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Thoi tiét cire doan 1am gia ting dang ké nhu ciu st dung dién, din dén lugng phét thai CO, cao hon trong qua
trinh van hanh c6ng trinh. Mic dit nhiéu giai phap thiét ké tiét kiém ning lvong da dugc d@ xuét, song viéc
dinh lwong va du bdo tiéu thu ning Iigng ctia tda nha van con han ché. Bai béo tap trung du bao nhu cAu nang
Iugng clia mot tda nha giang dwdng trong giai doan khai théc, xét theo kich ban bién dbi khi hau RCP 8.5 vao
nim 2030. Phin mém Termus-Plus duge sit dung d& mo phong hiéu sudt ning lwgng véi cac kich ban thiét ké
khéc nhau, tit 6 danh gia tic dong ctia titng phiong 4n dén mic tiéu thu dién. Dya trén két qua mé phong,
mot mo6 hinh hoc may ANN dugc phat trién nhim dy béo nhu ciu nang lugng hang thang. Viéc diéu chinh siéu
tham s6 ctia mang ANN, cu thé 12 sé Iugng no-ron trong 16p 4n, da dwoc thic hién nhim cai thién kha ning
du béo ctia mé hinh. Két qua cho thdy mé hinh ANN c6 kha ning d bio nhu cAu niing litgng theo titng thang
v6i sai s6 dudi 2%. Nghién cttu nay gép phin hd trg cong tic quan 1y ning lwong trong van hanh va dinh
huéng lya chon vat liéu than thién v§i moéi truong ngay tir giai doan thiét ké.

ABSTRACT

Climate change

Energy requirement

Artificial neural network (ANN)
Termus plus

Meteonorm

Extreme weather conditions have significantly increased electricity demands, resulting in higher CO,
emissions during the operational period. Although various energy-saving design solutions have been
proposed, the quantification and prediction of building energy consumption remain limited. This study
focuses on forecasting the energy demand of a lecture hall during its operational phase, under a climate
change scenario, RCP 8.5, in 2030. A BIM-based software, Termus-Plus, was used to simulate energy
performance with different design scenarios, thereby evaluating the impact of each option on electricity
consumption. Based on the simulation results, an artificial neural network (ANN) model was developed to
estimate monthly energy demand. Hyperparameter tuning of the ANN, specifically the number of neurons in
the hidden layer, was performed to enhance the model’s predictive capability. The findings indicate that the
ANN model can forecast monthly energy demand with an error of less than 2%. This research contributes to
energy management during building operation and informs the selection of eco-friendly materials from the

design stage.

1. Gi6i thiéu

Bién dbi khi hau toan ciu dang dién bién nhanh chéng va phtc tap, kéo
theo s gia ting bét thuwong vé nhiét 6 va tAn sut cac hién tugng thoi
tiét cuc doan. Theo t chite khi tugng thé gi¢i (WMO), nam 2024 dugc
ghi nhén 13 nidm néng nhét trong lich stt, khi hang ty ngudi trén toan
cau phai chiu ding mtc nhiét d6 cao trong nhiéu ngay lién tiép. Trong
bdi canh dé, cac d6 thi 16n ciing dbi mit véi ap lue ngay cang 16n tit
cac dot ning néng ciic doan, nhu ciu tiéu thu ning lwgng ting cao va
lwgng phat thai CO, gia ting.

Tai Viét Nam, mot trong nhitng qudc gia chiu anh hudng ning
n nhét bdi bién db6i khi hau, céc thanh phé nhu TP. Hd Chi Minh da
ghi nhan mifc tiéu thu ning lwgng ting dot bién [1-4]. Tai TP. HO Chi
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Minh, trong nam 2024, mdc tiéu thu dién trong nhitng théng cao diém
dat dén trén 90 triéu kWh. Theo wéc tinh, néu mdi 1 kWh dién tiéu thu
thai ra khoang 0,393 kg CO, thi mic tiéu thu dién nay sé thai ra 35
nghin tdn CO, mdi ngay. Trong thi gian gin day, nhu cAu st dung
nang lwong trong céc tda nha ting din, chiém khoang 35-40 % téng
tiéu thu ning lwgng toan qudc [5]. Pidu nay dit ra stc ép khong nho
cho muc tiéu giam phat thai va @ng phé v6i bién dbi khi hau. Thue
trang nay dit ra yéu ciu cip thiét v& viéc nghién cttu va ng dung cic
cdng cu hd trg danh gi4, dy bao va tbi tu héa nhu cAu ning lugng cong
trinh, hwéng t&i muc tiéu céng trinh phat thai cdc-bon thip. Bén canh

d6, viéc phan tich va du bdo nhu ciu ning lwgng cho tdoa nha cé tinh
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dén tic dong cta bién dbi khi hau trong twong lai 1a hét sic can thiét.
biéu nay khong chi gép phan nang cao hiéu qua van hanh tdoa nha ma
con hd trg co quan quan 1y trong quy hoach, thiét ké d6 thi va hoach
dinh chinh sach tiét kiém ning liong.

Trén thé gii, nhidu céng cu phan tich vA mo6 phong ning lugng
nhu EnergyPlus, DesignBuilder, Termus Plus... dd dugc phat trién
nhim hd tro hiéu qua cho cac ki su va kién tric su trong thiét ké cong
trinh tiét kiém ning lvgng. Cac cong cu nay cho phép mé phong chi tiét
diéu kién khi hiu, dic tinh vat liéu, hé théng chiéu sing va diéu hoa
khéng khi, tit d6 dédnh gia dugc midc tiéu thu ning lugng ctia cong
trinh. Tai Viét Nam, viéc phan tich, dinh ligng nhu ciu ning lugng toa
nha con twong d6i mdi, va cic nghién citu chit yéu méi ditng & mtc
mod phong vat ly toa nha. Ngb Ngoc Tri va cong sy da nghién ciiu tip
trung vao danh gia tic déng ctia 16p vo cong trinh dbi véi kha ning tiét
kiém nédng lugng, thong qua viéc phan tich chi phi nang lugng va cuong
db sit dung ning lwgng thay dbi theo cac giai phap thiét ké twong, cira
s6, ty 1& ctta sb trén twdng va hudng toa nha [6]. Nguyén Dic Luong
va cong sy dd tng dung BIM dé mé phong va so bs dénh gia tic dong
ctia lwgng nhiét bitc xa mét troi 1én céac két cAu bao che ctia tda nha
van phong Technosoft tai thanh phé Ha No6i vao ndm 2010 [7]. Nhém
tac gia [8] nghién citu sy anh hwdng cta hé théng diéu hoa khong khi
dén mtc tiéu thu ning lwgng trong cac toa nha vin phong. Thong qua
két qua nghién citu, c6 thé nhan thiy tinh hiéu qua cta viée @ng dung
cac cong cu nay trong phan tich nhu ciu ning lwgng dién. Tuy nhién,
céch tiép can nay thudng ddi hoi kién thite chuyén mén, thoi gian phan
tich d4ng ké hodic ngudn tai nguyén tinh toan 16n khi danh gia nhu cAu
nang lugng cla toa nha.

Ngay nay, xu hudng ng dung tri tué nhan tao (AI), dic biét 1a
mang no-ron nhan tao (Artificial Neural Networks, ANN), dang ndi 1én
nhv mot giai phap hiéu qua trong viéc du doan nhu ciu ning lugng
dua trén cac yéu t6 diu vao nhu vat liéu xdy dung, 16p kinh, huéng
nha, diéu kién khi hau [9-10]. Vi kha ning x@ 1y dit liéu 16n, bao gdbm
ca dit liéu thue té thu thap tit cong trinh 14n dit liéu mé phong, ANN
cho thiy tidém ning ng dung rong rii trong cic mé hinh dy bdo ning
Iwgng. Thire té, nhidu nghién citu da chitng minh ANN c6 thé rit ngin
déng ké thoi gian tinh toan, ddng thoi cho két qua dy béo v&i d6 chinh
xéc cao, hd tro hiéu qua cho cong tac thiét ké, quan 1y va van hanh c6ng
trinh. Pidu ndy mé ra trién vong 4p dung ANN nhv mét céng cu bd tro
quan trong bén canh cdc phian mém mé phong truyén théng, gép phin
nang cao hiéu qua st dung ndng lugng va giam phét thai trong linh vyc
xdy dung.

Maéc du mo6 hinh hoc mdy ANN da va dang dugc Ging dung trong
céc linh viee khac nhau, nhung trong linh viee du bdo nhu ciu ning
lugng cho cac toa nha con rit han ché. Nhém tac gia Tran Ptte Hoc va
L& T4n Tai da budc diu khai thac ANN trong di bdo nhu ciu dién ctia
ho gia dinh hodc phén tich hiéu qua cta vit liéu xay dung [11]. Theo
tim hiéu ctia nhém nghién citu, viéc két hop gita mé hinh mé phéng
vat 1y va mé hinh hoc may ANN, c6 xét dén dit kién thoi tiét theo kich
ban bién dbi khi hau, hién chwa duge trién khai tai Viét Nam. Day vita
1a mét thach thitc, nhung cling 1a dong luc cho nhém nghién ctéu.

Dua trén nhitng phén tich da trinh bay, nghién ctu nay duoc
thuc hién v&i muc tiéu xay dung moé hinh hoc may (ANN) nhim dy béo
nhu cAu ning lgng trong tiong lai ctia mot tdoa nha giang dudng. Nhu
ciu niing lwong dugc xem xét bao gdm dién niing tiéu thu cho hé théng
thong gi6, 1am mét, swdi Am va cAp nude néng, khéng bao gdm nhu ciu
chiéu sang. Khéac véi cic nghién cttu trude day tai Viét Nam, nhém
nghién cttu da dva thém dit liéu thoi tiét cho nam 2030 theo kich ban
bién d6i khi hau RCP 8.5, kich ban x4u nhét [2]. Nghién citu nay ciing
g6p phin 1am rd tic dong ctia bién dbi khi hau dén nhu cAu ning lwvong
trong tda nha, tit d6 cung cip co s& khoa hoc cho viéc d& xuét cac giai
phép tiét kiém ning lvgng va giam phat thai khi nha kinh. Nghién ctu
gbm hai budc: i) Stt dung phan mém Termus-Plus [12], két hop véi dit
liéu thoi tiét thu thap tit phian mém Meteonorm [13], d& mé phong mitc
tiéu thu ning lugng theo céc kich ban thiét ké khac nhau, bao gdm sb
16p kinh, d6 day twdng va san, va loai vat liéu; ii) Xay dung va huin
luyén mang ANN nhim dy bdo nhu ciu ning ligng clia toa nha theo
titng thang. Viéc xay dung thanh céng mé hinh ANN sé gidp rit ngin
thoi gian phén tich, ddng thoi vAn dam bao d6 chinh xéc cin thiét so

v6i mo6 phong mé hinh vt 1y khi ¢6 thay dbi thiét ké.
2. Phuong phap nghién ciiu

Dé dat dvgc muc tiéu nghién cu, qué trinh thuc hién dugc chia
thanh hai buée: (1) thu thap hd so thiét ké va dit liéu thoi tiét dé phan
tich nhu ciu ning lwgng clia tda nha bing phin mém Termus Plus theo
kich ban bién ddi khi hau RCP 8.5 vao nim 2030; v (2) trén co s& ndy,
thiét 14p cac kich ban thiét ké nhim thu thap di liéu huén luyén, phuc
vu cho viéc xdy dung mo hinh hoc mdy ANN duv bao nhu ciu nang
lwong theo titng thang ctia tod nha giang dudng. Téng quan cac ndi
dung thyc hién ctia nghién cttu dugce thé hién trong Hinh 1.
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Hinh 1. Noi dung nghién citu cua bai béo.
2.1. Mo hinh tod nha gidng dudng da nang
Termus Plus 12 phin mém mé phong duoc st dung dé phan tich
va xdc dinh nhu ciu ning lugng ctia cdc toa nha [12]. Phin mém nay

cho phép nguivi diing xem xét cac yéu t6 thoi tiét xung quanh cling nhie

ché d6 khai thc cong trinh nhim danh gid chinh xac nhu cAu ning
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lwong. Cac tham sé cin duoc khai béo trong Termus Plus bao gdm:

- Kich thuée va ciu triic toa nha: gdm chidu cao, dién tich san,
bb tri cac phong, loai cta chinh vi cita s6. Thong tin ndy gitp xay dung
md hinh 3D ctia céng trinh, phuc vu qué trinh phan tich nhu cu ning
lugng theo thoi gian.

- bic trung vat liéu xay dung: kha ning cach nhiét, kha ning hip
thu nhiét ctia céc loai vt liéu st dung trong tda nha. Nguoi ding cé
thé Iiva chon tit thi vién sin c6 hodc ty xdy dyng thu vién riéng dwa
trén dit liéu thi nghiém, dac biét hitu ich v&i cac loai vat liéu mai.

- Hé théng didu hoa khong khi (HVAC): Théng tin chi tiét vé cac
bd phan nhu bd swdi, may lanh, quat, hé théng thong gié va hé théng
nudc néng/lanh. Cac théng tin nay cho phép danh gid mdc do tién nghi
nhiét ctia ngwdi st dung khi didu kién thoi tiét thay dbi theo mita.

- Lich van hanh: s lvong ngudi st dung, thoi gian van hanh tda
nh3, gitip phAn mém xac dinh nhu ciu ning lvgng st v&i thie té.

- Dit liéu thi tiét: gdm nhiét d6 khéng khi, d6 4m twong dbi, bitc
xa mit trdi, toe do gié va lvong mira. Cac dit liéu nay duge thu thap tir
ph'?ln mém Meteonorm [13] va dwa vao Termus Plus dudi dinh dang
* epw. Meteonorm cho phép 14y dit liéu tai vi tri cu thé trén ban dd, theo
thoi gian, ddng thoi xét dén nhidu kich ban bién dbi khi hau khac nhau.

2.2. M6 hinh hoc mdy ANN du bdo nhu cdu ndng ltong tod nha

Termus Plus thé hién kha ning mé phong déng tin ciy dbi véi
nhu ciu ning ligng ctia cdc tda nha. Tuy nhién, qué trinh phén tich
thuong tén nhiéu thoi gian, phu thude vao quy mé va miie d6 phic tap
clia m6 hinh. Vi vy, d& huéng téi mot giai phap danh gia nhanh va
hiéu qua hon, nhém nghién cttu d& xuét phat trién mé hinh hoc may
ANN dua trén dit liéu dau ra ctia Termus Plus. Cach tiép cin nay dic
biét hitu ich khi cin thay ddi giai phap thiét ké, béi mé hinh ANN c6

thé nhanh chéng du bdo nhu ciu ning lvong ma khéng phai mé phong
va phan tich lai toan bd két cAu. Nho vay, c6 thé tiét kiém tai nguyén
tinh toan, hd tro nha quan Iy trong viéc lwa chon giai phap tdi vu vé
ning lwong. Tt d6, gép phin giam phat thai CO, ra méi tredng théng
qua viéc giam thiéu nhu ciu ning lvong clia toa nha.

2.2.1.  Cdu triic mang ANN

Théng qua viéc téng hop va phén tich cdc nghién cifu trong va
ngodi nude, 6 thé nhan thiy ring cac tham sé nhu chiéu day twong
gach/bé tong, sb 16p kinh va chidu day san bé téng ¢6 anh hudng déng
ké dén nhu ciu ning lvgng clia toa nha. Trén co s& d6, nhim dat duoc
muc tiéu nghién ctu d4 d ra, nhém nghién ctu xay dung cac kich ban
thiét ké dia trén sy thay ddi ctia cac thong sb nay dé hinh thanh b di
liéu huén luyén cho m6 hinh. M6 hinh hoc may ANN dugc phat trién
dé dy bao nhu ciu ning lwgng ciia toa nha gidng duwong da ning UTC2,
v6i cAu tric mang no-ron gdm ba 16p chinh: 16p diu vao, 16p an va 16p
dAu ra (xem Hinh 2). Trong dé:

-Lép diu vao gém 3 bién: hé s truyén nhiét U,_, ; (W/m?K), lan
luot twong Gng v&i sb 16p kinh Uy, chidu day tuong gach/bé tong
Uy/Uy, chiéu day san bé tong Us (Chi tiét duge gidi thiéu & Bang 1).

- L6p dAu ra gdbm 12 bién twong Gng v6&i nhu ciu ning lwong cia
12 théng trong nam khao sat.

Ngoai ra, cac nghién ctu ciing cho thy ring s6 lwong nit trong
16p 4n anh hwéng dang ké dén kha ning hoc ctia mé hinh ANN. Viéc
lra chon tham sé nay phu thudc vao loai, kich thuéc va phan bb cua
dit liéu. Do d6, nhim d4nh gia tic dong cua cAu triic mang dén hiéu
suét dy béo, sb nit ctia 16p &n duoce khao sat 1an lwot 1a n, = ny, 2n,

3n,, 4n,, va 5n; v6i n; 12 s nit cua 16p dau vao.

Bang 1. Bang théng ké dit liéu dAu vao tiwong ting v6i cac kich ban thiét ké.

STT Bién du vao

Gié tri khao sat

U (W/m*K)*

< 5 < 1 16p,
1 Hé s0 truyén nhiét v&i so 16p kinh twong Gng 5 lé?p
p’

(UKI: UKZ’ UK3) 2
3 16p.

Uq=5.4, Up=3.1, Ugx=2.1.

Hé s6 truyén nhiét v&i chidu day twong gach
(vita trat 2 bén) twvong Gng

100mm, 150mm, 200mm,

Uy; = 3.1373, Uy, = 2.5385, Uy = 2.1317,

(UMl’ UMZ) UMS’ UM4)

220mm. Uys = 2.0032.
2 (UNl’ UNZ’ UNB» UN4)
Hé s6 truyén nhiét v&i chidu day twong bé tong
o j 100mm, 150mm, 200mm, Uy = 3.7409, Uy, = 3.2220,
(vita trat 2 bén) twvong Gng
220mm. Uys = 2.8295, Uy, = 2.6981.

Hé s6 truyén nhiét véi chidu day san bé tong
3 twong Wng
(USI: USZ! USS! US4’ USS’ US6)

100mm, 120mm, 140mm,
160mm, 180mm, 200mm.

Us, = 3.3679, Uy, = 3.1206,
Uss = 2.8616, Uy, = 2.6810,
Ugs = 2.5220, Uy = 2.3501.

(*): Hé sb truyén nhiét U duoc léy tlf thu vién vét liéu ctia ph?an mém Termus Plus.
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Paura

Lop &n

DAu vao

Hinh 2. So dd cAu triic ctia mang no-ron thin kinh ANN.

2.2.2.  Thu thdp dit liéu hudn luyén

Bang 1 trinh bay céc gia tri khao sat ctia ba bién diu vao lién
quan dén hé s6 truyén nhiét, bao gdbm s 16p kinh (U;), chidu day tudng
gach/bé tong (U,) va chidu day san bé tong (U,). Cac théng sb nay dugc
14n Iwot dwa vao md hinh tdoa nha trong Termus Plus dé xac dinh nhu
cAu ning ligng twong Ging theo titng thang trong nAm. Téng cong c6
144 kich ban thiét ké duwgc khao sét, tit d6 xay dung bo dit liéu huén
luyén gdm ma tran diu vio c6 kich thutéc 144 x 3 va ma tran diu ra
c6 kich thude 144 x 12.

LOP KiNH 1.108e-16 -3.579e-17

TUONG | 1.108e-16 3.313e-17

SAN | -3.579e-17

3.313e-17

NANG LUONG

LOPKINH  TUONG SAN  NANG LUONG
Hinh 3. Biéu d6 vé moi twong quan ctia cac bién khao sat (so 16p

kinh, twdng, san) dén nhu ciu ning lgng theo nim (ning lwgng).

Pé 1am 6 méi quan hé giita cac bién dAu vao va mdc tiéu thu
ning ligng cta tda nha, nhém nghién ctu xiy ding biéu dd twong
quan Pearson tit b dif liéu thu thap duge. Két qua nay hd tro qua trinh
lwa chon céc bién quan trong cho viée xay dung md hinh ANN va dugc
trinh bay trong Hinh 3, cu thé:

- 86 16p kinh ¢6 mitc &6 anh huéng 16n nhit dén ning lgng tiéu
thu cua tda nha, v6i hé sé twong quan 13 0.762.

- Tudng diing thit hai v6i hé s§ twong quan 1a 0.4778, cho thiy
mdc d6 anh hwdng vira phai dén nhu ciu ning lvong.

- San c6 mifc d6 anh hwdng thap hon, véi hé s6 twong quan 1a
0.4025, nhwng van thé hién méi lién hé dang ké v&i ning lugng.

Tit két qua trén, c6 thé khing dinh ring cac bién diu vio nhu sé
16p kinh, twdng va san déu c6 méi lién hé rd rét véi mite tiéu thu ning
lwong. Viée sit dung cac bién nay trong mé hinh du béo 1a hop Iy va
phit hop véi két qua cta cac nghién cifu trude ddy. Do d6, bo dit liéu

thu thép sé dugc st dung dé xdy dung mo hinh hoc mdy ANN nhidm du
bao nhu ciu ning lwong ctia toa nha.

3. Truong hop nghién ciu
3.1. Gidi thiéu mé hinh toa nha

(a) Toa nha giang dudng da ning

() Chi tiét mo hinh toa nha theo tAng

Hinh 4. M6 phong mo hinh toa nha da ning.
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Toa nha giang duong da nang UTC2 dugc dit trong khudn vién
ctia Truong Pai hoc Giao thong van tai, phan hiéu tai TP HCM, xem
Hinh 4(a). Toa nha c¢6 chiéu cao 23.5m duoc thiét ké 5 ting, 1 ting 4p
mai, v6i téng dién tich san 4086 m2. San cu tao bé téng cbt thép c6
chiéu day 120 mm. Tudng dung 2 loai 1 twdng xay gach bé téng c6
chidu day 200 mm va 300 mm, cta ra vao ctta khudén nhém son tinh
dién c6 16p kinh day 6,38 mm, ctta s & cdc phong 1a cita sé khuén
nhom 4 canh c¢6 16p kinh day 8,38 mm. Toa nha da ndng duwgc md hinh
hoa bﬁng phén mém Termus Plus nhu Hinh 4(b) va ().

Dé phan tich nhu ciu ning lwong sat véi didu kién thuc té, cin
thiét 1ap thém mét s6 théng tin lién quan dén khi hau, ché d6 van hanh
va hé théng diéu hoa - théng gi6 - swdi (HVAC) cta tdoa nha nhv sau:

- Lich trinh hoat dong: Toa nha da nang cé lich trinh hoat dong
tir thit 2 dén tht 7 vao khoang 6h sang dén 9h t6i.

38
36

Temperature [°C]
P
a ® o N

~n
&~

WW MWWWWiWW I

~N
N

~n
o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Hinh 5. Dit liéu thoi tiét tai khu viee TPHCM trong phin mém

Meteonorm.

- Huéng toa nha va thong s thoi tiét: Vi tri ctia toa nha dwoe
x4c dinh trén ban dd thong qua kinh do, vi d6 va cao do so v&i muc
nuée bién, sau dé duge khai bdo trong phin mém Meteonorm. Dya trén
cac thong sb nay, Meteonorm ty dong tham chiéu dén tram khi tugng
gan nhit dé thu thap di liéu thoi tiét theo kich ban RCP 8.5 cho nim
2030, bao gdm nhiét d§ va bitc xa mit tryi, nhu thé hién trong Hinh
5(a) va (b). Nghién cttu nay lya chon RCP 8.5 nhuv mot kich ban nhim
danh gid mtc gia ting tai ning lugng trong didu kién khi hau bét 1gi
trong bbi canh thanh phd Hd Chi Minh, d6 thi nhiét d6i c6 nén nhiét

cao va ghi nhin xu huéng gia ting sé ngay ning néng trong nhitng nim

gin day. Huéng mit tién clia tdoa nha duwgce xac dinh 13 huéng Nam.
Viéc x4c dinh huéng nay nhim xét dén anh huéng cia quy dao mit
troi dén nhu cu tiéu thu dién ning cta tda nha.

- Thiét 14p hé théng HVAC (Hé théng sudi, théng gié va didu hoa
khéng khi): Mé hinh phén tich trén chi xét 2 khu vye: khu vige lam mét
(Zone C - cooling) va khu vuc thong gié (Zone V - ventilation). Khu vic
C 12 st dung hé théng lam mat cho cin phong dién hinh 13 m4y lanh.
Thiét 1ap nhiét d6 tinh todn trong phong 13 26 d6 C dé dam bao sy thoai
mai clia nguwdi sit dung toa nha. Khu vie V 1a st dung hé thong gié cho
can phong theo hinh thitc thong gié ty nhién. Céc phong cé ca lam mat
va thong gi6 sé bao gdm: phong truyén théng, phong héi thao, phong
hoi truong da ning 220 chd, phong hoc 60 chd, phong nghi gido vién,
phong hoc 120 chd. Chi khai bdo khu vife V cho nha vé sinh, nha kho.

3.2. Phdn tich nhu cdu ndng wong cia toa nha

Phin mém Termus Plus dige st dung dé phan tich va danh gia
hiéu suit ning lwong cia toa nha da ning dua trén théng sé co ban
trong ho so thiét ké va cac thong sb da dugc gidi thiéu & muc 3.1. Hinh
6 thé hién nhu ciu ning lvong theo titng thang, véi tdng tiéu thu ca
niam dat 176,997.54 kWh. Ning lwogng tiéu thu ctia toa nha chi yéu
phuc vu cho hé théng 1am mat va théng gié. Khéng ghi nhan nhu ciu
swdi Am, diéu nay phit hop véi diéu kién thire té khi nhiét d6 trung binh
duy tri & mtc cao va hiém khi giam xudng dén ngudng cin sudi hoic
st dung hé théng nwéc néng. Dya trén mic tiéu thu nay, lwvong khi
CO, phét thai ra méi trtong duge wde tinh vao khoang 69.6 tin CO,
twong tng v&i thé tich xip xi 35,200 m®. Vi dién tich ctia mot ting 1a
966 m?, thi chiu cao twong duong 36,4m, tiic gap khoang 1.5 14n chiéu
cao cda tdoa nha (23.5 m)

Tit thang 1 dén 5, nhu cAu lam mét duy tri & mic cao (= 20.000
kWh/théng), dat dinh vao thing 3 (22,753.61 kWh), phan anh dic
trung mila kho tai TP.HCM. Tt thang 6 dén 9, nhu ciu giam r6 rét do
buéc vao muia mura, thép nhét vao thing 8 (6,416.22 kWh). Tt thang
10 dén 12, nhu clu ¢6 xu hudng tang trd lai, ddc biét thing 12 dat
17,895.5 kWh, do thoi tiét néng 1én vao cudi nim. D& hoan thanh viéc
phén tich nhu ciu ning liong ctia tda nha giang dudng da ning UTC2,
phin mém Termus Plus mAt khoang 20 phiit, chia bao gdm thdi gian

danh cho viéc xdy dung va hiéu chinh mé hinh.
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Hinh 6. Biéu dd nhu ciu sit dung niing lwong theo titng thang.

Dé danh gia anh hwdng cua vat liéu dén nhu ciu ning luong,

nhém tién hanh khai bdo va phan tich 144 tridng hop thay dbi va vat
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liéu (bé tong, gach), d6 day két cAu tuong (100, 150, 200, 220 mm),
san (100, 120, 140, 160, 180, 200 mm) va s 16p kinh (1, 2, 3). Két qua
phan tich nhu ciu ning lwgng bing Termus Plus theo 144 tridng hop
duwgce thé hién trong Hinh 7.
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Hinh 7. Biéu dd nhu ciu ning lgng tda nha
theo nam theo 144 truong hop.

Quan sat biéu dd trén cho thiy mtc tiéu thu ning lwgng hing
nim cta tda nha da ning thay dbi dang ké khi cac thong sb vat liéu va
kich thuge duge diéu chinh. Cu thé, trong kich ban thiét ké A (st dung
kinh mot 16p, tuong bé tong day 100 mm va san bé tong day 100 mm),
nhu ciu nang lugng dat miic cao nhét 12 186,757.61 kWh, cao hon 5.5
% so v&i thiét k& hién tai ctia tda nha (kich ban C). Nguoc lai, & kich
ban thiét ké B (st dung kinh ba 16p, twong gach day 220 mm va san bé
tong day 200 mm), mtc tiéu thu ning lvgng hang nim thip nhit dat
160,418.41 kWh, tuong tng giam 9.4 % so v&i thiét ké gbc va 14 % so
v6i kich ban A.

Két qua khao sat 144 trwdng hop cho thdy mifc tiéu thu ning
lwgng hing nim c6 sy bién dong dang ké, v6i chénh 1éch 1én dén 14%
giita trd'ng hop cao nhit va thip nhét. Piéu nay cho théy viéc tbi wu
héa thiét ké vat liéu bao che 6 thé 12 mét giai phap hiéu qua trong viée

tiét kiém nhu cAu ning luwong.

3.2.1. Xdy dwng mo hinh hoc mdy ANN du bdo nhu cdu ndng litong
toa nha

Nhim danh gia anh hwdng ctia cAu triic mang ANN dén kha ning
dy bdo ctia mé hinh hoc mdy, s6 nit trong 16p 4n dugce khao st theo
céc boi sb cta sb nit 16p diu vao, cuthélang = 3,6, 9,12 va 15. Ty
1é dit liéu dugc chia theo ty 1& 70 % cho huin luyén va 30 % cho hiéu
chinh mé hinh. Qu4 trinh huin luyén duogc thuc hién b?ing thuat toan
Bayesian Regularization (trainbr). V&i thuét toan nay, ham muc tiéu
ddng thoi ti thidu hoéa sai sé dy bdo va tdng binh phwong céc trong sb
clia mang. Co' ché nay gidp han ché sy gia ting qua mtc cta cic trong
s6, qua d6 kiém soat do phtc tap hiéu dung ctia mo hinh dy bao va
giam nguy co qud khép (overfitting). Hiéu qua cua cadc mo hinh tuwong
tng dugce danh gia thong qua céc chi sb théng ké, bao gdm biéu dd hoi
quy, biéu dd hiéu suft va biéu dd phan bd sai sé, nhu thé hién trong
Hinh 8 dén Hinh 10.

Khi s6 nit 4n (n,;) ting tit 3 dén 12, hé sé twong quan R giita gia

tri dy bdo va gié tri thyc lién tuc duwgc cai thién, tit R = 0.9999 1én dén
R = 1, cho thiy mé hinh din hoc duwgc mbi quan hé phi tuyén gitta cac
bién dAu vio va diu ra mot cach hoan thién hon. Pic biét, cdc md hinh
v6ing = 9,12 va 15 déu dat hé s tong quan xAp xi bing 1, va cac diém
dit liéu dy bao phan bb sat dudng chéo 45° trén biéu db hoi quy, thé hién
kha nang dy bao cao hon so véi cac truong hop con lai (xem Hinh 8).
Gia tri R cao trong nghién citu niy c6 thé xuét phat tit viéc dit liéu dugc
tao tit mé phong vit 1y, thay vi tit dit liéu do dac thuc té vén chiu anh
hwéng cia cic yéu td nhidu. Trong méi trudng md phong, diu ra duoc
xéc dinh boi tap hop cac tham sé dau vio va cdc phrong trinh tinh toén,
do d6 mttc d6 bién thién ngiu nhién trong dit liéu twong dbi thap.

Biéu d hiéu suét cho thiy MSE giam nhanh & giai doan du va
én dinh khi mé hinh héi tu, phan anh qué trinh hoc hiéu qua ctia mang
ANN. Khi sé nit 4n ting, kha ning mé hinh héa quan hé phi tuyén duoc
cai thién, giip MSE giam ro rét.

Theo Hinh 9, cac m6 hinh v&i ny = 3 va 6 hdi tu nhanh nhung
MSE cao hon, trong khi n;; = 9 cho thiy sy cin béng t6t gitta hun
luyén va kiém tra. Pang chd ¥, mé hinh véi n, = 12 dat MSE thip va
én dinh nhAt, hai duwdng “huén luyén — kiém tra” gin triing nhau, thé
hién kha ning khai quét cao. Khi ting 1én n,; = 15, MSE ctia tip huin
luyén tiép tuc giam nhe, nhing MSE cta tap kiém tra khéng cai thién
twong ng, cho thiy mé hinh bét diu ¢6 xu huéng qua khép nhe, do
do phtic tap mang ting.

Véin, = 3 va 6, cac cot phan bd con 1éch, dai 16i réng, chiing to
dy bao con phén tan. & n, = 9, phan b tré nén dbi xtng va hep hon,
sai s6 nho hon 16 rét. Pang chi y, md hinh véi n,; = 12 phan b6 16i gin
chuén nhét, pham vi phan phéi hep (tit —21.71 dén 22.6) va tip trung
cao quanh duong sai s6 khong. Diéu nay phan 4nh kha ning khai quat
tdt va tinh én dinh cao gitta hai tadp di@ liéu. Khi tang lén n,; = 15, mac
di1 sai s6 nho hon nhwng phén bd bit diu hep bat thuong, cho thiy diu
hiéu qua khép véi dit liéu huén luyén (chi tiét xem Hinh 10).

Téng hop tit céc phan tich biéu dd hdi quy, hiéu suit va phan bd
16i, m6 hinh ANN véi n; = 12 cho két qua tin cay va én dinh nhat. M6
hinh nay dat d6 chinh xac cao, sai sb nho va can bing tbt giita huin
luyén - kiém tra, do d6 duge lwa chon dé xdy dung mod hinh ANN dy
bao nhu ciu ning long ctia tda nha.

3.2.2.  Phdn tich d§ nhay bing phirong phdp SHAP

Nhim lam rd mitc d6 anh hudng cua titng bién diu vao dén két
qua du béo ctia mé hinh ANN vé&in,; = 12, bai bao tién hanh phan tich
do nhay st dung SHAP (SHapley Additive exPlanations) [14]. Pay la
mét cong cu hd trg giai thich mé hinh hoc mdy, cho phép dinh lwgng
mic d6 déng gop cla titng bién diu vio dén diu ra ctia mé hinh theo
cach coéng bing va nhit quan. Théng qua viéc tinh todn gid tri SHAP
cho titng miu dit liéu, ¢6 thé xac dinh hwdng tac dong (ting hodic giam)
va mitc d¢ quan trong tuong dbi clia cac bién diu vao dbi véi két qua
dv bdo nhu ciu ning lwong. Cach tiép can nay khong chi gitip 1am sang
t6 co ché hoat dong clia mé hinh ANN, ma con cung cip thong tin hitu

ich phuc vu viéc didu chinh thiét ké hoic quan ly ning lugng dua trén
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céc yéu t6 anh hwdng chinh. Két qua phén tich d6 nhay bing phuong
phap SHAP cho thiy mtic d6 anh hwéng clia céc bién diu vao dén nhu
cAu néng lugng co6 sy khac biét dang ké (xem Hinh 11). Cu thé:

- Biéu dd gi4 tri SHAP trung binh tuyét d6i (Hinh 11a) cho thiy
s6 16p kinh c6 mic déng g6p 16n nhit dén diu ra cia mé hinh, tiép
theo 12 twdng va san. Két qua nay khing dinh vat liéu kinh déng vai trd
quan trong trong viéc diéu tiét trao dbi nhiét giita méi trudong bén ngoai
va bén trong cong trinh.

- Biéu dd phén bd gia tri SHAP (Hinh 11b) chi ra ring bién “16p
kinh” ¢6 dai phan bé réng nhét, phan 4nh ring tic dong ctia thong sb
ndy thay d6i dang ké giita cdc miu khao sat. Trong khi d6, céc bién
“tid¥ng” va “san” c6 pham vi dao déng hep hon, cho thiy mtc anh
hwéng 6n dinh hon dbi véi nhu ciu ning lvong.

Cin Ivu ¥ ring cac gia tri SHAP phu thudc vio dic trung ctia bd
dit liéu st dung trong nghién citu ndy, do d6 chua thé khing dinh tinh
dai dién cho moi loai cong trinh hoac didu kién khi hau khéc. Vi vay,
céc két qua ndy c6 thé duge xem nhtt co s& tham khao ban dAu, hd trg
dinh huwéng cho viéc mé rong pham vi dit liéu va kiém chiéing moé hinh

trong cac nghién citu tiép theo.

Traiging: R=0.999913  Test: R=0.99984

Trajping: R=0.99991

3.2.3. Pdnh gid hiéu ndng ctia mé hinh ANN bdng dit liéu m&i

Sau khi huén luyén, mé hinh ANN vé6i n,; = 12, dugc kiém tra
d6 chinh xéc va tinh én dinh théng qua 10 trudng hop thay ddi vét liéu,
khoéng tring 13p v&i cic mAu trong tp huén luyén dugc giGi thiéu trong
Bang 2 va 3. M6 hinh ANN dugc st dung dé dy bdo nhu ciu ning lIvgng
theo thang dua trén cac thong sé ddu vio twong Wng U,

Hinh 12(a) so sanh nhu ciu ning lwong theo titng thing trong
truong hop 1 (TH1) giita két qua tinh todn bing phin mém Termus
Plus (c6t mau dé) va két qua dy bao tit m6 hinh ANN (c6t mau xanh).
Hinh 12(b) thé hién sai s6 phén trim (%) theo titng thang d6i v6i 10
truong hop khao sat. Két qua cho thiy, sai sb clia cac trudng hop dao
dong trong khoang tit —0,5 % dén 2 %, chitng td mé hinh ANN khéng
chi duge huin luyén hiéu qua, ma con dat d6 tin cdy va tinh én dinh
cao trong viéc dy bdo nhu ciu ning lwgng cta toa nha.

Mot wu diém dang chi y khéac ctia mo hinh ANN 14 téc do tinh
toén cao, khi toan bd qua trinh du béo hoan tit trong khoang 3-5 giy,
trong khi mé phéng 10 truong hop twong ng bing phin mém Termus
Plus cin khoang 3 gi® 20 phiit. K&t qua nay cho thiy hiéu qua vugt troi
ctia mo6 hinh ANN vé thoi gian xt 1y, dong thoi van duy tri duge d6

chinh x4c cao.
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Hinh 8. Biéu dd hdi quy ctia mang no-ron véi s nit & 16p 4n thay doi.
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Hinh 9. Biéu dd hiéu suét clia mang no-ron v&i s nit & 16p n thay dbi.
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Hinh 10. Biéu dd phan b sai s§ ctia mang no-ron v&i sb niit & 16p 4n thay dbi.
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Bang 2. Tém tét 10 tredng hop kiém tra véi nhu cAu ning lwong tit thang 1-6.

H Tham sb dau vao U; (W/m?2K) Két qua phan tich nhu ciu ning lwgng (kWh) bing Termus Plus tif thang 1 dén 6 (T1 - T6)
Ul U2 U3 T1 T2 T3 T4 TS T6
1 5.4 2.8668 2.7684 19,892.32 20,221.73 23,284.40 20,265.44 21,963.42 10,583.96
2 5.4 2.2777 2.7684 19,479.62 19,705.97 22,638.52 19,925.78 21,539.34 10,558.01
3 5.4 3.5145 2.7684 20,216.28 20,630.33 23,849.22 20,650.77 22,394.86 10,506.19
4 3.1 2.8668 2.7684 19,190.86 19,570.59 22,586.28 19,486.32 20,942.93 9,856.57
5 3.1 2.2777 2.7684 18,736.53 19,015.97 21,891.24 19,097.71 20,462.74 9,789.83
6 3.1 3.5145 2.7684 19,555.41 20,017.21 23,193.61 19,917.48 21,430.21 9,821.03
7 2.1 2.8668 2.7684 18,943.53 19,327.93 22,320.23 19,237.69 20,631.66 9,649.95
8 2.1 2.2777 2.7684 18,473.62 18,759.36 21,608.67 18,833.62 20,133.12 9,575.67
9 2.1 3.5145 2.7684 19,323.10 19,791.70 22,939.93 19,684.39 21,135.62 9,624.70
10 2.1 2.8668 2.4169 18,655.81 19,006.72 21,952.68 19,004.33 20,456.50 9,554.24
Bang 3. Tém tit 10 trudong hop kiém tra v&i nhu ciu ning lvong tif thang 7-12.
Tham s6 dau vao U; (W/m?K) Két qua phan tich nhu cAu ning lvong (kWh) bing Termus Plus ti thang 7 dén 12 (T7 - T12)
TH
U1l U2 U3 T7 T8 T9 T10 T11 T12
1 5.4 2.8668 2.7684 7,444.56 6,276.15 7,015.27 11,519.85 12,132.89 18,141.93
2 5.4 2.2777 2.7684 7,491.26 6,310.39 6,892.17 11,436.05 12,019.80 17,769.77
3 5.4 3.5145 2.7684 7,296.28 6,077.65 6,899.53 11,519.51 12,128.34 18,383.80
4 3.1 2.8668 2.7684 6,807.41 5,733.70 6,622.88 11,040.33 11,615.96 17,484.29
5 3.1 2.2777 2.7684 6,816.15 5,729.88 6,476.28 10,928.98 11,475.42 17,073.82
6 3.1 3.5145 2.7684 6,700.00 5,571.52 6,533.02 11,069.52 11,640.96 17,765.40
7 2.1 2.8668 2.7684 6,643.49 5,600.65 6,505.68 10,887.16 11,453.83 17,255.14
8 2.1 2.2777 2.7684 6,647.41 5,592.98 6,359.18 10,771.54 11,307.61 16,828.81
9 2.1 3.5145 2.7684 6,544.63 5,444.59 6,421.22 10,925.10 11,487.49 17,548.63
10 2.1 2.8668 2.4169 6,571.23 5,489.63 6,273.06 10,692.51 11,241.89 16,961.45
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(a) Phan tich nhu ciu ning lvgng TH1 (b) Sai s6 phan tich nhu ciu ning lugng
Hinh 12. So sanh nhu ciu ning ligng gitta mé phong Termus Plus va du bao ANN.
4. Kétluan duwong da ning UTC2, két hop mé phong Termus Plus véi dit liéu khi

hau tit Meteonorm va mang ANN. Mét s6 két qua chinh bao gom:

Vi kich ban bién d6i khi hau RCP 8.5 vio nim 2030, nghién citu

da x4y dung thanh c6ng mé hinh du bio nhu ciu ning lgng cho giang

- Khao sat cac kich ban thiét ké khéac nhau cho thiy sy thay ddi
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ning lwong hing nim cua toa nha.

- M6 hinh ANN dy béo nhu ciu ning litgng theo thang vdi sai sb
nhé hon 2 %, dbng thoi rit ngén dang ké thoi gian tinh toan so v&i mé
phoéng truyén théng, cho thiy tiém ning tng dung trong cac bai toan
du bédo va quan ly ning lwvgng thdi gian thuc.

Tuy nhién, mé hinh hién dugc huén luyén trén 144 truong hop
mo phong v6i ba bién diu vao, do d6 kha ning khai quat héa con han
ché. Cac nghién citu tiép theo cAn mé rong b dit liéu va bd sung cic
bién nhv hwéng nha, ty 1é cita s6 - cira chinh, dic tinh van hanh va yéu
t6 bdi canh (cong trinh 1an can, cdy xanh) nhim ning cao do tin ciy va

kha ning thich ¢ng ctia mé hinh trong céc diéu kién da dang hon.
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