWh tir d6 thi | Sai so
[GWh] [GWh] [%]
2010 99.199 99.896 0,72
2012 118.500 119.617 0,94
2014 144.316 143.283 -0,76

3.4.3.3. Két qud qud trinh dw bdo dé thi twong lai

C4c gia tri cong suat dinh P,,,, du béo cho tirng dang db thi vao nim 2020, 2025

va 2030 dugc trinh bay trong Bang 3.10. Nhitng gié tri nay duoc dung dé khai tao du

bao d thi phu tai cho cac ndm tuong tng d6 (Bang 3.11). Do thi phuy tai dy bao dién
hinh cho dang d thi ngay lam viéc thang 9, 10, 11, 12 tai cac nim 2020, 2025 va
2030 duoc thé hién ¢ Hinh 3.3.

Bang 3.10. Dy béo céng suit dinh (P,,,,) dén nim 2030

Nam Cong suat dinh dw bao
[MW]

2020 40.332

2025 60.835

2030 87.558

Bang 3.11. Du bé&o cong suat dinh (P,,4,) cua ting nhom do thi
cho cac nam 2020, 2025 va 2030 (MW)

STT Dang d6 thi 2020 | 2025 | 2030
1 | Ngay nghi tét 24.603 | 37.109 | 53.410
2 Ngay lam viéc thang 1, 2 35.492 | 53.535 | 77.051
3 | Ngay lam viéc thang 3, 4, 5 39.929 | 60.227 | 86.682
4 | Ngay lam viéc thang 6, 7, 8 39.929 | 60.227 | 86.682
5 | Ngay lam viéc thang 9, 10, 11, 12 40.332 | 60.835 | 87.558
6 | Ngay cha nhat va ngay nghi 1€ thang 1, 2 31.056 | 46.843 | 67.420
7 Ngay chu nhat va ngay nghi Ié thang 3, 4,5,6,7,8,9 | 33.879 | 51.101 | 73.549
8 Ngay chu nhat va ngay nghi I thang 10, 11, 12 36.299 | 54.752 | 78.802
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Hinh 3.3. B4 thi phu tai du bao cho dang db thi ngay lam viéc thang 9, 10, 11, 12
tai cac nam 2020, 2025 va 2030

3.5. KET LUAN CHUONG 3

Chuong 3 cua luan an di ap dung nhitng phuong phap dé du bao nhu sau:

— Sir dung phuong phap du bao theo mé hinh kinh té lugng véi ham san xuat
Cobb — Douglas dé du béo nhu cau dién (GWh) cho Viét Nam dén nim 2030.

—  Sir dung mang no-ron truyén thang lan truyén ngugc FFBP dé du béo cong suat
dinh (Pygs).

— Ung dung giai thuat K,,4, — K;n Két hop véi kién thic, kinh nghiém cua
chuyén gia dé lya chon, tim ra cac dang d6 thi phu tai dién hinh trong qua khu
cua hé théng dién va du béo do thi phu tai trong twong lai.

Cac két qua nghién ciru dy bédo & Chuong 3 1a co so dé luan an dé xuat cac kich

ban phat dién xanh cho Viét Nam dén nim 2030 ¢ Chuong 4.
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CHUONG 4. XAY DUNG KICH BAN VA CAU TRUC
PHAT PIEN TOI UU

4.1. DAN NHAP

Hoach dinh chién lugc phaét trién kinh té - xa hoi, dam bao an ninh kinh té, an ninh
nang luong va quy hoach phat trién dién luc qudc gia trong twong lai dai han can cin
ctr vao két qua nghién ciru c6 co so khoa hoc va sét véi thuc té. DI véi nganh dién,
dé c6 thé quy hoach phat trién dién luc qudc gia mot cach cha dong, cé tinh toan, hai
hoa véi cac linh vuc khac caa nén kinh té va dam bao cac yéu té bao vé méi truong,
va dic biét co nhiéu yéu té bat dinh tac dong trong qué trinh thuc thi quy hoach. Bé
giai quyét bai toan nay, can thiét phai thuc hién xay dung cac kich ban nham du bao

dai han c6 d6 chinh xac va ung pho dwoc vaéi cac rai ro kho xac dinh trong tuong lai.

4.2. XAY DUNG KICH BAN

Cac kich ban dugc xay dung dua trén dic tinh rui ro va khdng chic chin cua cac
hé sd co tac dong lén dén cong suat nguon phat va nhu cau phu tai trong hé thong
dién. Céc hé sé nay bao gém: (1) Gia nhién lidu trong tuwong lai; (2) Su suy giam nhu
cau tiéu thy do su x&m nhap thi trudong cia céng nghé LED va cac hé théng ning
lwong mit troi quang dién trén mai; va (3) Cong suat phat dién tir ning luong tai tao.

Dé xay dung duoc kich ban theo muc tiéu caa luan an, cac gia dinh lién quan dén

cac hé so trén duoc thiét 1ap nhu trong cac Bang 4.1, 4.2, 4.3, 4.4, 4.5 va 4.6.

Khi két hop tac dong cua toan bo cac yéu té trén, luan an thuc hién xay dung cac
kich ban khac nhau vé nhu cau phat dién quéc gia. Bang cach thay doi cac diéu kién
dau vao cho mé hinh, bén (04) kich ban dugc dé xuat bao gém:

(1) Kich ban Business As Usual (BAU) voéi diéu kién gia nhién liéu thap, nhu cau

phu tai cao va cong suat phat tir cAc nguén ning luong tai tao thap;

(2) Kich ban Low Green (LG) gia dinh gi& nhién liéu thap, nhu cau phu tai thap,

va cong suat phat tir cAc nguén ning lwong tai tao cao;
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(3) Kich ban High Green (HG) gia dinh gia nhién liéu cao, nhu cau tiéu thu “rat
thap”, va cong suat phat tir cAc ngudn ning luong ti tao cao; va
(4) Kich ban Crisis duoc gia dinh xay ra khi gia nhién liéu cao, nhu cau tiéu thu

thip va cong suat phat tir cAc nguodn ning luong tai tao thap.

Cac kich ban nhu ciu phat dién tuwong wng véi cac diéu kién dau vao khac nhau

duoc téng hop trong bang 4.7.

Bang 4.1. Nhitng gia dinh lién quan dén dén LED dén nam 2030

Tyléhésd , ,
Ao dien kin Cong suat Ty trong Ty I¢ cat
Dién nang L . . A A T
< a chieu sang dinh caa xam nhap giam tiéu
Niam tiéu thu cho N " C \
chiéu sang va hg SO p[u_x tz}l thi trwong thu nho
dieén kin h¢ | chieu sang caua LED LED
thong
(%) (%) (%) (%)
2020 23 30,7 10
2025 21 0,75 28,0 30 50
2030 19 25,3 65

Bang 4.2. Tiéu thu dién khu vuc dan dung va gia Qinh vé su xam nhap thi trudng
cua PV lap mai dén 2030

Ty trong tiéu thu Ty 1€ xdm nhap thi trwong ciaa cac hé
Nim dién cia linh vuc thong PV lip mai
dan dung Kich bdn thdp Kich bdn cao
(%) (%) (%)
2020 34,75 2 2
2025 31,36 10 15
2030 28,63 20 30

Bang 4.3. Gia dinh v& nhu cau dién ning va cong suat dinh cua hé thong dién
khi c6 su tham gia cua LED

Nhu ciu dién niing Cong suat dinh
Nim | KBcao | KBthap | Tylégidm | KBcao | KBthdp | Tylé giam
(TWh) (TWh) (%) (GW) (GW) (%)
2020 230,20 227,55 1,2 40,33 39,71 15
2025 349,95 338,93 3,2 60,84 58,28 4,2
2030 511,27 479,70 6,2 87,56 80,35 8,2
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Bing 4.4. Kich ban cat giam nhu cau tiéu thy dién nang qudc gia
khi c6 su tham gia dong thoi caa céng nghé LED va PV lap mai

Nhu cau
Nim KB thdp Ty 1¢ gigm KB rat thdp Ty 1¢ gigm
(TWh) (%) (TWh) (%)
2020 225,97 1,8 225,97 1,8
2025 328,30 6,2 322,98 7,7
2030 452,23 11,5 438,50 14,2

Bang 4.5. Kich ban cdng suat ngudn phat dién tir nang luong tai tao

theo quyét dinh s6 428/QD-TTg

Ngudn phat Pon vi 2020 2025 2030
o TWh 11,1 12,4 17,7
Thuy dién nho GW 38 5.2 6.8
Sinh khoi TWh 2,7 4,8 12,6
(thAp) GW 0,5 0,9 2.4
o TWh 2.1 4,0 12,0
Gio (thap) GW 0.8 20 6.0
e i TWh 8,8 12,8 18,9
Mat troi (thap) GW 6.1 8.0 12.0

Bang 4.6. Kich ban cong suat ngudn phat dién tir nang luong tai tao

theo quyét dinh s 2068/QD-TTg

Ngudn phat Pon vi 2020 2025 2030
- Twh 8.0 192 36.0
Sinh khoi (cao) GW 15 3.6 6.9
616 (ca0) TWh 2.7 6.0 154
GW 1,0 3,0 7,7

o TWh 8.8 238 343
Mat tréi (cao) GW 6.1 15.0 218

Bang 4.7. Cac kich ban phat dién dugc dé xuat va diéu kién twong tng

Kich ban Gié nhién liéu Nhu ciu tiéu thu | Congsuat NLTT
BAU Thap Cao Thap
Low Green (LG) Thap Thap Cao
High Green (HG) Cao Rat thap Cao
Crisis Cao Thap Thap
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4.3. HAM MUC TIEU VA RANG BUQC
4.3.1. Xay dwng ham muc tiéu
Ham muc tiéu cua ciu triic phat dién t6i wu 1a t6i thiéu hoa téng chi phi phét dién

vao cac nam 2020, 2025, va 2030. Biéu din toan hoc ciia ham nhu sau:

0= Z W,,.CEg . X4 4ty = min

=t (4.1)

Trong do:

e g: loai phat dién (thuy dién, than, khi, thity dién nho, sinh khdi, gid, quang
dién mat troi, nhap khau);

e g: dang d6 thi cua hé théng (tham khao Bang 4.9);

e t: thoi gian trong mot ngay (tir 1:00 dén 24:00);

e y:nam tinh todn (2020, 2025, 2030);

e C(E,,: chiphi phat dién cua nha may di¢n g nam y;

* X,y €ONG suat phat toi wu vé chi phi cua nha may st dung nguon phét g
cho dang tai g tai thoi diém t cta nam y;

e W,:hé¢ s6 quy doi thoi gia va duoc tinh nhu sau:

y—2014

%= 2

r: 130 suat (8%/nam);

€: ty Ié lam phat (4%/nam);
Chi phi phat dién CE (US $/kWh) cta nha may g trong nam y duoc tinh nhu sau:

CE _ Z(Fg,y + Ag,y + MOQJ/)

Trong do6:

e F,,: chiphinhién li¢u;

o A, khiu hao von dau tu;
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e MO, ,: chi phivan hanh, bao tr;
® (Qg,:san luong ciia nha mdy dién g ndm y [KWh];

Khau hao hang nim Ay, (US $/ndm) dugce tinh nhu sau:

1o- (1 + 7)™
Agy = (1+r)n—1 gy Cgy-10° (4.4)

Trong do:

o 1, ty I& 14i suit vay ODA (3.8%/niam) [%/nam];
e n:vong doi cua nha may g [nam];
o Iy suit dau tu ctia nha may dién g nam y [US $/kW];

e C,,:cONg suat dat cua nha may dién g nam y [MW].

4.3.2. Cac rang budc cia ham muc tiéu
Cac ham budc cho ham muc tiéu (4.1) 1a: (1) Nhu cau phu tai; (2) Kha nang phat
dién cyc dai; (3) Cong suat dat cuc dai; (4) Cong suat duy trir; (5) Gidi han kha ning

thay d6i cong suat phat gitra hai gio lién tiép; va (6) Hé s6 phu tai.

4.4, THU THAP SO LIEU PAU VAO

S liu dau vao can thu thap bao gom:

— Dang biéu d6 phu tai dic trung;

— Cobng suat dat cyc dai ciia nha may dién

— Cong suat du trir cia nha may dién

— Heé s6 phu tai ciia nha may dién

— Gii han kha niang thay dbi cong suat phat gitra hai gio lién tiép
— Phét thai CO2 va gid ban CO- trén thi truong

— Chi phi quy dan phat dién.
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45. GIOI THIEU PHAN MEM LINDO

LINDO la phan mém thuong mai néi tiéng trén thé gisi, duoc cung cap tir LINDO
Systems, Chicago, Hoa Ky. LINDO Systems c6 mot lich sir 1au doi trong viéc tién
phong phét trién phan mém téi vu hoéa. Tir ndm 1979, LINDO di duoc cong dong
gido duc va doanh nghiép tin nhiém cao théng qua viéc cung cap cac cong cu toi uu

hoa manh mé, sang tao, linh hoat va dé st dung.

Hang ngan tap doan, cong ty trén thé gidi da st dung LINDO dé giai cac mé hinh
t6i uu nham t6i da loi nhuan va giam thiéu chi phi cho céac quyét dinh lién quan dén
lap ké hoach san xuat, van chuyén, tai chinh, v.v... LINDO c6 giao dién gan giii, d&
sir dung. V&i cac (g dung thuong mai, LINDO thuong dugc dung giai quyét cac bai
toan voi hang chuc ngan rang budc va hang traim ngan bién. Phan mém LINDO c6
thé duoc st dung & ba dang: (1) B4i véi céc bai toan ¢ quy mé vira va nho, cac dong
lénh c6 thé nhap truc tiép tir ban phim cia méy vi tinh; (2) LINDO ciing cho phép
giao tiép véi cac tap tin duoc tao tir cac phan mém khac nhu: Word, Excel, v.v... dé
tao ra cac tap tin cho muc dich bao cao; (3) LINDO cho phép cac chuong trinh con
duoc tao tiy chinh c6 thé lién két truc tiép véi LINDO dé tao thanh mét chwong trinh
tich hop chira ma dugc 1ap trinh va thu vién caa LINDO. Trong nhiéu nim qua, co
thé ké dén mot sb tap doan 16n vé niang luong, dau khi, van tai, v.v... da sir dung
LINDO tinh toan téi wu cho cac bai toan kinh doanh. Dién hinh cd thé ké dén céc
cong ty: Greenergy, DUKE Energy, Petro China, Chevron, HEXAGON, PetroBras,
BP, SHELL, Exxon Mobil, ONTARIOPOWER Generation, v.v...

4.6. KET QUA

Sau khi nhap céac dir liéu dau vao vao phan mém LINDO, ta duoc két qua ciu tric
phat dién ti wu cua cong suat lap dat va san luong phat cua cac dang ngudn phat dién
cho cac nim 2020, 2025 va 2030 twong ¢ng tirng kich ban. Trén co s& cac gia tri két
qua tinh toan, tinh dugc lugng phéat thai CO., gia dién trong truong hop khdng ban
CO2 va truong hop ban di lugng CO; cét giam ra thi truong khi thai quéc té. Cac két
qua thu duoc lan luot dugc thé hién trong Hinh 4.1, 4.2, 4.3, 4.4 va Bang 4.8.
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4.7. KET LUAN CHUONG 4

Chuong 4 da trinh bay noi dung xay dung va dé xuat cac kich ban nguén phat dién,
cac két qua thu duoc tir chuwong trinh mé phong LINDO véi muc dich tim ra cau tric
phat dién t6i vu cho hé théng dién Viét Nam. Bing céc di liéu ddu vao dugc phan
tich danh gia va tinh toan tai cac Chuong 2, Chuong 3, cung véi cac gia dinh duoc
vién dan tir cc tai liéu dy bao chuyén nganh, luan an da xay dung bon (04) kich ban
phat dién cho Viét Nam dén nam 2030. Ba thong s quan trong c6 tac dong lén dén
cdng suat ngudn phat va nhu cau phu tai trong hé théng dién bao gom: (1) Gia nhién
liéu trong twong lai; (2) Sy suy giam nhu cau tiéu thu do sy x&m nhap thi truong cua
cdng nghé LED va cac hé théng ning luong mit troi quang dién lap méi; va (3) Cong
suat phat dién tir nguon niang lugng tai tao duoc phan tich va dua vao mé hinh LINDO
dé danh gia mic anh huong cua chung dén cong suat ngudn phat va cac dic tinh lién

quan.

Sau khi céc kich ban phat dién dugc xay dung (bao gom BAU, LG, HG, va Crisis),
luan &n thuc hién md phong toi uu hoa chi phi phat dién dé tim ra cac gia tri toi vu vé
cdng suat phat, nhu cau dién, lvgng phat thai CO2, va chi phi phat dién. Két qua cho
thay:

— BAU la kich ban c6 muc phat thai cao nhat do ty trong tham gia phat dién cua
nha may sir dung nhién liéu héa thach noi chung va nhién liéu than da néi riéng
I6m. Pay ciing 1a kich ban c6 mirc dam bao vé an ninh ning luong 1a kém nhat
khi phu thudc vao nhiét dién qua nhiéu;

— Kich ban LG va HG 4 hai kich ban ching minh rang su tham gia cua céc giai
phap phat dién nang lugng xanh gop phan cit giam phét thai CO2 va chi phi
phat dién. Trong d6, HG 1a kich ban c6 lugng phét thai thap nhat do ty trong
tham gia cua cac giai phap phat di¢n tir nang luong tai tao 16n;

— Viéc thuong mai hoa cac san pham CO, phat thai tiét giam duoc s& 1am cho chi

phi phat dién giam trong bdi canh bién dong vé chi phi nhién liéu.
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CHUONG5. TOM TAT - KET LUAN — KIEN NGHI

51. TOM TAT

Luan &n nghién ciu xay dung kich ban ngudn phat dién huéng téi nén kinh té
carbon thap tai Viét Nam t6i nam 2030. Duéi day 1a tom tat nhitng két qua chinh yéu
cua luan an:

1. Cac kich ban cta quy hoach phét trién dién lec Viét Nam dén nim 2030 c6 ty
trong tham gia cua ning luong tai tao rat it va c6 xu huéng ting ngudn phét
dién tur nhiét dién than kha 16n. Vi vay, can c6 nhiing nghién ciu ngudn phét
dién xanh, sach, phi hop véi sy phét trién bén viing cua Viét Nam.

2. Luan 4n da tiép thu gan nhu day du céch tiép can vé miat phuong phéap cua To
chac Ning luong qudc té IEA, cong ty BP — Vuong quéc Anh, cac qubc gia
Pakistan, Malaysia, Thailand va Quy hoach dién V11 diéu chinh cua Tap doan
bién lyc Viét Nam — EVN. Két qua cho thiy cac nghién cau déu xay dung
kich ban téi wu chi phi nhung chua nghién ctu cau truc téi uu phat dién, rang
budc d6 thi phu tai 24 gio.

3. Pé xay dung kich ban diéu dau tién va can thiét 1a phai xay dyng kich ban nhu
cau dién twong lai (GWh) va (P.q,):

— V& du béo nhu cau dién (GWh): Vi do han ché vé s liéu nén nghién ciu sinh
da chon giai phap ding md hinh kinh té luong dé du bao. Phuong phap nay
duoc ap dung lan dau tién tai Viét Nam. Ba yéu té dugc chon 12 bién tac dong
dén GWh nhu cau dién 1a: (1) Dan sé; (2) Thu nhap binh quan dau ngudi; va (3)
S6 ho gia dinh. Hai yéu td: tong san pham quéc noi (GDP) va ty trong cong
nghiép dich vu trong GDP khéng duoc lua chon 1a cac thdng sé dau vao caa dy
bdo. Dy bao nhu cau dién Viét Nam qua cac nam 2020, 2025 va 2030 lan luot
la 230.195GWh, 349.949GWh va 511.268GWHh, két qua nay twong dong khi so
sanh véi Quy hoach dién VII diéu chinh.

— V& dy bao nhu cau cong suét dinh (P,,,,): Nghién ctru sinh da st dung md hinh

mang noron truyén thang lan truyén nguoc FFBP. Bon yéu té duoc chon 1a bién
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tac dong dén P4, nhu cau la: (1) Toc d6 tang truong GDP (%/niam); (2) Pién
nang tiéu thu ndm (GWh); Hai yéu t6: hé s6 dan hoi; va T,,4, khong duoc lua
chon 1a cé4c théng sé dau vao cua du bao. Dy bao nhu cau cdng suat dinh qua
cdc nam 2020, 2025 va 2030 1an luot 12 40.332MW, 60.835MW va 87.558MW,
két qua nay twong dong khi so sanh véi Quy hoach dién VII diéu chinh. Luu ¥
két qua nay chua tinh cac yéu t6 mai phét trién cua khoa hoc céng nghé nhu:
cdng nghé chiéu sang LED, hé théng niang lwong mit troi PV 13p mai.

V& phan nhom d6 thj phuy tai va du bao d6 thi phu tai gio ctia hé thong dién: Pay
1a diém hoan toan méi caa luan an phuc vu cho viéc tim cau trlc téi wu cia cac
kich ban. Két qua dat duogc 1a dd thi phu tai gio cua hé thong dién Viét Nam
duogc chia 1am 8 d6 thi phy tai dic trung, 1an luot 1a: (1) Ngay nghi Tét; (2) Ngay
lam viéc thang 1, 2; (3) Ngay lam viéc thang 3, 4, 5; (4) Ngay lam viéc thang 6,
7, 8; (5) Ngay lam viéc thang 9, 10, 11, 12; (6) Ngay Chu nhat va ngay nghi Lé
thang 1, 2; (7) Ngay Chu nhat va ngay nghi Lé thang 3, 4, 5, 6, 7, 8, 9; (8) Ngay
Chu nhat va ngay nghi L& thang 10, 11, 12. Thém nita, viéc du béo d6 thi phu
tai dac trung cho tuong lai ciing da dugc thuc hién.

4. Luan an d& xuat bbn kich ban lan luot 1 (1) Business As Usual - BAU: kich
ban nén kinh té phat trién nhu hién tai; (2) Low Green - LG: kich ban voéi gia
dinh sy tham gia ning lugng tai tao thuc hién theo Quy hoach dién VII diéu
chinh, gi& nhién liéu va nhu cau thap; (3) High Green - HG: kich ban vai gia
dinh su tham gia cua niang lugng tai tao thyuc hién theo quyét dinh s6 2068/QP-
TTg, gi4 nhién lidu cao va nhu cau rat thip do c6 sy tham gia cua cdng nghé
chiéu sang LED va PV lap méi; va (4) Crisis: kich ban véi gia dinh sy tham
gia cua ning luwong ti tao thap, gia nhién liéu cao va nhu cau thap.

5. Tim c4u trac phat dién toi wu: Ham muc tiéu 14 téng chi phi phat dién la thap
nhét, két hop véi hang loat rang budc sau: (1) Nhu cau phu tai (GWh, B4, Va
phan nhém va du bao d6 thi phu tai gio); (2) Kha ning phat dién cuc dai (theo
pattern); (3) Cong suat dit cuc dai; (4) Cong suat dy trir; (5) Gigi han kha ning
thay d6i cong suat phat gitra hai gio lién tiép; va (6) Hé sé phu tai.
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6. Sir dung phan mém LINDO mé phong xay dung céc kich ban va c6 két qua
chinh nhu sau:

— Cong suit lap dit du béo caa ngudn thuy dién tai cac nam 2020, 2025 va 2030
lan luot 12 18,1GW, 18,6GW, va 21,2GW:; nhiét dién than & kich ban HG va
kich ban BAU cho nam 2020 1an luot 12 15,8GW va 17GW, céc két qua tuong
ung cho nam 2025 1a 24,6GW va 29,3GW; va cho nam 2030 1a 38,9GW va
49,9GW. Xét trong co cau cong suat lip dat nguon tong thé, ty 1& nhiét dién than
chiém tir 27,8% dén 40,6%.

— Pén nam 2020, cdng suat lap dit caa nhiét dién khi dat xap xi 9,5GW; con sb
nay cho cac nim 2025 va 2030 lan luot 12 15,6GW va 23,2GW; chiém khoang
16,6% dén 20,3% trong co cau nguon tong thé. Cac két qua nay gan nhu khong
thay d6i & cac kich ban du béo. Cac dang ngudn phat dién khac gan nhu da dat
dén gioi han lap dat va khong co su thay doi dang ké vé cong suét lap dat.

— Két qua du bao vé san luong phat dién cua thuy dién tai nim 2020 va 2030 1a
66,3TWh va 68,6 TWh, ty trong cua thuy dién trong co ciu ngudn phat dién tong
thé lai giam manh tir 25,3% xudng con 11,9% sau nam 2030. Tir ndm 2020 dén
niam 2030 nhiét dién than gia ting san lwong phat dién va chiém tir 44,3% dén
57,6% tong co cau nguon phat dién tong thé. Két qua thu duogc ciing cho thay
phat dién than c6 sy bién dong manh gitta cac kich ban véi nhau khi thay doi
diéu kién dau vao. Bén canh do, nhiét dién khi ciing c6 su ting truéng nhe qua
cac nam tir 2020 dén 2030 véi san lugng chiém ty 1é khoang 19% trong tong co
cau ngudn phat dién tong thé va khéng c6 su bién dong gitta cac kich ban.

— Luong phéat thai du bao cho kich ban HG thap hon kich ban BAU 5,7% vao nim
2020, 19,7% vao nam 2025 va 27,1% vao nam 2030 nh¢ vao su dong gop voi
ty trong 16n cua cac ngudn ning lwong tai tao va nhu cau phu tai giam do sy
tham gia ctia hé thong chiéu sang hién dai LED va hé thong nang lwong mit troi
ap mai (PV rooftop).

— Chi phi phét dién duoc dy béo cho kich ban chi phi nhién liéu thap 1a tir 4,35
dén 5,52US $cent/kWh, véi kich ban chi phi nhién lidu cao thi gia phat dién
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tuong Gng tir 6,03 dén 7,76US $cent/kWh. Mot nhan xét tha vi 1a véi kich ban
HG ban lugng phét thai CO2 s& ¢6 chi phi thip hon kich ban HG khéng bén
luong phét thai CO2 khoang 10% va diéu ndy dan dén chi phi phat dién cua kich

ban HG s& gan bang voéi chi phi phat dién cua kich ban Crisis vao ndm 2030.

5.2. KET LUAN

Tt nhitng két qua kich ban trén c6 thé nhan xét nhu sau: (1) Cac kich ban duoc
xay dung can ctr két qua du bao nhu cau dién trong twong lai, cac gia dinh va rang
budc phi hop véi thuc té hé thong dién Viét Nam va &p dung du bao d6 thi phu tai
gio gilp cho két qua kich ban co ciu ngudn phat dién sat vai thuc té; (2) Tim ra tong
cong suat lap dat dap tng nhu cau phu tai cho tirng loai nguon wng véi mdi kich ban
phat dién dén nam 2030. Dong thoi, dy bao san luong phat dién cho tirng loai ngudn
phat cua cac kich ban cho cac nam 2020, 2025 va 2030; (3) Tinh toan udc luong chi
phi phat dién cho 10 nam t&i twong tng vai tung kich ban va lugng giam phét thai
CO2 ra mbi trudng; (4) Pén nam 2030 ngudn phét nhiét dién than van chiém ty trong
I6n nhét trong hé thdng ngudn phat dién quéc gia nham dam bao nhu ciu dién ning
tiéu thu cua nén kinh té quéc dan; (5) Su tham gia manh mé cua céng nghé chiéu sang
LED va nang luong mit troi lap mai da tac dong giam nhu cau dién cia hé thng.
Néu ap dung dong b cac giai phap khac nhu thay doi chinh sach nham khuyén khich
hon nita trong linh vuc dau tu phat dién tir nang lugng tai tao, tiét kiém dién va st
dung ning luong hiéu qua s& gop phan giam nhu cau dién ning tiéu thy hon nita; (6)
Ty trong ning luong tai tao tham gia trong hé thong ngudn phat dién theo kich ban
cua luan 4n cao hon so vé6i quy hoach dién VII diéu chinh nhung van dam bao nhu
cau phu tai va chi phi phat dién canh tranh; (7) Mic du nhiét dién than chiém ty trong
cao trong hé théng nguon phat dién nhung néu &p dung kich ban HG thi chi phi phét
dién va luong phat thai CO, van ti uu, chua tinh dén néu &p dung cac cong nghé
“than sach” cho cac ngudn phat nhiét dién than mai; (8) Gop phan gilp Viét Nam dat
dugc cac muc tidu da cam két trong cac hoi nghi qudc té vé giam phat thai khi nha

kinh, giam tac dong caa bién do6i khi hau, bao vé méi truong va phét trién bén viing;
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(9) Viét Nam c6 kha niang khong can thiét xay dung nha may dién hat nhan van dam
bao dap tng nhu cau dién ning tiéu thu dén nam 2030.

Cin cir vao cac két qua néu trén, khang dinh luan an di hoan thanh muc tiéu dé ra.
5.2.1. Pong gop vé mit khoa hec:

Str dung mé hinh kinh té lugng (Econometric Model) trén nén tang ham san xuat
Cobb - Douglas, phwong phéap nay lan dau tién dugc ap dung tai Viét Nam dé du béo
nhu cau dién vai sb bién dau vao it hon so véi cac mo hinh du bao khac. Phuong phap
du bao nay rat phi hop dé giai cac bai toan khi khong c6 day du sb liéu chi tiét cua
nganh dién.

Str dung md hinh ctia mang no-ron — dy bao dai han nhu cau cong suat dinh (P,,4,)
cua Viét Nam. M6 hinh nay phi hop khi khong co6 di s liéu chi tiét ciia nganh dién,
cac dir liéu dau vao c6 mdi lien hé khong tudng minh va két qua co sai s6 nho. Két
qua tuong dong khi dugc so sanh véi dy bao cua kich ban co s¢ QHD VII BC.

Lan dau tién &p dung giai thuat K, — K,nin két hop véi su phan tich, lya chon
cua chuyén gia dé tim ra 08 nhom db thi phu tai dién hinh cua hé théng dién Viét
Nam tir cac so liéu lich st @6 thi phu tai gio. Két qua nghién ctru c6 sai s6 thap khi
so sanh vaéi sb ligu phu tai thuc té, gop phan lam cho cac kich ban cua luan an sat voi
thuc té phat dién.

Luan an st dung phan mém LINDO, mét phan mém thuong mai, thuc hién md
phong dé xuét bon kich ban ngudn phat dién hoan toan mai. Cac kich ban téi wu chi
phi phat dién va giam lugng phat thai CO2 cho hé théng ngudn phat dién Viét nam
t6i nam 2030, cu thé: tim ra duoc tong cdng suat lap dat dap wng nhu cau phu tai cho
ting loai nguon tng véi mai kich ban phat dién dén nim 2030. Du béo san luong
phat dién cho tirng loai ngudn phét caa cac kich ban cho cac nam 2020, 2025 va 2030
va chi phi phat dién cho 10 nam téi twong rng vaéi tung kich ban va lugng giam phat

thai CO2 ra mdi truong.
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5.2.2. Pong gop vé mit thuc tién:

Nghién ctru cua luan an cung cip phuong phap du bao nhu cau phu tai méi khong
can s6 liéu chi tiét cua nganh dién. Két qua du bao nay rat quan trong trong quy hoach
phét trién nganh dién va gbp thém tu liéu cho cac nha hoach dinh chinh sach nhim
giam bét viéc diéu chinh quy hoach dién luc trong mot thoi gian ngan.

Két qua nghién ctru caa luan &n cd thé dung lam tai liéu tham khao cho cac B,
Nganh, Tap doan dién luc Viét Nam, cac truong dai hoc va cac du an hop tac voi
nudc ngodi lién quan dén ning lwong/dién ning hoic sir dung ning lwong hiéu qua
va tiét kiém nang lwong trong nén kinh té quéc dan.

Két qua nghién ciu gop phan thuc day phat trién nén kinh té néi chung va phat
trién cua thi truong phat dién tir nguon nang luong tai tao bén viing nhu: ning luong
mat troi, gid, sinh khdi, v.v... tai Viét Nam trong tuwong lai.

Cung cap phuong phap phan nhém phu tai dién dac trung dya trén tri tu¢ nhan tao
va kién thirc ciia chuyén gia phuc vu cho cho cdng tac tinh toan ciu trac phat dién ti
wu va cho van hanh, diéu d6 hé thong dién.

Dé xuit cac kich ban phat dién xanh (giam thiéu khi thai CO2). Céc kich ban duoc
xay dung hoan toan c6 thé str dung dé cac nha hoach dinh chién luoc, chinh sach vé
nang luong hoic 1ap quy hoach dién e nham dam bao an ninh nang lwong quéc gia,
dam bao hai hoa phat trién kinh té - x4 hoi va bao vé méi truong, hudng dén gop phan
phét trién nén kinh té carbon thap cho Viét Nam téi nam 2030.

Két qua nghién ciru cho thay hé thong cé gia thanh phat dién rat canh tranh; kich
ban HG c6 gia thanh phat dién cao nhat cua luan &n van thap hon két qua cong bd cua
QHP VII BC tir 5% - 23% tly theo ndm. Cung cip cho EVN thong sé tham khao vé
chi phi phat dién dén nam 2030.

Nghién ctru ciia luan an gop phan thac day pha bo cac rao can vé chinh sach nham
day nhanh viéc thuc hién cac chuong trinh muc tiéu qudc gia vé st dung ning lugng
hiéu qua va tiét kiém niang luong, cac dy an dau tu nang luong tai tao nhu nang luong
mat troi, gid, v.v..., thi truong ching chi COy, thi trudong phat dién va tai cau tric

ngudn phat dién caa Viét Nam.
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5.3.

KIEN NGHI

Tur két qua luan an, kién nghi cac nghién ctru c6 thé nghién cau phat trién trong

twong lai nhu sau:

Str dung phuong phap Bottom-up dé kiém chiing két qua Top-down cua luan
an.

Nghién ctu chi dé xuat kich ban cho ngudn phat dién, chua xét dén cac tham sb
nhu cdu trac ludi, hé théng phan phdi, chi phi dau tu hé thdng truyén tai, phan
phdi, v.v... vi vy huéng nghién ciu tiép theo cé thé du bao va xay dung cac
kich ban toan dién hon vé hé thong dién.

Nghién ctitu m& rong cac gia dinh nhu: tiém ning sir dung ning luong tiét kiém
va hiéu qua trong cac linh vuc cia nén kinh té, su tham gia cua cic dang ning
luong tai tao khac, cong ngh¢ luu trit, v.v...

Cap nhat sé liéu théng ké thuong xuyén 1am co s& hiéu chinh phu hop céc quy
hoach phat trién dién luc cua Viét Nam theo chu ky mdi 3 — 5 nam.

Dé nang cao va dam bao chat lugng quy hoach nganh dién trong thoi gian téi,
kién nghi Bo Cong Thuong, Tong Cong ty Dién luc Viét Nam va Vién Ning
Luong tang cuong su tham gia cua cac nha khoa hoc, dat hang nghién ciru hoac
tham khao két qua cua cac luan an, dé tai nghién ctru chuyén siu truge khi tién
hanh lap quy hoach phét trién dién luc quéc gia hoac hoach dinh chién lugc dam

bao an ninh, an toan nang lugng cho dat nudc.
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ABSTRACT

Electric power, one of the important promotion-bases of production’s added value,
plays a vital role for ensuring the development of economics, culture, science and
technology of a nation, a region and entire-world also. The estimation (or forecasting)
of supply capacity to meet the demand for economics development must be done in
early phases of planning process through a concept of “energy scenario”; in which

environmental protection is the most urgent constraints.

This study-based thesis aims to build reasonable scenarios for power sources
towards to a “low-carbon economy” for Vietnam to 2030. The study comprises five
main matters: (1) Forecasting electricity demand (GWh) for Vietnam to 2030; (2)
Forecasting the peak load demand B,,, of Vietnam power system to 2030; (3)
Clustering and predicting hourly electric load profile of Vietham to 2030; and (4)
Introducing green scenarios for generation; in which renewable energy resources are
accounted for significant contribution, and the penetrations of LED lamp
technologies and solar rooftop photovoltaic (PV) help to reduce the system’s
consumption demand; and (5) Computing the least-cost optimum structure for
Vietnam power generation system and calculating the CO2 emission potential of

different scenarios, correspondingly.

Doing research on forecasting electricity demand (GWh) for Vietnam to 2030,
candidate has employed a Cobb — Douglas production function based — econometric
model as prediction method, this method is first launched in Vietnam. Forecasted
results show that the GDP and the proportion of industry and service in GDP do not
make major impacts on electricity demand in Vietnam. Parameters which have strong
impact on demand are: (1) The per capita income; (2) Population; and (3) Number of
households. With medium scenario of the income, the forecasting consumptions in
2020, 2025, 2030 are 230,195GWh, 349,949GWh, 511,268GWh, respectively. Those
results are closed similar to numbers released by the Revised version of Master plan

no. VII for power system in Vietnam (PDP VII rev.).
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In order to forecast the peak load demand P,,,, of Vietham power system to 2030,
researcher has implemented the feed-forward back propagation (FFBP) method, a
modified model of neural network. B,,, in 2020, 2025 and 2030 are forecasted at
40,332MW, 60,835MW, and 87,558MW, respectively. Those results are really
closed to values of the PDP VII rev. It is noted that new factors related to technogical
and scientific developments, i.e. LED technology, solar photovoltaic rooftop system,

have not been accounted to those results.

Clustering and predicting hourly electric load profile of power system is a pristine
point of thesis with aims to provide conditions to figure-out the least-cost optimum
structure for Vietnam power generation system. The results show that there are 8 load
patterns categorised by the consumption characteristics of Tet holidays, working
days, and weekend days corresponding to groups of month. Also, future load patterns

have been predicted.

In terms of scenario construction, four scenarios have been suggested. They are:
(1) Business As Usual — BAU: scenario with current conditions; (2) Low Green — LG
scenario represents for cases of low fuel price, low load demand, and low sharing of
renewable energy; (3) High Green — HG scenario is generated to perform the
conditions of high fuel price, deeply low load demand, and high renewable energy;
and (4) Crisis scenario is the case of high fuel price, low load demand and low sharing
of renewable energy. LG and HG are the suggested “green scenarios” of this thesis.
The Crisis scenario is introduced to indicate forecasted results caused by the worst

conditions.

With aims to find the optimal structure for the national power generation system,
an objective function has been employed. Objective function is the function where
the power generation cost is minimized, combined to numerous other constraints.

LINDO software was launched to generate these following results:

— Forecasted installed capacities of hydro are around 18.1GW, 18.6GW, and
21.2GW in 2020, 2025, and 2030, respectively; installed capacities of coal-
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thermal power plants in HG and BAU scenarios in 2020 are 15.8GW and
17GW, respectively; in 2025 are 24.6GW and 29.3GW, in 2030 are 38.9GW
and 49.9GW, correspondingly. Looking into the national installed capacity,
coal-thermal capacity accounts for 27.8% to 40.6%.

— Installed capacities of gas-thermal power plants reach around 9.5GW, 15.6GW
and 23.2GW in 2020, 2025, and 2030, respectively; account for 16.6% to 20.3%
in total installed capacity. These results keep nearly unchanged in all scenarios.
Other generations are all reach their upper limit installation and do not change
much through scenarios.

— Forecasted results for hydro generation in 2020 and 2030 are 66.3TWh and
68.6TWh, respectively (decreasing from 25.3% to 11.9% after 2030). Coal-
thermal generation is forecasted to increase its production continuously by years
and contributes 44.3% to 57.6% in the total production. Also, gas generation
has a slight increase by years and shares about 19% of total.

— The CO2 emission of HG scenario is 5.7% lower than the BAU in 2020, 19.7%
in 2025, and 27.1% in 2030 due to the significant contribution of renewable
resources and the reduction of demand caused by the penetration of LED lamp
technologies and solar PV rooftop system.

— Generation costs are computed as 4.35US$cent/kWh to 5.52US$cent/kWh and
6.03US$cent/kWh to 7.76US$cent/kWh in correspondence with low and high
fuel price scenarios in the future. A considerable note that if CO2 emission is
put into the market in the HG scenario, then the generation cost of HG scenario
could reduce 10%, approximately. As a result, it helps generation cost of both

HG and Crisis scenarios are nearly same in 2030.

Those results are used to demonstrate the success of thesis. All expected objectives
have been reached. Additionally, the success of this thesis can make various
significant contributions in terms of scientific and practical platforms for the

development of Vietnam power system.



CONTENTS

Cover page Page
Statement of Original Authorship ii
Abstract i
Contents Vi
Chapter 1. INTRODUCTION ..ottt e 1
1.1. INTRODUCTION TO THE THESIS ... 1
1.2. RESEARCH OBJECTIVES AND ASSIGNMENTS........coooiiiiieee e 2
1.2.1. Research ODJECTIVES ......cccciiiiiiecieie e 2
1.2.2. ReSearch asSignmeNtS........ccocveieeiieeiiee e e seeesee e ee e e see e sraeesneeenree s 2
1.3. RESEARCH FOCUS AND LIMITATIONS......ccooiiie e 2
1.3.1. RESEAICN FOCUS.....cuvitiiiiiiiiie it 2
1.3.2. Research lmitation .........ccccoviieiiiiiee e 3
1.4. RESEARCH METHODS ..o s 3
1.5. EXPECTING OUTCOME REMARKS ......oooiiiieiiieciee e 3
1.6. PRACTICAL VALUES OF THESIS ... 4
1.7. THESIS CONTENTS ..o 4
Chapter 2. METHODS FOR BUILDING GENERATION SCENARIOS........ 5
2.1. OVERVIEW OF SCENARIO BUILDING METHODS...........cccoceviiiieiiieens 5

2.2. BUILDING METHODS FOR GENERATION SCENARIOS OF VIETNAM

ENERGY INSTITUTE ..ottt 5
2.2.1. DIreCt Method .......ooviiiiiiiciee e 5
2.2.2. INdIreCt MELNOU........eiiiiiiecie e 6
2.2.3. Load pattern forecasting method...........ccccooeiiiiiiinninc e 6

2.3. BUILDING METHODS FOR GENERATION SCENARIOS OF THESIS ..6

Vi



2.3.1. Flowchart of suggesting method ...........cccccoveiieiieie e 6

2.3.2. Scenario DUIIAING PrOCESS......ccuciieiieiieie et 8

2.4. CONCLUSION OF CHAPTER 2....ooii it 9
Chapter 3. ELECTRICITY DEMAND FORECASTING.........ccccevveiiiecieenee. 10
3.1 INTRODUCTION ...ttt 10
3.2. FORECASTING ON ELECTRICITY DEMAND (GWH) to 2030.............. 10

3.2.1. Overview of long-term forecasting methods on electricity

(010] 0151010 01 o o USRS 10
3.2.2. Suggested forecasting method of thesSiS ..o 12

3.3. FORECASTING ON THE PEAK LOAD DEMAND Pmax OF VIETNAM

POWER SYSTEM TO 2030......ccceiiiieieisieenenieresesiee s 14
3.3.1. Overview of long-term forecasting methods on peak load demand......14
3.3.2. Suggested forecasting method of thesSis ........ccccccvvviieviievi i, 15
3.3.3. Input data and reSUILS.........ccoveiiiiiiiieeeee e 15
3.3.4. Forecasted results on peak load demand of Vietnam to 2030............... 16

3.4. CLUSTERING AND FORECASTING ON LOAD PROFILES................... 17

3.4.1. Overview of long-term forecasting methods on electric load profile ...17

3.4.2. Overview of load profile clustering methods...........ccccceoeiiiiiincnnnn 18
3.4.3. Suggested forecasting method of thesSis ........cccecvviieviiei i 19
3.5. CONCLUSION OF CHAPTER 3....ociiiiiiee st 22

Chapter 4. BUILDING THE OPTIMAL STRUCTURE FOR THE

NATIONAL GENERATION SYSTEM......cccccoiiiiiee 23
4.1 INTRODUCTION......coiiiiieiieiierieseeee e s 23
4.2. BUILDING SCENARIO METHODOLOGY OF THESIS...........cccoveiiee. 23

vii



4.3. OBJECTIVE FUNCTION AND CONSTRAINTS ... 26

4.3.1. Objective function configuration............ccceccvevviieeie s s 26
4.3.2. Constraints of objective FUNCHION ..........cccovviiiiieciec e 27
4.4, INPUT DATA COLLECTION .....ooiiiiii ettt 27
4.5. INTRODUCTION TO LINDO SOFTWARE .......coooiiieieee 28
4.6. RESULTS . ... 28
4.7. CONCLUSION OF CHAPTER 4......coiiiiiieee e s 31

Chapter 5. SUMMARISATION, CONCLUSIONS AND

RECOMMENDATIONS ...ttt 32

5.1. THESIS SUMMARISATION ...ooiiiiiiiiie ittt 32

5.2. CONCLUSIONS ..ottt nas 35

5.2.1. Contributions on Science and Academic fields..............cccoovvviiininnnn. 36

5.2.2. Contributions on Practical CONtEXE ..........ceoeiiiiiiiiiiiceeee e 37

5.3. RECOMMENDATIONS ... 38
PUBLICATIONS

viil



CHAPTER 1. INTRODUCTION

1.1. INTRODUCTION TO THE THESIS

Electricity is the first vital requirement to impulse the development of national and
global economy including Vietnam. Vietnam’s electricity is predominantly made of
mechanical energies (i.e. hydropower) and thermal energies (i.e. thermo-power from
natural coal, oil and gas). Howerver: (1) Coal has become exhausted due to the over-
but unplanned exploitation for a long time, it leads to the lack of input material for
thermal power plants, which are strongly contingent on national coal capacity; (2) Oil
and gas are currently denied to be reasonable input materials for thermal power plant
due to its high generation cost (over 10 US$cent/kWh); and (3) Hydropower is
becoming rejected in the near future due to the fact that there are more and more
researches reported the negative impacts of hydropower on natural environment. On
the contrary, renewable energies (i.e. solar energy, wind energy, biomass, etc...) have
been considered as the optimal alternative sources as their huge potentials.
Nevertheless, there is still lack of reasonable strategies for exploiting those renewable

sources and the main reason is identified as the barriers on national policy.

As reported in the Revised version of Master plan no. VII for power system in
Vietnam (PDP VII rev.), predicted generation capacities of Vietam in 2020, 2025,
2030 are 265TWh, 400TWh, and 575TWh, respectively; in which coal thermal
generation still keeps its dominant with proportion shares of 49.3%, 55%, and 59%,
correspondingly; hydropower reduces its share from 25% to 12.4% in total capacity;
while gas thermal power has kept its share around 17 — 19% of total. It is remarked
that renewable energies has gained their contribution to the national generation from
6.5 — 6.9% in the period of 2020 — 2025 and it is believed to reach 10.7% in 2030.
However, those indicators could only meet around 60 — 70% of target released in the
National Strategy on Promoting the Development of Renewable Energy in Vietnam,

approximately. For this reason, although Vietnam has a great potential on renewable



energies, but it cannot defeat the majority proportion of coal thermal power. It is an
important challenge of Vietnam to build a reasonable development plan for electricity
generation to meet the demand of socio-economic development with other aims to
save natural environment and towards to the sustainability target for country.
Therefore, finding reasonable scenarios for assuring the CO2 emission reduction in
minimum cost and towards to a “low-carbon economy” in 2030 plays an urgent role
in terms of national power development plan in general, and power generation in
detail. This is also an important motivation for candidate to choose the title of thesis
as: “Building up reasonable scenarios for power sources towards to a “low-

carbon economy” for Vietnam to 2030”.

1.2. RESEARCH OBJECTIVES AND ASSIGNMENTS

1.2.1. Research objectives

Energy sector is predicted to account for 66% of Vietnam CO> emission in 2030;
in which 29% comes from electricity generation. To contribute on reducing CO>
emission and towards to the low-carbon economy, this thesis is made with aims to
suggest numerous scenarios of optimal generation cost for power sources towards to

a “low-carbon economy” for Vietnam to 2030.
1.2.2. Research assignments

— Collecting, analysing, summarising related references;

— Suggesting the flowchart of building up green scenarios in Vietnam;

— Forecasting Vietnam load demand to 2030;

— Building up scenarios of low CO2 emission generation;

— Computing the least cost optimal structure for the national power generation

system;

1.3. RESEARCH FOCUS AND LIMITATIONS

1.3.1. Research focus

— Generation source system



1.3.2. Research limitation

— Country: Vietnam;

— Time period: current to 2030.

1.4, RESEARCH METHODS
— Desk-study method: studying on statistical, forecasting and data science
theories based on available materials, books, policy documents, journals,
articles and researches related to the thesis;
— Data aggregation study: collecting data from reliable sources by updated data
mining tools;
— Model simulation study:

+ Applying LINDO (Linear, INteractive, and Discrete Optimiser) software to
compute the optimal generation cost and calculate the CO2 emission reduction
potential by solving the suggested objective function;

+ Computing forecasting algorithms and analysing data;

+ Building up new assessments and testing methods for forecasting models.

1.5. EXPECTING OUTCOME REMARKS

— Forecasting electricity demand using a Cobb — Douglas production function
based — econometric model as prediction method, this method is first launched
in Vietnam and it is resulted that this method is suitable in cases of lacking detail
data from electricity authority.

— Forecasting the peak load demand P,,,, of Vietnam power system to 2030 by
applying the feed-forward back propagation (FFBP) method, a modified model
of neural network. This method is suitable in cases of lacking detail data from
electricity authority

— Clustering and predicting hourly electric load profile of Vietnam to 2030 by

implementing the K, — Kmin @lgorithm combining with the expert’s choice.



1.6.

1.7.

Eight (8) load pattern prototypes have been categorised for Vietnam power
system. This method is first applied for Vietnam’s context.

Suggesting three (03) scenarios of generation with towards to reduce CO:
emission for Vietnam power system to 2030.

Finding the least cost optimal structure for the national power generation system

PRACTICAL VALUES OF THESIS

Providing a new forecasting method for load demand. This method would be
reasonable in cases of lacking detail data from electricity authority. The
forecasted results could be used for building the national development plan for
power system, energy system and national economy.

Providing a new clustering method for nation typical load patterns based on
artificial intelligence and expert knowledge. This method could be implemented
in a large-scale to calculate the least cost optimal generation structure.
Suggesting different green scenarios with aims to reduce the CO2 emission from
Vietnam electricity generation industry and open a new opportunity for Vietnam

to reach the target of low-carbon economy.

THESIS CONTENTS

This thesis consists of five chapters:

Chapter 1: Introduction

Chapter 2: Methods for building generation scenarios

Chapter 3: Electricity demand forecasting

Chapter 4: Building up the optimal structure for the national generation system

Chapter 5: Summarise — Conclusion — Recommendation



CHAPTER 2. METHODS FOR BUILDING
GENERATION SCENARIOS

2.1. OVERVIEW OF SCENARIO BUILDING METHODS

One of the biggest challenges related to meeting the energy demand of a country
is the uncertainty in a long-term assurance of input elements, such as: (1) Energy
prices; (2) Exploitation and supplying capacity of conventional primary energy
resources and alternative energies; and (3) the Governmental policy; and output
indicators, i.e. (1) Total energy demand; and (2) The penetration and development of
energy efficiency technologies. Inthose cases, it is believed that the most appropriate
predicting method for energy demand is as called “the scenario building method ”’; in
which the a combination of complex-uncertainties shall be recommended as
predictions or assumptions, and each of those combinations will be considered as a
likely occurance in the future. Consideration on the impacts of economical —
technological — environmental aspects of scenarios could be dealed with solving the
optimal matter in which the outcome tariff is minimised combined with its constraints

on technological and environmental aspects.

In order to explain the fundamentals of scenario building methods, numerous
studies and references on scenario building methods have been made, in which
methodologies of the two most prestigious global organisations (International Energy
Agency and British Petroleum) have been launched. Also, generation scenarios of
nations who has a similarity on social, energy and economical contexts with Vietnam

(i.e. Thailand, Pakistan, Malaysia) have been cited.

2.2. BUILDING METHODS FOR GENERATION SCENARIOS OF
VIETNAM ENERGY INSTITUTE

2.2.1. Direct method

By summing predicted results and development plans of provinces, regions and

sectors, Energy Institute (EI) computed a forecasting model and released a direct total



demand based on the electricity consumption per product unit (consumption

benchmark per unit) or electricity consumption per area unit.
2.2.2. Indirect method

A multiple regression model in a Simple-E software is employed to forecast the
electricity demands of three region-parts of Vietnam and entire country. The model
Is not used to predict seperately for each province or service-boundaries of provincial
electricity authority but launched to release three forecasted scenarios corresponding
to the three different contexts of Vietnam: A low, a base, and a high scenario.

Numerous input data has been obtained to put into the model related to:

— Annual forecasted population and population growth rate of Vietnam to 2030;
— Scenarios of national economic growth of Vietnam to 2030, vision to 2030;

— Energy efficiency coefficient;

— Forecasted electricity tariff and its impacts on national electricity demand;

— Scenarios of forecasted price of generation materials;

2.2.3. Load pattern forecasting method

It is an useful method which is implemented into the PDP VII rev. to forecast the
specific load patterns of each province, region, and industrial sector. The main
objectives and expecting outcomes of this method are predicting the load profiles of
typical days (including working day, holiday, weekend day, and peak-demand day)
in different seasons (dry and rainy seasons) in milestone-years of 2010, 2015, 2020,

2025, and 2030 of national power system and three regions inside the country.
2.3. BUILDING METHODS FOR GENERATION SCENARIOS OF
THESIS
2.3.1. Flowchart of suggesting method
With aims to forecast the electricity demand (GWh) and the peak load demand

Pax Of Vietnam power system to 2030, the thesis has employed five input data series

which have been obtained and recorded from a period of year, they are: (1) The per



capita income; (2) Population; and (3) Number of households; (4) GDP; and (5) the
proportion of industry and service in GDP. Those variables are believed to has impact

on electricity demand in Vietnam.
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Figure 2.1. Flowchart of building method for generation scenarios of thesis

The Historical hourly load consumption block consists of input data using for
predicting the load profile of typical hours in the future. The load profile is then

applied to identify the optimal generation structure of system when building scenarios

The Assumptions block is used to list all assumptions which could be used to build

up generation source scenarios.

The Constraints block covers factors which could act as variables of the objective

function. They are also believed to has strong impacts on the least generation cost.



The CO2 emission block is predicting-based parameter to calculate the emission

capacity of each generation scenarios.

2.3.2. Scenario building process

Step 1. A Cobb — Douglas production function based — econometric model is
implemented to predict the electricity demand of Vietham to 2030. Detail

implementation is described in Chapter 3 of thesis.

Step 2: To forecasting the peak load demand P,,,, of Vietnam power system to
2030, a feed-forward back propagation (FFBP) method is chosen due to its
possibilities of self-learning and auto-modified the weights of network to improve the

accuracy of forecasting results. Detail implementation is described in Chapter 3.

Step 3: To cluster and predict hourly electric load profile of Vietnam to 2030, the
Konax — Kimin algorithm combining with the expert’s choice has been implemented.
Historical hourly consumption in 10 years have been obtained and applied as input
data of model. Eight (8) load pattern prototypes have been categorised for Vietnam
power system. Those patterns are then applied to predict the future load patterns.

Contents of this step could be found in Chapter 3 of thesis.

Step 4: Building generation scenarios and finding the optimal structure for the
national power generation system: generation scenarios are computed to assure the
energy security of Vietnam to 2030; in which the optimal power source structure, the
least generation cost, and the minimum CO2 emission are identified. Scenarios are
computed based on the uncertainty characteristics of impact factors, including: (1)
the uncertainty of future fuel prices; (2) the penetration of LED lamp technology and
the increasing installed capacity of rooftop PV system; and (3) the difference
proportion of renewable energy exploited in Vietham power system. A least cost
objective function and its constraints in correspondence with each scenario is

established. These above matters are described in Chapter 4 of thesis.



2.4. CONCLUSION OF CHAPTER 2

Chapter 2 has begun with worldwide energy scenario building methods, numerous
models have been analysed, i.e. WEO model (IEA), BP’s model, models of some
countries who has a similarity on social, energy, power system and economical
contexts with Vietnam (i.e. Pakistan, Malaysia, Thailand). The building methods for
generation scenarios of Vietnam Energy Institute is also attained to be analysed.
Analysing results indicate that Pakistan, Malaysia and Thailand are currently building
their generation scenarios towards to sustainable energy security; in which ensure the
electricity consumption demand and reduce CO> emission. Then, forecasted results
from studies of those countries together with carefully chosen assumptions are used
to compute three to five scenarios for each country. Various simulation tools have
been employed to compute scenarios. They may have a difference on brand but all
commercial free and easy-to-use tools, i.e. LEAP, TIMES, EXSS, etc. However, one
disadvantage could be found that those models have not taken the hourly load profiles
of system into account. This fact has led to the difference between forecasted results
and practical values although the forecasting logic and forecasted results are

reasonable.

Special remarks of the suggested method are: (1) Candidate has employed a Cobb
— Douglas production function based — econometric model as prediction method, this
first launched method is a hard-understand function but useful with open input data;
and (2) A least cost optimal generation structure in which both conventional
constraints and revolutional constraints (load profile conditions and CO2 emission

capacity) are taken into account.



CHAPTER 3. ELECTRICITY DEMAND FORECASTING

3.1. INTRODUCTION

Researching on developing master plan for national power system in general, and
planning for a good quality power sources which is closed to practical demand
context of country in specific is an essential requirement because a good security
power system could impulse the growth of national economy, ensure the national
energy security, and respond timely to urgent circumstances of country, etc. In fact,
Vietnam’s master plan for national power system have not been taken its advantages

as expected because of inaccurate forecasting of demand.

In order to build reliable scenarios for generation sources of Vietnam towards to a
low-carbon economy in 2030, this thesis has been made to study on forecasting
models based on: (1) Using a Cobb — Douglas production function, an econometric-
based model to forecast the national electricity demand; (2) Implementing a feed-
forward back propagation neural network to forecast the peak load demand B,,,, of
Vietnam power system to 2030; and (3) Applying the K,,;, — Kmnin algorithm
combining with the expert’s choice to find historical typical load profile and predict
the future hourly profile of system. Results obtained from models are then be applied

to compute reasonable scenarios for Vietnam’s electricity generation plan to 2030.

3.2. FORECASTING ON ELECTRICITY DEMAND (GWH) TO 2030

3.2.1. Overview of long-term forecasting methods on electricity consumption

In the past, long-term forecasting methods used to be categorised into two groups:

(1) Qualitative methods; and (2) Quantitative methods. In which:

— The qualitative methods are common used to predict accurately. The common
methods are Delphi method, Curve fitting and technological comparisons
including other methods;

— The quantitative group consists of complex methods which normally requires a

big input data and many solving algorithms. Some common methods of this
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group could be found as decomposition methods, regression analysis,

exponential smoothing, and the Box-Jenkins analysis method.

Developing for several decades, the number of forecasting models has increased
significantly. Additionally, by combining different forecasting methods into one
model to reform hybrid models in order to improve the accuracy of prediction, it is
difficult to re-list these hybrid methods into the above two groups. Therefore, recent
studies have been released with aims to suggest a new broadly categorising for long-
term forecasting methods as: (1) Parametric methods; and (2) Artificial intelligent

based methods, of which:

— The parametric methods try to exploit the correlation between practical load
demand and its affecting factors and express this correlation by a mathematical
model. Methods of this group do not require the systematic internal data of
model but using statistical techniques on historical data of load and its affecting
factors to predict the future actions. The well-known parametric approaches are
regression methods, time series prediction methods; of which three most
common used methods are the trend analysis, the end-use modeling and
econometric model;

— The artificial intelligent based methods are emerging approaches which employ
machine learning tools to analyse historical and incohorent data; then compute,
calculate, and forecast the future dataset by iterative techniques. In other words,
they are emerging approach which parallels the remarkable ability of the human
mind to reason and learn in an environment of uncertainty and imprecision.
Common approaches could be found widely as neural network, support vector

machines, genetic algorithms, fuzzy logics, expert system and hybrid models.

By this new categorising, forecasting methods have been listed according to its
treatment characteristics on data and prediction algorithms. It is considered as a useful
categorising for planners to identify accurately what they should choose to respond

their practical context of data.
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3.2.2. Suggested forecasting method of thesis

3.2.2.1. Forecasting flowchart

Identifying variables for
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production function
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Douglas function
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inappropriate
variables
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Qualified forecasting
equation

A 4
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4

Running model

4

Results

Figure 3.1. Forecasting flowchart using Cobb — Douglas production function

3.2.2.2. Input data and results

a. Input data

Input data is collected and gathered in time series of 1990 to 2015.

12



Table 3.1. The summary of input data

Electricity Industry | Number of
Year GDP | Population | Income
Consumption & Service | Households
Billion | Thousand Million

Unit GWh $/person %
uUsD people households
1990 8,678 6.47 66,017 100 61.3 15.49
1991 9,152 9.61 67,242 110 59.5 15.93
1992 9,654 9.87 68,450 130 66.1 13.42
1993 10,665 13.18 69,645 170 70.1 13.81
1994 12,284 16.29 70,825 200 72.6 14.21
1995 14,636 20.74 71,996 260 72.8 14.62
1996 16,946 24.66 73,157 310 72.2 15.05
1997 19,151 26.84 74,307 350 74.2 15.49
1998 21,665 27.21 75,456 360 74.2 15.93
1999 23,739 28.68 76,597 370 74.6 16.66
2000 26,745 33.64 77,631 400 77.3 16.87
2001 30,187 35.29 78,621 430 78.5 17.36
2002 34,073 37.95 79,538 460 78.7 17.87
2003 38,461 42.72 80,467 510 79.1 18.38
2004 43,414 49.42 81,436 590 80.0 18.92
2005 49,008 57.63 82,392 680 80.7 19.47
2006 53,845 66.37 83,311 760 81.3 20.03
2007 59,159 77.41 84,219 850 81.3 20.61
2008 64,998 99.13 85,119 1,000 79.6 21.21
2009 71,415 | 106.01 86,025 1,120 80.8 22.44
2010 78,466 | 115.93 86,933 1,270 69.1 22.80
2011 94,658 | 135.54 87,860 1,390 69.0 23.16
2012 105,474 | 155.82 88,809 1,550 70.8 23.53
2013 115,069 | 171.22 89,760 1,740 71.9 23.85
2014 128,435 | 186.20 90,729 1,900 72.3 24.27
2015 141,800 | 193.60 91,704 1,990 73.0 25.18

b. Forecasted results on electricity consumption of Vietnam to 2030

After testing process to eliminate inappropriate variables, the forecasting function

remains three forecasting variables, including: (1) Population; (2) Income; and (3)

Number of households. Forecasted values of these variables are listed in Table 3.2.

By replacing those forecasted values into the forecasting function, then scenarios of

electricity consumption in 2020, 2025, and 2030 are generated (see Table 3.3).
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Table 3.2. Forecast on the Population, the Number of Households, and the Income

in Vietnam to 2030

Variable Note 2020 2025 2030
Population (thousand people) 96,302 99,929 102,886
Low scenario 3,307 4,939 7,205
Income (US$/year) Medium 3,370 5111 | 7,836
scenario
High scenario 3,485 5,450 8,450
Number of Households
(million households) 29.89 3449 | 3979
Table 3.3. Forecast on electricity consumption in Vietnam to 2030
Electricity Consumption
(GWh) 2020 2025 2030
Low scenario 229,341 347,597 502,882
Medium scenario 230,195 349,949 511,268
High scenario 231,722 354,404 518,923

3.3. FORECASTING ON THE PEAK LOAD DEMAND Pwmax OF
VIETNAM POWER SYSTEM TO 2030

P.qx Torecasting (also called as forecasting on maximum power demand in a

specific prediction time duration) is one of the most concerns of power planning due

to its direct impacts on generation, regulation, reserve margin, and energy security

plannings.

3.3.1. Overview of long-term forecasting methods on peak load demand

Numerous studies have been carried out for researching on long-term forecasting

method on peak load demand. Some of them have been demonstrated for their

reasonability, including:

— SARIMALt model: a multi-step simulation method in which commonly consists

of determination, estimation, assessment, and prediction phases;

— Regressive model;

— Fuzzy logic rules;

— Artificial neural networks and hybrid neural networks.
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3.3.2. Suggested forecasting method of thesis

The correlation of electric load and related traditional factors, such as: GDP, socio-
economic factors (i.e. power consumption per capita, power consumption per
product, electric tariff, etc.), are strongly impacted by temporal factors (i.e. reducing
factor of technology cost, high rate of electrification, etc.). As temporal factors are
extremely difficult to be quantified precisely, the mentioned correlation becomes to
be unexplicit. In order to solve an unexplicit and complicated algorithm, an FFBP
neural network is considered as the most effective method and common
implementation. This method is employed to compute the correlation by

approximating nonlinear functions. Forecasting process consists of following steps:

— Building the specific FFBP algorithm

— Updating weight vectors

— Modifying weight vectors

— Choosing activation function

— Building the model’s supervised-learning rules

— Testing errors, constraints and generating results
3.3.3. Input data and results

In order to forecast the peak load demand of Vietnam power system to 2030, GDP
growth rate (%/year) and electric power demand (GWh) are identified as input
variables of forecasting simulation. Historical input data is shown in Table 3.4, in
which: X; is the historical data of GDP growth rate (%/year); X, is the historical data
of annual electric power demand (GWHh); and Y_target is the peak load demand
(P4 )- Forecasted values of GDP growth rate and electric power demand are referred
to the PDP VII rev. and are shown in Table 3.5. They will be imported to the neural
network to be trained. When the training process is completed, then import the 5

nearest value into the network to test the value of B,,,, through the output of network.
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3.3.4. Forecasted results on peak load demand of Vietnam to 2030

When applying the test value set to assess the accuracy of FFBP model, then the
comparison results are shown in Table 3.6. The average error of the model is

remarkable at 1.92%.

Table 3.4. Historical data using for network training

X; X, Y_target
Year [%lyear] [GWh] [IMW]
A. Input data set
1990 5.10 8,678 1,660
1991 6.00 9,152 1,850
1992 8.60 9,654 2,005
1993 8.10 10,665 2,143
1994 9.30 12,284 2,408
1995 9.54 14,636 2,796
1996 9.34 16,946 3,177
1997 8.15 19,151 3,595
1998 5.80 21,665 3,875
1999 4.80 23,739 4,329
2000 7.10 26,745 4,615
2001 7.10 30,187 5,181
2002 7.10 34,073 5,817
2003 7.10 38,461 6,530
2004 7.10 43,414 7,331
2005 7.55 49,008 8,230
2006 6.98 53,845 9,015
2007 7.13 59,159 9,876
2008 5.66 64,998 10,818
2009 5.40 71,415 11,851
2010 6.42 78,466 15,416
B. Testing data set
2011 6.24 94,658 16,490
2012 5.25 105,474 18,603
2013 5.42 115,069 20,010
2014 5.98 128,435 22,210
2015 6.20 141,800 25,295

Table 3.5. Forecasted electric load power demand (GWh)

Year GDP growth rate Electric load power demand
[Yo/year] [GWh]

2020 7.0 230,195

2025 7.0 349,949

2030 7.0 511,268

16



Table 3.6. Forecasted results P, value

Forecasted P,,,, Value
Year [MW]
2020 40,332
2025 60,835
2030 87,558

3.4. CLUSTERING AND FORECASTING ON LOAD PROFILES

Load profile clustering task is normally used for categorising load consumers
based on its consumption characteristics to set up reasonable electricity tariff and
build solutions for demand side management. Other purposes could be identified as
optimising the operational schedules and improving planning task for power system.
In planning, a dynamic program is the most used which can give the most accurate
optimum results by running simulation with hourly load values. However, the
program could create a huge number of variables if running with 8,760 values of load
demand for a year. In order to reduce variables in simulation, load clustering to find
typical load patterns is needed. With the same purpose in long-term demand
forecasting, this thesis implements a clustering method based on the K, — Kinin
algorithm combining with the expert’s experience choice to find the historical
consumption rules of Vietnam’s loads. Results from clustering task will be applied to

forecast the future load profiles of each load consumer types to 2030.

3.4.1. Overview of long-term forecasting methods on electric load profile

Long-term forecasting methods on electric load profile are categorised into two

groups: (1) Statistical methods; and (2) Artificial intelligent based simulations.

— Common-used statistical methods are seasonal ARIMA model, Holt-Winters
exponential smoothing method, the FFBP approach, and regression method
with principal component analysis (PCA); in which the seasonal ARIMA and
FFBP approaches have been widely applied, while the Holt-Winters and PCA
methods have just specifically designed for high frequency load series but they

are realised as the most rapid and accurate methods.
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— Neural networks are the most consideration in the artificial intelligent based

methods due to its accuracy, rapidity, and simple requirement of input data.
3.4.2. Overview of load profile clustering methods

Load profile clustering methods are theoretically categorised into three groups: (1)
Unsupervised learning based techniques; (2) Supervised learning based approaches;

and (3) Ungrouped methods, in which:

— The most traditional unsupervised learning based method is Kohonen’s self
organising map (SOM) which presents a bi-dimensional map as results but does
not deliver final cluster directly, it need a post-processing stage for getting the
final results;

— Supervised learning based approaches consists of neural networks, vector
quantization, fuzzy logic based techniques, K-means statistical techniques, and
advanced hybrid models;

— Ungrouped method group is established for recent defined techniques following
the concept of entropy which is come from information theory such as follow

the leader (FDP) and support vector clusting (SVC).
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3.4.3. Suggested forecasting method of thesis

3.4.3.1. Forecasting flowchart
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Re-grouping the above results for getting final load patterns
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Get the “rules” of grouping of historical load data

v

PRE-FORECASTING PHASE
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Converting load pattern’s data into Per-Unit system (Ppax = 1)

v

FORECASTING PHASE
Generating future values of profile for each pattern using forecasted P ax
Testing by using given forecasted GWh

Figure 3.2. Flowchart for clustering and forecasting load patterns

3.4.3.2. Results of clustering and post-clustering phases

Results of clustering phase are summarised in Table 3.7. By applying the expert’s

choice to detect and eliminate “Noise data”, then the final results are shorten and

listed in Table 3.8. Results of error testing step are given in Table 3.9.
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Table 3.7. Results of clustering phase for load patterns (after grouping)

No. Pattern 2006 | 2010 | 2012 | 2014
1 Tet holidays X X X X
2 Working days of Jan., Feb. X X
3 Working days of Jan., Feb., Mar. X X
4 Working days of Mar., Apr. X
5 Working days of Mar., Apr., May X
6 Working days of Apr., May X
7 Working days of Apr., May, Aug. X
8 Working days of May, Jun. X
9 Working days of Jun., Jul. X
10 | Working days of Jul., Aug. X
11 | Working days of Jun., Jul., Aug. X X
12 | Working days of Sep., Oct., Nov., Dec. X X X X
13 | Sunday and National holidays of Jan., Feb., Mar. X
14 | Sunday and National holidays of Jan., Feb. X X
15 | Sunday and National holidays of Jan., Feb., Mar., Apr. X
16 | Sunday and National holidays of Mar., Apr., May X X
17 | Sunday and National holidays of Apr., May, Aug. X
18 | Sunday and National holidays of May, Jun., Jul., Aug., Sep. X X X
19 | Sunday of Jun., Jul. X
20 | Sunday and National holidays of Sep., Oct., Nov., Dec. X
21 | Sunday and National holidays of Oct., Nov., Dec. X X X

Table 3.8. Results of post-clustering phase (after re-grouping)

Z
o

Pattern

Tet holidays

Working days of Jan., Feb.

Working days of Mar., Apr., May

Working days of Jun., Jul., Aug.

Working days of Sep., Oct., Nov., Dec.

Sunday and National holidays of Jan, Feb

Sunday and National holidays of Mar., Apr., May., Jun., Jul., Aug., Sep.

O N0 AW

Sunday and National holidays of Oct., Nov., Dec.
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Table 3.9. Results of error testing process — Difference between GWh obtained
from load patterns and practical historical GWh data.

Practical historical GWh data | GWh from load patterns | Difference
Year
[GWh] [GWh] [%]
2010 99,199 99,896 0.72
2012 118,500 119,617 0.94
2014 144,316 143,283 -0.76

3.4.3.3. Results of future load patterns forecasting phase

Forecasted values of peak load demand B, in correspondence with each pattern
in 2020, 2025, 2030 are shown in Table 3.10, respectively. Those values will then be
applied into model to generate load profiles of patterns in corresponding milestones
(see Table 3.11). Forecasted typical load profile of pattern of Working days of Sep.,
Oct., Nov., and Dec. in 2020, 2025, and 2030 are presented in Figure 3.3.

Table 3.10. Forecasted values of peak load demand (P,,,,) to 2030

Year Forecasted peak load demand
[MW]

2020 40.332

2025 60.835

2030 87.558

Table 3.11. Forecasted values of peak load demand (P,,,,) in correspondence with
each pattern in 2020, 2025 va 2030 (MW)

No. Pattern 2020 2025 | 2030
1 | Tet holidays 24.603 | 37.109 | 53.410
2 | Working days of Jan., Feb. 35.492 | 53.535 | 77.051
3 | Working days of Mar., Apr., May 39.929 | 60.227 | 86.682
4 Working days of Jun., Jul., Aug. 39.929 | 60.227 | 86.682
5 | Working days of Sep., Oct., Nov., Dec. 40.332 | 60.835 | 87.558
6 Sunday and National holidays of Jan, Feb 31.056 | 46.843 | 67.420
. Sunday and National holidays of Mar., Apr., May., 33.879 | 51.101 | 73.549

Jun., Jul., Aug., Sep
8 Sunday and National holidays of Oct., Nov., Dec. 36.299 | 54.752 | 78.802
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Figure 3.3. Forecasted typical load profile of pattern of Working days of Sep., Oct.,
Nov., and Dec. in 2020, 2025, and 2030

3.5. CONCLUSION OF CHAPTER 3
Chapter 3 of thesis has covered a series of forecasting tasks whose results are then
be applied to generate green generation scenarios for Vietnam power system, which

are given in Chapter 4. Numerous forecasting methods have been applied, including:

— Forecasting electricity demand for Vietnam power system to 2030 by using a
Cobb — Douglas production function based — econometric model.

— Forecasting the peak load demand P,,,, of Vietnam power system to 2030 by
applying the feed-forward back propagation (FFBP) method, a modified model
of neural network.

— Clustering and predicting hourly electric load profile of Vietnam to 2030 by

implementing the K,,,,, — Kyin @lgorithm combining with the expert’s choice.
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CHAPTER 4. BUILDING THE OPTIMAL STRUCTURE
FOR THE NATIONAL GENERATION SYSTEM

4.1. INTRODUCTION

Planning for development strategy on national socio-economy to ensure the

economy and energy security and precising on long-term planning for national power

development is the most important requirement of a country. In order to do so, a

reliable knowledge- and practical-bases for prediction must be identified. In case of

energy sector, in order to raise the initiative in planning, accurate power forecasting,

electricity demand estimation in consideration with the development of other sectors,

and conservating natural environment but minimising uncertain impact factors are

compulsory. In terms of solution, building scenarios for long-term forecasting is

believed to be the most effective way which could response to most unexpected risks

in planning system in the future.

4.2. BUILDING SCENARIO METHODOLOGY OF THESIS

Scenarios are computed based on the uncertainty characteristics of factors which

could impact strongly on generation capacity and electric load demand of system.

Those factors are including: (1) the future fuel prices; (2) the penetration of LED

lamp technology and the increasing installed capacity of rooftop PV system; and (3)

the generation capacity of renewable energy sources. In order to build reasonable

scenarios as expected of thesis, various assumptions relevant to those factors have

been determined and presented in Table 4.1, 4.2, 4.3, 4.4, 4.5 and 4.6.

When combining three mentioned factors, variable scenarios related to national

generation demand are generated. By changing the input conditions, four (04)

scenarios have been computed, they are:

(1) Scenario of Business As Usual (BAU) is what happens from the last 5 years in

cases of low fuel price, high load demand, and low sharing of renewable energy

generation;
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(2) Scenario of Low Green (LG) represents for cases of low fuel price, low load
demand, and high sharing of renewables;

(3) Scenario of High Green (HG) is generated to perform the conditions of high
fuel price, deeply low load demand, and high renewable energy; and

(4) Crisis scenario is the case of high fuel price, low load demand and low sharing

of renewable energy.

Scenarios of national generation demand in correspondence with different input

conditions are summarised in Table 4.7.

Table 4.1. Assumptions of lighting load and LED

I Capacity P oy OF . Energy
Year coh;grr]r:;ar][?on factor of lighting tin Pecr)lfeﬂfégon reduction
lighting total by LED
(%) (%) (%) (%)
2020 23 30.7 10
2025 21 0.75 28.0 30 50
2030 19 25.3 65

Table 4.2. Consumption proportion of residential sector and assumptions of the
penetration of rooftop PV system

Year Residenti_al Penetratioq of rooftop PV system
consumption Kich bdn thap Kich bdn cao
(%) (%) (%)
2020 34.75 2 2
2025 31.36 10 15
2030 28.63 20 30

Table 4.3. Assumptions of power demand and peak load demand in case of adding

the contribution of LED technology

Power demand Peak load demand P,
Year High_ Low Reduction High_ Low Reduction
scenario | scenario rate scenario | scenario rate
(TWh) (TWh) (%) (GW) (GW) (%)
2020 230.20 227.55 1.2 40.33 39.71 15
2025 349.95 338.93 3.2 60.84 58.28 4.2
2030 511.27 479.70 6.2 87.56 80.35 8.2
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Table 4.4. Cummulative electric load demand reduction
by the penetration of LED and rooftop PV system

Demand
Year | Low scenario Reduction rate | Deeply low scenario | Reduction rate
(TWh) (%) (TWh) (%)
2020 225.97 1.8 225.97 1.8
2025 328.30 6.2 322.98 7.7
2030 452.23 11.5 438.50 14.2
Table 4.5. Scenarios of low renewable energy contribution
according to the Decision No. 428/Qb-TTg
Generation Unit 2020 2025 2030
Mini hvdro TWh 11.1 12.4 17.7
y GW 3.8 5.2 6.8
Biomass (low) TWh 2.7 4.8 12.6
GW 0.5 0.9 2.4
. TWh 2.1 4.0 12.0
Wind (low) GW 0.8 2.0 6.0
Solar (low) TWh 8.8 12.8 18.9
GW 6.1 8.0 12.0
Table 4.6. Scenarios of high renewable energy contribution
according to the Decision No. 2068/Qb-TTg
Generation Unit 2020 2025 2030
. ) TWh 8.0 19.2 36.0
Biomass (high) GW 15 36 6.9
. . TWh 2.7 6.0 15.4
Wind (high) GW 1.0 3.0 7.7
. TWh 8.8 23.8 34.3
Solar (high) GW 6.1 15.0 21.8

Table 4.7. Suggested generation scenarios and corresponding input conditions

Scenario Fuel price Load demand Renewable energy
BAU Low High Low
Low Green (LG) Low Low High
High Green (HG) High Deeply low High
Crisis High Low Low
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4.3. OBJECTIVE FUNCTION AND CONSTRAINTS

4.3.1. Obijective function configuration

Objective function of the optimal structure for generation is the function where the
power generation cost is minimised in 2020, 2025, and 2030. This function can be

expressed as:

0= Z W,.CEq . X4 4ty = Min

=t (4.1)

Where:

e g represents for the type of generation (hydro, coal, gas, mini-hydro,
biomass, wind, photovoltaic, import);

e ¢ isthe load pattern identified by number 1 to 8 (referred to Table 3.11);

e t isthe specific time of a day (from 1:00 to 24:00);

e y isconsidered year (2020, 2025, 2030);

e CE,, isthe generation cost of power plant g at the year y;

e X, 4ty arethe least-cost generation power of power plant g, corresponding
to the load pattern q at the time ¢ of the year y; and

e W, isthe net present value coefficient, calculated by:

y—2014

%= 2

e 1 isthe interest rate, estimated at 8% per annum;

e ¢ isthe inflation rate, estimated at 4% per annum;

The generation cost CE (US $/kWh) of power plant g at the year y is calculated
by:

CE _ Z(Fg,y + Ag,y + MOQJ/)

Where:
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F,, s fuel price;
A, is investment depreciation per annum;
MO0, ,, is operation and maintenance cost;

Q4.5 is power production of power plant g at the year y [KWh];

The annual investment depreciation A, ,, (US$/year) is calculated by:

To- (1 + 1)

Agy = A+r)n—1 g Cgy-10° (4.4)

Where:

1, IS the ODA interest rate, estimated at 3.8% per annum;

n is the lifetime of a power plant g [year];

1,,, isthe investment cost per unit of power plant g at the year y [US$/KW];
Cg, is the installed capacity of a power plant g at the year y [MW].

4.3.2. Constraints of objective function

Constraints of suggested objective function are listed as: (1) Load demand; (2)

Upper limit of generation power; (3) Maximum installed capacity; (4) Reserve power

capacity; (5) Variable limitation of generation power between two consecutive hours;

and (6) Capacity factors.

4.4. INPUT DATA COLLECTION

Input data needed to be collected including:

— Typical load pattern;

— Maximum installed capacity;

— Reserved capacity;

— Capacity factor of power plants;

— Limitation of generation power variation between two consecutive hours;

— COz emission capacity and CO- prices in the market; and

— Levelised cost.
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4.5. INTRODUCTION TO LINDO SOFTWARE

LINDO is a well-known commercial software which was developed by LINDO
Systems, a famous long-standing group in programming and developing optimisation
softwares. It has been widely used by both academic community and business-
enterprises since 1979 due to its strength on creative, strong, flexible, and easy-to-use
optimisation tools.

LINDO solvers have been widely used by thousands of companies worldwide to
maximise profit and minimise cost on decisions related to production planning,
transportation, finance, portfolio allocation, capital budgeting, blending, scheduling,
inventory resource allocation and more. LINDO has a friendly interface so that users
can access and use easily. It is normally used to solve complex calculations which
contain thousands of constraint and millions of variable. LINDO software could be
implemented in three functions: (1) Entering programming codes or command lines
directly from the PC’s or mobile computer’s keyboard to solve simple and medium-
complex calculations; (2) Connecting, contacting, and transfering data and document
with different softwares (i.e. Word, Excel, etc.) in various formats for generating
paper-reports and similar purposes; and (3) Acting as a software-platform which
could allow any subroutines or codings from other programming softwares into
LINDO library and generate a new solvable integrated program. Many groups
working on various industrial sectors have launched LINDO solvers to optimise their
financial issues i.e. Greenergy, DUKE Energy, Petro China, Chevron, HEXAGON,
PetroBras, BP, SHELL, Exxon Mobil, and ONTARIOPOWER Generation, etc.

4.6. RESULTS

When input parameters are conducted into LINDO software, then the optimal
generation structure scenarios of installed capacity and power generation production
based on different power sources in the year of 2020, 2025, and 2030 are generated.
Based on results, following values are calculated: (1) CO2 emission capacity; (2)

electricity selling prices in case of non-purchasing mitigated CO2; and (3) electricity
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selling prices with sharing by mitigated CO- trading. Major results are described in
Figure 4.1, 4.2, 4.3, 4.4 and Table 4.8.
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Figure 4.1. Forecasted results on optimum installed capacity of power generations
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Figure 4.2. Forecasted results on optimum power generation production to 2030
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Figure 4.3. Forecasted COz emission of Vietnam power system to 2030

Table 4.8. CO; reduction compared to BAU (Unit: MtCO,)

Scenario 2020 2025 2030
Low Green (LG) 11.14 62.04 127.74
High Green (HG) 11.14 69.60 146.92
Crisis 6.05 30.80 2.38
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Figure 4.4. Forecasted results on electricity generation cost to 2030
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4.7. CONCLUSION OF CHAPTER 4

Chapter 4 has been conducted to describe suggested method of thesis to compute
reasonable scenarios for generation sources. Results obtained from scenarios are
imported to LINDO software to generate the optimal generation structure for
Vietnam’s national power system. Using input data which was analysed and
calculated in Chapter 2 and Chapter 3, associated with assumptions cited from related
forecasted references, this thesis has released four generation scenarios for Vietham
to 2030. The three important factors which have strong impacts on generation
capacity and power demand in system are: (1) the uncertainty of future fuel prices;
(2) the penetration of LED lamp technology and the increasing installed capacity of
rooftop PV system; and (3) the difference proportion of renewable energy exploited
in Vietnam power system. They are imported to LINDO software to evaluate their

impacts on generation capacity and relevant characteristics.

When expected generation scenarios have been built (including BAU, LG, HG,
and Crisis), then simulations for finding the least generation cost, optimal generation
capacity, electricity demand, CO2 emission, and generation cost are conducted.

Results of the simulation show that:

— BAU is the worst scenario in terms of CO2 emission because of the highest
proportion of generation from coal and fossil fuels. It also leads to a poor energy
security as it strongly depends on thermal generations;

— LG and HG scenarios show their positive impacts both on CO> emission and
generation cost reductions based on the contribution of renewable energy
generations. HG scenario is defined as the greenest one when renewable energy
sources contribute to total share at a high proportion;

— Commercialising mitigated CO> can reduce the generation cost when the price

of input fuels is being fluctuant unexpectedly.
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CHAPTER 5. SUMMARISATION, CONCLUSIONS AND
RECOMMENDATIONS

5.1. THESIS SUMMARISATION

The aim of this thesis is to building up reasonable scenarios for power sources
towards to a “low-carbon economy” for Vietnam to 2030. Some noticed results are
listed as following:

1. Scenarios reported in the Revisions to the National Power Development Plan
from 2011 to 2020 with Visions Extended to 2030 are noticed by a low
contribution of renewable energy sources but an increasing sharing of coal
thermal power. Therefore, it is required to has urgent studies on green
generation solutions to meet the sustainable development target of Vietnam.

2. A desk-based study has been implemented to acquire various scenario building
methods of global organisations and worldwide countries (i.e. IEA, BP,
Pakistan, Malaysia, Thailand) and the building methods for generation
scenarios of Vietnam Energy Institute. Results show that all models have been
computed to minimise the generation cost but they have not taken the hourly
load profiles of system into account.

3. Inorder to build up reasonable green scenarios, it is compulsory to forecast on
electricity demand (GWh) and the peak load demand (P,,,,) in the future:

— Doing research on forecasting electricity demand (GWh) for Vietnam to 2030:
because of the lacking data, candidate has employed a Cobb — Douglas
production function based — econometric model as prediction method, this
method is first launched in Vietnam. Three parameters which have strong
impact on demand are determined as: (1) The per capita income; (2) Population;
and (3) Number of households. The GDP and the proportion of industry and
service in GDP are not chosen as input variables. With medium scenario of the
income, the forecasting consumptions in 2020, 2025, 2030 are 230,195GWh,
349,949GWh, 511,268GWh, respectively. Those results are closed similar to
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numbers released by the Revised version of Master plan no. VII for power
system in Vietnam (PDP VIl rev.).

In order to forecast the peak load demand P,,,, of Vietnam power system to
2030, researcher has implemented the feed-forward back propagation (FFBP)
method, a modified model of neural network. Input variables are determined as:
(1) GDP growth rate (%/year); and (2) Annual electricity consumption (GWh).
Elasticity coefficient and T,,,,, are eliminated to be the model’s input variables.
P4 In 2020, 2025 and 2030 are forecasted at 40,332MW, 60,835MW, and
87,558MW, respectively. Those results are really closed to values of the PDP
VII rev. It is noted that new factors related to technogical and scientific
developments, i.e. LED technology, solar photovoltaic rooftop system, have not
been accounted to those results.

Clustering and predicting hourly electric load profile of power system is a
pristine point of thesis with aims to provide conditions to figure-out the least-
cost optimum structure for Vietnam power generation system. The results show
that there are 8 load patterns categorised by the consumption characteristics of
Tet holidays, working days, and weekend days corresponding to groups of
month, they are: (1) Tet holidays; (2) Working days of January and February;
(3) Working days of March, April, and May; (4) Working days of June, July,
and August; (5) Working days of September, October, November, and
December; (6) Sunday and National holidays of January and February; (7)
Sunday and National holidays of March, April, May, June, July, August, and
September; and (8) Sunday and National holidays of October, November, and
December. Also, future load patterns have been predicted.

4. Four (04) scenarios have been computed in the thesis, they are: (1) Scenario
of Business As Usual (BAU) is what happens from the last 5 years in cases of
low fuel price, high load demand, and low sharing of renewable energy
generation; (2) Scenario of Low Green (LG) represents for cases of low fuel

price, low load demand, and high sharing of renewables according to the PDP
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VII rev.; (3) Scenario of High Green (HG) is generated to perform the
conditions of high fuel price, deeply low load demand, and high renewable
energy based on the Decision No. 2068/ Qb-TTg; and (4) Crisis scenario is
the case of high fuel price, low load demand and low sharing of renewable
energy.

5. With aims to find the optimal structure for the national power generation
system, an objective function has been employed. Objective function is the
function where the power generation cost is minimized, combined to
numerous other constraints: (1) Load demand (GWh, B,,,,, forecasted hourly
load profiles); (2) Upper limit of generation power in correspondence with
patterns; (3) Maximum installed capacity; (4) Reserve power capacity; (5)
Variable limitation of generation power between two consecutive hours; and
(6) Capacity factors.

6. A LINDO software was launched to generate these following results of
suggested green scenarios:

— Forecasted installed capacities of hydro are around 18.1GW, 18.6GW, and
21.2GW in 2020, 2025, and 2030, respectively; installed capacities of coal-
thermal power plants in HG and BAU scenarios in 2020 are 15.8GW and
17GW, respectively; in 2025 are 24.6GW and 29.3GW, in 2030 are 38.9GW
and 49.9GW, correspondingly. Looking into the national installed capacity,
coal-thermal capacity accounts for 27.8% to 40.6%.

— Installed capacities of gas-thermal power plants reach around 9.5GW, 15.6GW
and 23.2GW in 2020, 2025, and 2030, respectively; account for 16.6% to 20.3%
in total installed capacity. These results keep nearly unchanged in all scenarios.
Other generations are all reach their upper limit installation and do not change
much through scenarios.

— Forecasted results for hydro generation in 2020 and 2030 are 66.3TWh and
68.6TWh, respectively (decreasing from 25.3% to 11.9% after 2030). Coal-

thermal generation is forecasted to increase its production continuously by years
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and contributes 44.3% to 57.6% in the total production. Also, gas generation
has a slight increase by years and shares about 19% of total.

— The CO emission of HG scenario is 5.7% lower than the BAU in 2020, 19.7%
in 2025, and 27.1% in 2030 due to the significant contribution of renewable
resources and the reduction of demand caused by the penetration of LED lamp
technologies and solar PV rooftop system.

— Generation costs are computed as 4.35US$cent/kWh to 5.52US$cent/kWh and
6.03US$cent/kWh to 7.76US$cent/kWh in correspondence with low and high
fuel price scenarios in the future. A considerable note that if CO2 emission is
put into the market in the HG scenario, then the generation cost of HG scenario
could reduce 10%, approximately. As a result, it helps generation cost of both

HG and Crisis scenarios are nearly same in 2030.

5.2. CONCLUSIONS

Based on results obtained from previous chapters of thesis, some conclusions could
be reported that: (1) Scenarios are computed based on forecasted future electricity
demand, all assumptions and constraints of prediction are appropriate with practical
context of Vietnam power system; the implementation of hourly load profile
prediction is a good choice to help improve the accuracy of generation sources
scenarios and to reduce the difference between suggested simulation and practical
values; (2) A total installed capacity which can meet the load demand in
correspondence with each type of sources and each scenario of generations to 2030
has been found. Also, predictions on generation production corresponding to each
generation source in different scenarios in the year of 2020, 2025, 2030 have been
calculated; (3) An estimation on generation cost and CO2 emission potential of each
scenario in the next 10 years have been quantified; (4) Coal thermal source will still
account for a dominant proportion in national generation system to ensure the
electricity demand of rapid developing economy; (5) The strong penetration of LED
technology and rooftop solar PV are the two main reasons which help to reduce the

energy demand of system. If other solutions related to policy changing to encourage
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the investment on renewable energy generation and/or implementing new energy
efficiency technology could be applied, then the reduction amount could be increase
significantly; (6) The proportion of renewable energy contributing on the national
generation system according to suggestion in thesis is currently higher than the values
reported in the PDP VII rev. However, it is still acceptable due to its assurance for
energy demand and competitive generation costs; (7) Although coal thermal power
is still accounting for the highest share in the national generation system, if the HG
scenario could be implemented in the future, then the generation costs of coal thermal
power and its CO2 emission capacity are still optimal. Moreover, in cases of “clean
coal technologies” could be commercialised as an alternative input material for new
coal thermal power plants, then the effectiveness of the HG scenario will be increased
unexpectingly; (8) Suggested scenarios could be reasonable choices for Vietnam to
meet the targets committed in global conference on greenhouse gases reduction,
climate change mitigation, environmental protection, and sustainable development;
and (9) Based on thesis’ results, it is believed that Vietnam do not need to build new
nuclear power plant but still meet his electricity demand until 2030.

The mentioned results are strong demonstrations to affirm that the thesis has

successfully reached the expected outcomes.
5.2.1. Contributions on Science and Academic fields

This is the first used of Cobb — Douglas production function based — econometric
model as prediction to reduce input variables in comparison to other models. Also, it
Is resulted that this method is appropriate in cases of lacking detail data from
electricity authority.

Forecasting the peak load demand B,,, of Vietnam power system to 2030 by
applying the feed-forward back propagation (FFBP) method, a modified model of
neural network. This method is suitable in cases of: (1) Lacking detail data from
electricity authority; (2) The correlation of electric load and related impact factors

becomes to be unexplicit; (3) Complicated algorithm; and (4) Small error
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requirements. Forecasted results are closed similar to numbers of the base scenario
released by the PDP VII rev.

This is the first implementation of K,,,, — K, algorithm combining with the
expert’s choice to figure out eight load pattern prototypes of Vietnam power system
based on historical hourly load profiles. Results obtained from algorithm has a small
error in comparison with practical recorded values. It is a good contribution to make
computed scenarios of thesis closer to the reality of generation.

A commercial software namely LINDO is employed to simulate the four suggested
scenarios of generation sources. Results show that scenarios of optimising generation
cost and minimising the CO2 emission for Vietnam’s generation sources system until
2030 have been generated. Also, a total installed capacity which can meet the load
demand in correspondence with each type of sources and each scenario of generations
to 2030 has been found. Additionally, predictions on generation production
corresponding to each generation source in different scenarios in the year of 2020,
2025, 2030 and estimations on generation cost and CO, emission potential of each

scenario in the next 10 years have been quantified.
5.2.2. Contributions on Practical context

Researches of this thesis have provided a new method for predicting electric load
demand but do not need detail data from electricity authority. This forecasted result
Is extremely important in planning on power development, and make a contribution
to policy makers on lessening the frequent revision of power planning in a short time.

Results of thesis can be used as scientific references for related Ministries,
Governmental departments, Vietnam Electricity, universities and international
cooperative projects involving energy/power/electricity and/or energy efficiency.

Also, results of thesis can be considered as a contribution to impulse the national
economic development in general and Vietnam’s electricity market development in
specific in terms of renewable energies, such as: solar, wind, biomass, etc. in the

future.
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Providing a new specific load consumer clustering method based on artificial
intelligence and expert’s knowledge-base to compute the optimal generation
structure, and support strongly for operational and load dispatching tasks.

Suggesting numerous reasonable green generation scenarios with aim to mitigate
CO:2 emission into environment. Those scenarios can be used as references by the
national policy and strategy makers on energy or national power planning to conduct
further practical researches with aims to assure the national energy security, ensure
the harmony of socio-economic development and environmental protection, towards
to a low-carbon economy development in Vietnam to 2030.

Results from thesis have shown a very competitive generation cost of power
system; the HG scenario is the simulation that has the highest generation cost but that
forecasted cost is still at 5% - 23% lower than the values released in the PDP VIl rev.
according to the considered year. Those values, therefore, could be applied as
reference generation costs to 2030 for EVN.

Other success of thesis is that it makes a contribution to break inherent barriers on
outdated policies and to promote the National target programs on energy efficiency,
investment projects on renewable energy (i.e. solar, wind, etc.), carbon trading, power

generation market and reconstruction projects for Vietnam power system.

5.3. RECOMMENDATIONS
From the results of thesis, some recommendations are released so that this research
field could be expanded in the future. They are:

— Using a Bottom-up method to check the accuracy of results generated by the
Top-down method using in thesis.

— This thesis has just suggested scenarios of generation sources, other parameters
and elements such as grid structure, distribution system, investment cost for
transmission and distribution network, etc. Therefore, further researches could
focus on how to make more comprehensive scenarios on power system.

— Further studies can consider closer on other assumptions, such as: energy

efficiency potential of different technologies, energy saving potentials of other
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sectors in economy, the penetration of other renewable energies (i.e. tidal,
geothermal, wave, etc.), energy storage technologies, etc.

Updating statistical data regularly so that later researchers or Governmental
authorities could used to modified the National master plan on power
development appropriately.

In order to improve and ensure the quality of master plan on power development
in the future, a suggestion is given to the Ministry of Industry and Trade,
Vietnam electricity authority and energy institute to promote the participation
of scientists, increase the number of research projects involving power planning,
or refer as much as possible from thesis and specific studies before planning or

releasing strategies or policies on ensuring the national energy security.
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