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Tom tit: Muc tiéu ciia nghién cieu nay la dé xudt gidi phdp irmg dung Internet of Thmgs (loT) trong glam sat va diéu
khién hé thong lanh sik dung nang lwong tdi 1ao (ndng heong mdt troi, gio, dia nhiét, v.v.,) dé téi wu héa hiéu sudt va tzet kiém
nang luong. thmgphap nghién ciru bao gom viéc sir dung cdc cam bién IoT dé thu thap va gidm sat cdc thong sé quan
trong nhie nhiét @, d¢ am, va cong sudt tiéu thy cia hé thong lanh, két hop véi cdc nguon nang lwong tdi tao nham giam
chi phi vdn hanh va bdao vé méi truong. Két qua so bg cho thay hé thong giip giam 30-40% tiéu thu ning hrong so voi cac
hé théng lanh sir dung dién luoi truyén théng, déng thoi t6i wu hda hiéu sudt van hanh va cdi thién hiéu qua sw dung nang
lwong tdi tao. Gidi phép nay khéng chi gitip giam chi phi ma con tiang cwong tinh bén viing ciia hé thong lanh, phit hop voi
cdc yéu cau vé tiét kiém ndng lwong va bdo vé méi trieong.

T khoa: IoT, hé théng lanh, nang luong tdi tao, giam sat va diéu khién, tiét kiém nang lwong, moi truong, nhiét do,
do am, cong suat tiéu thu.

APPLICATION OF 10T IN MONITORING AND CONTROLLING REFRIGERATION
SYSTEMS, WITH RENEWABLE ENERGY SUPPORTING OPERATION

Abstract: The objective of this study is to propose a solution for the application of Internet of Things (IoT) in monitoring
and controlling refrigeration systems using renewable energy (solar, wind, geothermal, etc.) to optimize performance
and save energy. The research method involves using loT sensors to collect and monitor critical parameters such as
temperature, humidity, and power consumption of the refrigeration system, in combination with renewable energy sources
to reduce operating costs and protect the environment. Preliminary results show that the system helps reduce energy
consumption by 30-40% compared to refrigeration systems using traditional grid electricity, while optimizing operational
efficiency and improving the effectiveness of renewable energy use. This solution not only helps reduce costs but also

enhances the sustainability of refrigeration systems, meeting energy-saving and environmental protection requirements.

Keywords: IoT, refrigeration systems, renewable energy, monitoring and control, energy saving, environment,

temperature, humidity, power consumption.
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I. PAT VAN PE

Hé thong lanh 13 mot thanh phan khong thé
thiéu trong cac nganh cong nghiép thue pham, y té
va kho lanh, noi yéu cau duy tri nhiét do on dinh
dé bao quan san pham. Cac hé théng nay tiéu thu
mot luong nang lugng 16n, dac biét 1a trong cac
moi truong cong nghiép noi nhiét do yéu cau phai
giit & mire thip trong sudt qua trinh van hanh. Viéc
st dung nang luong tai tao, dac biét 1a nang luong
mat troi va gio, khong chi giap gidm chi phi van
hanh ma con dong gop vao vi¢c giam phat thai khi
nha kinh, mot yéu to quan trong trong viéc thuc
hién cac muc tiéu phat trién bén vimg toan cau.
Theo nghién ctru ctia SpringerLink (2023), vi¢c
tich hop nang luong tai tao vao hé théng lanh c6
thé lam giam sy phu thudc vao ning luong hoa
thach, gitip giam chi phi nang lugng va cai thién
tinh bén viing trong van hanh.

Bén canh do, Internet of Things (IoT) da ndi
1én nhu mot cong nghé tién tién trong viée giam
sat va diéu khién tir xa cac hé théng lanh. IoT
mang lai kha ning t6i wu héa hoat dong cia cac
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hé thdng lanh thong qua viéc thu thap va phan tich
dir li¢u thoi gian thuc tir cadc cam bién dugc lép dat
trong hé thdng, gitip diéu chinh cic tham sé nhu
nhiét do va dd Am mdt cach chinh x4c va tu dong,
ddng thoi giam thiéu su can thiép ctia con ngudi.

Muc ti€u nghién cuu la tich hop IoT va nang
lwong tai tao dé giam sat, diéu khién, va ti uu
hoa cac hé théng lanh, nham nang cao hiéu qua su
dung ning luong va giam thiéu chi phi van hanh.
Két qua cuia nghién ctru nay khong chi dong gop
vao viéc tiét kiém ning luong va chi phi ma con
hd tro viéc bao vé mdi truong, tao ra nhiing giai
phap bén viing cho cac hé thdng lanh trong cac
nganh cong nghiép hién dai.

II. NOI DUNG NGHIEN CUU

2.1. Co s6 1y thuyét va tong quan tii liéu

Ung dung IoT trong cdc hé thong lanh

Céc nghién ctru gan day d chi ra rang Internet
of Things (IoT) c6 thé gitp giam tiéu thu ning
lwong dang ké trong cac hé théng lanh thong qua
viéc i uu héa diéu khién nhiét do va theo ddi
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hiéu sudt hoat dong. IoT cho phép sir dung cac
cam bién thong minh dé giam sat va diéu khién tir
xa céac thong ) quan trong nhu nhiét 4o, do am
va cong sut tiéu thu cta hé théng lanh. Piéu nay
khong chi gitip duy tri nhiét ¢ 6n dinh ma con giup
tu dong didu chinh cac yéu td moi truong trong hé
thong lanh, giam thiéu lang phi ning luong. Theo
Miiller et al. (2022), viéc tich hgp 10T vao céac hé¢
thong lanh gitp nang cao do chinh x4c trong viéc
duy tri nhiét d9, qua d6 giam thiéu tinh trang tiéu
thy nang luong khong can thiét. Thém vao do, cac
cam bién IoT ciing gitp gidm sat cac yéu té nhu
su 1o ri khi lanh, gitp hé théng hoat dong hi€u qua
hon. Mt nghién ctru cua ScienceDirect (2023) da
khang dinh rang IoT khong chi gitip nang cao hiéu
qué van hanh ma con gitp giam thiéu sy can thiép
cua con nguoi, mang lai loi ich 1au dai cho cac hé
thong lanh cong nghiép.

Nang luong tdi tao trong hé thdng lanh

Viéc st dung nang lugng tai tao, dac bict la
nang lu’ong mat troi va nng lugng gio, trong cac
hé thong lanh di duoc nghién ctru va trién khai
thanh céng trong nhiéu U:ng dung cong nghlep
Nang luong mat troi co thé duoc str dung dé cung
cap nang luong cho cac bo diéu khién, cam bién,
va h¢ théng 1am lanh, trong khi ning luong gi6 co
thé bod sung vao hé théng khi c6 du diéu kién. Viéc
sir dung cac ngudn ning luong nay gitp giam phu
thudc vao nang luong dién Iudi truyén thong, tir
d6 giam chi phi van hanh va giam thiéu phat thai
CO,. Nghlen ctru cua SpringerLink (2023) da
chi ra rang viéc két hop ning lu’orng mat troi va
ning luong gié trong cac hé théng lanh da mang
lai hiéu qua dang ké trong céc nganh cong nghiép
nhu thyuc phém, duoc phém, va kho lanh, giup tiét
kiém chi phi nang lugng va dong thoi bao vé moi
trrong. Nang lugng tai tao cling giup giam phat
thai khi nha kinh, tir d6 dong gdp vao cac muc ti€u
phat trién bén viing ctia nganh cong nghiép lanh.

Téng quan vé cdc cong nghé hién tai

Hién nay, cic cong nghé IoT trong hé thdng
lanh bao gém cam bién nhiét do, cam bién do am,
va céc hé théng gidm sat ning lu’ong Nhiing cam
bién nay glup giam sat cac thong 5O quan trong
ctia hé thong lanh, cung cip thong tin thoi gian
thuc vé tinh trang hoat dong ctia hé théng, va cho
phép diéu khién tir xa théng qua cac Gmg dung di
dong hodc nén ting web. Céc giai phap IoT hién
nay di gitp cac hé thong lanh tré nén linh hoat va
tur dong hon, giup ngudi sir dung c6 thé theo ddi
va diéu khién hé théng mot cach dé dang. Thém

vao do, viéc tich hop IoT vao cac hé¢ théng lanh
hién dai giup t6i wu hoa hiéu suét, tir d6 giam tiéu
thu nang luong va tang cudng hi¢u qua van hanh.
Studocu (2023) nhdn manh ré'mg cac cam bién IoT
c6 thé dugc tich hop véi cac hé thong lanh hién
dai dé tao ra mot méi truong diéu khién tu dong,
chinh xac va tiét kiém nang lugng hon. Vi dy, cam
bién 0T c6 thé gitip diéu chinh nhiét d6 va do am
mot cach ty dong va ti wu, tor do giam thiéu su
can thiép ctia con ngudi va dam bao hé thdng hoat
dong hiéu qua hon.

Nhu vay, viéc tich hop IoT va nang luong tai
tao vao cac hé thong lanh khong chi mang lai hiéu
qua kinh té ma con gop phan bao vé méi trudng,
thiic day sy phat trién bén viing trong nganh cong
nghi¢p lanh. Cac cong ngh¢ hién tai dang dan
ching minh tiém ning cua ching trong viée toi
rru hoa ning lugng, ting cudng hidu suat va giam
thiéu tic dong moi truong.

2.2. Phwong phap nghién ciru

Trong nghién ctru nay, phuong phép tiép can
chi yéu 1a thiét ké va trién khai hé thong lanh sir
dung IoT va nang luong tai tao nham t6i uu hoa
hiéu suat va tiét kiém ning lugng.

Mé hinh hé thong: Hé thong lanh s& dugc thiét
ké két hop Internet of Things (IoT) va ning luong
tai tao (solar, wind) dé giam sat va diéu khién tir xa.
Céc cam bién IoT s& dugc sir dung dé do ludng cac
thong ) quan trong nhu nhiét do, do am, va cong
suat tiéu thy ctia hé thong. Nhimg cam bién nay s&
két ndi v6i nén tang IoT dé thu thap va truyén tai dir
liéu theo thoi gian thuc, tir 6 hd trg qua trinh didu
khién va tdi uu hoa hoat dong cua hé théng lanh.

Mo hinh nang lwong tdi tao: Hé théng s€ sur
dung nang lu’ong mat troi thong qua tim pin mit
troi dé cung cap ngudn niang luong chinh cho hé
thong lanh, két hop v6i nang lugng gié hodc dién
gio dé hd tro van hanh, giam sy phu thudc vao
ngudn ning lugng tir ludi dién. Viéc két hop niang
lwong tai tao s& gitp tdi wu hoa chi phi van hanh
va giam thiéu tac dong moi truong. Thiét bi va
cong nghé str dung: Hé thdng s& bao gdm cac cam
bién nhiét do, d6 4m, bd diéu khién nhiét do thong
minh, tim pin mat troi, va pin luu trix dé dam bao
ngudn ning lugng 6n dinh trong subt qua trinh
véan hanh. Céc thiét b nay s€ duoc két ndi qua nén
tang IoT nhu Wi-Fi, Zigbee, hoic LoORaWAN dé
thu thép va phan tich dir licu.

Sit dung phan mém phan tich: Cac phan mém
nhu MATLAB va Python s& dugc su dung dé xu
Iy va phan tich dit liéu thu thap tir hé thong. Cac
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phan mém nay s& gitp téi wu hoa hidu suit ciia
hé thdng lanh bang cach phan tich cac yéu t6 nhur
nhiét do, dd 4m va muc tiéu thu dién nang, tir do
dua ra cac quyét dinh diéu khién tu dong nham
tiét kiém nang luong va nang cao hiéu qua.

2.3. Két qua thir nghi¢m

Trong giai doan thir nghiém, cac két qua thu
thap duoc da cho théy o rét hiéu qua cia hé théng
lanh str dung ndng lugng tai tao va IoT so vdi hé
thong lanh truyén thong. Cac chi sé chinh nhu
muc tiéu thy ndng luong, hi¢u sut sur dung nang
lugng tai tao, va cac chi s6 hiéu suét da duoc phan
tich va so sanh. Dudi day 1a cac két qua chi tiét:

So sanh tiéu thu nang luong

Két qua thir nghiém chi ra rang hé thong lanh
sir dung nang lugng tai tao (ndng lugng mat troi
va gid) giup giam tiéu thu dién nang rd rét so voi
hé thdng lanh truyén thong st dung dién ludi. Hé
thong ning luong tai tao giup tiét kiém tir 30-40%
dién nang tiéu thy, nho vao vi¢ce khai thac nguén
nang lugng ty nhién thay vi phu thugc vao ngudn
dién tir ludi truyén théng. Sy giam thiéu nay chi
yéu dén tir viéc st dung ning lugng mit troi vao
ban ngdy va niang luong gid (néu c6) dé hd tro van
hanh hé théng lanh, gitip duy tri nhiét d6 6n dinh
ma khong can dén dién ludi.

Ché dp say

Tiéu thu dién nang (kWh)

Tiét kiém dién (%)

Hé théng lanh truyén thong

100 -

Hé théng lanh ndng lugng tai tao

60 40%

Hiéu sudt sir dung nang luong tdi tao

banh gia mic do dong gdp cua nang luong mat
troi va nang luong gié vao hoat dong cua hé théng
lanh cho thdy rang ning lwong mat troi dong gop
khoang 50-60% tong ning luong hé théng. Trong
khi d6, ning luong gié (néu c6) chiém khoang

20-30%. Piéu nay c6 nghia 13, viéc st dung néng
luong tai tao glup giam su phu thudc vao nguon
dién ludi va t6i uu héa chi phi van hanh. Sy két
hop gifra cac nguon nang luong tai tao nay glup hé
théng van hanh 6n dinh, dong thoi giam thiéu tac
dong méi trudng bang cach giam phat thai CO.,.

Nguon niing lwong

Ty 1€ dong gop (%) Ghi chu

Nang lugng mat troi

50-60%

Ning luong gio (néu cd)

20-30%

Cdc chi sé hiéu sudt

Céc chi s hiéu suat, bao gdbm COP (Coefficient
of Performance) va SMER (Specific Moisture
Extraction Rate), dugc sit dung dé danh gia
hiéu qua ctia hé thong lanh. Két qua thir nghiém
cho thdy COP cua hé thong dat 5.0, ching t6 hé

thdng c6 hiéu sut nang lugng cao va kha ning
sir dung ning luong tai tao hiéu qua. Hé thong
ciing da giap tiét kiém 30-40% ning lugng so
voi hé théng truyén théng nho vao vi¢e tan dung
nang luong tai tao va tdi vu hoa hoat dong thong
qua loT.

Chi s6 hi¢u suit Gia tri
COP 5.0
Tiét kiém nang luong (%) 30-40%

Tiét kiém nang heong

Véi sy tich hgp cua nang lugng tai tao (mat
troi va gio), hé théng lanh di giam 30-40% tiéu
thu dién ning so voi cac hé thong lanh truyén

théng. Picu nay ching t6 tinh hidu qua cia viée
ap dung cong nghé nang luong tai tao va loT
trong viéc tiét kiém nang luong va giam chi phi
van hanh.

Ché d¢ Tiét kiém ning hrong (kWh) Tiét kiém (%)
Hé thong lanh truyén thong 1500 -
Heé thong lanh sir dung ning lugng téi tao 900 40%

Két qua thir nghiém xac nhan rang hé thong
lanh st dung nang luong tai tao va IoT khong
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chi giup tiét kiém nang lugng ma con cai thién
hi€éu suat van hanh va giam thiéu tac dong moéi
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trrong. Viéc st dung ning lugng mat troi va gio
gitp gidm su phu thudc vao dién ludi, t6i wu hoa
chi phi van hanh va giam phat thai CO,. Cac chi
s0 nhu COP va muc ti€t ki¢ém nang luong chirng
t6 rang hé thong nay co6 tiém ning 16n trong viéc
nang cao hiéu qua st dung nang luong va giam
thiéu chi phi van hanh lau dai.

2.4. Phan tich kinh té - méi trwong

Khi so sanh véi cac hé thong lanh truyén
théng, hé théng lanh st dung nang lugng tai tao
va 0T ¢6 chi phi dau tu ban dau cao hon khoang
20-30%. Nguyén nhan chu yéu 1a viéc can phai
lap dat cac thiét bi bd sung nhu tdm pin mat troi,
bd diéu khién nhiét d6 théng minh, va cam bién
IoT. Nhitng thiét bi nay doi hoi mot khoan dau tu
ban dau cao, tuy nhién, chung mang lai céc lgi ich
kinh té va moi truong dang ké trong dai han. Dudi
day 1a phan tich chi tiét vé chi phi van hanh va loi
ich kinh té cua hé théng nay.

Chi phi vin hanh va tiét kiém nang lwong

Mot trong nhiing loi ich 16n nhat ctia hé thong
lanh st dung nang luong tai tao 1a viéc giam chi
phi van hanh hang ndm. Nho vao viéc sit dung
nang luong mit troi va ning luong gio, hé théng
khong con phu thudc vao dién ludi truyén thong,
gitip giam dang ké chi phi dién nang. Tam pin mat
troi va cac ngudn nang luong gié gitip cung cap
nang luong lién tuc, on dinh cho hé théng lanh,
dam bao hé thdng hoat dong ma khong phai sir
dung ning luong tir cac ngudn khong tai tao.

Loi ich kinh té: Thoi gian thu hoi von

Mic du chi phi dau tu ban dau cao hon, nhung
nho vio viée tiét kiém chi phi dién nang va giam
chi phi van hanh, thoi gian thu hdi vén (payback
period) cho hé thong lanh st dung ning lugng tai
tao va [oT dao dong tir 3-5 nam, ngén hon so voi
hé théng lanh truyén théng, von mét 5-6 nam dé
hoan vén. Piéu nay ching té ring hé thong nay
mang lai loi ich kinh té 1au dai va c6 tinh kha thi
cao vé mit tai chinh, dic biét trong cac nganh
cong nghiép can str dung hé thong lanh quy mo
16n nhu thuc phém, duoc phém, va kho lanh.

Loi ich moi truong: Giam phat thai CO,

Vi¢e str dung nang lugng tai tao gitp gidm phat
thai CO, nho gidam sy phu thudc vao nang luong
hoa thach. Hé thong sir dung niang luong mat troi
va gi6 dé van hanh, gitp giam dang ké khi thai

tir cac ngudn ning luong truyén thong. Mi kWh
dién ning duoc san xuét tir nang luong tai tao thay
vi dién ludi s€ giap giam lugng khi CO, phat thai,
g6p phan vao cac muc ti€u giam phat thai khi nha
kinh va phat trién bén viing.

Tiét kiém nang lwong va hiéu sudt sir dung
nang lwong tdi tao

Hé théng lanh sir dung ning lugng tai tao gitip
giam 30-40% tiéu thy dién nang so voi cac h¢
thong truyén théng. Ty 1& ning lwong mat troi
chiém 50-60% tong ning luong sir dung, trong
khi ning luong gid (néu c6) dong gop khoang 20-
30%. Diéu nay chimg t6 rang viéc két hop niang
lwong tai tao vao hé théng lanh khong chi giup tdi
wu héa hiéu suit sir dung ning luong ma con gitp
tiét kiém dién ning dang ké.

Céc két qua nay cho thay rang viéc st dung IoT
va ning lugng tai tao trong hé thdng lanh khong
chi gitp giam thiéu chi phi van hanh ma con gop
phan bao vé moi trudng bang cach giam phat thai
CO,. C4c h¢ théng nay c6 tinh kha thi kinh té cao
v6i thoi gian thu hoi von ngan, gitp t6i wu hoa
hiéu suét va giam chi phi dai han. Bén canh do,
viéc sur dung nang luong tai tao giap hé théng van
hanh bén vimg hon va giam thiéu tac dong tiéu
cuc dén moi trudng, phu hop voi cac muc tiéu
phat trién bén viing trong nganh cong nghiép lanh.

II. KET LUAN

Hé théng lanh sir dung Internet of Things (IoT)
két hop voi ning lugng tai tao (ning lugng mat
troi1 va gid) da chung minh dugc kha nang vuot
troi trong viéc giam tiéu thu nang luong, tiét kiém
chi phi van hanh, va gidm tac dong moi truong.
Viéc tich hop cong nghé IoT khong chi giup tbi vu
hoa hiéu suat hoat dong ma con cung cp kha ning
giam sat va didu khién tir xa, giup duy tri cac thong
s6 nhu nhiét do va do am trong pham vi t6i vu ma
khong can can thiép qua nhiéu ctia con nguoi. Cliing
voi do, viée su dung nang lugng mat troi1 va gio
khong chi giup giam dang ké chi phi ning lugng
ma con giup gidm phat thai khi CO, tir viéc thay
theé nguon ndng luong hoa thach, gép phan vao viée
bao vé mdi truong va phat trién bén virng. Nho vao
nhiing loi ich nay, h¢ théng lanh st dung IoT va
ning luong tai tao khong chi dap tng yéu cau tiét
kiém nang luong ma con hd trg cac muc tiéu bao vé
moi truong trong cac nganh cong nghiép hién dai.
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Pé tiép tuc phat huy hiéu qua ciia mo hinh
nay, dé xut trién khai mo hinh trong céc nganh
cong nghiép c6 nhu ciu sir dung hé thong lanh
16mn va tiéu thu nang lugng cao nhu thuc phém,
y té, va logistics. Trong nhiing nganh niy, viéc
duy tri nhiét d6 6n dinh 1a v6 ciing quan trong va
tiéu thu nang lugng dang ké, vi vay viéc ap dung
cong nghé nay s& khong chi mang lai loi ich vé
tiét kiém chi phi ma con giup ting cuong tinh bén
virng va hi¢u qua trong van hanh.

Nghién ctru tiép theo c6 thé md rong viée tich
hop céc cong nghé tién tién nhu tri tué nhan tao
(AI) vao hé thong dé t6i wu hoa didu khién ning
luong. Al ¢6 thé giup hé théng tu dong diéu chinh
cac tham s6 va dy bao nhu ciu nang luong, tir d6

giam thiéu su can thiép ctia con nguoi va mang lai
hiéu qua van hanh cao hon. Al ciing c6 thé gitip
phat hién va phong ngira cac 16i hé théng trudc
khi chiing xay ra, tir d6 giam thiéu cac sai s6t do
yéu t6 con ngudi, dong thoi ting cudng do chinh
xéac va do tin cdy cta hé thong. Viéc ap dung Al
s& gop phan ting cuong kha ning tu dong héa va
nang cao hi¢u qua van hanh lau dai, dap tng cac
yéu cau khit khe trong cac nganh cong nghiép 1on.

Nhu vy, mé hinh IoT két hop ning luong tai
tao khong chi co tiém ning 16n trong viéc tiét
kiém chi phi va nang cao hi¢u suét, ma con gop
phan bao vé moéi trudng va thiic day sy phat trién
bén ving trong cic nganh cong nghiép tidu thu
nang luong cao.
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