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Tom tat

Trong bdi canh nhu ciu ning lugng ctia cdc toa nha viin phong ngiy cang gia ting, viéc danh gid hidu qua st dung ning
lugng trd thanh vin d quan trong nhim gidm tiéu thy dién ning va gidm phat thai khi nha kinh. Nghién cifu nay tip trung
danh gi4 hiéu sut ning lugng clia toa nha viin phong thong qua md phdng ning lugng cdng trinh theo cic tiéu chuin xanh,
ddng thoi phan tich tiém ning ng dung hé théng dién mit trdi nhim gidm phu thudc vao ngudn dién Iudi. M6 hinh ning
lugng clia cong trinh dugc xdy dung bing phin mém DesignBuilder véi 16i tinh toan EnergyPlus, dua trén cic dit lidu dau
vao nhu dic tinh vét liéu vo bao che, tai stt dung, lich vin hanh va hé théng HVAC. Két qua md phéng cho thiy hé théng
didu hoa khong khi va céc thiét bi dién 1a cdc thanh phan tiéu thu ning lugng 16n nhét ctia cong trinh. Viéc tich hgp hé
théng dién mit trdi trén mdi c6 kha niing gidam dang k& dién niing tiéu thu tlf ludi va lugng phét thai CO, trong qud trinh
van hanh. Két qui nghién ciiu cung cip co s6 khoa hoc cho viéc d4nh gia hiu qua ning lugng va dé xuét giai phap tich hop
ning lugng tai tao nham nang cao hidu qua st dung ning lugng, hudng t6i phat trién bén viing trong linh vuc xdy dung.

Tir khod: hiéu suit ning lugng; mo phéng ning ludng cong trinh; tiéu chuian LOTUS; mb hinh co s&; dién mit troi.

ENERGY CONSUMPTION CALCULATION AND ASSESSMENT OF SOLAR ENERGY UTILIZATION
POTENTIAL FOR OFFICE BUILDINGS IN VIETNAM
Abstract

In the context of the increasing energy demand of office buildings, evaluating building energy performance has become
an important issue in reducing electricity consumption and greenhouse gas emissions. This study focuses on assessing the
energy performance of an office building through building energy simulation based on green building standards, while also
analyzing the potential application of a photovoltaic system to reduce dependence on grid electricity. The building energy
model was developed using DesignBuilder with the EnergyPlus simulation engine, based on input data including envelope
material properties, occupancy loads, operation schedules, and the HVAC system. The simulation results indicate that the
air-conditioning system and electrical equipment are the major contributors to the building’s total energy consumption. The
integration of a rooftop photovoltaic system has the potential to significantly reduce grid electricity consumption and CO,
emissions during building operation. The findings of this study provide a scientific basis for evaluating building energy
performance and proposing renewable energy integration solutions to improve energy efficiency and promote sustainable
development in the construction sector.

Keywords: energy efficiency; building energy simulation; LOTUS standard; baseline model; solar power.
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1. Pit van dé

Dudi tac dong clia qua trinh do thi héa nhanh chéng va nhu ciu ning lugng ngay cang gia ting,
linh vuc xay dung dang trd thanh mot trong nhitng nganh tiéu thu nang lugng 16n tai Viét Nam. Dac
biét, cdc tdoa nha vin phong tai cdc do thi 16n c6 mic tiéu thu dién ning cao do yéu cau van hanh lién
tuc va dam bao tién nghi madi trudng trong nha. Pién ning chi yéu dudc st dung cho cac hé théng
diéu hoa khong khi, chiéu sang, thong gi6, thang mdy va thiét bi viin phong. Theo thong ké, cdc cong
trinh xy dung hién tiéu thu khoang 35 - 40% t&ng ning luong toan qudc [1], trong d6 hé thdng diéu
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hoa khong khi chiém khoang 50 - 60% tdng dién ning tiéu thu clia cdc tda nha vin phong, dic biét
tai cac khu vuc khi hau néng 4m nhu Ha Noi va Thanh phé H6 Chi Minh. Diéu nay cho thiy nhu cau
nghién citu va ti vu hiéu qua sit dung ning lugng cho cong trinh vin phong ngay cang can thiét nham
giam chi phi van hanh, tiét kiém ning lugng va han ché tic dong dén moi trudng.

Trong nhiing nim gan diy, md phong ning luong cong trinh di dugc quan tAm va ting dung rong
rii tai Viét Nam nham hé trg danh gid hidu qua st dung ning ludng va phat trién cong trinh xanh. Cic
phan mém nhu OpenStudio, EnergyPlus va DesignBuilder dugc st dung dé phan tich tiéu thu ning
luong, t6i uu 16p vo cong trinh, hé théng HVAC va danh gid tiém ning tich hop ning luong tdi tao.
Nghién ctiu ctia Hieu [2] di st dung OpenStudio két hop EnergyPlus dé phan tich mic tiéu thu ning
lugng clia cong trinh trudng hoc tai Ha Noi, dong thdi danh gia anh hudng clia cac giai phap thiét ké
thu dong nhu hudng nha, vat liéu bao che va thong gié tu nhién dén hiéu qua ning lugng. Két qua cho
thiy viéc tbi vu 16p vo cong trinh c6 thé 1am gidm dang ké nhu cau 1am mat va dién niing tiéu thu. Bén
canh d6, nghién citu ctia Tri va cs. [3] di ting dung BIM két hop Autodesk Insight va Green Building
Studio d€ d4nh gid so b ning lugng tiéu thu clia cong trinh theo hudng phat trién bén viing, tap trung
vao anh hudng ctia 16p vo bao che, ty 1& cita 6 trén tudng (WWR) va hudng cong trinh dén cudng do
st dung nang lugng (EUT) va chi phi van hanh.

Nhiéu nghién ciiu trong va ngoai nudc déu chi ra vai trd quan trong ctia hé théng HVAC trong tiéu
thu ning luong clia tda nha vin phong. Theo nghién cifu ctia Luong va cs. [4], trong diéu kién vin
hanh thuc té tai Viét Nam, cdc thiét bi dién vin phong chiém 26,4% tong mic tiéu thu ning luong,
tiép theo 12 hé thdng diéu hoa khong khi véi 25,1%. Tuong tu, Ma va cs. [5] cling cho thly HVAC 1a
thanh phan tiéu thu ning lugng 16n nhét trong c4c tdoa nha vin phong, tiép theo 1a chiéu sdng va thiét
bi dién. Ngoai ra, nghién ctiu ctia Hoc va cs. [6] da ting dung cidc mo hinh hoc may nham nang cao do
chinh x4c trong du bdo tiéu thu niing lugng cong trinh, gép phan hd trg quan 1y va tbi uu ning luong
hiéu qua hon.

Song song vdi viéc phan tich tiéu thu ning luong, cic nghién ctiu vé mo phong hiéu qua ning
lugng va tich hgp nang lugng tai tao ciling dugc chd trong. Aydin va cs. [7] da st dung DesignBuilder
va EnergyPlus dé€ danh gi4 hiéu qua niing luong cong trinh, cho thiy viéc cai thién 16p vo bao che va
t6i uu hé thong HVAC c6 thé gitip giam tir 20 — 40% muic tiéu thu ning luong. Pong thdi, nghién citu
ctia Habib va cs. [8] chi ra ring hé thdng dién mit trdi (PV) c6 kha ning gidm dang ké lugng dién
tiéu thu tif Iudi va phat thai CO, khi két hop véi céac gidi phdp tiét kiém ning lugng khac. Tuy nhién,
phan 16n cdc nghién ciu hién nay van tip trung danh gid riéng 1€ tiing yéu t6 ma chua xem xét dong
thdi hiéu qua niing luong va tiém ning ning luong tai tao trong diéu kién vin hanh thuc té.

Trén pham vi toan cau, theo IEA, cic toa nha chiém khoang 30% t&ng tiéu thu ning lugng. Tai
Viét Nam, nhu cau dién ning tiép tuc ting manh trong nhiing nim gan day. Theo cic bdo cdo clia
EVN, sin lugng dién thuong mai da vudt miic 300 ty kWh, véi tdc do ting trudng nhu cau dién duy
tri § miic cao trong cac giai doan cao diém [9]. Tru6c thuc trang d6, xu huéng phét trién cong trinh
xanh va cong trinh hiéu qua ning ludng ngay cang dudgc thic ddy thong qua cic hé thdng chiing nhan
nhu LEED, LOTUS va EDGE. Tinh dén nim 2024, Viét Nam da c6 hon 559 cong trinh dat chiing
nhén xanh [10], tuy nhién sd lugng nay van con kha khiém ton so vé6i tiém ning phat trién. Vi vay,
viéc ing dung mo phéng ning luong trong thiét ké va danh gid cong trinh dudc xem 12 gidi phdp quan
trong nham tbi wu hidu qua st dung ning lugng, giam phat thai va hd trg phat trién bén viing trong
linh vuc xay dung.
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2. Cd s 1y thuyét va hé thong danh gia
2.1. Co sd ly thuyét

Trong céc tda nha vin phong, mic tiéu thu ning luong chiu 4nh hudng manh béi céc yéu td nhu
dic tinh 16p vé cong trinh, diéu kién khi hau, hé théng diéu hoa khong khi, chiéu sang va tai thiét
bi. Trong d6, 16p vo cong trinh déng vai trd quan trong trong viéc kiém so4t trao ddi nhiét gitta moi
truong bén ngoai va khong gian bén trong, tif d6 anh hudng truc tiép dén tai lanh va hiéu qua st dung
nang lugng cla cong trinh.

Téng lugng nhiét truyén qua bé mit bao che dudc xac dinh theo biéu thic [11]:

Q=U-A-(Ti-T,) )

trong d6 Q 12 luong nhiét truyén qua bé mit (W); U 12 hé s6 truyén nhiét tdng ctia ciu kién (W/m?.K);
A 1a dién tich b& mat (m?); T; va T, 1an luct la nhiét do khong khi bén trong va bén ngoai cong trinh
(K) P N

Doi véi vat li€u kinh, lugng nhiét biic xa mat trdi truyén vao khong gian bén trong dudc déc trung
bdi hé s6 hap thu nhiét mit trdi SHGC (Solar Heat Gain Coefficient). Gid tri SHGC thép gitip han
ché nhiét biic xa xdm nhap vao cong trinh, dic biét phit hdp vé6i diéu kién khi hau nhiét d6i néng 4m
nham gidm nhu cau lam mat.

Bén canh d6, hé s6 truyén sang kha kién VLT (Visible Light Transmittance) thé hién kha ning
truyén 4nh sdng tu nhién qua kinh. Viéc lua chon gia tri VLT phu hop gép phan tin dung chiéu sang
tu nhién, giam nhu cau st dung chiéu siang nhan tao va nang cao hiéu qua st dung ning ludng clia
cong trinh.

Trong cic nghién ctiu vé hiéu suit ning lugng cong trinh, cic phan mém mo phong chuyén dung
nhu DesignBuilder va EnergyPlus thuong dudc st dung nham danh gia mic tiéu thu ning lugng trong
céc kich ban thiét ké khdc nhau. Mot trong nhiing chi s6 quan trong d& ddnh gid hiéu qua niing luong
cong trinh 1a cudng do stt dung nang lugng (Energy Use Intensity — EUT), dugc xac dinh theo cong
thuc:

EUI - Tong niing lugng tiéu thu hing nim

o (2)

Tong dién tich st dung
trong d6 tong ning luong tidu thy hang nim (kWh/nim) bao gdm ning lugng phuc vu cho hé thdng
diéu hoa khong khi, chiéu sdng, thong gi6 va céc thiét bi st dung dién khic trong cong trinh; téng
dién tich san st dung (m?) 12 phin dién tich st dung trong cong trinh. Chi s6 EUI (kWh/m?.niim) cho
phép so sanh hiéu qué ning lugng gitta cac cong trinh hodc gitta cac phuong n thiét ké khac nhau.
2.2. Hé théng ddnh gid

Tai Viét Nam, hiéu qua st dung nang lugng trong cac cong trinh xdy dung dugc quy dinh trong
QCVN 09:2017/BXD — Quy chuin ky thuat qudc gia vé cdc cong trinh st dung ning lugng hiéu qua.
Quy chuin nay dua ra cic gii han vé hé sb truyén nhiét ctia 16p vd cong trinh, hé sé hip thu biic xa
mit trdi va cac thong s6 lién quan nhim ki€m sodt miic tiéu thu ning ludng ctia cong trinh.

Mot trong nhitng chi tiéu quan trong dugc st dung dé€ danh gid hiéu suét nhiét ctia 16p vo cong
trinh 12 OTTV (Overall Thermal Transfer Value), thé hién tong lugng nhiét truyén qua 16p vo bao che
ctia toa nha. Theo QCVN 09:2017/BXD [12], ddi véi céc cong trinh xay dung khong thudc loai nha
8, gid tri OTTV can dudc kiém sodt nhé hon 50 W/m? nhim dam béo hiéu qué st dung ning lugng.

Bén canh cic quy chuidn qubc gia, cic hé thdng chiing nhan cong trinh xanh ciing dudc st
dung rong rdi dé danh gid mdc do bén viing cda cong trinh. Tai Viét Nam, hé thong LOTUS [13]
(Leadership in Energy and Environmental Design for Vietnam) dudc phat trién bdi Hoi dong Cong
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trinh Xanh Viét Nam (Vietnam Green Building Council - VGBC). Hé thong nay dénh gia cong trinh
dua trén nhiéu tiéu chi nhu hiéu qué nidng lugng, stt dung nudc, vat liéu xay dung, chit lugng moi
trudng trong nha va stt dung nang lugng tai tao.

Viéc két hop gitta mod phong ning lugng cong trinh va hé théng danh gid cong trinh xanh LOTUS
cho phép danh gia toan dién hiéu qui niing lugng clia cong trinh, dong thdi x4c dinh cic gidi phip
thiét ké nhiam giam tiéu thu niing lugng va nang cao tinh bén viing trong van hanh cong trinh.

3. Phuong phap nghién ciru
3.1. Phuong phdp va mé hinh phdn tich ndng luong

Coéng trinh nghién ctiu la mdt tdoa nha van
phong tai Thanh phé H6 Chi Minh, nim trong
khu vuc c6 khi hau nhiét déi gi6 mua néng am,
dic trung bdi nén nhiét do cao va bidc xa mit troi
16n quanh nim. C4c diéu kién khi hau nay c6 anh
hudng dang ké dén nhu cau 1am mit va dic diém
tiéu thu nang lugng cla cong trinh. Cong trinh
gdém 13 tang ndi, 01 ting tum va 03 tang ham, véi
tong dién tich san khodng 6.940 m?. Cu thé, dién
tich xay dung céc ting dudc phan bb nhu sau: khdi
tAng hdm (1-3) khodng 1.800 m?; tAng 1 (sdnh va
vin phong) 266 m?; ting 2 (viin phong) 266 m?;
tang 3 (vin phong) 413 m?; ting 4 (vin phong)
418 m?; khéi tang 5-12 (vin phong) tdng cong
3.293 m?; ting 13 (vin phong) 398 m?; va tang
tum (khu ky thuat) 83 m?. D€ danh gid hiéu suét
stt dung nang lugng, nghién citu 4p dung phuong i
phdp m6 phong ning lugng cong trinh nham phan Hinh 1. M6 hinh ciia khéi viin phong
tich muc tiéu thu ning lugng trong giai doan van
hanh. Hinh 1 trinh bay md hinh khdi viin phong dugc xay dung trén phan mém md phdng.

Mo hinh ning lugng clia cong trinh duge xdy dung bang phan mém DesignBuilder, st dung
EnergyPlus 1am bo tinh todn chinh. Phin mém cho phép md phdng chi tiét qu4 trinh truyén nhiét qua
16p v6 cong trinh, biic xa mit trdi, thong gié va hoat dong ctia hé théng diéu hoa khong khi (HVAC).

Trong qué trinh md phéng, céc dif liéu dau vao bao gdm hinh hoc cong trinh, dic tinh vat liéu bao
che, hé théng HVAC, hé théng chiéu sang, thiét bi dién va lich van hanh ctia toa nha. Dii liéu khi hau
dugc tham khdo tir tai liéu [14], dai dién cho diéu kién khi hau Thanh phd H6 Chi Minh.

Sau khi hoan thién mé hinh, phan mém tién hanh mé phéng mifc tiéu thu ning ludng clia cong
trinh trong chu ky vin hanh mot nim. Két quia mo phéng dudc st dung dé€ phan tich cic thanh phan
tiéu thu ning luong chinh nhu hé théng lam mat, chiéu sang va thiét bi dién. Trén co sé d6, nghién
cttu ddnh gid ty trong tiéu thu ctia titng hang muc nhiam xé4c dinh cdc hé thdng cé muic tiéu thu 16n va
tiém ning tiét kiém ning luong. Cac két qua nay 1a co sé d€ dé xuét gidi phap tdi vu van hanh, nang
cao hiéu qua st dung nang lugng va dinh hudng tich hgp nang lugng tai tao cho céng trinh. Hinh 2
trinh bay quy trinh thuc hién mo phong nang lugng cia nghién ciiu.

a. Vat liéu cla cong trinh

Vit liéu st dung trong cong trinh déng vai trd quan trong trong viéc quyét dinh hiéu suit ning
lugng va mifc do bén viing tdng thé. Trong nghién ctiu ndy, vat liéu clia cong trinh dugc lay trén ho so
thiét ké dudc cung cip thé hién trong Bang 1.
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[ Hinh khéi | Tk : !
1| cong trinh oo { 3 !
| Mo hinh cong trinh |—— j P! E
{| Thong so i Pl !
L vatlieu | Cac thiét bi tiéu thu dién |—— ! v | !
3 — Ed 'I"inh toan | | l_ Ning I}rqng tiéu i
| | Lich vin hanh |—~ t| nidng luong | | | thu/tai tao [
3 Hé thong suai, thong gio __ 3 ]
} va dieu hoa khong khi |1 : !
3 Hé thong niing __ ) 1 :
! lugng tai tao i B:l'O(‘ 2: ; ) [
| |+ Mo phong | Bude 3: i
: Bude 1: Thiét lip cac dir liéu dau vao . miing lwugng | | Trich xuitt két qua :
Hinh 2. Quy trinh md phéng niang lugng
Bang 1. Vit liéu cong trinh lay tit hd so
Keét cau cuia bé mat ngoai Keét cau bén trong
T » Vat liéu kinh
. .. .. uong ngan . N
Tudng ngoai Mai N8 San Nén

cac khong gian

Tuong gach Midi véi 16p Gach dit sét San bé Nénbé Kinh hop 2 16p Low-

khong nung céch nhi€t nung xiy véi tdng tong E pht phan quang mau
khi chung 4p bing x6p vita ning 110 vang c6 khi Argon cach
220 mm mm nhiét

Céc thong s6 nhiét ctia cac 16p vt liéu trong mo hinh dudc tham khdo tif cc tiéu chudn hién hanh,
bao gdbm QCVN 09:2017/BXD [12] vd TCVN 9258:2012 [15]. Céc tiéu chuin nay cung cip céc gia
tri dac trung nhu hé s6 dan nhiét, nhiét dung riéng, khoi lugng ri€éng va hé ) truyén nhiét tong, lam
co s3 dé thiét 1ap cac 16p cAu tao bao che cong trinh trong md phéng ning luong. Dua trén cic thong
s6 nay, cac 16p vat lidu dudc khai bao va hiéu chinh trong phan mém mé phéng nhim ddm bio phan
dnh diing dic tinh truyén nhiét ctia két cAu thuc té.

b. Tai cda cong trinh

Trong nghién ciiu ndy, cdc thong sb tai dugc thiét 1ap dua trén dic diém st dung clia cong trinh
vin phong, bao gdbm mat do ngusi (Bang 2), tai thiét bi § cam (Bang 3) va tai chiéu sing (Bang 4).
Céc thanh phan tai ndy c¢6 anh hudng truc tiép dén nhu cu st dung ning lugng, tir d6 quyét dinh mic
tiéu thu ning ludng tong thé cta cong trinh.

c. Lich van hanh

Lich trinh hoat dong ctia khu vuc viin phong dudc thiét 1ap chi yéu tir 08h00 dén 18h00 vio céc
ngay lam viéc nham mo phong dic diém van hanh thuc té clia cong trinh. Trong khoang thoi gian nay,
mat do ngudi st dung, phu tdi thiét bi va hé thdng chiéu sdng dugc duy tri & mifc cao; dic biét giai
doan tir 08h00 dén 17h00 c6 hé s hoat dong dat khoang 0,95, thé hién trang thai 1am viéc gan nhu t6i
da clia viin phong trong gid hanh chinh. Sau 17h00, mic do hoat dong giam dan xudng khoang 0,30
va tiép tuc gidm vao budi tdi, phan 4nh tinh trang gidm tii sau gid 1am viéc. Hinh 3 thé hién chi tiét
lich trinh hoat dong cla cong trinh.
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Bang 2. Téi do ngudi dugc tham khao tit TCVN 5687:2024 [16]

STT Loai khong gian Mat d6 (m?/ngudi)

1 Van phong 8
2 Sanh 2
3 Khong xac dinh -
4 Bai do xe -
5 Phong k¥ thuét -
6 Khu vuc thang/Phong dém -
7 Phong kho

8 Vé sinh 5

Bang 3. Tai § cam céc thiét bi dién dudc tham khao tit Guidelines Lotus [17]

Khu vuc Tai 8 c¢dm céc thiét bi dién (W/m?)
Van phong 8,1

Sanh 2,7

Bai gtii xe -

Phong k¥ thuat 9

V€ sinh 0,3

Bang 4. Tai chiéu sang tham khio tif hd so khéo sit cong trinh

Congsuit S6 Diéntich LPD

Khu vuc Loai den W) ligng (m?) (W/m?)
Van phong ben LED PANEL 600x600 36 30 176 6,14
Sénh beén LED SPOTLIGHT am tran 8 6 18,25 2,63
Bai gtri xe beén Tuyp LED 1 bong 18 40 350 2,33
Phong k¥ thuat beén Tuyp LED 1 béng 18 1 4 5,42
V& sinh Peén LED SPOTLIGHT am tran 8 7 19,6 2,63

Déi véi cac khung gid ngoai gid hanh chinh, ciing nhu vao thit Bay va Chii nhat, cac thiét bi dién
va hé thdng chiéu sang dudc giam tai hoic tat, chi duy tri cdc hé théng can thiét phuc vu van hanh co
ban va an ninh toa nha. Ngoai ra, trong muc “Summer Design Day”, cong trinh dudc gia dinh hoat
dong & miic ti da nham phuc vu tinh todn tai lanh cuc dai va Iya chon cong suit hé théng diéu hoa
khong khi. Viéc thiét 1ap lich trinh van hanh nhu trén gidp mo hinh ning lugng phan 4nh sat diéu kién
st dung thuc té, tit d6 nang cao do chinh xdc ctia két qua md phong tiéu thu ning lugng va taii HVAC
cla cong trinh.

d. Hé théng HVAC

Trong md hinh cd 6, hé théng HVAC dugc cu hinh 1 hé diéu hoa VRV/VRF nham phuc vu céc
khong gian chiic ning vin phong. Hiéu suit niing lugng ctia hé théng dudc xac dinh dua trén thong s6
k¥ thuat tir catalog ctia nha san xuét, v6i hé s6 hiéu qua lam lanh (COP) dién hinh trong khoang 3,5
- 4,5, phit hop v6i cac hé VRV/VRF hién nay. Gia tri ndy dai dién cho hiéu suét lam lanh danh dinh
ctia thiét bi trong diéu kién tiéu chuin va dudc st dung 1am thong s6 dau vao cho mo hinh mo phdng
nang lugng cong trinh.

Bén canh d6, cong trinh st dung hé thdng thong gi6 cuc bo cho tiing ting nhiam cung cip khong
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Loai ngay | Lich théi gian (Ty 1)
Dén 06:00 0
Bén 07:00 0,10
Deén 08:00 0,20
Ngaytrongtudn | Dén17:00 0,95
BDén 18:00 0,30
| Dén22:00 0,10
Dén 24:00 0,05
Dén 06:00 0
Dén 08:00 0,10
e Dén 12:00 0,30
Th By | Dén17:00 0,10
Dén 19:00 0,05
Dén 24:00 0
| Dén06:00 0
Chu Nhat Dén 18:00 0,05
Dén 24:00 0
@ N thiétké i :
" hhahe 9;n 23:00 1,00
| Dén24:00 IS I
eee Titcacacngdy khic Dén 24:00 0

Hinh 3. Thiét 1ap lich trinh hoat dong clia cong trinh trong phan mém
khi tuoi va thai khi theo titng khu vuic chifc ning, gitp nang cao chét lugng khong khi trong nha, ting
tinh linh hoat van hanh va gidm tiéu thu niing luong so v6i hé thong thong gi6 tap trung. Hinh 4 thé
hién t6ng quan hé VRV/VRF va hé cép gi6 tuoi/gi6 thai cuc bd.

HE PIEU HOA VRV/VRF HE THONG GIO cyc BO CAP/THAI GIO TUOI
(Hé riéng bigt) (Hé riéng bigt)
[ o A & R 1 e
= i 1 e gy _ +‘ +, :{F ; ._f_i:::i
/4 = / et ol e
e — = — )

__% o TANG 3 ’:"m:“* + !.L + &_l_l,?:

‘ _V _*:"‘L = h:“_ln _'“M_- .‘_3 'TANaa

| vongdrg i ot : | e Gmoscs IR G owes  pses Wmoon
| il | S — LT e e — ol

Hinh 4. Hé théng VRV/VRF va hé cip gi6 tuoi/gi6 thii cuc bd

3.2. Phdn tich tiém ndng hé thong dién mait troi

Sau khi x4c dinh mic tiéu thu ning lugng ctia cong trinh thong qua mo phdng, nghién ciu tiép
tuc danh gia kha ning ung dung hé thdng dién mit trdi nham giam lugng dién ning tiéu thu tir ludi
dién va gép phan gidm phat thai khi nha kinh.

Tiém niing phat dién ctia hé thong dién miit trdi dudc xic dinh dua trén céc yéu td nhu dién tich
mai cong trinh c6 thé 1ap dit tAm pin mit troi, cudng dd biic xa mit trdi trung binh tai Thanh phd
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Ho Chi Minh va hiéu suit clia hé thdng pin miit trdi. Theo cdc nghién ctiu vé ning luogng tdi tao
tai Viét Nam [18], khu vuc Thanh phd Hé Chi Minh c6 biic xa mit trdi trung binh khoang 4,3-6,0
kWh/m?/ngay, tao diéu kién thuan 1i cho viéc khai thic ning lugng mit troi. Hinh 5 thé hién vi tri
miit tri chiéu t6i mai cong trinh.
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Hinh 5. Vi tri mit troi chiéu t6i méi cong trinh

San lugng dién ning ctia hé thong dién mit trdi dugce xac dinh dua trén dién tich lép dat, cuong
dd biic xa mit trdi va hiéu suit chuyén d6i clia photovoltaic system. Pién ning tao ra phu thudc vao
dién tich bé mit tAm pin, diéu kién biic xa tai khu vuc nghién cifu, hiéu suit ctia mo-dun quang dién
va cic ton thit trong qué trinh van hanh. Két qua tinh to4n san lugng dién dudc so sanh véi nhu cau
tiéu thu dién ctia toa nha nham danh gid ty 1& ning luong tai tao cd thé dap tng, qua d6 xac dinh miic
dd tu chii niing lugng va kha ning giam phu thudc vao ludi dién qudc gia.

Hé théng pin mit troi dudc bd tri trén mai cong trinh v6i tdng dién tich 1ip dit khoang 202 m?,
gbm 65 tAm pin trén tdng dién tich méi khoang 399 m?, tuong tng ty 18 st dung mai dat khoang 51%.
Phan dién tich con lai dudc danh cho 16i di k¥ thuat, bao tri va han ché hién tugng che bong giiia cic
day pin. Cac tim pin dugc bd tri theo huéng 330° Bic nhiam tdi vu kha ning tiép nhan biic xa miit
troi trong diéu kién khi hau Thanh phé H6 Chi Minh. Géc nghiéng lap dit dudc Iwa chon phit hop véi
diéu kién bic xa dia phuong nham nang cao hiéu suét thu ning lugng va san luong dién phat ra hang
nam.

Hé thong dién mit troi 4p m4i dudc bd tri st dung module quang dién PPW-66M700HG12 ctia
Powitt Solar Co., Ltd. v6i cong suit dinh mic 700 Wp/tim. Day 12 dong module mono-crystalline
N-type G12 c6 hiéu suét cao (x22,53%). V6i 65 tim pin, cong suét lap dit du kién ctia hé théng dat:

65 x 700 Wp = 45.500 Wp = 45,5 kWp 3)

Hinh 6 minh hoa phuong 4n bb tri cic tAm pin niing luong miit trdi trong md hinh.
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Hinh 6. Thiet 1ap tam pin nang lugng mat troi

Dua trén cong ning sif dung thuc té clia cong trinh va hién trang b tri cac thiét bi k¥ thut trén
mai, mo hinh bd tri hé thdng dién mat trdi dudc xdy dung nhidm tin dung tbi da dién tich 1ap dit kha
dung. Viéc bb tri cdc tAm pin dudc thuc hién ¢ xét dén céc yéu td6 nhu hudng va géc nghiéng tbi
wu, khoang cich giita cic ddy pin nhdm han ché hién tudng che bong, ciing nhu dam bao khong anh
hudng dén van hanh va béo tri cac thiét bi hién hitu trén mai.

3.3. Tinh todn phdt thdi CO,

Bén canh viéc danh gia mic tiéu thu ndng lugng ctia cong trinh, nghién citu con thuc hién phan
tich lugng phat thai khi nha kinh trong qua trinh van hanh toéa nha. Phat thai CO, dudc xac dinh dua
trén lugng dién ning tiéu thu clia cong trinh va hé sb phat thai cia ludi dién qudc gia. Phuong phap
nay thuong dudgc st dung trong cac nghién ctiu danh gia hiéu qua nang lugng va tic dong mdi trudng
cla cong trinh xay dung.

Lugng phat thai CO; cua cong trinh dudc tinh toan theo cong thiic:

Mco, = E-EF “4)

trong d6 Mco, 1a lugng phat thdi khi trong qud trinh van hanh cong trinh (kgCO,/ndm); E 1a tong
dién ning tiéu thu ctia cong trinh trong mot nim (kWh/nim); EF 1a hé sb phat thdi clia ngudn dién
lusi (kgCOL/kWh). Theo cong vin s6 1726/BDKH-PTCBT cia Cuc Bién d6i khi hau, Bo Tai nguyén
va Moi truding, hé sb phat théi ctia Iudi dién Viét Nam nam 2023 dudc cong bd khoang: EF = 0, 6592
kgCO,/kWh [19].

Trong qua trinh van hanh, hiéu suit clia cic mo-dun quang dién thudng suy gidm theo thdi gian do
anh hudng clia biic xa mit trdi, nhiét dd mdi trudng va su 1ao héa cia vat liéu ban dan. Theo nghién
ctiu cda Jordan va Kurtz (2013) thudc National Renewable Energy Laboratory (NREL) [20], tbc do
suy giam hiéu sut trung binh ctia cic hé thdng dién mit troi trén thé gidi nam trong khoang 0,5% -
0,8% mdi nam. Vi vy, trong nghién ctiu nay, muc suy gidm 0,7%/nam dugc st dung dé€ udc tinh san
lugng dién trong cic nim tiép theo.

3.4. Phdn tich tinh kinh té ciia hé théng dién mdt troi

Trong nghién ctiu nay, phuong phép phan tich dong tién chiét khau gian lugc (Simplified Discounted
Cash Flow Analysis) dugc st dung dé danh gia hiéu qua dau tu ctia hé thdng dién mit troi. Phuong
phédp xét cdc dong tién co ban (chi phi dau tu, chi phi van hanh, 1¢i ich tiét kiém dién), dong thdi tinh
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dén suy gidm hiéu suét va chi phi béo tri, nhung khong xét cic yéu to tai chinh phiic tap nhu thué,
khéu hao hay lam phat [21].

Hiéu qua tai chinh dudc dnh gia thong qua chi s6 NPV (Net Present Value), phan anh gi4 tri 1oi
nhuin rong sau khi quy ddi cac dong tién vé hién tai, v6i cong thic:

< CF,
NPV = ; T Io (5)

trong d6 CF; 1a dong tién tai nim thif 1 (VND); r 12 suét chiét khiu (%); n 14 s& nim phan tich, I 12
gi4 tri dau tu ban dau (VND).

Céc gia thiét chinh dudc st dung trong phén tich bao gdm:

- Chi phi dau tu ban dau: 960.000.000 VND.

- Tiét kiém dién hang nam: 187.886.776 VND/nim.

- Thai gian phéan tich: 20 nam.

- Lai sudt chiét khau: 8%/nim.

Theo tai liéu World Bank [22], ty 1& chiét khdu cho cdc du 4n ning lugng thudng ndm trong
khoang 5% - 10%, trong d6 8% la miic phd bién cho cac du 4n dién mit trdi. Do d6, nghién ciu lua
chon mtic 8% dé phan 4dnh diéu kién thi trudng trung binh va dic diém 6n dinh ctia cong nghé PV.

4. Két qua va thao ludn

Bang 5 thé hién két qua so sanh mic tiéu thu ning lugng clia cong trinh trong hai kich ban: kich
ban co sé va kich ban khi tich hgp hé thdng dién mit trdi. K&t qua mo phdéng cho thiy tdng miic
tiéu thu ning lugng clia tda nha trong kich ban co s& dat khoang 590.714,01 kWh/nam. Khi 1dp dit
hé théng dién mit trdi trén mai cong trinh, luong dién ning tiéu thu ti ludi dién gidm xubng con
505.468,46 kWh/niam, tuong ng véi mic giam khoang 14,43% so véi kich ban ban dau.

Bang 5. Tiéu thu ndng lugng cta 2 kich ban

Phuong an Muic tiéu thu (kWh/nam) Giam (%)
Kich ban co sé 590.714,01
Khi 13p tAm pin ning lugng mit troi 505.468,46 14,43

Két qua nghién cifu cho thiy hé théng dién mit trdi c6 kha niing dap ing mot phan nhu cu dién
ning clia cong trinh, qua d6 1am gidm luong dién ning tiéu thu tir ludi dién qudc gia trong qua trinh
van hanh. Viéc gidm tiéu thu dién lu6i khong chi gép phan ning cao hiéu qué st dung niing lugng ma
con hd trg gidm phat thai khi nha kinh trong linh vuc xay dung.

Bén canh d6, két qua mo phong phan bb tiéu thu ning lugng clia cong trinh & Hinh 7 (kich ban
c0 s6) va Hinh 8 (kich ban c¢6 ning lugng miit troi) cho thiy phan 16n dién ning tiéu thu van tap trung
vao cic hé thdng ky thuit chinh, bao gdbm hé théng diéu hoa khong khi, chiéu siang va cdc thiét bi
dién trong toa nha. Trong d6, hé thdng diéu hoa khong khi HVAC chiém ty trong 16n nhit trong tdng
muc tiéu thu ning lugng, phan anh dic trung van hanh cta cong trinh trong diéu kién khi hau nhiét
ddi néng 4m tai khu vuc nghién ciu.

Bang 6 trinh bay két qua tinh todn luong phat thai CO, ctia cong trinh trudc va sau khi tich hop
hé thdng quang dién. Két qua cho thiy, & kich ban co s8, tdng miic tiéu thu dién ning clia tda nha
dat khoang 590.714,01 kWh/nidm. Sau khi 1ip dit hé théng dién mat troi, lugng dién ning tiéu thu
tir lu6i gidm xudng con 505.468,46 kWh/nim, tuong ting v6i san luong dién do hé thdng pin miit
trdi cung cip khoang 85.245,55 kWh/nim. Dua trén hé s6 phat thai ctia lu6i dién Viét Nam (0,6592
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kgCO,/kWh), luong phét thai CO, trong giai doan vin hanh ctia cong trinh dudc udc tinh gidm xudng
con khoang 56,19 tCO,/ndm. Két qui nay cho thiy viéc ting dung ning lugng tdi tao khong chi gép
phan giam dang k& muic tiéu thu dién tlf lu6i ma con mang lai hiéu qua ro rét trong viéc cat giam phat
thai khi nha kinh.

240,000

200,000

160,000
120,000

80,000
40,000
0 —

Nim

Tiéu thy nang luong (kWh)

mThiét bj dién W Chiéu séng Quat ®WSuoi ®Lanh

Hinh 7. Biéu d6 tiéu thu niing lugng trong mot nim theo kich ban co s&

mThiét bi dién ™ Chiéusing ™ Quat ®mSudi ®Lanh ®Ning lugng tai tao
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Hinh 8. Biéu do tiéu thu niing lugng trong mot nim st dung ning lugng mit troi

Bang 6. Giam phat thii CO, trong 1 nidm khi 13p thém tim pin ning lugng mit troi

Thong sb Gia tri Pon vi
Dién nang ti€u thu trude khi lép hé PV 590.714,01 kWh/ndm
Dién ning tiéu thu sau khi 1ap hé PV 505.468,46 kWh/nam
Dién ndng do hé PV tao ra 85.245,55 kWh/nam
Heé s6 phat thai 0,6592 kgCO,/kWh
Lugng CO, giam 56,19 tCO,/nam

Bang 7 trinh bay luong phat thi CO, gidm dudc trong vong 10 nim khi hé thdng dién mit troi
dugc dua vao st dung. Két qua cho thay luong dién ning san xuit tif hé thdng dién miit trdi c6 xu
huéng giam nhe theo thdi gian do suy giam hiéu suét ctia tim pin, tuy nhién van duy tri  mic trén
80.000 kWh/niim trong sudt chu ky 10 nim dau van hanh. Nho d6, lugng phét thai CO, giam dudgc
hing nim dao dong trong khoang 52 - 56 tCO,/nim. Tong lugng phat thai CO, gidm dugc sau 10
nam van hanh dat khoang 544,53 tCO,.

Bang 8 trinh bay két qua phan tich kinh té ctia hé thong dién mit trdi dua trén phuong phap dong
tién chiét khiu. Bang 9 xdc dinh cdc gia tri khi tinh toan 13p dit tim pin ning lugng mit troi. Két
qua cho thiy gia tri tiét kiém dién hing nim ciia hé théng c6 xu hudng gidm nhe theo thdi gian do
4nh hudng ctia suy gidm hiéu suit tAm pin, tuy nhién miic gidm khong dang ké va van duy tri trong
khoang 180-188 triéu dong/nim. Sau khi trir chi phi bdo tri c6 dinh, hé thdng van tao ra dong tién
duong &n dinh trong subt qua trinh van hanh.
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Bang 7. Giam phat thai CO, trong 10 nim khi lip thém tAm pin ning lugng mit troi

Nam bién PV (kWh/nam) CO; giam (tCOy/ndam) CO; liy ké (tCO»)
1 85.245,55 56,19 56,19
2 84.648,83 55,80 111,99
3 84.056,29 55,41 167,40
4 83.467,90 55,02 222,42
5 82.883,63 54,64 277,06
6 82.303,44 54,25 331,31
7 81.727,31 53,87 385,18
8 81.155,22 53,49 438,67
9 80.587,13 53,11 491,78
10 80.023,02 52,75 544,53
Bang 8. Két qua tinh todn chi phi khi 1ap thém tim pin ning luong mit troi
TT Nam/Chi tiéu 0 1 2 3 4 5 6 7 8
1 DPiu tr ban dau va -960,0
gia tri con lai (triéu
ddng)
2 Tiét kiém hing nam 187,9 186,9 186,0 185,1 184,2 1832 182,3 181,44
(triéu dong)
3 Chi phi bao tri hing 9,6 9,6 9,6 9,6 9,6 9,6 9,6 9,6
nim (triéu dong)
4 Dong tién (trieu -960,0 1783 177,3 1764 1755 1746 173,6 172,7 1718
dong)
5 Hé sb quy ddi 1,0 0926 0,857 0,794 0,735 0,681 0,630 0,583 0,540
6 Dong tién quy d&i -960,0 1651 151,9 140,1 129,0 1189 1094 100,7 92,8
(triéu dong)
7 Cong don (triéu -960,0 -794,9 -643,0 -502,9 -373,9 -255,0 -1456 -449 47,9
ddng)
8 NPV (triéu dong) 47,9
9 Thoi gian hoan vén 7,5
(nam)
Bang 9. Xdc dinh gid tri tinh todn chi phi lip dit thém tim pin ning lugng mit troi
TT Dai lugng Cong thic Chu thich
1 Pau tu ban dau Iy Io: Chi phi dau tu ban dau
2 Tiét kiém hing nim S,=E;xG, S, Tién tiétkiém nam ; E,: Dién niing tiét kiém;
Gy: Gia dién
3 Chi phi bdo tri hang nim M, M;: Chi phi bao tri nam ¢
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TT Dai lugng Cong thic Chu thich

CFt:St—Mt
ko=1/(1+7)

4  Dong tién CF,;: Dong tién nim ¢

k,: Hé sb quy d6i; r: Lai suit chiét khau; r:
Nam tinh toan

5  Hé s6 quy déi

DCF[:CFtht

C = Zt: DCF;
i=0

6  Dong tién quy d6i DCF;: Dong tién quy d6i

7  Cong don C,: Gi4 tri cong don dén nim ¢

n
8 NPV NPV = Z CF,/(1 +r)" NPV: Gia tri hién tai rong; n: Thoi gian du

t=0 an

PP=tkhiC, 20

9  Thoi gian hoan von PP: Thdi gian hoan von

Gi4 tri dau tu ban dau cia hé thdng dugc xdc dinh 1a 960.000.000 VND. Pay 14 tong chi phi dau
tu cho toan bo hé théng dién mit troi, khong chi riéng chi phi mua tAm pin. Trong thuc t&, mot hé
théng dién mit trdi hoan chinh bao gdm nhiéu hang muc thiét bi va chi phi trién khai khac nhau. Cu
thé, gia tri dau tu ban dau c6 thé bao gém céc khoan dudgc trinh bay trong Bang 10.

Bang 10. Chi phi ban dau Iap dit tim pin ning lugng mit troi

STT Hang muc chi phi Noi dung chi tiét Gia tri (VND) Ghi cha
1 Tim pin mit troi Module quang dién  136.500.000 ~65 tim x 2,1 triéu
chuyén déi biic xa thanh
dién DC
2 Inverter Chuyén d8i dien DC ~180.000.000 ~15-20% hé thong
sang AC cép cho phu tai
3 Hé khung gia dd va két Khung nhom/thép, ~120.000.000 Phu thudc mai
cu bulong, phu kién lién
két
4  Day dan va phu kién Cap DC, AC, MC4, bng  ~70.000.000 Pam bao truyén tai
dién ludn, mang cap
5  Tadiénvathiétbibdové MCCB, SPD, contactor, ~85.000.000 Bdao vé hé thong
ti dién DC/AC
6  Nhan cong lap dit vathi  Van chuyén, lap dit, ddu  ~160.000.000 Chi phi thi cong
cong ndi, chay thir
7  Thiét ké, quan ly va chi Khdo sat, thiét ké, gidm ~208.500.000 Chi phi gidn tiép

phi khéc

sat, du phong

Cac gia tri chi phi dugc st dung trong bai toan khong chi mang tinh gia dinh ma da dugc hiéu
chinh dua trén dit liéu thuc té, ddm bdo tinh tin cdy va kha ning ing dung trong diéu kién trién khai
thuc té tai Viét Nam. Nhu vy, gid tri 960.000.000 VND trong bang tinh 12 tSng miic dau tu ctia hé
théng dién mit trdi hoan chinh, phan anh dy dd chi phi trién khai thuc té chi khong chi riéng phan
module quang dién.
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Trong qua trinh vin hanh hé thong dién mit trdi, ngoai chi phi dau tu ban dau (CAPEX), cAn xem
xét thém chi phi vin hanh va béo tri (Operation & Maintenance — O&M) nham dam bao hé thong
hoat dong &n dinh va duy tri hiéu suét trong sudt vong doi khai thac. Cac chi phi niy bao gom vé sinh
tAm pin dinh ky, kiém tra hé théng dién, béo tri inverter va cac chi phi stfa chita nhd phét sinh trong
qué trinh van hanh.

Trong nghién cifu nay, chi phi bao tri dugc gia dinh bang 1% tong chi phi diu tu ban dau mdi nim.
Day 1a gid tri thudng dudgc sit dung trong cic nghién ctiu va du 4n thuc té vé hé thdng dién mit troi,
dua trén cdc tai liéu huéng din va bdo cdo clia cic t6 chiic qudc té nhu NREL (National Renewable
Energy Laboratory) va IEA. Miic 1% dudc lua chon do hé thdng dién mit trdi c6 it bd phan chuyén
dong, chi phi van hanh thip va yéu ciu bao tri khong cao so véi cac hé théng ning lugng khac.

Khi quy ddi cic dong tién vé thdi diém hién tai v6i 14i suat chiét khiu 8%, gia tri hién tai rong
(NPV) ctia du 4n dat khoang 133,5 triéu dong, cho thiy du 4n c6 kha niing sinh 18i. Bén canh d6, thoi
gian hoan v6n dudc xac dinh vao khoang 7,5 niam, phit hop v6i vong doi khai thac ctia hé thong dién
miit trdi. Nhin chung, két qua phan tich cho thiy viéc dau tu hé théng dién mit troi khong chi mang
lai 10i ich vé mit niang lugng ma con dam bao hiéu qua kinh té trong diéu kién gia thiét da xét. Cac
khoan chi phi thanh phan dugc tdng hop & Bang 10.

5. Két luan

Nghién cifu da thuc hién mo phong va phan tich hiéu sut ning luong ctia mot tdoa nha vin phong
trong diéu kién khi hau Thanh phd H6 Chi Minh, dong thdi danh gid tiém ning tich hgp hé théng dién
miit trdi nham gidm tiéu thu ning lugng va phat thai khi nha kinh. Két qua cho thiy hé thdng diéu hoa
khong khi va cic thiét bi dién 12 nhitng thanh phan tiéu thu ning lugng chii yéu trong cong trinh, phan
dnh dic trung van hanh clia c4c tdoa nha vin phong trong vung khi hau nhiét déi néng 4m.

Viéc tich hop hé thdng dién mit troi trén mai cong trinh da gép phan gidm dang k€ lugng dién
ning tiéu thu tif Iu6i dién qudc gia, v6i mic gidm khoang 14,43% so véi kich ban co s&. Pong thoi,
lugng phat thai CO, trong qua trinh van hanh ciing dudc cit giam dang ké, véi tong lugng gidm dat
khoang 544,53 tCO, sau 10 nim. Diéu nay cho thdy hé thong dién mit tri khong chi mang lai 1gi ich
vé mit niang luong ma con cb ¥ nghia tich cuc ddi v6i moi trudng.

Bén canh d6, két qua phan tich kinh té cho thy du 4n c6 tinh kha thi v& mit tai chinh, véi gia tri
hién tai rong (NPV) duong va thdi gian hoan von khoang 7,5 nim. Mic du dong tién c6 xu hudng
gidm nhe theo thdi gian do suy gidm hiéu suét clia tAm pin, hé théng vin ddm bao hiéu qua dau tu
trong diéu kién gia thiét da xét.

Tong thé, nghién citu khing dinh ring viéc két hgp mo phdng ning lugng cong trinh véi dénh gia
tiém ning hé thdng dién miit trdi 12 mot huéng tiép cin hiéu qua trong viéc nang cao hiéu suit ning
luong va giam phat thai cho cic tdoa nha vin phong. Trong tuong lai, cin tiép tuc nghién ctiu két hop
cdc gidi phap t6i vu héa hé thébng HVAC, cai thién 16p vo cong trinh va tich hgp cdc ngudn ning lugng
tai tao khac nham nang cao hon nita hiéu qué sit dung ning lugng va hudng téi phét trién bén viing
trong linh vuyc xay dung.

Tai liéu tham khao

[1] Vietnam News (2026). Energy-efficient buildings on the rise in Viet Nam. Vietnam News Agency. Truy
cap ngay 12/04/2026.

[2] Hieu, B. T. (2024). Investigating the impacts of passive design solutions on building energy consumption
using OpenStudio: Case study of a primary school, Hanoi, Vietnam. Journal of Science and Technology
in Civil Engineering (JSTCE) - HUCE, 18(4):123-131.

[3] Ngo Ngoc Tri, Nguyen Huu Quang Minh, N. T. L. H. T. L. P. A. D. (2020). Phan tich nang lugng trong
tdoa nha st dung mo hinh thong tin cong trinh huéng dén su bén viing. Tap chi Khoa hoc va Cong nghé
Dai hoc Da Nang, 18(9):1-6.

176


https://vietnamnews.vn/economy/1252887/energy-efficient-buildings-on-the-rise-in-viet-nam.html
https://doi.org/10.31814/stce.huce2024-18(4)-10
https://doi.org/10.31814/stce.huce2024-18(4)-10

(4]

(5]
(6]
(7]

(8]

[9]
(10]
(11]
(12]
[13]

(14]
(15]

[16]
(17]
(18]
(19]
[20]
(21]

[22]

Diing, T. Q., va cs. / Tap chi Khoa hoc Cong nghé¢ Xay dung

Luong, N. D., Hue, N. T., Tien, N. H., Duy, N. V., Hoa, H. X. (2025). Assessing energy consumption
and operational carbon emission: A case study of office building in Hanoi. Journal of Materials and
Construction, 15(2):61-64.

Ma, J.J., Du, G,, Xie, B. C., She, Z. Y., Jiao, W. (2015). Energy consumption analysis on a typical office
building: Case study of the Tiejian Tower, Tianjin. Energy Procedia, 75:2745-2750.

Hoc, T. ., Tai, L. T. (2020). T6i vu héa udc tinh miic tiéu thu ning lugng trong cdc toa nha dua trén cic
thudt toan tri tué nhan tao. Tap chi Khoa hoc Cong nghé Xdy dung, 14(1V):35-45.

Aydin, D., Kazanasmaz, T., Arslanselcuk, S., Gok¢en, G. (2020). A case study on the impact of
building envelopes on energy efficiency in high-rise residential buildings. Architecture Civil Engineering
Environment, 13(1):5-18.

Habib, S., Tamoor, M., Gulzar, M. M., Ahmed, S., Algethami, A. A., Althobaiti, A. (2025). Modeling
and integration of rooftop photovoltaic systems for sustainable energy access in public sector buildings in
diverse climates. Scientific Reports, 15:43578.

Viét Nam News (2026). EVN prepares power supply plans to meet rising demand in 2025. Truy cap ngay
07/04/2026.

Hanoitimes (2026). Number of green buildings in Vietnam doubles in 2024. Truy cap ngay 07/04/2026.
Vo, T. T. G., Pham, T. P, Nguyén, X. N., Hoang, T. T. (2025). Phan tich ning lugng trong tda nha vin
phong clia nha xudng cong nghiép trong diéu kién khi hau nhiét d6i 4m. Tap chi Vit liéu va Xdy dung, 15
(03):17-22.

QCVN 09:2017. Quy chudn ky thudt qudc gia vé cdc cong trinh xdy dung sit dung ndng lugng hiéu qud.
B06 Xay dung, Ha Noi, Viét Nam.

Hoi dong Cong trinh Xanh Viét Nam (2019). LOTUS NC V3-2019 - LOTUS Céng trinh xdy mdi: Hudng
ddn Ky thudt. VGBC.

ASHRAE (2021). ASHRAE Fundamentals Handbook. ASHRAE, Atlanta.

TCVN 9258:2012. TCVN 9258:2012 - Chéng nong cho nha é: Hudng ddn thiét ké. B Khoa hoc va Cong
nghé, Ha Noi, Viét Nam.

TCVN 5687:2024. Théng gid va diéu hoa khong khi — yéu cdu thiét ké. Bo Khoa hoc va Cong nghé, Ha
Noi, Viét Nam.

VGBC (2026). LOTUS Guidelines Energy Performance Calculation Method Rev D. Truy cap ngay
07/04/2026.

NASA POWER (2026). NASA Prediction of Worldwide Energy Resources Data Access Viewer. National
Aeronautics and Space Administration (NASA). Truy cip ngay 09/05/2026.

Cuc Bién d6i khi hau - Bo Tai nguyén va Mai trudng (2024). Cong bé két qud tinh todn hé sé phdt thdi
ciia ludi dién Viét Nam ndam 2023. S6: 1726/BDKH-PTCBT.

Jordan, D. C., Kurtz, S. R. (2013). Photovoltaic degradation rates — An analytical review. Progress in
Photovoltaics: Research and Applications, 21(1):12-29.

Pham, H. L. (2019). Tai liéu ddo tao cdn bd qudn Iy ndng luong — Phdn 6: Phdn tich tai chinh cdc dy dn
tiét kiém ndng lwong. Bo Cong Thuong, Viét Nam.

World Bank (2026). Guidebook for Economic and Financial Analysis of Regional Electricity Projects.
World Bank Group. Truy cép ngay 12/04/2026.

177


https://doi.org/10.54772/jomc.v15i02.1190
https://doi.org/10.54772/jomc.v15i02.1190
https://doi.org/10.1016/j.egypro.2015.07.506
https://doi.org/10.1016/j.egypro.2015.07.506
https://doi.org/10.31814/stce.nuce2020-14(1v)-04
https://doi.org/10.31814/stce.nuce2020-14(1v)-04
https://doi.org/10.21307/acee-2020-001
https://doi.org/10.21307/acee-2020-001
https://doi.org/10.1038/s41598-025-28396-6
https://doi.org/10.1038/s41598-025-28396-6
https://doi.org/10.1038/s41598-025-28396-6
https://vietnamnews.vn/society/1716342/evn-prepares-power-supply-plans-to-meet-rising-demand-in-2025.html
https://hanoitimes.vn/number-of-green-buildings-in-vietnam-doubles-in-2024.642231.html
https://doi.org/10.54772/jomc.03.2025.956
https://doi.org/10.54772/jomc.03.2025.956
https://vgbc.vn/wp-content/uploads/2018/07/LOTUS-Guidelines-Energy-Performance-Calculation-Method-Rev-D.pdf
https://www.gaisma.com/en/location/ho-chi-minh-city.html?utm/
https://ppp.worldbank.org/sites/default/files/2022-04/Guidebook_for_Economic_and_Financial_Analysis_of_Regional_Electricity_Projects.pdf

	1 Đặt vấn đề
	2 Cơ sở lý thuyết và hệ thống đánh giá
	2.1 Cơ sở lý thuyết
	2.2 Hệ thống đánh giá

	3 Phương pháp nghiên cứu
	3.1 Phương pháp và mô hình phân tích năng lượng
	a Vật liệu của công trình
	b Tải của công trình
	c Lịch vận hành
	d Hệ thống HVAC

	3.2 Phân tích tiềm năng hệ thống điện mặt trời
	3.3 Tính toán phát thải CO2
	3.4 Phân tích tính kinh tế của hệ thống điện mặt trời

	4 Kết quả và thảo luận
	5 Kết luận

