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Tém tit:

Trong cdc nha mdy cong nghiép hién nay, hé thong mdy nén khi la mét trong nhitng phu tdi tiéu thu dién nang
I6n, chiém tir 10 - 30% tong dién ndng san xudt tity theo ddc thit nganh nghé. Tuy nhién, nhiéu hé thong khi
nén van dang dwege vin hanh theo phwong thirc truyén thong, thiéu khd nang giam sat lién tuc va phan tich
dir liéu, dan dén ton that nang heong dang ké. Sw phdt trién ciia cong nghé so, Internet van vit cong nghiép
(IoT), dién toan dam mady va tri tué nhan tao (AI) dd mé ra co hdi méi trong viéc sé héa quan Iy nang lwong
doi voi hé thong mdy nén khi. Nghién ciru nay tdp trung phdn tich hién trang tiéu thu nang heong ciia hé
thong khi nén, gici thiéu mé hinh sé héa gidm st va quan 1y hiéu qua nang heong, dong thoi danh gid cdc
loi ich vé kinh té, ky thudt va méi trwong khi dp dung gidi phéap sé héa trong cong nghiép.

Tir khéa: mdy nén khi, quan Iy nang lwong, chuyén doi so, IoT, AL, hiéu qua nang heong, gidm sdt ning
luong.

Digitalizing compressed-air system operations management to improve
industrial energy efficiency

Abstract:

Compressed-air systems are major electricity consumers in industrial plants, accounting for approximately
10 - 30% of total production electricity depending on the industry. Many systems are still operated
conventionally without continuous monitoring or data analytics, resulting in substantial energy losses
from leakage, heat, idle operation, and inefficient pressure control. This study analyzes compressed-
air energy consumption, introduces a digital monitoring and energy-management model based on the
Industrial Internet of Things, cloud computing, and artificial intelligence, and evaluates its economic,
technical, and environmental benefits. Digital monitoring enables real-time performance assessment,
early fault detection, leakage identification, predictive maintenance, and optimized equipment scheduling.
The proposed approach can reduce energy waste, operating costs, and greenhouse-gas emissions while
improving system reliability and industrial competitiveness.

Keywords: air compressors, energy management, digital transformation, IoT, artificial intelligence,
energy efficiency, energy monitoring.
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1. Pit van dé

Trong bdi canh gia ning lugng ngdy cang gia ting va yéu cau giam phat thai khi nha kinh theo cam
két Net Zero cua Viét Nam dén nam 2050, viéc si dung nang luong tiét kiém va hiéu qua dang tré thanh
nhiém vu trong tdm cia cac doanh nghiép cong nghiép.

Trong hon 10 nim qua, Viét Nam luén nim trong top dau vé chi sé ting truéng GDP, véi muc trung
binh tir 7% - 8%, trong d6 c6 phan déng gdp khong hé nho ciia phat trién cong nghiép. Trong gia doan ting
tc t6i day, Viét Nam hudng t6i muyc tiéu ting truong hai con sé diéu d6 dong nghia véi can c6 nhitng sy
but khong hé nhé cua ting trudng cong nghiép.

Hién nay, trén ban do cac khu cong nghiép, Viét Nam ndi 1én nhu mot “cong xudng” méi cua thé gisi.
Nho chinh sach wu tién, thu hat dau tu vao cac khu cong nghiép ciia cac tinh thanh; hang loat cac thuong
hi€u, nhan hang 16n da dat nha may tai Viét Nam nhu Honda, Toyota, Sam Sung, LG,... cac nha may gia
cong, lap giap thu hat mot luc lugng lao dong 16n ddng thoi tiéu ton mot lwong dién niang khong hé nho,
wdc tinh luén & mirc trén 50% tong tidu thu ning lugng dién. Mit khac, trong hau khap cac nha may, xi
nghiép, dé hoat dong san xuét dién ra mot cach linh hoat, lién tuc, viéc sit dung khi nén dap ung cac nhu
cAu san xuat, tdi vu hoa van hanh hién dién & tat ca cac cong doan. Khi nén tré thanh chit xtc tac, mach
mau cho su van hanh cua cac diy chuyén may moc.

Theo théng ké, hé thong khi nén déng vai tro quan trong tht tu trong cac nha may sau dién, nude va
hoi. Tuy nhién, hiéu suit tong thé cta hé thong khi nén thudng chi dat tir 20 - 30%, phan 16n ning lugng
dau vao bj that thoat dudi dang nhiét nang, ro ri khi nén hodc van hanh khong tdi wru.

Tai nhiéu doanh nghiép, viéc quan 1y hé thong khi nén chii yéu dua trén kinh nghiém véan hanh, chwa
c6 hé théng giam sat truc tuyén, chua theo ddi dwgc suat tidu hao ning lugng theo thoi gian thuc. Diéu
nay lam cho viéc phat hién su cd, danh gia hiéu suat va xay dung cac giai phép tiét kiém nang luong gip
nhiéu kho khan.

Chinh tir nhirng 1y do d6, viéc tmg dung cac cong nghé sé nham xay dung hé théng quan 1y ning luong
thong minh cho may nén khi 1a giai phép quan trong giup nang cao hi¢u qua str dung nang lugng, gidm chi
phi san xuit va ning cao ning luc canh tranh ctua doanh nghiép.

2. Phwong phap nghién ciru

Bai viét str dung phuwong phéap nghién ctru thong ké, nghién ctru dinh tinh va nghién ctu dinh luong
dé phan tich cac 1y thuyét nén tang, ciing nhu tham khao tir nhiing tai liéu, bao céo trén thé gidi va Viét
Nam. Nghién cru tai liéu tir cac tiéu chuan ISO 50001, ISO 11011 va cac bao cio ning lugng trong cong
nghiép; phan tich dinh luong théng qua cac chi tiéu tiéu thy dién ning cua hé thong may nén khi; Phuong
phap mé hinh hoa hé théng giam sat s6 hoa dua trén nén tang [oT va Al

3. Két qua nghién ctru

3.1. Téng quan vé tiéu thu ning lwong ciia hé thong mdy nén khi

May nén khi 1a thiét bi chuyén déi dién nang thanh ning luong khi nén dé phuc vu cac qué trinh san
XUuAt. Trong nhiéu nganh cong nghi¢p nhu dét may, thuc phém, dién t, xi mang, thép va ché bién gS, khi
nén 1a ngudn niang luong khong thé thiéu.

Co c4u tiéu thu ning luong cua hé thdng khi nén thuong bao gdm: May nén khi: 70 - 80%, hé thdng sy
khi: 5 - 10%, quat 1am mat: 3 - 8%, 6n that do ro ri va van hanh khong tai: 15 - 30%.

Nhiéu nghién ciru cho thay, ty 18 ro ri khi nén trong cac nha méy c6 thé 1én t6i 20 - 30% luu lugng khi
san xuat, gay lang phi dién ning rat 1on. Nguyén nhan chii yéu, khi nén sir dung trong céng nghiép thuong
sir dung voi muc ap sudt trung binh trong khoang tir 6 bar - 8 bar, din dén hé thong khi nén dé bi ro ri tai
cac vi tri khop ndi, van, mit bich, ... dic biét trong diéu kién khi hau nhiét d6i gi6 mua, do am cao nhu &
nudce ta.

Mit khéc, viéc kiém soat moi truong bb tri hé thong may nén khi, vé nhiét 6 khi nén cép dau vao, kha
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ning giai nhiét cua khong gian, méi trudng ddi luu khi nong,... Co ché van hanh, didu khi may nén khi 1
cach truc tiép, thu cong ciing 1a mot nguyén nhan chinh khién cho hiéu suit van hanh hé théng may nén
khi khong cao.

Nhu vy, viéc nghién ctru danh gia va tim ra cach van hanh t6i uu hé thong may nén khi s& gitp cai
thién dang ké hiéu qua sir dung nang luong cua hé théng méay nén khi.

3.2. Thuec trang qudn Iy ning lwong hé thong khi nén

So d6 nguyén 1y ctia mot hé thong khi nén dién hinh duoc thé hién tai Hinh 1.

Hinh 1. Nguyén Iy ciu tao ciia hé théng khi nén
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(Nguon: Sach hidng dan t6i wu héa hé thong khi nén cong nghiép - B¢ Cong Thirong)

Heé thong khi nén s& bao gdm cac thiét bi chinh: M4y nén khi, binh tich ap, may sy khi, hé théng dudng
6ng phan phéi, céc van, thiét bi do lwong, giam sat diéu khién,... Dé hoat dong cua nha may van hanh
lién tyc tron tru, doi hoi viéc van hanh hé thdng khi nén, phdi hop cac thiét bi phai dién ra mot cach nhip
nhang t6i wu. Bén canh dé, viéc van hanh ti vu hé thdng khi nén co thé tiét kiém tir 20% - 30% ning
lugng cta hé thong.

Hién nay, phan 16n doanh nghiép chi theo ddi dién ning tiéu thy tong thong qua cong to dién ma chua
thuc hién giam sat cac thong s6 van hanh quan trong, nhu:

Ap suat duong bng;

Luu lugng khi nén;

Nhiét d6 khong khi dau vao, khi nén dau ra;

bién nang tiéu thu cla ting may;

Thoi gian van hanh c6 tai va khong tai;

Sudt tiéu hao ning luong riéng (m*/kWh).

Viéc thiéu dit liéu van hanh theo thoi gian thuc dan dén:

Kho phat hién ro ri khi nén;

Khong danh gia dugc hiéu suét ting may;

Kho tbi wu ché d6 van hanh nhiéu may nén khi;

Tang chi phi bao tri va stra chira.

Viéc van hanh didu khién hé théng may nén khi con qua thé so, chwa twong xing voi vai trd quan
trong cta hé thong khi nén trong nha may. Viéc theo ddi, giam sat, diéu khién thu cong cha yéu bang kinh
nghiém din dén h¢ qua tat yéu la ton that mot lugng ning lugng kha 16n ma doanh nghiép khong hé hay
biét, khong thé kiém soat va do luong duoc hiéu suét van hanh cta cac may nén khi.

Pé cai thién thuc trang nay, cac doanh nghiép can ¢ nhitng cach danh gia, quan Iy mot cach sat sao va
hiéu qua véi hé thdng bang viéc:
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Lép dat hé thdng cam bién, dong hd do dém dé giam sat cac chi sé quan trong & trén: Nhiét do, luu
luong, ap Sut, ...

Tan dung tdi da sy phat trién vugt bac cia cong nghé thong tin, chuyén ddi s, Big DATA, kha ning
két nbi khong day, Al, 1oT,... trong viéc giam sat, diéu khién hé théng hiéu qua, tir do t8i wu hoa vé nang
lugng st dung.

3.3. M6 hinh s6 héa qudn ly hiéu qud nang lwong hé thong mdy nén khi

Mo hinh s6 hoa quan 1y ning luong cho hé théng may nén khi cho cic nha may s& gdm 4 16p chinh:

< Lop thu thdp div liéu

Céac cam bién thong minh duoc 1ap dit trén hé thong dé thu thap:

Cong suit dién (kW);

Dién nang tiéu thu (kWh);

Ap suét khi nén;

Luu lugng khi;

Nhiét do dau;

D¢ 4m khi nén;

Trang thai van hanh thiét bi.

Dit liéu duoc thu thap lién tuc véi chu ky tir 1 dén 60 giay.

% Lop truyén thong dir liu

Thong tin tir cam bién dugc truyén vé hé théng trung tdm thong qua:

Modbus RTU/TCP;

Ethernet cong nghiép;

WiFi cong nghiép;

LoRaWAN;

4G/5G.

% Lép nén ting qudn Iy nang lwong

Dit liéu duoc lIuu trix trén nén tang Cloud hodc may chu ndi bo va duoc xir Iy thong qua phan mém EMS
(Energy Management System). (Hinh 2)

Céc chirc nang chinh gom:

Dashboard thoi gian thuc; Hinh 2. Nguyén Iy h¢ thong diéu khién khi nén théng minh

Theo doi KPI nang luong;

Canh bao bét thuong;

Bao céo ty dong;

Phan tich xu hudng ti€u thu ndng
luong.

s Lop tri tué nhan tao (Al)

AL hd tro:

Du bao nhu cau khi nén;

Phat hién ro ri khi nén;

Pé xuit lich bao tri du bao;

Ti wu trinh tw van hanh nhiéu may .
nén khi: (Nguon: https://tomeco.vn/about-us-2/nang-luc-may-moc-cong-nghe)

Tu dong canh bao suy giam hiéu suat.

3.4. H¢ théng thong minh kiém sodt chi sé qudn Iy ning lwong quan trong
Dé danh gia hiéu qua ning luong hé théng khi nén can theo ddi cac KPI sau:
Suat tiéu hao nang lugng riéng
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SEC = Dién nang tiéu thu (kWh) / Luu lugng khi nén tao ra (Nm?)

Chi sé nay cang thip chimg to hé théng cang hiéu qua.

Ty 1€ 10 i khi nén

Leakage Rate (%) = Luu luong ro ri / Téng luu lugng san xudt x 100%

Gia tri khuyén nghi dudi 10%.

Hé s6 tai may nén khi

Load Factor (%) = Thoi gian ¢6 tai / Tong thoi gian van hanh x 100%

Hiéu suét hé théng khi nén

System Efficiency = Nm?® khi nén tao ra / kWh dién tiéu thy.

3.5. Hiéu qud ciia s6 héa hé théng khi nén

Két qua thuc té tai nhiéu nha may cho théy, viéc sd hoa hé théng giam sat, diéu khién va van hanh hé
thong khi nén tai cic nha may xi nghiép c6 thé dem lai hiéu qua:

Giam tiéu thy dién nang tur 10 - 25%;

Giam ro ri khi nén tur 30 - 70%;

Giam thoi gian dimg may ngoai ké hoach tir 20 - 40%;

Giam chi phi bao tri tir 15 - 30%;

Tang tudi tho thiét bi tir 10 - 20%.

Ngoai ra, hé théng con hd tro xay dung béo cao kiém ké khi nha kinh va bao cdo ESG cho doanh
nghiép. Dudi ddy 1a mot sé du an tiéu biéu cho viéc tién hanh s hoa hé thong van hanh khi nén trong céng
nghiép. (Hinh 3)

Hinh 3. Trién khai s6 héa hé thong khi nén nha may linh kién xe may

o »

(Nguon: https://amitech.vn/du-an/giam-sat-khi-nen-khi-gas-aichi-tokei)

Nho hé thdng do luong va giam sat diéu khién khi nén méi, nha may da kiém soat tot hon luong khi
nén va khi gas sir dung, tir d6 giam chi phi ning lugng va nang cao hiéu suét thiét bi. Dit liéu 1 rang va tu
dong giup doanh nghiép dap ung tot hon cac yéu cau kiém toan nang luong va tiéu chuan ISO 50001 trong
quan Iy ning luong. Sau lip dit hé thong s6 héa wdce tinh nha méy tiét kiém dugce 27% ning luong tidu thu
dién cho hé thong khi nén, gitip nha may tiét giam dugc mot lugng chi phi dang ké.

3.6. Pinh hwéng phit trién trong twong lai

Xu huéng phat trién trong quan 1y van hanh hé thong khi nén trong twong lai s& tap trung vao:

Digital Twin cho hé thong khi nén;

AI t6i wu héa nang lugng theo thoi gian thuc;
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Tich hop véi hé théng quan 1y nang lwong ISO 50001;

Két ndi voi nén tang quan tri nha may théng minh (Smart Factory);

H5 tro tin chi carbon va gidm phat thdi CO..

Viéc phat trién s hoa van hanh hé thong khi nén nhu vay s& pht hop véi xu huéng twong lai phat trién
hé sinh thai cac nha may thong minh, khu cong nghiép thong minh than thién moéi trudng. (Hinh 4)

Hinh 4. Hé thong khi nén thong minh bing cong nghé DeepSYS

(Nguon: https://amitech.vn/san-pham/giai-phap-tiet-kiem-nang-luong-cho-may-nen-khi)

4. Két luan

S6 hoa quan Iy hiéu qua niang lugng cho hé théng may nén khi 1a mot trong nhing giai phap quan trong
nham nang cao hiéu qua st dung ning luong trong cong nghiép. Viéc ing dung IoT, nén tang dir liéu 1on
va tri tu¢ nhan tao giup doanh nghiép giam sat lién tuc, phan tich chinh x4c higu sut van hanh, phat hién
nhanh cac t6n that ning luong va t6i wu hoa hoat dong ciia hé thong khi nén.

Trong bdi canh chuyén ddi sb va chuyén d6i xanh dang dién ra manh mé, s6 hoa hé thong may nén khi
khong chi mang lai hidu qué kinh té dang ké ma con gop phan thyc hién myc tidu phat trién bén viing, giam
phat thai khi nha kinh va nang cao nang lyc canh tranh ctia doanh nghié€p Viét Namm
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