KET QUA NGHIEN CUU VA UNG DUNG

PHUONG PHAP DANH GIA HIEU QUA
NANG LUQNG CUA HE THONG DPIEU HOA KHONG KHi

Nguyén Thanh Trung?

Tém tat: Trong cong tac thiét ké va danh gia nang lirong trong hé théng diéu hoa
khong khi viéc dénh gié tiéu thu dién 1a rat cén thiét vi chi phi van hanh hang nang
cda hé thdng diéu hoa khdng khi chiém khodng 40 - 50% tiéu thu dién ndng cua
toa nha. Tuy nhién phuong phép dénh gia hiéu qué nang lwong, cac budéc kiém
tra, phan tich hé théng, thiét bj trong hé thdng diéu hoa khéng khi chwa dwoc dua
ra mot cAch cu thé. Ngoai ra viéc tinh toan, danh gia mét cach chinh xéac tiéu thu
dién cda hé théng diéu hoa khéng khi chwa dwoc hiéu ré va chura xem xét dén ché
d6 hoat dong cua hé théng trong ndm. Bai bédo nay giéi thiéu phuong phép dénh
gia hiéu qué ndng lwong, cach danh gia va tinh toan tiéu thu dién cua hé théng
diéu hoa khong khi.

Summary: In design and evaluation of energy in the system of air conditioner, the
power consumption evaluation is essential because of the annual operating costs
of air conditioning systems accounted for about 40 - 50% power consumption of
the building. However, methods of assessment energy efficiency, test procedures,
analyses of system and equipment in air-conditioning system have not been given
specifically. In addition, accurate calculation and assessment of the electricity
consumption of air conditioning systems are not well understood and not
considered in the operation mode of the system. This paper introduces methods of
assessment energy efficiency and how to assess and calculate the power
consumption of air conditioning systems.

Nhan ngay 31/08/2011, chinh sdra ngay 10/11/2011, chdp nhén dang ngay 28/02/2012.

1. Bat van deé

Theo sb liéu thdng ké tr ndm 2004 dén nam 2010 trung binh ca nwéc trong 100 ho dan
thi s6 ho st dung diéu hoa khong khi (PHKK) tang tir 2,2 bd dén 9,4 bo, trong d6 ty 1& sb hd st
dung BHKK & céac thanh thi la 15,8 b va & néng thén la 0,97 bd trén 100 hd vai tiéu thu dién
gan 2% téng san lwong dién hang nam cla Viét Nam hién nay [1] cung véi hang ngan céng
trinh st dung hé théng BHKK trung tam chiller, hé théng VRV(VRF).

Theo céac nghién clru gan day tiéu thu nang lwong trong khu viec nha dan va céc tda nha
thwong mai chiém t&i 23-24% tong dién nang tiéu thu cia qudc gia. Mat khac trong cac tda nha
cao tang hién dai va cac hd nha dan, tiéu thu nang lwong cho hé théng PHKK trong cac thang
mua hé chiém tir 30-60% toan bd tiéu thu dién ndng trong cong trinh. Hon nira, véi mire do
tang trwdng kinh té nhw hién nay két hop vé&i sw néng 1&n cla khi hau, nhu cau s dung diéu
hoa ngay cang gia tang.

Dé gidm tiéu thu nang lwong, trwdc tién can phai cé cac hoat ddng quan ly nang lwong
mot cach chat ché cha noi tiéu thu ndng lwong dé tim ra cac tiém néng tiét kiém nang lwong. Vi
thé, viéc tién hanh danh gia hiéu qua nang lwong cta hé théng nay |a rat can thiét.
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Hinh 1. Biéu d6 str dung néng lwong trong cac toa nha [9]

Trong cong tac thiét ké va danh gia nang lwong hé thdng DPHKK viéc danh gia tiéu thu
dién 1a rat can thiét vi chi phi van hanh hang nam cda hé théng DHKK chiém khoang 40-50%
tiéu thu dién nang cla toa nha. Tuy nhién, dé danh gid mot cach chinh xac tiéu thu dién ctia hé
thédng DPHKK can phai hiéu rd ché do hoat dong cla hé théng trong nam.

Bai bao nham dwa ra cac buwdc danh gia hiéu qua ndng lwong va cach tinh tiéu thu dién
cta hé thbng PHKK mét cach chinh xac.
2. Panh gia hiéu qua ning lweng cua hé théng diéu hoa khong khi

2.1 Cac bwéc danh gia

DPanh gia hiéu qua nang lwong 1a hoat ddng do lwdng, phan tich, tinh toan dé xac dinh
murc tiéu thu ndng lwong va dé xuét cac gidi phap s dung néng lwong tiét kiém va cé hiéu qua
hon déi véi hé théng DHKK.

Cac bwéc chinh dé danh gia hiéu qua nang lwong bao gom:

- Thu thap di liéu;

- Phan loai chi tiét tai st dung;

- Xéac dinh céac giai phap tiét kiém nang lvong;

- Thye hién céac giai phap tiét kiém nang lvong;

- Duy tri c&c giai phap tiét kiém nang lwong.

’Trong danh gia hiéu qua nang lwgng cla hé th,c“'mg E)HK[( viéc thu thap di liéu Ia‘céng
viéc rat quan trong dam bao dworc tinh chinh xac khi tiét hanh kiém toan nang lwgng bao gom:

- H6 so thiét ké cong trinh bao gdm ban vé&, thuyét minh tinh toan;

- H& so hoan cong cong trinh;

- H so nghiém thu cong trinh;

- B4o céo kiém tra chéat lwong cong trinh;

- B&o céo cong tac kiém tra hiéu suét tirng phan cla cong trinh (do co' quan danh gia cé
thdm quyén);

- Thu thap d liéu téng quan cdng trinh;
- Thu thap di liéu v& qué trinh hoat déng cta cong trinh;

- L&y thdng sb céac qua trinh cong nghé (ap suét, nhiét do, lwu lwong,...) cla qua trinh st
dung thiét bi PHKK;
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- LAy thoi gian cla cac giai doan hoat déng ctia cong trinh;
- V& lwu d6 nang lwong va qué trinh st dung thiét bi;
- Thu thap di liéu clGa céc tién ich vé so db don tuyén céc tién ich.

Liét ké céac thiét bj str dung
Loai cong nghé s dung
Xac dinh bwéc dau vi tri tiéu hao nang lwong

Thu théap di liéu

v

Phan loai chi tiét tai

v

Phén tich dong nang lvong

A 4

st dung Can bang vat chat, can bing nang lvong
Xac dinh q Xac dinh cac co hoi TKNL
giai phap TKNL Danh gia vé Ky thuat, Kinh té, Méi trwong
Ap dung % Thuec hién céac giai phap TKNL
¢ Do dac va phan tich két qua
van hanh ~ Duy tri cac gidi phap TKNL

Tiép tuc tim hiéu céng doan tiép theo dé kiém toan

Hinh 2. Céc buwéc tién hanh danh gié hiéu qué nadng lwong dbi véi hé thong PHKK
Piéu tra vé qua trinh van hanh cong trinh

- Phén loai cdng trinh;

- C4c loai hinh tiéu thu nang lwong trong céng trinh;

- Hinh thirc van hanh;

- Hién trang s dung nang lwvgng;

- Danh muc céc loai hinh trang thiét bi van hanh nang lwgng chinh trong céng trinh: Céng
suét t don vj tiéu thy, sb lwong, ty 1&;

- Céc sb lieu khac: cu trac chi phi (nguyén liéu (%); nang lwong (%), cac chi phi khac),
cac yéu té moi trwong, cac xu hwéng phat trién.

Déi v&i cac cong trinh thwdng chi co6 mét ddng hé dién tdng cho tat ca cac hé théng trong
toa nha. Do vay, sé khong c6 sbé liéu tieu thu ndng lwong cu thé cho hé théng PHKK dé phan
tich nang lwong tiéu thu cta hé théng trong tirng tda nha. Trong trwdng hop nay, phai khao sat
hoat déng cua tda nha va wéc lwgng phu tai trung binh cla cac ngay lam viéc, th& bay, chi
nhat va ngay 1&, nham danh gia tiéu thu nang lwong hang ndm cla hé théng DHKK.

- Suét tiéu hao nang lwong cla tda nha (BEI) thwdng tinh bdng kWh/m2/ndm: cho biét
mat dé ndng lwong (kWh/m2), phu thudc vao chinh chi sé BPI va sb thdi gian hoat dong hang
nam cla tda nha.

- Chi sb nang lwong (BP1) W/m2: mat dé céng suét cla tdoa nha theo dién tich san (W/m2),
né chiu &nh hudng ctia nhirng ngudn nhiét thira bén trong va bén ngoai nha.

- Suét tiéu hao nang lwong ctia DPHKK, AEI (kWh/m?2)
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Bang 1. Chisd ndng lwong cda hé thong PHKK [4]

STT Loai cdng trinh Chi sé nédng lwong cda PHKK (w/m2)
1 Tda nha van phong, trung tdm thwong mai 95-125
2 | Toa nha da nang, cao tng 150 — 190
3 Nha hang 150 - 380
4 Bénh vién 125 - 150
5 Chung cw 85— 107
6 Khach san khoéng gian cong céng 125 — 150
7 Khéach san phong nghi 75-95
8 Thw vién, bao tang 107 — 150
9 Siéu thi 107 — 150
10 | Trung tm mua sém 107 — 150

2.2 Pé xuét quy trinh dénh gia
BQL toa nha < Bao tri, stra chira
A
v
Bao cao
chat luong
hé théng PHKK
C6 van de vé
chat luong, tiéu
thu nang luong
Thu thap s liéu
v Kién nghi cai tién
Tinh toén’kiém tra, chon
thong sé tinh TKNL T 6
Pénh gi hiéu qua nang Can thiét cai tién
lugng cua hé thong vé str dung Nang
luong cua HT
Bao cao danh gia
HQNL
Hinh 3. Quy trinh danh gia néng lwong trong hé théng PHKK
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Sau khi da c6 bao céo vé kiém tra sy phu hop chat lwong cong trinh, quy trinh danh gia
dwoc dé& xuét trén hinh 3.

Trong hé théng BPHKK ngoai thiét bi chinh 1& may lanh con cé céc thiét bi khac nhw bom,
quat, thap gidi nhiét day la cac thiét bj ciling tiéu tdn nhiéu nang lwong. Tuy nhién, day la cac
thiét bi c6 thé st dung cac giadi phap dé tiét kiém nang lwong. Bang 2 thé hién danh sach sang
loc cac giai phap tiép kiém nang lwong trong céc thiét bi DHKK.

Béng 2. Danh sach sang loc gidi phép tiét kiém ndng luong

- Bao 6n lanh: s dung dd day bdo 6n mét cach kinh té va thich hop dé
giam thiéu nhiét thu.

- Cach ly nhirng khu vuc quan trong can PHKK bang man chén gid.

- Giam thiéu tai nhiét: chiéu sang hiéu qua, hé thdng khi luvu lweng bién
déi, tbi wu hoda lwu lwong, tranh lang phi tdn that nwéc lam lanh, thuong

He thong diéu hoa | ,\van |am sach cac bo trao ddi nhiét.
- Han ché mé clra di, ctra sb thwdng xuyén.

- Kiém tra may lam lanh theo chi dinh cGa nha san xuét. Théng thuwong,
viéc kiém tra nén dwoc thuwe hién hang quy.

- St dung thiét bj thu hdi nhiét c6 hiéu qua st dung nang lwong cao

- Tang nhiét d6 diéu hoa trong phong.

- Tuan theo nhirng dé& xuét ctia nha san xuat vé khoang tréng quanh thap
gidi nhiét

- Téi wu héa goc canh quat ctia thap giai nhiét theo mua hodc theo murc tai
Thép gidi nhiét - Thuwdng xuyén lam sach voi phan phéi & thap gidi nhiét

- Bidu chinh quat & thap gidi nhiét dwa trén nhiét d6 nuwéc ra bang bién tan

- Gidm nhiét do nwoc & thap giai nhiét.

- S dung dwdng éng tron, nhdn dé lay khi vao.

- Thwong xuyén lam sach mang, bd loc va canh quat.
Quat théng gié - Thwéng xuyén kiém tra do cang cla day curoa.

- St dung bién tAn cho quat cé thay déi lvu lwong.

- Thworng xuyén kiém tra do rung.

- St dung bién tan diéu chinh bom.

Bom nwéc - Thay méi bom c6 hiéu suét cao.

- Thwérng xuyén kiém tra do6 rung.

Trong hé théng DHKK tiéu tén nhiéu ndng lwong nhét 1a may lanh, do d6 chon céng nghé
may nén theo dai cong suat cta tirng loai may lanh 1a rat quan trong quyét dinh dén gia tri van
hanh cla coéng trinh. Bang 3 theo ARI 550/590 dwa ra gia tri IPLV tdi thiéu cla may lanh theo
gia tri non tai va day tai.
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Bédng 3. Hiéu suét téi thiéu theo ARI 550/590

o Gia trj non tai ( part load) Gié trj day tai ( full load)
Lo.al may nen ~ 2 £ A A A £ A
. . Dat yéu cau Tot nhat Dat yéu cau Tot nhat
& Cong suat
IPLV (kw/ton) IPLV (kw/ton) IPLV (kw/ton) IPLV (kw/ton)
Chiller giai nhiét gio
Xoan 6c¢ (30-60 tons) <0,86 0,83 <1,23 1,10
Pit tdng (30-150 tons) <0,90 0,80 <1,23 1,00
Truc vit (70-200 tons) <0,98 0,83 <1,23 0,94
Chiller gidi nhiét nwéc
Ly tam (150-299 tons) <0,52 0,47 <0,59 0,50
Ly tam (300-2000 tons) <0,45 0,38 <0,56 0,47
Truc vit ( > 150 tons) <0,49 0,46 <0,64 0,58

2.3 Xdc dinh tiéu thu dién ctia hé thong diéu hoa khéng khi phuc vu cho ddnh gia
hiéu qua nang Iwong

Hién nay viéc tinh toan, danh gia tiéu thu dién cta hé thdng diéu hoa khong khi duwoc
hiéu theo nhiéu cach khac nhau va tinh toan khéng ddm bao mét cach chinh xac, thwdng chi
xem xét vé& cdng suat tai 100% cla thiét bj va khéng dé cap dén thoi lwong van hanh va chi sé
hiéu qua nang lwong tdng hop cla thiét bi. Ching ta can chud y rdng tiéu thu dién cla hé théng
DHKK chju &nh hwéng cla nhiéu yéu té:

- Piéu kién van hanh;
- Quy md, dic diém va muc dich st dung cla cong trinh;
- Chi s6 tiéu thu dién cuta cac thiét bj;

- Mlrc d6 tw dong hoa tiét kiem ndng lwong cha hé théng DPHKK va phwong phap quan ly
van hanh.

Trong cé&c ndi dung trén, yéu tb chi sé tiéu thu dién cla cac thiét bi trwdc day tinh toan
dwa trén cdng suét dién cla tirng thiét bi, chwa néi dén thdi lwong van hanh va viéc tinh toan
nay khong thé ap dung dwoc véi may lanh ma chi &p dung dwoc véi bom, quat, thiét bi xir ly
khong khi nén khi tinh toan thiéu thu dién ca hé théng sé khéng chinh xac.

Duwéi day trinh bay hai cong thirc tinh toan tiéu thu dién cho hé théng BHKK dang VRV
(VRF) va hé théng diéu hoa khéng khi chiller:

- Cong thdc tinh tiéu thu dién cuda hé théng DHKK VRV/IVRF

it
i=1 j i=1

vrv C HPlhl :
c/ = ZF +> Ph  (kWh/nam) 1)
+ ECn: tong tiéu thu dién cta hé théng DHKK trong 1 ndm ( kWh/nam)
+ HPi: Cong suét lanh 100% cla dan néng thi i
+ IEER:: Chi sb hiéu qua nang lwong téng hop clda dan nong th i

IEER = 0,020A + 0,617B + 0,238C + 0,125D [10] (2)
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trong do:

A=EER-chi sb hiéu qua ndng lvgng may lanh (W/W) & 100% cong suat

B=EER-chi sé hiéu qua nang lwgng may lanh (W/W) & 75% cong suét

C=EER-chi sb hiéu qua ndng lvong may lanh (W/W) & 50% cong suat

D=EER-chi sb hiéu qua nang lwong may lanh (W/W) & 25% cong suét

- hi: thoi lwgng van hanh cltia may lanh, quat,... the i

- Pi: Cong suét dién cla dan lanh (kw)

- n,k: S6 dan néng, sé dan lanh cé trong hé théng

Bang 4. Cong suét lanh may VRF (DVM 10HP) [11]

Nhiét do kk Nhiét do khéng khi wét trong nha (19°C) Chisé
ngoai nha Coéng suét lanh-TC bién tiéu thu-PI % ti hiéu qua lam lanh
©C) (KW) (KW) EER (W/W)
20 7 0,9 25% 7,8
25 14 2,5 50% 5,6
30 21 4,7 75% 45
35 28 7,8 100% 3,6
30 10
25 L
21.0
20 rE
TGPl 15 3 EER
== EER
10 70 | e
47 H-
0 - 0
35°CH9.0°C | 30°CH9.0°C | 25°CH8.0°C | 20°CH9.0°C
100% 5% B 25%

Hinh 4. Chi sé néng lurong tai cac dai cong suét cia may VRF-10Hp

Néu s dung sb liéu trén cta moét loai may 10Hp c6 thé tinh dwoc chi sb IEER theo ARI
340/360, Ap dung cong thire tinh chi sé IEER (cong thire 2) véi: A = 7,8, B=5,6, C=4,5, D=3,6

IEER = 0,020 * 7,8 + 0,617 * 5,6 + 0,238 * 4,5 + 0,125 * 3,6 = 5,15 (W/W)

Néu nhw chi tinh cho hiéu qua nang lvong & 100% cdng suét thi chi sé ndng lwong cla
may lanh la EER = 3,60 (W/W), chi sé nay chénh l&ch so véi gia tri thwe khodng 43%.
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Hinh 5. Buwong déc tinh cda may lanh RTHD 130-150, Trane
- Céng thre tinh tiéu thu dién cta hé thédng DHKK chiller

n k
EC™ =3 R+ 3 R, (kWh year) ©
o IPLV, T

+ EChe: téng tiéu thu dién cta hé théng DHKK trong 1 nam (kWh/ndm)

+ Qi: Cong suét lanh 100% cua chiller the i

+ IPLVi: Chi sé hiéu qua lam lanh tdng hop cla may lanh thi i

+ hi: thdi lwong van hanh cua thiét bi th i

+ Pi: Cong suét dién cla thiét bi phu tht i (kw)

+n,k: S6 may lanh, thiét bj phu c6 trong hé thdng

Trén thuc té, phan Ion thoi gian cac hé théng PHKK [am viéc non tai. Theo cach phan
nhém cla ARI thi phan I&n hé théng PHKK & Ha Noi xép vao nhém 4, chi chay 1,8% théi gian
trong nam & 100% tai, th&i gian 1a chay non tai: 50,1 % th&i gian chay & 75% tai, 48,1% thoi
gian chay & 50% tai va 0% thoi gian chay & 25% tai. Do d6, ARI 550/590-2003 quy dinh 14y chi
sb non tai tdng hop IPLV la chi sé hiéu qué may lanh tinh cho tdng théi gian van hanh trong 1
nam theo cac mirc phu tai va dwoec tinh theo cong thirc:

IPLV = 0,018A + 0,501B + 0,481C + 0,00D (KW/KW) (4)

trong dé:

A - Chi s6 COP (KW/kW) tinh & 100% tai

B - Chi s6 COP (KW/kW) tinh & 75% tai

C - Chi sb COP (kW/kW) tinh & 50% tai

D - Chi s6 COP (kW/kW) tinh & 25% tai

Dé tinh toan chi sb IPLV c¢6 thé lay théng s chay non tai cta Chiller ly tam giai nhiét
nwéc trong Bang 5 lam vi du.
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Bdng 5. Thong sé chay non tai cua Chiller 1100RT [12]
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Binh bay hoi Binh ngung
0 Dién
5. ci'ong A ' COP Luu Tvéo Tra LU’U Tvéo Tra
TT | %Ta&i | suatlanh | tiéu thy WIRW Itromg oc | oo Iuromg o oc
KW kW /s I/s
1 100 3868 764,7 5,06 84,1 18,0 | 7,0 | 105,2 | 32,0 | 42,5
2 75 2901 467,9 6,20 84,1 15,2 | 7,0 | 105,2 | 32,0 | 39,8
3 50 1934 233,8 8,27 84,1 125 | 7,0 | 105,2 | 32,0 | 37,1
4 25 967 153,0 6,32 84,1 9,7 7,0 | 105,2 | 32,0 | 34,6

Ap dung cong thire tinh chi sé IPLV (cong thic 4) véi: A=5,06, B=6,2, C=8,27, D=6,32

IPLV =

Khi Chiller van hanh 2500 h/n&m thi tdng tiéu thu dién cda Chiller trong 1 ndm sé |a:

1/6,65 x 3868 x 2500 = 1.454.135 kWh/nam
Néu tinh tiéu thu dién cta Chiller theo COP & 100% c6ng suét sé c6 két qua nhw sau:

1/5,06 x 3900 x 2500 = 1.911.067 kWh/nam

Gia tri nay Ién hon gia tri thwe khodng 31%.

0,018 x 5,06 + 0,501 x 6,2 + 0,418 x 8,27 + 0,00 x 6,36 = 6,65 (KW/kW)

Tw hai két qua trén cé thé thay rdng néu nhw chi phan tich vé chi sb hiéu qua nang lwong
& 100% tai cta may lanh thi gia tri nay Ién hon khoang t» 30% dén 40% gia tri thwe va nhw vay
khéng phan anh dwoc ché dé hoat dong trong cad mét ndm ctia may lanh.
Bdng 6. So sanh tinh toan tiéu thy dién hé théng PHKK

So sanh
Hé thén Céch tinh toan théng thwwong | Cach tinh toan chinh xac tiéu | (Chitinh riéng cho
ey h()g vé tiéu thu dién cia hé théng | thu dién cuahé thng PHKK | may lanh céc thiét
DHKK (kWh/ném) (kWh/nam) bj khac cda hé
thdng giéng nhau)
VRV " HP .h, K
ECn'™ = ZHPi . hi+ ZPi. hi ECy = —+) Ph 43 %
(VRF) " 5 Z IEER Z °
. . chiller __ % Qi 'hi :
Chiller EChehiler = 3Qi. hi+=Pi. hi | ECE™ =Y "L 1> Ph, 31%
o IPLV, T
3. Két luan

Qua phan tich nhitng ndi dung trong danh gia hiéu qua nang lwong cia hé théng diéu
hoa khéng khi thi cac buéc kiém tra, danh gia hé théng, danh gia thiét bi déng vai trd quan
trong tlr d6 dwa ra dwoc bién phap tiét kiém naéng lwong trong toan bo hé théng nhu:

- X&c dinh noi tiéu thu nang lwgng hodc chuyén ddi ndng lwong tr dang nay sang dang khac

- Nhan ra cac tiém nang tiét kiém ndng lwong va xac dinh céc bién phép tiét kiém nang lwong

- Danh gia vé kinh té, ky thuat va méi trwérng c6 thé thue hién dwoc clia cac bién phap nay;

- Phan tich cac bién phap str dung nang lwgng trong cdng trinh;

- M& réng hiéu biét van hanh hé théng va thiét bi PHKK trong tat ca céc loai cong trinh;
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- Banh gia chéat lwong cac co hdi tiét kiém nang lwong;

- P& xuét danh gia va cap ching chi xanh (tda nha st dung hé théng diéu hoa hiéu qua)
cho céac cong trinh s& dung nang lwong tiét kiém va cé hiéu qua trong hé théng diéu hoa khong
khi va thong gi6.

Qua tinh toan va so sanh vé cach tinh tiéu thu dién cia hé thbng DHKK thay rang truéc
day viéc danh gia tiéu thu dién ctia may lanh thuéng chi danh gia tai 100% coéng suét cla thiét
bi va chwa dé cap dén thoi lwong van hanh va chi sd hiéu qué nang lwong téng hop cla thiét
bi. T két qua nay co6 thé ap dung dwoc cong thirc tinh chi sé tiéu thu dién ctia hé théng PHKK
mot cach chinh xac.
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