ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 18, NO. 9, 2020 37

_ PHAN TiCH NANG LUQNG TRONG TOA NHA SU DUNG
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Toém tat - Danh gia so bo nang lwong tiéu thu trong cac tda nha tai
Viét Nam 1& méi quan tam vé phat tridn bén viing trong twong lai.
Nghién ctru nay st dung moé hinh thdng tin céng trinh (BIM) va cac
cong cu phan tich nang lwgng dwa trén dam may gém Insight va
Green Building Studio (GBS) d& mé phéng so bd ndng lwong tiéu
thu cuta toa nha. Nghién clru tap trung vao nhirng tac dong cua Iép
vé cong trinh dén kha nang tiét kiém ning lwgng cla toa nha, thé
hién béng chi phi ning Iwgng va cwdng do str dung nang lwong thay
ddi qua cac giai phap thiét ké twong, clra s6, ty 1é clra so trén twong
va hwéng toa nha. Bdng thoi, st dung céc thong sb dau ra két hop
Vi tiéu chuan xay dung Viét Nam va hé théng danh gia cong trinh
xanh (LOTUS) nhdm danh gia vé mét st dung nang lvong.

T khéa - M6 hinh thong tin cong trinh (BIM); n&ng lwong bén
virng; LOTUS; cong trinh xanh; mé phéng nang luvong

1. Gi6i thi¢u

Viéc thiét ké, xay dung va van hanh mét s6 cac cong
trinh x4y dung ¢ nudc ta chwa quan tm sau sic dén cac
giai phap hiu qua nang luong. Mot s6 1y do nhét dinh
khién cac - cong tac lya chon vat liéu xay dung, vat li¢u trang
tri, hé thong dleu hoa khong khi...thién v€ yéu cau chuc
ning va yéu td thim my ma bo qua yéu té hiéu qua ning
lugng. Trong qua trinh xay dung, qué trinh nghiém thu
chua that su tot, va ¢ khau cudi cung la quan 1y van hanh,
d6i ngii van hanh toa nha thuong khong duoc huin luyén
dé c6 thé van hanh toa nha sao cho hiéu qua va tiét kiém
nang luong [1].

Hau qua cua van dé nay 1a nhiéu cong trinh xdy dung
da va dang gap nhiéu kho khin trong viéc cit giam tiéu thy
dién nang van hanh, tham chi can nhéc dén viéc ngung su
dung cong trinh do chi phi quéa 16n. Tiéu biéu nhu Bénh
vién da khoa An Giang 600 giuvong khanh thanh vao ndm
2017, mdi thang tiéu ton khoang 3 ty ddng tién dién, phai
tiét giam van hanh. Nhiéu cong trinh khac hién nay van
dang duong d4u v6i kho khan vé van dé chi phi boi ngay
tir ban dau cac chu dau tu dd qua tap trung vao kién trac
ma bo qua khia canh nang lugng cua cong trinh. Vi vay, cé
thé noi, hudng dén toa nha hiéu qua ning lwong chinh l1a
budc di dung din dé dat dugc sy bén ving [2].

Ra doi nam 2010, LOTUS 14 hé théng danh gia cong
trinh xanh duoc phat trién boi Hoi dong Cong trinh xanh
Viét Nam (Vietnam Green Building Council - VGBC) [3]
— 6 chtre phi loi nhuan qudc té, thanh vién Hoi dong Cong
trinh xanh Thé giéi (World GBC). Tréi qua hon 8 nim phat
trién, hé thong LOTUS hién nay bao gdm 7 h¢ théng danh
gi4, ap dung cho hau hét cac loai dy 4n xay dung nhu cong
trinh phi nha ¢, nha chung cu, cong trinh dang van hanh,
nha ¢ riéng 1é, cong trinh quy moé nhé va khong gian ndi
that. LOTUS dong vai tro 1a bd cong cu dinh hudng va thiét
1ap muyc tiéu nhdm xay dung cong trinh than thién véi moi
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truong va stic khoé cuia nguoi sit dung véi chi phi van hanh
thap nhét.

Qua nhiing s6 liéu gan day nhat cua LEED (Leadership
in Energy and Environmental Design) va LOTUS dugc
tong hop béi VGBC c6 thé thiy, 3 nam tro lai diy cong
trinh xanh da lan téa rdng hon trong nganh xdy dung Vlet
Nam [4]. Mbi khi sang naim méi VGBC lai téng hop lai s6
liéu vé codng trinh xanh tai Viét Nam trong nam qua, qua
d6 xem xét phan nao trang thai phong trao cong trinh xanh
o nudc ta.

Cong trinh dugc chimg nhan LOTUS ¢6 su phan bd can
bang hon gitra cac phan khic nhu gido duc, van phong, cong
nghiép va chung cu. Cac du an lya chon LOTUS thuong
huéng t6i sy can bang gitra chi phi va cac loi ich thyc té tir
cong trinh xanh, ddng thoi dap g trach nhiém xa hoi va
bao vé moi truong cta doanh nghiép va t6 chic [4].

Mot cong trinh bén viing duoc tao nén béng cac vat liéu
phi hop c6 thé 1am giam tac dong tir méi trudng — nhu t6i
vu st dung ning luong — trong sudt vong doi tda nha. Mo
hinh théng tin céng trinh (BIM) ¢6 thé hd trg viéc phan tich
hiéu suit ning lwong trong tda nha ngay tir khau thiét ké [5].

M6 hinh nang lugng cdng trinh dugc st dung cho qua
trinh phan tich trén céc thiét bi hay phan mém mé phong
nang lugng, trong do c6 Autodesk Revit. B6 1a mét cong
trinh a0 dugc thé hién dudi dang khong gian ba chiéu (3D)
phuc vu cho viéc phan tich va tinh todn boi cac cong cu
truc tuyén hodc khong truc tuyén. M6 hinh hoa nang lugng
cho phép nhom thiét ké ti wu hoa kién trac toa nha va vu
tién tap trung vao phan tich cac khu vuc cbt 151 — nhiing vi
tri s& mang lai cc gié tri loi ich t6t nhat [6].

_ Trong nghién ctru nay, nhom nghién ctru sir dung phan
mém thiét ké Autodesk Revit, mot trong nhiing cong cu
thiét ké xay dung chuyén nghiép phé bién. Phan mém Revit
s& hd tro tao ra cac md hinh tda nha bén virng véi viée tich
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hop cac cong cu mo phong nang lugng va phan tich dua
trén dam may tir Autodesk, bao gdm Insight [7] va Green
Building Studio [8]. Nghién ctru s€ tap trung vao phan tich
chuyén sau nhitng anh hudng cuia huéng cong trinh va l6p
v6 cong trinh dén kha nang tiét kiém nang luong. Cac gia
trj nhan duoc s& két hop véi hé thong danh gia cong trinh
xanh LOTUS d¢ danh gia kha niang dat chimg nhan cong
trinh xanh cua hiép hoi Cong trinh xanh Vi¢t Nam.

2. Phuong phap nghién ctru
2.1. Phwong phdp phdn tich nang lwong

Hinh 1 thé hién céc bude thyc hién dé phan tich nang
lugng trong toa nha st dl_mg m(*)‘ hinh BIM. Cu the, cﬁng
trinh duoc xay dung trén phan mém Revit két hop véi dieu
kién thoi ti€t, lich van hanh, vat liéu xay dung, cac thict bi
- h¢ thong chicu sang va hé thong diéu hoa khong khi. Sau
khi da thiet 1ap, hi€u chinh thich hop s& dugc chay trén
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Autodesk Insight va Autodesk Green Building Studio, tur
d6 dua ra két qua Ia cac thong sé dé dwa vao do so sanh voi
hé thong tiéu chi cong trinh xanh dé dua ra diém s6 va cac
truong hop thay thé tot hon vé nang lugng cho cong trinh.

Tt m6 hinh kién trac da duoc thiét ké, chung ta tao ra
mo hinh ning lugng (energy model) trong BIM, véi thiét
1ap ban ddu nhu sau: Lich hoat dong cua tda nha, hé théng
HVAC dé mic dinh phu hop véi muc dich sir dung cho van
phong; Sir dung vat liéu va két cdu trong BIM dé phuc vu
cho qua trinh mo6 phong nang lugng.

Sau qua trinh chay mé phong, Insight s& xuat ra cac biéu
d6 vé cuong do s dung ning luong (EUI-KWh/m2/nam)
clia cac chi tidu dugc md phong voi nhiéu phuong an thay
thé khac nhau. Va cac phuong 4n thay thé nay dugc sip
xép theo thtr ty gia tri EUI giam dan. Dong thoi, Green
Building Studio xuat ra dugc cac thong tin vé nang lugng
st dung, chi phi va céc thong tin lién quan khac.

" Phin tich hiéu suéat ning lrong cong trinh dya trén dam

may(Autodesk Insight - Autodesk Green Building Studio)
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Hinh 1. So'dé phdn tich ning hrong cong trinh

2.2. Tinh todn diém cong trinh xanh theo hé thong dinh
gia cong trinh xanh LOTUS

Piém ning luong trong LOTUS phuy thudc vao rét
nhiéu yéu t6 nhu vo cong trinh, 1am mat cong trinh, chiéu
sang nhan tao, nang luong tai tao... Tuy nhién, trong pham
vi nghién ciru chi tap trung vao phan vo cong trinh.

Dua vao QCVN 09:2017/BXD, s6 liéu mé phong ning
luong voi BIM, Green Building Studio (GBS), Insight va
LOTUS két hop véi diém danh gia nhu Bang 1 dé tinh toan
diém cong trinh xanh. Két qua danh gia diém cong trinh
xanh c6 thé danh gia duoc cac phuwong 4n da thiét ké c6 dat
chting nhén cong trinh xanh cta hiép hdi cong trinh xanh
Viét Nam.

Bdng 1. Diém ddnh gia cong trinh xanh theo LOTUS vé

phan nang lrong

Ning lwgng LOTUS NC (32 diém)

Tiéu dé Piém
Phén vo cong trinh 3
Giai phap A: Hé s6 truyén nhiét tong thé (OTTV)

Giam 15% OTTV trung binh cua cong trinh so voi 1
murc yéu cau cia QCVN 09:2017/BXD

1 diém: Cho mdi 15% OTTV trung binh ctia cong
trinh giam thém dwoc so v4i mirc yéu cau cua 3
QCVN 09:2017/BXD (t0i da 45%)

Gidi phdp B: Thiét ké phan vé cong trinh

Giai phap B1: Giam hip thu buc xa mat troi

Thuye hién giai phap giam thiéu s hip thy bic xa

mit trdi qua céc bé mit khong trong subt !
Giai phap B2: Mat dung hudng Tay

Dién tich mat dimg huéng T4y nhé hon 20% tdng 1
dién tich mat dung cua cong trinh

Dién tich mat dimg huéng T4y nhé hon 10% tong 9

dién tich mat ding ctia cbng

Giai phap B3: Ti sb dién tich cira s6 - tuong ciia mit ding
huéng Tay va huéng Dong

WWR cua mat dung hudéng Tay va mat dung

hudng Bong nho hon 30% !
WWR cua mat dung hudéng Tay va mat dung 2
huong Bong nho hon 15%

Giai phap B4: Két cAu chin ning bén ngoai

Lép dit két cu chin ning phit hop cho cic cira 1

kinh trong sudt
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3. Két qua phéan tich
3.1. M6 td cong trinh

Hinh 2 thé hién phdi canh toa nha vin phong duoc sir
dung dé mé phong qua trinh phan tich di dé xuét. Toa nha
duogc gia sir xay dung tai Thanh phé Pa Ning, Viét Nam.
Toa nha c6 chiéu cao 1a 27,7m, gdbm 7 tang véi chiéu cao
mdi ting 3,6m. San tang 1 cau tao bé tong cdt thép cé chidu
day 200 mm véi dién tich 818m2, san téng 2 cu tao BTCT
v6i chiéu day 100mm, dién tich 773m2 Tudng gach cau
tao 3 16p gom l6p gach khong nung day 200mm va
2 16p vira xi mang, moi 16p day 10mm, cira s kinh 4 canh
day 10mm, cura s6 kinh nha v€ sinh day 19mm, mai ngoi
gach khong nung day 50mm véi hé thong xa gd day 50mm.
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Hinh 2. M6 hinh 3D cua toa nha

Green Building Studio ty dong chay 247 truong hop, Dé
¢6 cai nhin khach quan hon, nhom tién hanh chay 9 truong
hop tmg v6i 9 bo thong s dugce sip xép theo gia tri cuong
d6 nang luong giam dan. Bang 2 thiét 1ap cai dat cac truong
hop mé phong dé so sanh mirc tiéu thu ning hrong trong
cong trinh. Cu thé, c6 10 phuwong 4n duoc dua ra so sanh.
Trong d6, phuong 4n 1 1a sir dung mé hinh BIM gbc va 9

phuong an con lai dung cac luya chon cai dat thong tin cong
trinh thay thé d ¢6 trong Green Building Studio va Insight.
3.2. Két qua

Tir két qua sau khi chay bang Green Building Studios,
¢6 thé thdy dugc rang phwong 4n ding md hinh BIM
gbc co cuong d6 su dung ning luong (EUI) dat
738,7 (MJ/m?nam). Véi don gia dién 0,09$/kWh va don
gia nhién li¢u 0,007$/MJ (theo gid hién hanh tai Hoa Ky),
thi tong chi phi dién hing nim dat con s6 78.857$, ung
839,799 kWh va chi phi nhién liéu 825§ ung voi
111,026 MJ. Téng chi phi ning lugng cua cong trinh vao
mirc 78,857$ mot nam.

Két qua so sanh cho thay, phuong an t6t 1a phuong an
2 v6i thong sé EUI 694,8 (MJ/m%nam), chi phi dién hang
nim & mirc 74.394$, thip hon 4.463$ (5,66%) so voi
phuong an BIM géc, san luong dién ti€u thy dat
792.266 kWh, thap hon 47.533 kWh. Chi phi nhién li¢u
giam con 712$/nam, mac giam 113$ (13,7%) ung vai
15.228 MJ so v&i phuong 4n BIM. Téng chi phi ning luong
chénh 1éch so véi phuong an BIM 1a 45778 (5,8%).

Phuong 4n lang phi nhét 1a phuong an 10 véi thong sd
EUI 993,3 (MJ/m?/ndm), chi phi dién hing nim & mirc
109.4368, cao hon 30.579% (38,77%) so voi phuong an
BIM, san lugng dién tiéu thy dat 1.133.506 kWh, cao hon
293.707 kWh. Chi phi nhién liéu 994$/nam, tang 1693
(20,48%) (g v6i 22.839 MJ so v6i phuong an BIM. Tong
chi phi ndng luwong chénh 1éch so vdi phuong an BIM la
27.749% (34,82%).

Nhu véy, so v6i phuong 4n ban dau (BIM), phuong 4n
2 t6t nhit va tiét kiém 4.463$ mot nim, ing véi 47.533
kWh. Phuong 4n 10 lang phi cao hon phuong an BIM
30.579$ mot ndm g voi 293.707 kWh. Tir két qua tinh
toan ta c6 thé can nhic lya chon cac phuong 4n sao cho phit
hop nhit voi diéu kién xay dung cong trinh, khong chi dé
tiét kiém ma con dé tranh lang phi.

Bdng 2. Thong tin cai dat cac truong hop so sanh

\ . A WWR WWR  Kinh Kinh  Kinh  Kinh
fruong H“‘?r’i%] M v Tuomg }’1‘1’;"1’320 phia xY;’VTF:I phia  phfa  phia  phia  phia
op P Nam P Y Pong  Bic Nam Tay  Dong
BIM BIM BIM 7% 44% 7% 0% BIM BIM BIM BIM
225 R60 14 ICF 0% 0% 0% 95% Trp LoE Trp LoE  Trp Trp
LoE LoE
3 45 R38 12.25 ISP 7% 15% 7% 80% DblCIr BIM BIM Dbl
LoE
4 135 10.25 ISP R38 wood 15% 30% 15% 65% Dbl Dbl Clr Dbl CIr Dbl Clr
LoE
5 180 BIM R13 + R10 30% 40% 30% 50% SglClr Dbl Dbl Sgl CIr
metal LoE LoE
6 90 R15 R13 wood 40% 44% 40% 40% BIM  SgIClr SglClr BIM
7 270 R19 R13 Metal 50% 50% 50% 30% BIM  SgIClr SglClr BIM
8 BIM R10 R2 CMU 65% 65% 65% 15% BIM  SgIClr SglClr BIM
9 315 Khong cach  Khong céach 80% 80% 80% 0% BIM SglCIr SgiClr BIM
nhiét nhiét
10 0 Khéng cach BIM 95% 95% 95% 0% BIM SglCIr SgiClr BIM
nhiét

Ghi chu: WWR la ti I¢ giita dién tich cia va twong (Window-Wall ratio).
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Hinh 3 mo ta cac thong tin xuét ra tir két quan phén tich
ning lugng tng véi 10 truong hop phan tich. Biéu do ¢
Hinh 3 cho thay duoc dén thap sang (area lights), diéu hoa
khong khi (space cooling) va cac thiét bi dién
(miscellaneous equipment) chiém nhiéu ning lugng nhét,
tir d6 ta c6 thé diéu chinh, thiét ké va dau tu cac trang thiét
bi tiét kiém dién.

[ Area Lights Trudng hop 1 - I S
O Ext Usage Truong hop 2 - S
[ Misc Equip Truimg h{}‘p 3 ] I
mspaeCoong  1UOnghopd i ——
O Heat Rej Truong hop 5 I
[ Vent Fans T[’LI(:]]:Lg hop 6 1IN
R Trm‘mg hop 7 N
I — Trm‘mg hop 8 I
— Truong hop 9 IH

Truong hop goc 1l

ok 250k 500k 750k 1,000k 1,250k

Nang lwong tong
Hinh 3. Biéu do thé hién ndng heong tiéu ton doi voi
tung tac nhdn tiéu thy
Béng 3 thé hién diém danh gia cong trinh xanh vé mit
nédng luong tiéu thy theo hé thong danh gia cong trinh xanh
LOTUS. Co the¢ thay, doi voi phuong an goc (BIM) von di
da dugc xay dung tir cac vt liéu xanh nén diém so dat dugc
1a 2 trén tong s6 diém cua phan vé cong trinh 1a 3, phuong
an toi uu dat toi da 3 diém véi chi ti€t bang phia dudi.
Bing 3. Piém déanh gi¢ cong trinh xanh vé mdt ning lvong
Ghi chd
M6 hinh BIM goc
M®& hinh tot

Truong hop  Diém déanh gia
1 2
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4. Két luan

Nghién cuu da thanh cong trong viéc xac dinh cudong
do str dung nang luong cua cong trinh, cling nhu chi phi
nang lugng hing nam va cdc truong hop thay thé nham lua
chon ra phwong an t6i wru va phil hgp nhat d6i véi mdi loai
cong trinh thdng qua chinh md hinh Revit da dugc xay
dung, cung dir liéu dau ra tur Insight va Green Building
Studio ma khéng can phai xdy dung mot mé hinh tinh toan
riéng biét, gitip tiét kiém nhiéu thoi gian hon so véi cac
phuong phap truyén thdng. Dic biét, cong trinh xanh hién
nay 1a mot trong nhiing giai phap hitu hiéu nham giam thiéu
tinh trang bién ddi khi hau va hiéu tmg nha kinh, tdn dung

hé thong dit liéu tir cac phuong an thay thé da dugc tao ra
két hop véi hé thong danh gia cong trinh xanh LOTUS sé&
gitip ta nhanh chong xéac dinh duge sé diém ciia phuong 4n
dat chuén cong trinh xanh Viét Nam va céc thay d6i (néu
c0) dé dap tg tiéu chuan va mong mudn cta nha dau tu.

Két qua ctia bai nghién ctru s& rat hiru dung ddi vai cac ky
su va kién triic su trong viéc thiét ké, tu van, danh gia muc
tiéu hao nang lugng cua mot céng trinh va mirc d6 tac dong
mdi trudng cia cong trinh d6. Ngoai thay thé cac yéu t6 nhu
hudng cong trinh, vat liéu xdy dung va chat lidu ctra kinh,
nghién ctru nay ciing 1a budc khoi dau cia viée khai thac tinh
uu viét cua cong nghé BIM trong linh vuc xay dung.

H¢ thong diéu hoa khong khi, dién ning thip sang va
céc thiét bi dién chiém mot muc tidu hao ning luong rat
16n trong mdt tda nha. D6 ciing chinh 14 han ché cua bai
nghién ctru nay, vi mudn phén tich dwoc, doi hoi ngudi
phan tich phai c¢6 thém kién thtrc chuyén sau vé MEP ciing
nhu phan mém Revit MEP. Cac nghién ctru twong lai c¢6
thé st dung cac dir lidu ning luong thu thap tir cong trinh
dé khang dinh tinh xac thuc ciia mé hinh phan tich ning
luong. Pong thoi, danh gia d6 nhay cua két qua mo phong
{ng v6i cac sy thay ddi cac théng s6 dau vao ciia cong trinh
cling can duoc quan tim trong nghién ciru tuong lai.

Lo1i cdm on: Nghién ctru nay duogc tai trg bdi Quy Phat
trién Khoa hoc va Cong nghé Qubc gia (NAFOSTED)
trong dé tai ma s6 102.05-2019.01
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