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Gi6i thiéu vé bdi canh

Vao ngay 13 thang 3 nim 2019, Thu tuéng Chinh phil da ban hanh Quyét dinh s6 280/Qb-
TTg phé duyét Chuong trinh quéc gia vé str dung ning luong tiét kiém va hiéu qua (VNEEP)
giai doan 2019-2030.

Chuong trinh VNEEP trién khai ddng bo cac hoat dong trong linh vuc sir dung ning luong
tiét kiém va hiéu qua, thé hién cam két cua cac cép chinh quyén, hi€p hoi, doanh nghiép, to
chirc va ca nhan dbi véi viée sir dung ning luong tiét kiém va hiéu qua néi riéng va tmg phod
v6i bién d6i khi hau, bao vé méi truong néi chung.

Chuong trinh Hop tac nang lugng Viét Nam—DPan Mach Giai doan 3 (DEPP3) trong giai
doan 2020-2025 trién khai nhiéu hoat dong thiét thyc va hiéu qua, dong gop dang ké vao qua
trinh chuyén dich ning lugng ctia Viét Nam theo hudng ting trudng xanh, giam phat thai carbon
thong qua phat trién hé théng nang lugng xanh, van hanh hé théng dién linh hoat, thuc thi hiéu
qua cac chinh sach va giai phap thiic dy sir dung ning luong tiét kiém va hiéu qua.

Mot trong nhimg hoat dong quan trong thiic day hiéu qua ning luong 1a thuc hién kiém
toan nang luong trong nhiéu nganh cong nghiép tai Viét Nam.

Tai liéu nay 1a ban tom tit 4n danh ctiia mot bao cdo kiém toan nang lugng cu thé, duoc
thuc hién trong khuon kho Chuong trinh DEPP3, do Cong ty C6 phan Giai phap Cong nghé
Viét Nam (VETS) thuc hién, phdi hop voi chuyén gia qudc té dén tir Viegand Maagoe.

Bao c4o nay trinh bay tom tit két qua danh gia va kiém toan niang lugng chuyén sau tai mot
doanh nghiép san xut xi ming quy mé 16n & Viét Nam. Co s& cong nghiép dugc danh gia
thudc nhom co so sir dung nang luong trong diém qudc gia, hién dang van hanh cau hinh bén
day chuyén 16 quay theo phuong phap kho, c6 tich hop hé thdng phat dién tir nhiét thai (WHR
- Waste Heat Recovery). Qua trinh kiém toan tuan thii nghiém ngat cac huéng dan kiém toan
chuan muc qudc té, két hop phan tich chudi dir liéu van hanh trong giai doan 5 nam (2021—
2025) cung cac k¥ thuat do dac thuc dia chuyén sau.

Muc tiéu cdt 18i ctia bao cao 1a dinh lugng dong chay ning luong, x4c dinh cac diém nghén
vé hiéu suét (bottlenecks) va dé xuit cac dy an hiéu qua ning luong (EE) c6 tinh kha thi cao vé
k¥ thuat 13n tai chinh. Két qua phén tich chi ra rang co ciu nang lugng cuia co sé phu thudc chit
yéu vao nhiét ning tir than d4 (chiém 86-93% tong ning lugng), trong khi dién ludi va dién tu
phat WHR déng vai trd cung cap dong luc cho cc phu tai co ning.

Phuong phap tiép can di sau vao viéc khao sat hién trang ti€u thu ndng lugng cua toan bo

day chuyén cot 161 va cac hé thong tién ich phu trg, tr d6 nhan dién cac di€ém nghén vé mat
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cong nghé, ro ri nhiét dong luc hoc, ciing nhu cac 16 hong trong cong tac quan 1y van hanh.
Théng qua cac cong cu phan tich hién dai nhu Lap ban do ning luong (Energy Mapping), bao
cdo d3 xac dinh duoc tiém nang tiét kiém nang lugng rat 16n. Béng viéc dinh lugng chi tiét cac
tiém nang tiét kiém (tinh bang kWh, tin than, va ty 1& phan tram) cing viéc phan tich chi phi -
loi ich vong doi du an (LCC), bao céo cung cap mot danh muc cac du 4n hiéu qua ning lugng
(Energy Efficiency - EE) kha thi nhat. Qua do, tai liéu nay dong vai trd nhu mét la ban chién
lugc, trang bi cho ban 1anh dao doanh nghiép nén tang dir liéu khoa hoc dé dua ra céc quyét
dinh dau tu chinh xéc, hudéng té1 muc tiéu hién thyc hdéa mo hinh san xuét tudn hoan va phat

trién bén viing trong boi canh nén kinh té xanh.
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Tém tit

Déi twrong chinh 1a mot nha may xi ming tich hop quy moé 16n tai khu vuc mién Bic Viét
Nam, v6i 4 day chuyén san xuat ddng bo. Doanh nghiép hoat dong theo mé hinh cong ty TNHH
nhiéu thanh vién, nganh nghé chinh 13 san xuét xi mang, voi va thach cao, van hanh lién tuc
24/7 v6i 3 ca/ngay cho khdi san xuét.

Co céu t chirc duoc chia thanh ba khéi chinh: Khéi San xuét (co khi, dién, van hanh day
chuyén va phong diéu khién trung tdm), Khéi Kinh doanh (vt tu, ké toan, kinh doanh) va Khéi
Noi chinh (hanh chinh, an toan, QC), duéi sy diéu hanh truc tiép ctia Giam ddc nha may. Doanh
nghiép di ap dung mot s6 hé théng quén 1y theo tidu chuan qudc t& nhu ISO 9001, ISO 14001,
ISO 14064-1, ISO 14067, tao nén tang thuan lgi dé xay dung hé théng quén ly nang lugng theo
ISO 50001.

Co s6 s& hiru ha ting san xuat quy mo 16n vé6i 4 day chuyén cong nghé hién dai, nang tong
cong suat thiét ké 1én mirc 10,5 triéu tin/nam. Dé dap tmg quy mo nay, chudi cung ing nguyén
liéu dau vao phai xtr Iy mot khdi luong vat chét khéng 16, bao g@)m da voi, dat sét, da voi sach,
than d4, cung cac phu gia diéu chinh (quang sét, quang hoi, silic), thach cao nhan tao va phu
gia khoang (tro bay, xi thép, sét den). Tong luong nguyén liéu thé tiéu thu trong ndm 2024 dugc
ghi nhan dat muc 145.513,49 tin/nam.

Pic thi san xuat ciia Day chuyén 3 va 4 tap trung hoan toan vao viéc nung luyén clinker
nguyén ligu, trong khi DAy chuyén 1 va 2 ganh vac khau nghién min thanh xi ming thuong
pham. Khéi luong san xuat nay di kém voi cuong do phat thai carbon rat 1on. Thong ké nim
2024 cho théy hoat dong ti€u thu 433.979.656 kWh dién nang va 1.224.438 tan than d3 tao ra
téng lugng phat thai khi nha kinh twong duong 3.310.441 tan CO2 (quy d6i muc ning luong
801.626 TOE).1 Bdi canh nay dat doanh nghiép trudc ap luc tdi uu hoa nghiém ngit.

Ning lugng tiéu thy trong day chuyén chu yéu phuc vu san xuat clinker. Co cau ning lugng
chuyén d6i cho thay nhiét ning tir than chiém khoang 86-93% tong ning luong, con dién ludi,
dién WHR va dau DO chiém ty trong nho hon. Tong niang luong tiéu thy ting dot bién nim
2022, sau d6 giam va on dinh dan giai doan 2023-2025, phan anh qué trinh 6n dinh van hanh
va/hodc tdi wu hoa san xuét.

Tinh hinh chung v& tiéu thu ning luong tai nha may:

- Du6i déy 1a s6 liéu phan tich chi tiét vé tinh hinh tiéu thu cac dang ning lugng cta

Cong ty trong giai doan 5 nam (2021 — 2025):
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Bang 1.1. Co cdu tiéu thy ndng lwong ciia cong ty trong giai doan 2021-2025

STT Loai niang Pon vi Ning lugng tiéu Quy doi 9 16 (%)
lwgng thu (kWh)
Nim 2021
1 Pién EVN MWh 537.250.010 537.250.010 11,19%
2 Dién WHR MWh 122.184.540 122.184.540 2,54%
3 Than Tan 590.853 4.122.972.234 85,87%
4 Dau DO Lit 1.834.231 18.773.150 0,39%
5 Nude M3 - - 0,00%
Téng 4.801.179.934 100,00%
Nim 2022
1 Dién EVN MWh 476.416.710 476.416.710 5,50%
2 Dién WHR MWh 108.771.532 108.771.532 1,26%
3 Than Tén 1.157.729 8.078.632.962 93,23%
4 Dau DO 1000 Lit 155.411 1.590.614 0,02%
5 Nude M3 2.092.467 - 0,00%
Téong 8.665.411.818 100,00%
Nim 2023
1 Dién EVN MWh 471.190.566 471.190.566 4,99%
2 Dién WHR MWh 101.156.220 101.156.220 1,07%
3 Than Tén 1.270.207 8.863.504.446 93,93%
4 Dau DO 1000 Lit 254 2.601 0,00%
5 Nuéc M3 3,318,844 - 0,00%
Tong 9.435.853.833 100,00%
Nim 2024
1 Pién EVN MWh 433.979.656 433.979.656 4,72%
2 Pién WHR MWh 214.522.803 214.522.803 2,33%
3 Than Tan 1.224.438 8.544.128.364 92,95%
4 Dau DO 1000 Lit - 0,00%
5 Nuéc M3 - 0,00%
Téng 9.192.630.823 100,00%
Nim 2025
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STT Loai ning Pon vi Ning lwgng tiéu Quy doi 9 16 (%)
lwgng thu (kWh)
1 bién EVN MWh 440.176.418 440.176.418 5,14%
2 bién WHR MWh 195.199.469 195.199.469 2,28%
3 Than Tén 1137336 7.936.330.608 92,59%
4 Déau DO 1000 Lit - 0,00%
5 Nuéde M3 - 0,00%
Téng 8.571.706.495 100,00%

(*) Ghi chii: Di¢ liéu ndng lwong tiéu thu nam 2025 dwge tong hop cho giai doan tir thang

01 dén thang 10 niam 2025.

Nam 2021 Nam 2022
EVN Electricity EVN Electricity
i i 9 4,65%
Dbegzlofll 11,19% Diezel Oil WHR
’ WHR 15,51% Electricity

Electricity 1,06%

2,54%

N

Coal
85,87

Nam 2024 Nam 2025
EVN Electricity EVN Electricity
i i 4,72% i i 5,14%
Erh wm O e
’ Electricity ' Electricity
2,33% 2,28%

Nam 2023
EVN Electricity
i i 4,99%
s e
’ Electricity

1,07%

Hinh 1.1. Biéu do co cdu tiéu thu nang leong trong toan Céng ty giai doan 2021- 2025
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Tdng nang lwong tiéu thu cta toan nha may, MWh
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Hinh 1.2. Biéu do tiéu thu nang heong trong toan Cong ty giai doan 2021- 2025

Tiém ning tiét kiém ning lwong

Sau khi khéao sat va danh gid hién trang st dung va quan ly nang lugng tai cong ty, nhom

ki€m toan nhan thay nha may c6 tiém nang ti¢t ki€ém nang lugng tai cac hé thong: may moc san

xuét, hé théng cung cép va phan phéi dién, hé théng may nén khi, hé théng 10, v.v. Dua trén

phan tich va tinh toan chi tiét, tiém nang tiét kiém tai cong ty dugc xé4c dinh nhu sau:

Trén co so cac phan tich chi tiét, tong tiém ning tiét kiém ning lugng ctia nha may duoc
woc tinh dat khoang 34.581.192,4 kWh dién/nim va 20.815,4 tAn than/nim, v6i gia tri tiét
kiém khoang 122.813,40 triéu dong/nam. Pé khai thac tiém ning nay, can dau tu khoang

316.001 triéu dong cho cac giai phap k¥ thuat dugc dé xuat.

Viéc trién khai cac giai phap tiét kiém nang lugng phi hop s& gop phan hd trg Nha may

dat dugc cac muc tiéu chién lugce, bao gom:

Giam chi phi nang luong trong gia thanh san xuét;

Nang cao hi¢u qua van hanh va do tin cay thiét bi;

Giam phat thai khi nha kinh, pht hop véi dinh huéng san xuat xanh;

Timg budce ap dung hé thdng quan 1y ning lwong (vi du ISO 50001) va cac thong 18

quan 1y nang luong tién tién.

Danh séach cac co hoi tiét kiém niang luong duoc trinh bay chi tiét trong cac phan sau.
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1.1

Vé doanh nghiép
Gi6i thiéu vé cong ty
Linh vuc hoat dong: San xuit xi mang
Pon vi duge kiém toan 1a mot nha may xi mang tich hop (clinker va xi miang) van hanh
4 day chuyén san xuat hién dai, st dung cong nghé 10 quay phuwong phap kho, c6 hé
thong WHR phat dién tir khi thai nong. Nha may thudc loai hinh cong ty TNHH nhiéu
thanh vién, hoat dong tir nam 2016, nganh nghé chinh 14 san xudt xi mang, vOi va thach
cao
V& t6 chiic, co cau quan 1y chia thanh 3 khéi chinh: Khdi San xuét (co khi, dién, san
xudt, van hanh trung tdm), Khdi Kinh doanh (vat tu, ké toan, ban hang) va Khoi Noi
chinh (hanh chinh va QC), dui su diéu hanh truc tiép cia Giam dbc nha may. M6 hinh
nay dam bao phan cong chirc ning rd rang nhung hé théng quan 1y niang lwong hién tai
chi yéu tich hop trong cac phong ban, chua van hanh day du theo chuan ISO 50001.
Nguyén liéu chinh: Da voi, dat sét, da voi sach, than, phu gia diéu chinh (quing sat,
quang hoi, silic), thach cao nhan tao va cac phu gia khoang (nhu tro bay, xi thép, xi, sét
den,...).
+ Tong luong nguyén liéu st dung nim 2024: 145.513,49 tin/nim

e Day chuyén 1: 4.275.086,4 tin/nam;

e Day chuyén 2: 4.044.921 tan/nam;

e Day chuyén 3: 3.343.749 tin/nim;

e Day chuyén 4: 3.923.441 tin/nim.

+  San pham chinh: Clinker, Xi mang

Bdng 1.1.  DiF liéu tong san heong san xudt nam 2024

Stt

Thong tin Don vi Nam 2024

Clinker Tan 620.000

Day chuyén 1 - ;
Xi mang Tan 2.636.201

Clinker Tan 570.000

Day chuyén 2 P
Ximang Tan 2.465.184

Clinker Tén 2.153.563

Day chuyén 3 .
Ximang Tan -

Clinker Tan 2.558.356

o B EEN B e N Y R N R S

Day chuyén 4

Xi mang Tan -
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Bang 1.2. Tong nang heong tiéu thu nam 2024 (Pién, than)
Fuel Unit Day chuyén | Day chuyén | Day chuyén | Day chuyén
1 2 3 4
Electricity used kWh | 221.049.989 | 190.123.028 | 175.698.090 | 188.884.080
Electricity EVN kWh | 166.154.736 | 143.920.128 | 123.904.792 -
Electricity production | kWh | 46.347.213 44.768.440 55.686.202 67.720.948
Coal tan 321.601 304.357 301.772 357.740
Bang 1.3.  Phat thai carbon nam 2024
gpp | Loaining Pon | Ninglwong titu | Phat thiai COz | Quy ddi TOE
lwgng vi thu (Tan CO2) (TOE)
bién nang
1 (EVN) kWh 433.979.656 286.079 66.963
2 Than Tan 1.224.438 3.024.362 734.663
Tong 3.310.441 801.626
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Xuit Ciinker

Hinh 1.4.

So do quy trinh san xudt ciia ddy chuyén 1 va 2

Chinker Export

570,000 torvy
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Mo ta cac cong doan trong quy trinh cong nghé:

Quy trinh san xuit xi mang tai Dy chuyén 1 va Day chuyén 2 ctia Nha may Xi ming, bao

gom day du cac cong doan tir chuan bi nguyén li¢u dén san xuat xi mang thanh pham. Céc budc

chinh nhu sau:

1.3

(1) Chuan bi va xir Iy nguyén liéu:

Nguyén liéu chinh bao gdm da voi, da sét va cac phu gia diéu chinh duoc khai thac
hoac tiép nhan tir bén ngoai. Nguyén liéu dugc dap so bo, sau dé van chuyén va luu trir
tai kho ddng nhat nhim dam bao on dinh thanh phan héa hoc trude khi dwa vao cong

doan nghién liéu.

(2) Nghién liéu va dong nhat bot liéu:

Nguyén liéu sau khi duoc dinh luong theo ty 1& phéi lidu s& dugc dua vao may nghién
ding dé nghién thanh bot 1iéu min. Trong qua trinh nghién, vat liéu duoc séy béng khi
nong tir hé théng 16 nung nham giam d6 am. Bot liéu sau nghién duoc dua vao silo

dong nhat dé dam bao tinh on dinh trudc khi cap vao hé thong nung clinker.

(3) Nung clinker:

Bot liéu tur silo déng nhét dugc cép vao thap trao ddi nhiét (preheater), noi vat liéu dugc
gia nhiét nho dong khi nong di nguoc chidu. Sau dé, vat lidu di vao budng tién nung
(calciner), noi dién ra phan 16n phan tmg phan huy CaCO;. Vat liéu tiép tuc duoc dua
vao 10 quay dé hoan tat cac phan ung tao khoang clinker ¢ nhiét 6 cao (khoang

1.450°C).

(4) Lam nguoi clinker:

Clinker sau khi ra khoi 10 quay duoc lam ngudi nhanh trong ghi 1am ngudi bang khong
khi cudng birc. Qua trinh nay giup on dinh cau trac khoang cua clinker va dong thoi

thu hoi nhiét dé tai sir dung trong hé thdng 10 nung.

(5) Nghién xi mang;

Clinker sau khi Iam ngudi dugc tron véi thach cao va cac phu gia khoang theo ty 1¢
nhat dinh, sau d6 dugc nghién trong hé thong nghién xi ming dé dat d6 min yéu cau.

X1 mang sau nghién dugc van chuyén dén cac silo chtra.

(6) Luu trit va xuat san pham:

Xi mang thanh pham duoc luu trit trong cac silo va dugc xuét ra thi truong dudi dang
Xi mang roi hodc dong bao thong qua hé thong dong bao tu dong. Ngoai ra, mot phan
clinker ciing ¢ thé dugc xuét truc tiép tuy theo nhu cau thi trudng.

M3 ta hé thong ti¢n ich phu tro

¢ Hg¢ thong cung cap dién:
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Nha may duoc cp dién tir luéi dién qudc gia qua cdp dién ap 110 kV, phan phdi vé cac
may bién ap trung/ha thé. Hé thong tram bién 4p duoc thiét ké dé dap tmg dong khoi dong cua
cac dong co may nghién: tai Day chuyén 1 & 2, ¢6 9 may bién ap 2000KVA-6.3/0.4KV va 2
may bién ap 1800KVA-6.3/0.6KV hoat dong 24/7.

Diém nhin cong nghé cua co so 1a t6 hop may phat dién tir thu hdi nhiét thai (WHR). Céc
16 hoi thu hoi nhiét (HRSG) duogc dat tai dinh thap preheater (AQC) va dau xa khi cooler (SP)
dé dun s6i nude thanh hoi qua nhiét, quay tuabin phat dién.

Cu thé:

- Day chuyén 1 va 2 dugc trang bj hé théng WHR véi cong suat 7 MW/day chuyén;

- Day chuyén 3 va 4 dugc trang bj hé théng WHR véi cong suat 9 MW/day chuyén.

Dién san sinh tir WHR hoa truc tiép vao ludi ndi bd, vu ti€n nudi cac phu tai nhu quat ID
va may nén khi, dong vai trd nhu mot bd dém giam thiéu san luong dién mua tir EVN.

Ngoai ra, dé dam bao do tin cdy cung cép dién, nha may trang bi cdc may phat dién diesel
du phong nham duy tri hoat dong cua cac phu tai quan trong trong trudng hop xay ra su ¢b hodc
mat dién ludi.

Bang 1.4. Théng s6 tram bién dp

, upng | Ticing | Lt
STT Tén Thiét Bi olwgng | uit (KVA) (hing éy)g

I Diy chuyén 1&2
1 | May bién ap 1250KVA-6.3/0.4KV 5 6.250 24
2 | May bién ap 1000KVA-6.3/0.4KV 1 1.000 24
3 | May bién ap 1800KVA-6.3/0.6KV 2 3.600 24
4 | May bién ap 1600KVA-6.3/0.4KV 4 6.400 24
5 | May bién ap 2000KVA-6.3/0.4KV 9 18.000 24
6 | May bién ap 1400KVA-6.3/0.4KV 1 1.400 24
II DAy chuyén 3&4
1 | May bién ap 1000KVA-6.3/0.4KV 2 2.000 24
2 | May bién ap 1600KVA-6.3/0.4KV 1 1.600 24
3 | May bién ap NL 2000KVA-6.3/0.4KV 9 18.000 24
4 | May bién ap 1800KVA-6.3/0.6KV 2 3.600 24
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Hinh 1.5. So dé cung cdp dién nang va hé thong phu tro ¢é lién quan
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< He¢ thong cung cép than:

Heé théng cung cip than ctia Nha may duoc t6 chire theo chudi lién hoan, dam bao cung
cép nhién liéu 6n dinh va lién tuc cho cac cong doan nung clinker.

CAu tric tiéu thu than hoat dong theo mot vong 1ap khép kin. Than cam nhap khau/ndi dia
dugc nghién min thanh than bot, sdy kho bang khi nong du thira va luu trit tai silo trung gian.
Hé théng van chuyén khi dong sir dung dong khi ap luc cao tir quat Roots blower dé "ban" than
bot qua duong dng dinh luong thang vao calciner va voi dot 1. Tinh ddng nhét cua luu luong
than bot va ap sudt khi van chuyén quyét dinh truc tiép dén hinh dang ngon lira va cuong do
truyén nhiét trong 16 quay.

Nhin chung, h¢ théng cung cép than ctia Nha may dugc thiét ké khép kin, tu dong hoa cao,
dap ung t6t yéu cau vé 6n dinh cip liéu va an toan van hanh, gop phan dam bao hiéu qua cho

qua trinh nung clinker.

Purchased !

Conversi ion

Production line 1

1
1
1
Energy losses |
1
1

Distribution losses  birc xa — 441 lw)

% Knm
Take aw 0% 2243010 k| 43918130 kwh
Flug gas 0.0% wh | 20%
Radiabor 20% 44860184 kwh !

Total 21% 47103204 KAh | Steam
! 2105006508 kwm

I—

Not mapped

’- 229390853

Purchased Coal
0005% 2243000712 KWh

L4-Conl

Process
1822597725 vem

L1 Coa
Mot mapped
36512925 kWh
Production ine 2 . Mapping degroa

Energy losses 20,465
% Kwh Process
Distribution losses ( birc xa - a4l lwu) 4152075858 kh

Taks aw O% 2243010 kAN 41562274 kwn
F 0.0% Kwh 20%
20% 44860184 KiWh
2.1% 44577566 KAh | Steam
2078163678 kwn

I
I
2 1
( Calciner, Lo quay) T
1
1
1

Not mapped

’A 192877728 W

Hinh 1.6. So d6 mé ta dong nang leong cung cdp va tiéu thu than trong Nha mdy
(Daéy chuyén 1&2)

Distribution

Purchased Coal
99.95% 2122741244 KA

L2-Coal

Process
2220478132 wm

Purchased Conversion Consumption
Production line 3

Energy losses

% KWh Distribution losses ( birc xa— ddi lwu)

Take aw: 0% 2104712 kWh 41210264 KWVh Not mapped

Flue gas 00% L 2,0% 29.307.157 KWh

Purchased Coal Radiatior 20% 42094243 KWh Mapping degree
"99,95% 2104712133 KWh Total 21% 44198955 KWh |Steam 99%

2060513179 KWh
Process
L3-Coal e o) Steam distribution 1989.995758 kWh

L3-Coal

Production line 4
Energy losses
%

Kwh
Distribution losses ( birc xa—déi luu)
Take awe 0% 2104712 kWh 48853305 KWh Not mapped
Flue gas 0,0% - KWh 2,0% 53.028.202 KWWh
Purchased Coal Radiatior 20% 42004243 KWh Mapping degree
i 99,95% 2495.061565 kWh Total 21% 52396293 kWh Steam 98%
2442665272 KiNh
Process
L4-Coal ) Steam distribution 2339883675 KWh

Hinh 1.7. So d6 mé ta dong ndang hrong cung cap va tiéu thu than trong Nha mdy
(Daéy chuyén 3&4)

14 Co ciu tiéu thu Ning hrong (2021-2025):
Phén tich hd so ning luong trong 5 ndm cho thiy su ap dao tuyét dbi ctia nhién liéu hoa
thach, dong thdi phan 4nh tinh chu ky ctia van hanh san xuat. Duéi ddy 1a bang thong ké tong

thé su dich chuyén nang luong tir nguon so li€u van hanh néi bo:
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Bdng 1.5. Bang thong ké tong thé sw dich chuyén ning lwong

E;;" bon vi Nim Nim Nim Nim Nim
g ° 2021 2022 2023 2024 2025 (¥)

lwgng
Pién
EUN MWh 537250 | 476.416 | 471.190 | 433.979 | 440.176
Dign MWh 122.184 | 108771 | 101.156 | 214522 | 195.199
WIR . . . . .

Ty trong
Pién % 11,19% 5.50% 4,99% 4.72% 5.14%
EVN

Ty trong
Pién % 2.54% 1,26% 1.07% 2.33% 2.28%
WHR
Than
(Nhit Tén 590.853 | 1.157.729 | 1.270.207 | 1.224.438 | 1.137.336
nang)

T4 t
ytrong % 8587% | 9323% | 93.93% | 92.95% | 92.59%
Than

DAuDO | 1000 Lit 1.834 155 0,25 ; ;
Nude M3 _ 2.092.467 | 3.318.844 ; ;

Ghi chii: Dit liéu nam 2025 méi chi tinh dén thang 10

Bién dong tang vot luong than vao nam 2022 va sy 6n dinh dan tir 2023-2025 cho thay
nhiing diéu chinh sau sic vé chién lugc san xuét hodc bién ddi nhiét tri cia nguén than dau vao.
Co cau 93% nang luong tir than khang dinh rang bat ky giai phap vi mé nao lién quan dén hé
thong st dung than (chang han nham han ché t6n thét birc xa v6 16 hodc téi wu hoa phdi lidu)
cling s€ dem lai gia tri tai chinh vi mo.

V& mit tiéu thu ndi bd gilra cac day chuyén trong nam 2024, téng luong dién EVN dugc
tiéu thu chu yéu tai Day chuyén 1 (166 triéu kWh) va Day chuyén 2 (143 triéu kWh), trong khi
Day chuyén 3 va 4 tin dung ty trong 16n tr WHR va sy phdi hop tai toi wu. San luong dién
WHR san xuat trong nim 2024 dat dinh ¢ Day chuyén 4 (67,7 triéu kWh) va Day chuyén 3
(55,6 tricu kWh).
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2 Phwong phap xac dinh cac du an hi¢u qua nang
lwgng
2.1 Cich thirc xac dinh va phat trién cac dw an HQNL

Sy thanh cong cua bt ky dot kiém toan ning lugng nao ciing phu thudc hoan toan vao
phuong phap luan (Methodology) duogc ap dung. Dé dam bao do chinh xac cua dit liéu va tinh
kha thi cua cac dé xut, nhom chuyén gia da tuan thu nghiém ngit phuong phép luan da ting
theo chudn DEEP3 ctia Pan Mach, tudn tha quy dinh hién hanh (Théng tu 25/2020/TT-BCT)
két hop cac hudng dan k¥ thuat cua chuong trinh DEEP3 va khung tiéu chuan qudc té ISO
50002 (Tiéu chuén vé Kiém toan ning luong) do UNIDO khuyén nghi.

Phuong phap nay doi hoi phai nhin toan bd hé théng mot cach téng thé (Systems
Approach), thay vi xem ting thiét bi riéng 1. Cu thé, cdn phan tich mdi lién hé nhiét dong giira
cac dong vat chat va ning luong trong toan bd nha may, dwa trén cach tiép can hé thong va st
dung ban d6 nang lugng (Energy Mapping).

Céc budc chinh gdm: x4c dinh pham vi, thanh 1ap nhom kiém toan, thu thap di liéu lich st
3-5 nam, khao sat va do dac hién truong, xdy dung ban db can bang vat chat — ning luong theo
cong doan va day chuyén, phan tich KPI va so sanh v6i chuan nganh, tir 46 xac dinh va phan
loai cac co hoi HQNL.

CAu tric tiéu thu nang lugng dugc phan tich chi tiét theo loai nang luong (dién ludi, dién
WHR, than, nhién li¢u phu) va theo khu vuc tiéu thu chinh (nghién, van chuyén, 10 — ghi, khi
nén, chiéu sang, phu trg). Cac khu vuc st dung ning luong trong yéu (SEU) dugc nhan dién dé
vu tién phan tich sau va dé xuat giai phap.

% Quy trinh thyc hién Kkiém toan nang lugng:

Quy trinh kiém toan nang lugng trong du 4n dugc thyc hién tuan thua cac quy dinh hién
hanh ciia Viét Nam, dong thoi tich hgp cac phuong phép tién tién tir cac chuong trinh qudc té.

Quy trinh kiém toan nang luong dugc thuc hién theo huéng dan cuia Thong tu 25/2020/TT-
BCT ngay 29 thang 9 ndm 2020. Cu thé nhu hinh dnh bén dudi:
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Xac dinh pham vi kiém toan

Thanh 1ap nhém kiém toan

U'éc tinh khung thei gian va kinh phi

Buoc 4 Thu thap dir liéu cé san

Kiém tra thue dia va do dac
Xac dinh cac diém do chién luoc;
Lap dat thiet bj do.

RUAURUEL L

Phan tich s6 liéu thu thap dwoc
Xac dinh cac tiém nang tiét kiém nang lwong;
Xac dinh chi phi dau tu;
Chuén hoa dir liéu;
Dam bao sw hoat dong binh thwdng cla day
chuyén coéng nghé.

Buwéc 6

Hinh 2.1. Quy trinh kiém todn nang lwong theo Théng ti 25

/. T ™\
‘ X

@@® Licnhé thong tin Lap ban do nang lvong

Po dac & danh gia

Thu thap dit liéu €
hién trang hé thong

Hop khéi dong
! = va thong tin hién co

¥

Dinh gia hiéu suit

nang lwong st dung nang lwong

¥

—
Phan tich chuyén sau <::|
—)

Phan tich va dé xuat Tinh toin k¥ thuat - kinh té,

Hop giita ky véi nha may

— — — — — — — — — — — —

=
|
Xac dinh tiém nang tiét kiém <:|:I
I
|
I
I
\

) giai phap s dung NL hiéu qua danh gia kKha thi ting giai phap
Hoan thanh b : (B két qui cud
oan thanh bio cio 40 cdo ket qua cudi cung /
Bio cio cho DOIT : Q Kkiém toan ning lwong cho nha may
/ NG
S e o -~

Hinh 2.2. Quy trinh kiém todn nang lwong theo chwong trinh DE3
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Ngoai viéc tudn thu cac tha tuc kiém toan ning luong theo Thong tu 25/2020/TT-BCT,
phuong phap luin duoc ap dung trong du an nay ciing dugc diéu chinh phu hop véi cac hudng
dan k¥ thuat caa DEPP3, véi cac ndi dung chinh bao gém:

- Cach tiép can dua trén hé théng, tap trung vao cac khu vyc ti€u thu nang luong
chinh;

- Phat trién ban dd ning luong dé danh gia dong ning luong va xac dinh cac diém
that thoat;

- Phan tich c4c chi s hiéu suét ning luong (KPI) cho timg quy trinh va day chuyén
san xuét;

- Xac dinh va phan loai cac co hoi tiét kiém nang luong theo murc do uu tién (Cép A,
Cap B);

- Panh gia cic giai phap khong chi dua trén tiém ning tiét kiém ning lugng ma con
xem xét tinh kha thi vé mat k¥ thuat va tac dong van hanh..

Viéc tich hop cac hudng dan quc gia véi cach tiép can ciia chwong trinh DEPP3 dam bao
tuan thi quy dinh ddng thoi nng cao chiéu sau phan tich va tinh (mg dung thyc tién cia cac
giai phap duogc dé xuat.

% Cong cu lap ban dé ning lwong (Energy Mapping)

Cong cu 1ap ban do ning lugng (Energy Mapping) 13 phuong phép phan tich trung tim
trong bao céo nay. Cong cu ndy chuyén hoa cac con sé rdi rac thanh mot so dd s6 hoa dong
ning luong luan chuyén toan nha may. Nhom tu van da xay dung so do ning lugng tong thé
cho Nha may nham tryc quan hoéa mé ta dong ning lugng tir dau vao dén cac khau tiéu thy
chinh, bao gom:

- Can bang nang luong giira cac cong doan (nghién liéu, 16 nung, 1am ngudi clinker,

nghién xi mang, phu trg)

- Dénh gia hidu suat sir dung nang luong cua timg hé thong

- Xaéc dinh cac diém ton that nang luong va co hoi cai tién

Phuong phap nay chia tach dong chay nang luong thanh hai nhanh chinh:

- Dong Nhiét ning (Thermal Energy flow): Khao sat do dém chi ra rang dong nhiét (tir
than) thit thoat chu yéu ¢ 3 khu vue: (1) Birc xa va ddi luu qua v6 106 quay va thap tién
nung do suy giam chit lugng gach chiu Itra cach nhiét; (2) Nhiét lugng mang di boi khi
thai ong khoi chua duoc hé théng WHR thu hoi triét dé; (3) Nhiét that thoat mang theo
boi clinker nong khi ra khoi thiét bi lam ngudi do trao doi nhiét v6i khong khi thir cap

chua dat murc toi vu.
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Dong Dién ning (Electrical Energy flow): Piém nong (hotspot) tiéu thu dién hoi ty tai
hé théng may nghién (Raw mill & Finish mill) do dic tinh t6n hao ning lwong do ma
sat co hoc 1a cuc 16n; hé thdng quat hut ID (Induced Draft Fan) cong suat hang MW
phuc vu kiém soat khi dong hoc 16 nung; va cac hé théng phu tr¢o (khi nén, bom nudc
lam mat). Viéc anh xa so do chi ra rd rang khoang cach (gap) giita ning luong dau vao

va cong htru ich sinh ra, tir §6 dinh luong chinh xac tiém nang tiét kiém.

Nho Energy Mapping, nhom chuyén gia di boc tach rd rang Suét tiéu hao dién (kWh/tan)

va Sudt tiéu hao nhiét (kcal/kg) (cac EnPls) cho tirng cum thiét bi. So dd ning luong ciing gitup

Ban quan 1y ning luong ciia Nha may c6 cai nhin tong thé vé dong ning luong trong toan bod

day chuyén san xuat, tir d6 hd tro viéc ra quyét dinh va xay dung 16 trinh t6i wu hoa st dung

nang luong trong dai han.

Danh gid hi¢u suét nang lugng tai Nha may dugc thuc hién thong qua viéc so sanh mirc

tiéu thu nang luong thyc té€ voi cac gia tri chuan (benchmark) trong nudc va qudc té, dong thoi

tinh toan cac chi s6 hiéu sut niang lugng (KPI) cho ting cong doan san xuit.

Cu thé, nhom tu van tap trung danh gia:

Suit tiéu hao dién va nhiét clia cic ddy chuyén san xuét clinker va xi mang

Hiéu suit cia cac hé théng tiéu thu nang lugng chinh nhu 16 nung, nghién liéu, nghién
x1 mang, h¢ théng khi nén, quat va bom

Hiéu qua thu hoi va sir dung ning lugng tir hé théng WHR

Trén co s& do, cac khu vuc c6 hiéu suit thép hodc chua toi wu duge xac dinh, 1am tién

dé dé dé xuét cac giai phap tiét kiém nang lugng.

Két qua Benchmarking v&i dir liéu nganh (Vietnam Cement Industry Average) cho thay

mot bire tranh tich cuc dan xen:

Suat tiéu hao dién nung clinker: Co so dat hiéu suat tuyét voi, thap hon trung binh
nganh tir 8—~17% va van hanh cyc ky on dinh qua 5 nam.

Suat tiéu hao dién nghién xi mang: Pat mirc twong duong trung binh nganh. Tuy nhién,
phan tich d6 1éch chuan cho thidy Day chuyén 1 tiéu thu nhiéu dién ning hon so voi
thiét k&, 1a diu hidu canh bao mai mon co khi tai may nghién hoic suy giam lyc ly tim
tai by phan ly.

Suat tiéu hao nhiét nung clinker: D hé théng WHR d gitip thu hoi nhiét dang ké, viéc
1ap ban d0 ning lugng phét hién mot ving dang chu y: ton that nhiét birc xa qua vo 10
va sy lang phi cac dong khi thai nhiét do trung binh (65°C - 150°C) thoat ra tai cac khu

vuc loc bui, silo va nghién. Khoéng gian t61 wu hoa nhiét dong luc hoc tai day la rat 1on.
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Qua trinh phan tich va danh gia chi tiét duoc thuc hién dua trén viéc téng hop dir liéu do
dac, dit liéu van hanh va két qua khao sat hién truong, nham xay dung co s&d k¥ thuat cho céc
giai phap tiét kiém nang luong.

Céc ndi dung phan tich chinh bao gdm:

- Phén tich co cdu tiéu thu ning luong theo timg céng doan san xuat (nghién liéu, 1o

nung, 1am ngudi clinker, nghién xi ming va hé thdng phu trg)

- Pénh gia cac chi s6 hiéu suit ning lwong (KPI) va so sanh véi cac gia tri tham chiéu

(benchmark)

- Xay dung so d6 ning lugng chi tiét cho timg khu vuc va hé thong

Bén canh do, muc tiéu thu nang lugng cua céac thiét bi va hé théng chinh cting dugc phan
tich, bao gdbm:

- Day chuyén san xuit clinker: 16 nung, calciner, hé thong 1am ngudi clinker

- DAy chuyén nghién xi ming: may nghién, phéan ly, van chuyén

- Heé théng khi nén, hé thong 1am mat, hé thong quat va bom

- Hé thdng thu h6i nhiét (WHR) va cac phu tai dién chinh

Bao céo di phan tich chudi dir liéu va co cAu tiéu thu nang lugng qua cac ndm, mang lai
nhimg insight quan trong. Thr nhat, c6 mot sy bung nd vé khéi lugng tiéu thy than sau nim
2021 (tang gan gap doi, tir hon 590 ngan tan 1én ngudng duy tri trén 1.1 dén 1.2 triéu tin/nam).
Su gia ting nay dy ty trong nhiét ning 1én ngudng chiém hon 92% tong co cdu ning luong
quy ddi. Thir hai, sy phu thudc gz‘in nhu tuyét ddi vao than cam (mot dang nang lugng hoa thach
c6 hé s phat thai cuc cao) da truc tiép sinh ra hon 3 triéu tin CO2 trong nam 2024, tao ra mot
rti ro tai chinh dang ké néu céc sic thué carbon qudc té duoc ap dung (CBAM). Tuy nhién,
luong dién mua tor EVN c6 xu hudng gidm nhe va dugc bu dép béi hé théng WHR néi bo,
chung t6 nang luc ty chu dién ndng cuia doanh nghiép dang dugc cai thién.

Qua trinh phén tich nay gitp xac dinh nguyén nhan giy ton that ning luong, danh gia mirc
d6 anh huong va 1am rd tiém ning cai thién cta ting hé thong.

Viéc xéc dinh cac co hdi tiét kiém nang luong dugc thuc hién trén co s¢ két qua danh gia
hiéu sudt va phan tich chi tiét cac hé thong trong Nha may.

Nhém tu van tién hanh:

- Nhan dién cac co hdi tdi wu van hanh va cai tién cong nghé

- Pé xuit cac giai phap tiét kiém ning luong phu hop véi timg hé thdng va diéu kién

thuc té

Céc gidi phép tap trung vao:

- Tbi wu héa van hanh day chuyén san xuat

- Nang cao hiéu sut thiét bi

- Ung dung cong nghé tién tién (vi du: Machine Learning, tur dong hoa)
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Tan dung nang lugng du thira va nang luong tai tao

Do6i1 véi moi gidi phap, nhom tu van thyc hién:

U'dc tinh tiém ning tiét kiém niang lugng va chi phi
Panh gia so bo chi phi dau tu
Phan tich hiéu qua kinh té (thoi gian hoan vbn, IRR, NPV néu can)

Cudi cung, céac giai phap dugc xép hang wu tién dya trén cac ti€u chi:

Muc d9 tiét kiém nang luong
Tinh kha thi k¥ thuat
Chi phi dau tu

Thot gian hoan von

Qua d6, xay dung danh myc cac du an tiét kiém nang lugng co tinh kha thi cao, lam co s&

cho ké hoach trién khai trong giai doan tiép theo.

Suit tiéu hao niing lweng:

Do déc thu san xuat xi mang gém hai nhém san pham chinh 1a clinker va xi mang, dién

ning dugc tach thanh hai phan dé danh gia riéng:

a) Suat ti€u hao dién cho san xuat clinker

kWh/ Tan Clinker

70
60
5

o

4

o

3

o

2

o

1

o O

Biéu do so sanh suét tiéu hao dién nang cho hoat dong san xuét Clinker gita
cac Day chuyén trong Nha may va theo trung binh thong ké nganh XM Viét Nam

hién nay
9.7 55.02
53. 42 5348 52.31 i 52.71 53.78
.
I I I I I I |
Day chuyén 1 Day chuyén 2 Day chuyén 3 Day chuyén 4

mmmm Nam 2024 mmmm Nam 2025 ==0== Trung binh nganh XM Viét Nam (2025)

Hinh 2.3. Biéu d6 so sanh sudt tiéu hao dién nang cho hoat dong san xudat Clinker gitta cdc

Day chuyén trong Nha mdy va theo trung binh thong ké nganh XM Viét Nam hién nay

b) Suét tidu hao dién cho nghién xi mang
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39
38
37
36
35
34
33
32

an xi mang

kWh/ t

Biéu d6 so sanh suét tiéu hao dién nang cho hoat dong nghién xi mang gitva cac
Day chuyén trong Nha may va theo trung binh thong ké nganh XM Viét Nam

hién nay
38.27
37.16 36.20
35. 48
. 3
Day chuyén 1 Day chuyén 2

mmm Nam 2024 mmm Nam 2025 ==@®== Trung binh nganh XM Viét Nam (2025)

Hinh 2.4. Biéu d6 so sanh sudt tiéu hao dién ning cho hoat dong nghién xi mdang giita cdc

Day chuyén trong Nha mdy va theo trung binh thong ké nganh XM Viét Nam hién nay

¢) Suét tiéu hao nhiét ning cho san xuit clinker

1000
900
800
700
600
500
400
300
200
100

Kcall Tan Clinker

o

Hinh 2.

Biéu d6 so sanh suét tiéu hao nhiét nang cho hoat déng san xuét Clinker giva
cac Day chuyén trong Nha may va theo trung binh thong k& nganh XM Viét Nam

hién nay
915.5 913.7 806.8
781.9 809.9
Day chuyén 1 Day chuyén 2 Day chuyén 3 Day chuyén 4

mmm N&m 2024 mmm Nam 2025 ==@= Trung binh nganh XM Viét Nam (2025)

5. Biéu do so sanh sudt tiéu hao nhiét nang cho hoat dong san xuat Clinker giita cdc

Day chuyén trong Nha mdy va theo trung binh thong ké nganh XM Viét Nam hién nay
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Biéu d6 so sanh suét tiéu hao nhiét nang cho hoat dong san xuét Clinker gira
cac Day chuyen trong Nha may va theo trung binh thong ké nganh XM Viét Nam
hién nay sau khi bu trt¢r nhiét quy doi tir hé thong WHR

1000
764.9
900 896.6 8944 4517

832.8
764.1 689.8 788.1
670.8

Day chuyén 1 Day chuyén 2 Day chuyén 3 Day chuyén 4

800
700
600

500
400
300
200
100

Kcall/ Tan Clinker

mmmm Nam 2024 mmmm Nam 2025 «==@== Trung binh nganh XM Viét Nam (2025)

Hinh 2.6. Biéu d6 so sanh sudt tiéu hao nhiét ning cho hoat déng san xudt Clinker giita cic
Day chuyén trong Nha mdy va theo trung binh thong ké nganh XM Viét Nam hién nay
sau khi bir trir nhiét quy doi tir hé thong WHR

Nhin chung, Nha méy c¢6 hiéu qua st dung ning luong t6t hon muc trung binh nganh, dic
biét & cong doan san xudt clinker véi suat tiéu hao dién thap hon 8-17% va van hanh 6n dinh
qua cic nim. Coéng doan nghién xi ming ciing dat mirc twong duong hoic tot hon trung binh
nganh, tuy nhién van t6n tai chénh léch giita cdc day chuyén, trong d6 day chuyén 1 con tiém
nang toi uu.

V& tiéu hao nhiét, hiéu qua van hanh giita cac day chuyén chua dong déu nhung da c6 sy
cai thién rd rét trong nam 2025, dic biét & dy chuyén 1 va 3. Viéc tan dung nhiét thai thong
qua hé thong WHR gop phan dang ké trong viéc giam tiéu hao niang lugng tong thé, gitp nha
may tiém can muc hi¢u qua tot. Tuy nhién, van con du dia cai thién, chu yéu & t6i vu van hanh
16 nung va cong doan nghién xi ming. Do d6, viéc trién khai dong bo cac giai phap tiét kiém
nang luong, két hop v6i ap dung hé thdng quan 1y ning luong theo tiéu chuan ISO 50001:2018,
s& gitip nang cao kha ning kiém soat, giam bién dong va tdi wru suit tiéu hao ning lugng toan
nha may.

Dé xé4c dinh tiém nang tiét kiém nang luong, nhom tu van di két hop phan tich hé thong

bang coéng cu Ban d6 ning lugng (Energy Mapping) voi danh gia chuyén gia.
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Nhitng phat hién chinh tir phéan tich so d6 ning luong bao gom:

Distribution of waste heat potential
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LP kieém 2

Hinh 2.7. Nhdn dién tiém nang TKNL tir mapping

Két qua phén tich so dd ning luong cho thy cac phu tai dién 16n tap trung chu yéu tai cac
hé théng nhu nghién liéu, nghién xi mang, quat cong suit 16n va hé thong khi nén. Trong do,
hé théng khi nén va cac thiét bj van hanh lién tuc (quat, bom) chiém ty trong tiéu thu dién dang
ké, cho thiy tiém nang t6i wu thong qua cai thién ché do van hanh va nang cao hiéu suét thiét
bi.

Déi véi nang luong nhiét, phan 16n nhiét duge cung cip cho qua trinh nung clinker tai 16
quay va calciner. Tuy nhién, van ton tai ton that nhiét dang ké qua khi thai, btrc xa va cac cong
doan 1am ngudi clinker. Mic du nha may da trang bi hé théng thu hoi nhiét thai (WHR), mot
phén nhiét du van chua duogc tan dung triét dé, dac biét tai cac dong khi thai va khu vyc lam
ngudi.

Ngoai ra, do trong nha may ddng thoi ton tai cac qua trinh can gia nhiét va 1am mat, cing
v6i nhiéu ngudn nhiét thai khac nhau, nén tiém ning toi wu héa thong qua thu hoi va tai st dung
nhiét 1a dang ké. Viéc xdy dung so d6 nang luong giup truc quan héa dong ning lugng trong
toan bo day chuyén, tir 6 hd tro cong tac quan 1y, kiém soat va d& xuat cac giai phap tiét kiém
nang lugng nhu t6i wu van hanh, cai tién cong nghé va ning cao hiéu suét hé thong.

Qua trinh l4p ban do ning luong ciing phat hién mot ty 1é ning luong 'Chua phan bd' (Not
Mapped) nhat dinh, cho thiy doanh nghiép can nang cip hé thng cong to do dém phan xuong
dé kiém soat ton that chinh xac hon.
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Distribution of waste heat petential
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Hinh 2.8. Nhén dién tiém nang thu hoi nhiét thai va téi wu nhiét gita cdc qud trinh (ving
khoanh do)

Thong qua cc phuong phap phan tich hé thong néu trén, nhém tu van da dé xuat danh myc
cac giai phap tiét kiém ning luong tiém ning (List level B) nhu trinh bay tai Chuong 3 cta bao

4

céo.

Tiém ning tiét kiém ning lugng do nhom tu van dé xuat 13 rt 1on. Viéc thuc hién cac giai
phap nay s& gop phan giam dang ké chi phi nang lugng. Theo danh gia, cac giai phap néu trén
c6 tinh kha thi cao vé mat ky thuat va kinh té. Dua vao danh muc dé xuat, nhoém tu van s& phéi
hop cing Nha méy lya chon cac giai phép can nghién ctru dau tu tiép theo (Danh muc level A).

Chi phi dau tu s& duoc udce tinh so bd va tinh toan chi tiét trong giai doan dau tu.
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Bang 2.1

Danh muc level A — Cdc giai phdp TKNL can ddu tw

Tiét kiém N U6re tiét kiém . g
. . : Tiém nang tiét ., . Chi phi dau tw | Hoan von
STT Mo ta nang lugng Kiém (KWh) chi phi (Tri¢u (Triéu VND) (ndim)
than (tan) y VND) y
Xay dung, 4p dung va chimg nhan Hé thong
1 |quan 1y ning lugng theo tiéu chuan ISO 2.448,88 1.296.654 8.648 3.000 0,35
50001:2018
2 | Giai phap lap dat hé thong dién mat troi 14.134.437 30.945 172.250 5,57
3 Lap da‘fblen tanA(:hOAMNK’ke‘f hop bd diéu khién 500.358 1.150,02 3.600,00 3.13
trung tdm cho hé thong khi nén
Cai tao duong ong “Lip dat dudng dng phan c
4 | RDCHONE ONS Lap A4t cuong Ong phan cap 836.437,63 1.629,38 4.500,00 2,76
ap suat cho hé thong khi nén
Lap dit hé thong boéng lam sach tu dong
HydroBall, thiét bi khir cin dién tr va bo diéu
5 | khién ty dong cho bom nuéc tuan hoan va quat 2.447.672 4.768,07 3.000 0,63
gi6 thap giai nhiét theo p suat chan khong binh
ngung
Giai phap thu hoi nhiét thai (>1000C) bang tng
dung cong nghé may lanh hap thy phuc vu cho
6 . 3 1.296.480,00 2.525,54 9.000,00 3,56
hé thong diéu hoa khong khi cho cac phu tai khu ’ ’ ’ ’
vuc phong diéu khién va tram dién (DC1 - DC4)
coe h ;o M h L . 2 t,( .
7 | Giaiphap ing dung Machine Learning detoiwu | ¢ 350 ¢ 12.966.543,13 71.175.25 116.600,00 1,64
hoa van hanh san xuat
Tong 20.815,45 33.568.582 120.841 311.950 2,58
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2.2 Panh gia du an Hi¢u qua nang lwong (HQNL)

Viéc danh gia timg giai phép tiét kiém ning lugng duwoc thuc hién dira trén mot khung danh
gi4 ¢o ciu truc rd rang. Viée danh gia nay xem xét nhidu yéu td, bao gdbm muc tiét kiém ning
lugng, hi€u qua tai chinh va tdc dong mdi trudng, nhdm dam bao phan tich toan dién cho ting
giai phap duoc dé xuét.

Dbi véi mdi giai phap, muc tiét kiém ning luong dwoc ude tinh bang cach so sanh muc tiéu
thu nang luong co s voi hi¢u suét du kién sau cai tién. Tinh kha thi vé tai chinh duoc danh gia
thong qua cac chi sé chinh nhu thoi gian hoan vén, Ty suit hoan vén ndi bo (IRR), va Gia trj hién
tai rong (NPV), xét dén ca chi phi dau tu ban dau va khoan tiét kiém dai han. Bén canh d6, loi ich
moi trudong dugc dinh luong thong qua muc giam phét thai CO, va quy d6i sang don vi TOE (tin
dau quy d6i), dam bao phu hop véi cic muc tiéu phat trién bén viing.

Céc tinh todn chi tiét cho ting giai phap HQNL dugc trinh bay trong phan phu luc.

+ Phan 1: Giai phap tiét kiém ning lwong vé k¥ thuit:

221 H¢ thong cung cap dién
o Lap dat hé thong dién mit troi trén mit dat

Dir liéu diu vao:

- Cong suat lap dat du kién: 10.000 kWp;

- Séan lugng dién trung binh 1 ndm: 14.134.437 kWh;

- Chi phi lap dat: theo 3 phuong an (khéng luu trit, luu trit 10MWh va luu trit 20MWh);

- Tuoi tho ciia giai phap: 20 nam.

Tém tit két qua tinh toan hiéu qua kinh té:

- Nang lugng tiét kiém: 14.134.437 kWh/nam;

- Chiphi tiét kiém héng nam: 30.945 triéu VND/nam;

- Chi phi du tu du an: 172.250 triéu VND;

- Thoi gian hoan von: 5,6 nam.

Két ludin: Giai phap c6 tiém ning tiét kiém ning luong va giam chi phi van hanh déng ké
cho Cong ty, dong thoi gop phan giam phat thai khi nha kinh. Tuy nhién, day 1a giai phap c6 quy
mo 16n, Cong ty nén phat trién 16 trinh trién khai phut hop dua trén co s6 két qua kiém toan ning
luong nay. Dé nang cao hidu qua dau tu, Cong ty co thé tim kiém ngudn von hd trg tir chuong
trinh ho tro dau tu tiét kiém ning luong ciia Bo Cong Thuong, cac chuong trinh hd trg tai chinh
tir t6 chire phi chinh phu hoac dau tu theo hinh thtrc chia sé loi nhuan tir hiéu qua tiét kiém nang

luong thong qua cac Cong ty dich vu nang lugng (ESCO).
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2.2.2 Hé thong chiéu sing

o Thay thé cac béng halogen cong suit 70W va 150W bing cac béng dén Led hiéu

suat cao
Dir li¢u dau vao:
- Cong suat dén:

+ Halogen 70W (thuc té 85W) — LED 30W
+ Halogen 150W (thuc té 170W) — LED 70W

S6 lugng:
+ 4.362 bong (70W)
+ 149 bong (150W)

Thoi gian van hanh: 3.650 gid/ndm

Hé s6 str dung dong thoi: 80%

- Gia dién trung binh: 1.948 VND/kWh.
Tém tit két qua tinh toan hiéu qua kinh té:
- Téng dién nang tiét kiém: 744.045 kWh/nim

Tong chi phi tiét kiém: 1.449 triéu VND/nam

To6ng chi phi dau tu: 2.841 triéu VND

- Thoi gian hoan vén: 1,96 nam.

Két luan: Giai phap c6 tinh kha thi cao, cong nghé don gian, d& trién khai va mang lai hiéu
qua tiét kiém dién 1o rét. Pay 1a giai phap chi phi dau tu trung binh — hoan von nhanh — rai ro

thap, phu hop trién khai dong loat trong toan nha may.

2.2.3  Hé thong khi nén
o Giai phap 1: Lap dit bd bién tan diéu khién (VFD) cho h¢ thng may nén khi két
hop véi b diéu khién trung tim cho hé thong khi nén
Dir li¢u dau vao:
- S6 luwong hé théng khi nén khao sat: 6 hé théng (D31 — D36)
- Téng cong suat lap dit: 480 — 720 kW/hé thong
- Ap suat van hanh hién tai: ~0,65 — 0,68 MPa
- Ap suét sau cai tao: ~0,62 MPa

- Thoi gian van hanh: lién tuc (~85 — 99% tai)

TRANG 21 TREN 103



- Ty 1€ chay khong tai (unload): ~30%

- Gia dién trung binh: 1.948 VNB/kWh.

Tém tit két qua tinh toan hi¢u qua kinh té:

- Nang luong tiét kiém mdi nam: 590.358 kWh/nam;
- Chi phi tiét kiém mdi ndm: 1.150 triéu VND/nim;
- Chi phi dau tu du 4n: 3.600 triéu VND;

- Thoi gian hoan vén: 3,13 nam.

Két ludn: Giai phap c6 tiém ning tiét kiém nang luong dang ké va phu hop trién khai, dic
biét hiéu qua tai cac hé thong c6 phuy tai 1on va thoi gian van hanh cao (nhu D35, D34). Tuy nhién,
can xem xét uu tién dau tu theo tirmg khu vuc dé t6i wu hiéu qua tai chinh, do mot s6 hé thong co
thoi gian hoan von dai hon.

o Giai phap 2: Thuong xuyén kiém tra va sira chira ro ri khi nén

Dir liéu dau vao:

S6 lugng hé théng khi nén: 6 hé thong (D31 — D36)

S6 lugng may nén khi: 4 — 6 may/hé thong

- Tbng cong suat lap dat: 480 — 720 kW/hé thong

- Dién ndng tiéu thy ndm co sé: ~2,1 — 4,6 tricu kWh/nam/hé théng
- Ty 1¢ thét thoat do 10 i woc tinh: ~1%

- Gid dién trung binh: 1.948 VND/kWh.

Tém tit két qua tinh toan hiéu qua kinh té:

- Tbng dién nang tiét kiém: 182.732 kWh/nim

- Téng chi phi tiét kiém: 356 triéu VND/nam

- Tdng chi phi dau tu: 120 triéu VND.

- Thoi gian hoan von: 0.34 nam.

Loi ich b6 sung:

- Giam tai cho hé théng may nén khi;

- Giam ton that khi nén va nang cao do 6n dinh ap sut;
- Giam phat thai khoang ~120 tan CO,/ndm.

Két ludn: Pay 1a giai phap chi phi thip — hiéu qua cao — hoan von rat nhanh, can dugc uu
tién trién khai ngay. Viéc kiém soét va khic phuc ro ri khong chi giup tiét kiém ning luong ma

con cai thién do tin cay va tudi tho cua toan bo hé thong khi nén.
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o Giai phap 3: Lip dit dwong dng phan phdi ap suét cho hé thong khi nén

Dir li¢u dau vao:

S6 lugng hé théng khi nén: 6 hé théng (D31 — D36)

S6 lugng may nén khi: 4 — 6 may/hé thong

Téng cong suat lap dit: 480 — 720 kW/hé thong

Dién nang ti€u thu nam co so: ~2,1 — 4,6 tricu kWh/nam/hé théng
Ap suat van hanh hién tai: ~0,65 — 0,68 MPa

Ty 1& phu tai ap thap: ~45 — 60%

Ap suit sau cai tao (nhém thap ap): ~0,50 MPa.

Tém tit két qua tinh toan hiéu qua kinh té:

To6ng dién ning tiét kiém: 836.438 kWh/nam
Tong chi phi tiét kiém: 1.629 triéu VND/nam
Té6ng chi phi dau tu: 4.500 triéu VND

Thoi gian hoan von: 2,14 — 4,82 nam.

Loi ich b6 sung:

Két ludin: Giai phap c6 hiéu qua tiét kiém nang lugng tuong di cao, phu hop véi dic thu

phu tai phan tan theo nhidu mirc 4p suét trong nha may xi mang. Viéc phan cp ap suat gitp tdi

Gidm tai van hanh cho nhom may nén khi &p suat cao;
Gidm ton that do ti€t luu va han ché hién tugng tao khi nén du ap;
Giam ty 1€ ro ri khi nén do gidm ap suat trén phan 16n mang phan phoi;

Nang cao do 6n dinh 4p suat cho timg nhom phu tai theo nhu cau thyc té;

Giam hao mon thiét bi, kéo dai tudi tho may nén khi va cac thiét bi st dung khi nén;

Tao diéu kién thuan loi cho cong tic quan 1y, gidam sat va toi wu van hanh hé thong khi

nén theo timg cap ap suét;

Giam phat thai khoang 551,38 tan CO2/nam.

uu véan hanh toan h¢ thong khi nén va mang lai hi€u qué bén virng.

224

H¢é thong thu hdi nhiét phat dién (WHR)

o Lap dit hé thong bong 1am sach tw dong HydroBall, thiét bi khir cin dién tir va
bo diéu khién tw dong cho bom nuwéc tuin hoan va quat gi6 thap giai nhiét theo

ap suét chan khong binh ngung

Dir liéu dau vao:
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Hién trang van hanh: Tén that nhiét tai binh ngung hé théng phat dién thu hoi nhiét
(WHR) 16n (>50%), ap suit chan khong kho duy tri & mirc thip do ciu cin va gidi han
ctia viéc diéu khién bom/quat thu cong

Tdng dién ning phat ciia hé théng: 52,67 triéu kWh/nim

Luong dién tu dung hién tai cua hé théng WHR: 2,84 triéu kWh/nam (~5,39%)

Tiém ning giam dién tu dung: 12%

Hiéu suit hé théng tang dy kién: 4%

Gia dién trung binh: 1.948 VNB/kWh

Tém tit két qua tinh toan hiéu qua kinh té:

Pién ning tiét kiém (giam tu ding): 340.968 kWh/nim

Pién ning ting thém (do ting hiéu suat): 2.106.704 kWh/nim
Téng loi ich dién ndng quy ddi: 2,45 triéu kWh/nam

Téng chi phi tiét kiém: 4.768 triéu VND/nam

Giam phat thai: 225 tin CO,/ndm

Chi phi dau tu: 3.000 triéu VND

Thoi gian hoan vén: 7,5 thang (~0,63 nam)

Mic giam phat thai CO2 duy kién: 224,77 tin CO2/nim.

Loi ich b6 sung:

Cai thién 4p suét chan khong binh ngung tir khoang -85,7 kPa 1én -92,5 kPa, gitip ning
hiéu suat hé thong WHR khoang 3—5%;

Giam 10-15% dién nang ti€u thu ctia hé théng nudce tuan hoan va thap gidi nhiét;

Duy tri hi¢u qua trao ddi nhiét 6n dinh, han ché cdu can va giam tan suét vé sinh thiét bi;
Giam chi phi bdo tri, nang cao tudi tho thiét bi va tang do on dinh van hanh hé théng;
Gop phéan giam phat thai khi nha kinh va nang cao hiéu qué str dung nang luong toan nha

may.

Két luan: Giai phap mang lai hiéu qua kép véi tinh kha thi k¥ thuat va kinh té cao, tinh d6i

moi tot va hoan von rat nhanh, mang lai loi ich kép vira giam dién tu dung vira tang san lugng

dién phat. Viéc trang bi thiét bi khir cin dién tir két hop cing cong nghé 1am sach tu dong gitip

duy tri bé mit trao ddi nhiét cua binh ngung luon sach, ngan ngua triét dé 16p cau can. Nho do,

ap suit chan khong cua hé théng duoc cai thién tdi da, vira 1am ting san luong dién phat ra tir
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tuabin, vira giam thiéu dién nang tu ding ctia cum bom va quat thap giai nhiét. Vi thoi gian hoan

vbn chua t6i 8 thang, ddy 1a giai phap wu tién hang dau can dugc doanh nghiép trién khai ngay.
2.2.5 Hé thong may san xuit

o Giai phap 1: Thay thé cic dong co IE1 hi¢u suit thip bing cac dong co hidu suit
cao (IE3-1E4)

Dir li€u dau vao: (Tinh toan mdau cho mot so dong co tiéu biéu tai Line 1 va Line 2)

Line 1 (IE1 — IE4):
+  Cong suat: 160 kW (1 dong co — may dap 221CRO1)
+  Hiéu suat: 93,8% — 96,6%

Line 2 (IE2 — IE4):

+  Cong suat: 90 kW x 2 dong co (bang tai 322BC02 & 522BCOSMTO1)
+  Higu suat: 93,0% — 96,1%

Thoi gian van hanh: 8.640 gid/ndm

Hé s6 str dung: 70%

- Gia dién trung binh: 1.948 VND/kWh.

Tém tit két qua tinh toan hi¢u qua kinh té:

- Tong dién nang tiét kiém: 85.833 kWh/nam
+ Line 1: 52.415 kWh/nam

+ Line 2: 33.418 kWh/nam
Téng chi phi tiét kiém: 167 triéu VNB/nam

+ Line 1: 102 triéu VND/nam
+ Line 2: 65 triéu VND/nam
Téng chi phi dau tu: 1.090 triéu VND

Thoi gian hoan vén:
+ Line 1: 4,41 nam
+ Line 2: 9,83 nam
+  Trung binh: 6,5 nam.
Loi ich b6 sung:
- Giam ton that dién nang va chi phi van hanh trong subt vong doi thiét bi;
- Giam nhi¢t luong toa ra, nang cao do 6n dinh va dd tin cay van hanh;

- Kéo dai tudi tho dong co nho giam hao mon co khi va ton that nhiét;
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- Giam phat thai khoang 85,83 tan CO»/nim;
- Phu hop trién khai theo 16 trinh thay thé khi dai tu hodc hong hoc nham tdi uu chi phi dau
tur va han ché anh hudng san xuat.
Két ludn: Giai phap giup nang cao hiéu suat thiét bi va giam ton that dién ning, tuy nhién
thoi gian hoan von tuong dbi dai, do chi phi dau tu cao. Vi vdy, nén trién khai theo huéng thay

thé khi c6 co hoi (hong hoc, dai tu) thay vi dau tu dong loat.

o Giai phap 2: Giai phap thu hoi nhiét thai (>1000C) bang ing dung cong nghé
may lanh hap thu phuc vu cho hé¢ thong diéu hoa khéng khi cho cac phu tii khu
vure phong diéu khién va tram dién (DC1 - DC4)

o (Ap dung dién hinh cho hé thong diéu hoa khéng khi — Ddy chuyén 1)

Dik liéu dau vao:

- Cong suit lanh:
+  Trudc: 580 RT
+ Sau: 630 RT

Cong suét dién tiéu thu:
+  Trudc: 328 kW
+  Sau: 180 kW

Thoi gian van hanh: 24 gio/ngay; 365 ngay/nam

Dién nang tiéu thu:
+  Trudce: 2.873.280 kWh/nam

+  Sau: 1.576.800 kWh/nam
- Gid dién trung binh: 1.948 VND/kWh.

Tém tit két qua tinh toan hiéu qua kinh té:

Pién ning tiét kiém:1.296.480 kWh/nim
- Chi phi tiét kiém: 2.525,5 triéu VNB/nam
- Chi phi dau tu: 9.000 triéu VND

- Thoi gian hoan vén: 3,2 nam.

Két ludn: Giai phap tan dung nhiét thai dé san xut lanh gitp giam manh dién tiéu thy cia
hé théng HVAC, dong thoi nang cao hiéu qua sir dung ning luong tong thé cia nha may. Voi IRR
~24,65% va NPV duong, day 1a giai phap kha thi vé kinh té — hiéu qua rd rét — phu hop trién khai

cho cac day chuyén c6 nguon nhiét thai 6n dinh.
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£ Phin 2: Giai phap tiét kiém ning lwong vé quan Iy:

2.2.6  Giai phap quan 1y va téi wu héa ning lwong
o Giai phap 1: Cac giai phap hoc may (Machine Learning) dé t6i wu hoa hoat dong
san xuat

Nguyén ly — Lgi ich — Tinh méi ctaa giai phap Machine Learning

- Ungdung AI/ML dé phan tich dit liéu van hanh theo thoi gian thue, tir d6 t6i vu phdi liéu,
t6i wu van hanh 1o nung va h¢ théng nghién, déng thoi du bao va tu dong diéu chinh cac
thong s6 quan trong. Nho d6 gitip giam tiéu hao nhiét va dién, han ché dao dong van hanh
va nang cao hiéu suat toan hé thong.

- Giai phap mang lai nhiéu l¢i ich ro rét nhu giam khoang 3—5% ning lugng tiéu thy, ting
d6 6n dinh van hanh va giam su phu thudc vao kinh nghiém cta nguoi van hanh.

- Pay la giai phap tién tién, da dugc trién khai tai nhidéu nha may xi mang 1n trén thé gioi
(ABB, FLSmidth, Schneider...), phu hop véi xu hudng chuyén doi sd va tdi uu ning
lugng dua trén dir licu (Al-driven operation).

Dir liéu dau vao:

- Tdng dién tiéu thy nam 2024:

+ DCI1:221,5 triéu kWh

+ DC2: 188,7 tricu kWh

+ DC3:117,8 tricu kWh

+ DC4:120,4 tricu kWh
- Tbng than tiéu thu:

+ DCI:321.601 tan
+  DC2:304.357 tan
+ DC3:301.772 tan
+  DC4:296.708 tan
Gia dién: 1.948 VNB/kWh

Gia than: 2,5 triéu VND/tan

- Tiém nang tbi vu:
+ Giam dién: ~2%
+  Giam than: ~1,5%.
Tém tit két qua tinh toan hi¢u qua kinh té:

- Tong dién nang tiét kiém: 12.966.543 kWh/nim
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- Téng than tiét kiém: 18.366 tAn/nam

- Téng chi phi tiét kiém: 71.175 triéu VND/nim
- Chi phi dau tu: 116.600 triéu VND

- Thoi gian hoan von: 1,55 — 1,71 nam

Ket luan: Giai phap tac dong 1on nhat trong cac gidi phap dé xuat, vdi tiém nang tiet ki¢m
cao, hoan von nhanh va mang tinh chién lugc dai han. Nén uu tién trién khai & quy mo toan nha

may.

o Giai phap 2: Xay dung hé thong quan 1y ning lwong theo tiéu chuin ISO
50001:2018

Dir liéu diu vao:

- Tong dién tiéu thu nam 2024: 648.327.157 kWh

- Tong than tiéu thu: 1.224.438 tan

- Giadién: 1.948 VND/kWh

- Giathan: 2,5 triéu VND/tan

- Tiém nang cai thién:

+ Giam dién: ~0,2%
+  Giam than: ~0,2%

Tém tit két qua tinh toan higu qua kinh té:

- Dién nang tiét kiém: ~1.296.654 kWh/nam

- Than tiét kiém: ~2.449 tdn/nam

- Chi phi tiét kiém: ~8.648 tricu VND/nam

- Chi phi dau tu: ~3.000 triu VND

- Thoi gian hoan vbn: 0,37 nam (~4-5 thang).

K&t luéin: Giai phap chi phi trung binh — hiéu qua cao — hoan vén rit nhanh, déng vai tro nén
tang dé duy tri va tdi uu hiéu qua cua tat ca cac giai phap TKNL khac. Nén uu tién trién khai som
& cép toan nha may.

2.3 Quy trinh phit trién va trién khai cic du an HQNL dwoe xac dinh

Céc giai phap chinh dugc lya chon dé dua vao dé xuét nghién ctru dau tu sau khi thuc hién
kiém toan ning lugng dugc trinh bay trong danh sach Mitc A (Béang 2.2). Dé dat dugc muc tiéu
chuyén dbi nha may tré thanh mot nha may tiét kiém ning luong, cac giai phap dé xuat can trai

qua mot sb giai doan then chot.

TRANG 28 TREN 103



Quy trinh bét d4u tir bdo cao kiém toan nang luong, cung cap cai nhin tdng quan vé tiém ning
tiét kiém nang luong cuia nha may. Tiép theo 1a giai doan tién kha thi nhdam xac dinh va lya chon
tir hai dén ba giai phap quan trong nhat. Giai doan kha thi sau d6 s& danh gia cac phuong an nay
dé x4c dinh giai phap co tinh kha thi cao nhét cho viéc dau tu. Sau khi c6 quyét dinh dau tu, quy
trinh s€ chuyén sang giai doan d4u thau hodc bao gia canh tranh, tiép theo 1a danh gia hd so du
thau hodc mua sim.

Giai doan lip dat va chay thir can duoc giam sat chit ché boi phia nha may dé dam bao cac
quyét dinh thiét ké quan trong duoc dua ra trong giai doan kha thi va ddu thau duoc thuc hién
dtng. Sau khi giai phap dugc lép dat va di vao van hanh, can tién hanh danh gia toan dién dé thu
thap va ghi nhan dir liéu méi vé hiéu suit ning luong. Budc cudi cing ndy nhim dam bao ring
giai phap khong chi hoat dong nhu mong dgi ma con mang lai muc tiét kiém nang luong nhu dy
kién.

24 Phan hoi tir doanh nghiép

Sau phan trinh bay va thao luan, phia nha may da dong y véi két qua kiém toan ning luong
va tit ca cac giai phap tiét kiém nang lugng duge dé xuat. Bén canh d6, nha may ciing mong mudn
duoc Ban du an phéi hop va hd trg cac bude tiép theo nhim dam bao thuc hién thanh cong cac
giai phap tiét kiém nang luong. Viéc tiép nhan cac dé xuat nang lugng xanh tir DEEP3 hoan toan
phu hop véi chién lugc dai han cua doanh nghiép nham cai thién hiéu sut van hanh, gia tang do

tin cdy cua thiét bi, va hudng téi muc tiéu phat trién bén vimng, giam thiéu phat thai khi nha kinh.
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3 Cac du an HQNL dwgc xac dinh

Thong qua phén tich Energy Mapping va chin doan thuc dia, nhom chuyén gia di tong hop hang loat nhom giai phap hiéu qua ning luong so
bd (Danh muc Level B) nham can thi€p toan di¢n tir hanh vi van hanh dén cai tao co khi hang nang. Néu trién khai toan bd danh muc dy 4n Muc B,
co s& c6 thé tiét kiém 34.581.192,4 kWh dién va 20.815,4 tdn than mbi ndm. Tuy nhién, dé dam bao dong tién dau tu dugce phan bo ti vy, bao céo
da ap dung bo loc tiéu chi khat khe vé tinh kha thi ki thuét (Technical feasibility), NPV duong, IRR vuot rao can tai chinh va mtc do giam phat
thai carbon. Sau qua trinh sang loc, phan loai cac du an HQNL dugc phan loai thanh:

- Cap dd A: cac giai phap uu tién, da duoc phan tich chi tiét vé k¥ thuat, nang luong va tai chinh, c6 tiém nang tiét kiém 16n va kha thi vé van

hanh.
- Cép d6 B: danh muyc day du cac co hoi tiét kiém ning luong dugc xac dinh trong qué trinh kiém todn, can tiép tuc nghién ctru & mirc so

bo/chi tiét trong cac giai doan tiép theo.

Tiéu chi vu tién bao gdm: quy mé tiét kiém nang lugng va chi phi, thoi gian hoan vén, mac do sin sang vé ky thuat, tac dong dén san xuat va
bao tri, tvong thich v4i hé thong hién hiru, riii ro k¥ thuat — van hanh, va dong gép vao muc tiéu phat trién bén viing va giam phat thai ciia doanh
nghiép. Két qua 1a 7 giai phap cip do A dugc lwa chon dé nghién ciru tiép va dé xuét dau tu duoc néu ¢ Bang 2.1.

Bang 3.1. Danh muc téng thé (level B)

Tiét kiém ning lwong wéc tinh
Tién tiét kiém | Chi phi dau | Thoi gian
STT Gidi phap TKNL (triéu tu (triéu hoan von
Dién niing Than VND/nam) VND) (nam)
(kWh) (tan)

I. Nhom giai phap quan ly
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Tiét kiém niing lwong wéc tinh

Tién tiét kiém | Chi phi dau | Thoi gian
STT Giai phap TKNL (triéu tu (triéu hoan von
Dién ning Than VND/nam) VND) (nam)
(kWh) (tan)
Tiép tuc thuf(‘)'ng‘xuyén va dinh ky }hug hiét} cac hoa‘g ]
1 dong tuyén truyén, gido duc va pho bién kién thic ve Khuyén nghi

tiét kiém nang lugng cho nhan vién trong Cong ty

Quan ly tai va to1 uu hoa gia dién

Truyén tai, kiém soat tai dinh, két hop WHR chuyén 4% dién nang tiéu thu cao

2 diém sang khung gio khac giup tiét kiém 3.004,3 (triéu dong)
Xay dung hé théng Quan Iy Nang luong theo tiéu
3 chuin ISO 50001:2018 1.296.654 2.449 8.648 3.000 0,35
Cac giai phap hoc Day chuyén 1 4.430.090 4.824 20.689.85 31,800 1,54
mdy (Machine - Day chuyén 2 3.773.771 4.565 18.764.69 31,800 1,69
Learning) dé to1 uu N
4 | héa hoat dong san Day chuyén 3 2.355.562 4.527 15.905.09 26,500 1,67
Xuat Day chuyén 4 2.407.120 4.451 15.815.62 26,500 1,68
Tong tiét kiém ning lwong cia giai phap 12.966.543 18.367 71.175,25 116.600 1,64
I1. Hé thong cung cép di¢n
Giai phép lép Qét hé théng dién mat troi - sir dung vi
5 | du dién hinh v¢é h¢ thong dién mat troi 10MWp khong 14.134.437 30.944,52 172.250 5,57
¢o b0 luu trir
I11. Hé thong khi nén
Trang bi h¢ thong do ludng va gidm sat luu lugng dé ]
6 ho trg phan tich dya trén dir li€u va to1 uu hoa hoat Khuyén nghi

dong
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Tiét kiém niing lwong wéc tinh
Tién tiét kiém | Chi phi dau | Thoi gian
STT Giai phap TKNL (triéu tw (triéu hoan von
Dién ning Than VND/nam) VND) (nam)
(kWh) (thn)
Chuén héa va tdi vu héa ap suét hoat dong cua hé e .
7 thdng dua trén yéu cau st dung thuc té Khuyén nghi

Hé théng MNK DC1 — D31 84.934,92 165,45 600 3,86

Lap dat b dicu khién | g théng MNK DC1 — D32 79.470,75 154,81 600 4,14
bién tan (VFD) cho -

hé théng dién xoay | Hé thong MNK DC2 — D33 48.868,52 95,2 600 7,04

g | chiéukéthop voibo | He théng MNK DC2 — D34 100.062,18 194,92 600 3,24
diéu khién trung tam —

cho h¢ théng khi nén. | H& thong MNK DC3 — D35 194.713,10 379,3 600 1,62

Hé théng MNK DC4 — D36 82.308,08 160,34 600 3,9

Téng tiét kiém ning hrong clia giai phap 590.357,55 - 1.150,02 3,600.00 3,13

Hé théng MNK DC1 — D31 23.084 44,97 20 0,44

Hé théng MNK DC1 — D32 26.490 51,6 20 0,39

Thuong xuyén ki€ém | e théng MNK DC2 — D33 20.980 40,87 20 0,49
tra va stra chira ro ri -

9 | khinén Hé théng MNK DC2 — D34 33.354 64,97 20 0,31

Hé théng MNK DC3 — D35 33.097 64 20 0,31

Hé théng MNK DC4 — D36 45.727 89,07 20 0,22

Téng tiét kiém ning hrong cia giai phap 182,732 356 120 0.34

10 | Cii tao duong éng: Hé théng MNK DC1 — D31 109.074 212,48 750 3,7

"Lap dat duong ong | Hé thong MNK DC1 — D32 143.047 278,66 750 2,79
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Tiét kiém niing lwong wéc tinh
Tién tiét kiém | Chi phi dau | Thoi gian
STT Giai phap TKNL (triéu tu (triéu hoan von
Dién ning Than VND/nam) VND) (nam)
(kWh) (thn)
phan phéi ap suat cho | Hg théng MNK DC2 — D33 84.967 165,52 750 4,82
hé thong khi nén" .
H¢ thong MNK DC2 — D34 180.112 350,86 750 2,2
Hé théng MNK DC3 — D35 134.044 261,12 750 2,99
Hé théng MNK DC4 — D36 185.193 360,76 750 2,14
Tong tiét kiém ning lwong cia giai phap 836.437,60 1.629,40 4.500,00 2,76
IV. Hé thong chiéu sang
1 Toi uu hoa hé thong chjéu sang dua trén khu vuc va Khuyén nghi
nhu cau s dung thuc té
12 Trién khai cac giai phap diéu khién ty dong (cam bién Khuyén nghi

hién di€n, cam bi€n anh sang)

Nang cao hi¢u qua hoat dong thong qua vi¢c v¢ sinh Khuyén nghi
13 | hé thong chiéu sang thudng xuyén

14 T?lay thé bgflg de}l halogen 70W va 150W bang bong 744.045 1.449 7841 1.96
dén LED hiéu suat cao
V. Hé thong thu héi nhiét thai (WHR)
Tbi wu hoa hé théng lam mat clinker Giam 1-3% luong tiéu thy nang luong nhiét trong hé théng 16 nung thong qua tdi uu
15 héa phan phoi khi vao ghi 10, gidm luong khi du thtra va nang cao hiéu qua thu hoi

nhiét. )
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STT

Giai phap TKNL

16

Lap dat hé théng lam sach tu dong HydroBall, thiét bi
téy can dién tir va bo diéu khién tu dong cho bom
nuéc tudn hoan va quat thap giai nhiét dya trén ap
suat chan khong cta binh ngung — Vi du dién hinh
cho Day chuyén 1

Tiét kiém niing lwong wéc tinh
Tién tiét kiém | Chi phi dau | Thoi gian
(triéu tw (triéu hoan von
Dién ning Than VND/nam) VND) (nam)
(kWh) (thn)
2.447.672 4.768,07 3.000 0,63

VI. H¢ thong san xuit

Tbi wu hoa hé théng khi va giam luong khi thai gia

Tién hanh kiém tra ro ri, t6i uu hoa né)ng do 0./CO, giam ton that ap suat va chuan
hoa hoat dong cua quat dé dat duge mirc giam 1-3% luong tiéu thu nhiét ctia 10 nung.

17 )
Tbi wu hoa bo phan gia nhiét so bd va bo phan nung | Giam chénh léch ap suat 16c xody (AP), cai thién sy phan bd vat liéu, 6n dinh qua
18 | voi trinh dot chdy va t6i wu hoa viée ki€m soat O./CO dé dat dugc muirc giam 2—-5% lugng
tiéu thy niang luong nhiét. ¥
Téi wu héa d6 4m va qua trinh sdy kho nguyén liéu Quan 1y d6 4m nguyén liéu theo muia, t6i uu hoa thanh phan hdn hop nguyén lidu va
19 | tho tan dung viéc thu hoi khi nong dé gidm 1-4% nang luong ti€u thu trong qua trinh
say va nghién. )
Téi wu hoa hé théng quat Xem xét lai cac diém van hanh, 4p dung bién tan (VFD) va giam ton that hé théng
20 R , <A A A - \ 0 A X (*)
de dat dugc muc tiét kiém dién nang tir 3—5% trong hé thong quat.
71 Tbi wu hoa qua trinh nghién xi ming Tbi wu héa hiéu qua phan loai, thong gio, tai trong tuan hoan va chét tro nghién dé
giam 2-4% lugng dién ning tiéu thu trong qua trinh nghién.
2 Giam ton that nhiét ciia vo 10 Ap dung phuong phéap quét nhiét va giam sat/kiém soat diém nong dé giam ton that

nhiét tir 0,5-2%.
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Tiét kiém niing lwong wéc tinh

Tién tiét kiém | Chi phi dau | Thoi gian
STT Giai phap TKNL (triéu tu (triéu hoan von
Pién niang Than VND/nam) VND) (nam)
(kWh) (thn)
73 Chuan bi nhién li¢u va t61 wu hoa d6 min ciia qua Giam khoang 1-3% tiéu hao nhiét 10 nung théng qua cai thién do min than, on dinh
trinh dot chay chdy va ting hiéu qua trao doi nhiét
24 | Sang loc kha ning sin sang nhién liéu thay thé Tiém ning thay thé nhiét so bo khoang 5-15% TSR trong giai doan dau”
25 | Giam hé¢ s6 clinker va t6i wu héa danh muc san pham | Tiém ning giam khoang 3-8% ning lugng nhiét quy d6i/tan xi mang
Thay thé dong co IE1 hiéu suit thap bang dong co
26| 1icu sudt cao (IE3-IE4) khi c6 thé — Vi du dién hinh 85.833 167 1.090 6,52
Giai phap thu hoi nhiét thai (>1000C) bang tmg dung
cong ngh¢ may lanh hap thy phuc vu cho h¢ thong
di€u hoa khong khi cho céc phu tai khu vuc phong
2 ) . : : 1.296.4 2.525,54 .
/ dicu khién va tram dién (DC1 - DC4) 96.480,00 325, 9.000,00 3,56
Téng tiét kiém ning hrong cho toan by nha may 34.581.192,40 20.815,40 122.813,40 316.001 2,57

*): Nhitng muc ddnh ddu * chi mang tinh chdat tham khdo, dwoc wdc tinh gida dinh theo kinh nghiém, tham khdo tir cdc tdi liéu chuyén ngdanh va

dir liéu duoc su dung dé wdc tinh qua phdn tich Energy Mapping, phdn tich miurc tiéu thu nhiét theo quy trinh, SEC nhiét theo day chuyén.
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4 Cac dw an HQNL dworc lwa chon (phén loai cap do A)

Viéc phé duyét dau tu va ap dung dong bd 7 du an Cap do A trong Bang 2.1 duoc chimng
minh s€ mang lai sy 10t xac vé mat nang luong cho nha may. Voi tiém nang tiét kiém wdce tinh
33.568.582 kWh dién va 20,815.4 tAn than mdi nim, doanh nghi¢p s€ tiét kiém duogc 120.841 tridu
VND hang nim, trong khi chi yéu cau mot goi dau tu ki thuat tri gia 311.950 triéu VND. Dudi
day 13 phan phan tich k¥ thuat chuyén sau vé nguyén 1y hoat dong va tinh kha thi ciia timg dy 4n
duogc dé xuét.

4.1 Xy dung hé théng quan 1y ning lrgng theo tiéu chuin ISO 50001:2018

M6 ta du an:

- Hién trang:

Hién tai, Nha may da trién khai nhiéu hoat dong quan ly va tdi wu hoa nang luong trong thuc
té van hanh, dong thoi budc dau hinh thanh co ché theo dbi va kiém soat tiéu thy niang luong tai
mot sd cong doan chinh. Tuy nhién, hé théng quan 1y nang luong hién tai van chua dugc chuin
hoa va tich hop day dii theo cau triic ciia ISO 50001:2018.

Bén canh d6, viéc theo ddi, ddnh gia va kiém soat tiéu thu ning luong gitta cac day chuyén
va cong doan van con phén tan. Cac chi sé danh gia hiéu qua niang lugng (EnPI), duong co s&
nang luong va co ché quan 1y cac khu vuc sir dung ning luong trong diém (SEU) chua dugc xay
dung mot cach dong bo va hé thong.

Mot s6 ndi dung van con tiém ning cai thién bao gom:

+ Tang cudng co ché theo dbi va danh gia hiéu qua nang luong theo hudng lién tuc va
ddng bo gitra cac dy chuyén;

+ Tiép tuc chuan héa quy trinh quan 1y, van hanh va bao céo ning lugng theo dinh
hudng ISO 50001:2018;

+ Hoan thi¢én viéc xac dinh, theo doi va quan 1y cac khu vuc s dung nang luong trong
diém (SEU);

+ Xy dung muyc ti€u, chi tiéu va ké hoach nang lugng dai han gén v6i hoat dong cai
tién lién tyc.

Do d6, viéc tiép tuc hoan thién hé théng quan 1y nang luong theo tidu chuan ISO 50001:2018
s& gitip Nha may nang cao hiéu qua sir dung ning luong mot cach bén virng, déng thoi ting cuong
kha ning duy tri va mo rong cac két qua tiét kiém ning luong trong dai han.

Giai phap dé xuit:

- Nguyén Iy va cach tiép can

Hé théng quan 1y ning lugng theo ISO 50001:2018 duoc xay dung dua trén chu trinh cai tién
lién tyc (PDCA), bao gdm cac budc chinh:

+  Thiét lap chinh sach ning luong;
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+ Hoach dinh nang lugng (Energy Planning);
+  Trién khai va van hanh;

+ Kiém tra, danh gia va cai tién lién tuc.

=\
7 @
Phat trién mét chinh Diéu chinh cac
sach dé st dung muc tiéu va chi tiéu
nang lrgng hiéu qua sao cho phu hop véi
hon chinh sach

o

L 54 Ching nhan hé
Lién tye cai tibn théng quan Iy Sty dung o igu
cac hoat ddng va nang lugng Jd aé dua ra quyét
chuong trinh quan I1SO 50001 dinh sang subt vé
Iy ndng legng Vigéc str dung ndng

leong

d‘
Panh gia higu qua Do luong két qua
cuia chinh sach va két dé xac dinh cac khu
qua cua viéc cai thién vire c6 tiém nang

cai thién hiéu qua
nang luong

Hinh 4.1. M6 hinh quan Iy ning lwong theo tiéu chudn ISO 50001:2018
- Noi dung trién khai chinh
(1) Cam két ctia 1anh dao cap cao
Ban lanh dao nha may dong vai tro then chdt trong viée trién khai hé thong, véi cac cam két:
+  Xay dung chinh sach ning lugng va myc tiéu tiét kiém niang lwong dai han (vi du:
giam 3-5% trong 3—5 nam);
+ B tri nguodn lyc (nhén sy, tai chinh) cho hoat ddng quan 1y ning luong;
+ Tang cuong gidm sat tiéu thu nang luong tai cac khu vuc chinh;
+  Thac day nhan thirc sir dung niang luong tiét kiém trong toan nha may.
(2) Thiét 1ap co cau t6 chtrc quan 1y ning lugng
Thanh 1ap Ban Quan 1y ning lugng véi co cu rd rang, bao gom:
+ Dai dién lanh dao;
+ Nguoi quan 1y nang luong;
+ Nhoém quén ly nang lugng tai cac bo phan.
Ban QLNL chiu trach nhiém trién khai, giam sat va duy tri hé thong quan 1y ning luong trong
toan nha may.
(3) Hoach dinh nang lugng
+  Xay dung duong co sé nang luong (EnB):
Lam co s¢ so sanh va danh gia hiéu qua trude — sau khi trién khai cac giai phap.
+  Xay dung chi s6 hiéu qua nang luong (EnPI):
Vi du: kWh/t clinker, kcal/kg clinker, kWh/t xi mang,...
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+  Xac dinh cac khu vyc sir dung ning luong trong diém (SEU):

H¢ théng quat ID;

o Hé thdng nghién than;
o Hé thong nghién liéu;
e He¢ théng nghién xi mang;

Hé théng 10 quay.

(4) Nhan dién co hoi tiét kiém ning lugng
Dua trén két qua kiém toan nang luong va phan tich dit liéu, Ban QLNL s&:
+  Xa4c dinh va cdp nhat danh muc cac giai phap TKNL;
+  Danh gid tinh kha thi va hiéu qua cua tirng giai phap;
+ Ut tién trién khai theo murc d6 hiéu qua va kha ning dau tu.
(5) Xay dung muc tiéu, chi tiéu va ké hoach hanh dong
+  Thiét 1ap muc tiéu nang luong (vi du: giam >0,5% dién nang tiéu thu/nam);
+ XAy dung chi ti€u cu thé cho tung bd phén;
+ Lap ké hoach hanh dong voi:
e Phan cong trach nhiém rd rang;
e Modc thoi gian thyc hién;
e Phuong phap do ludng va xac nhan két qua.
Loi ich dw Kién
Viéc trién khai hé théng quan 1y niang lugng theo ISO 50001:2018 mang lai cac loi ich chinh:
- Tiét kiém khoang 0,1 — 3% tong ning luong tiéu thy hang nam;
- Giam chi phi van hanh va béo tri thiét bi;
- Nang cao hiéu qua giam sat va kiém soét ning lugng;
- Tang tinh 6n dinh va t6i vu héa van hanh hé thong;
- HO tro tich hop véi cac hé thong quan 1y khac (ISO 9001, ISO 14001).
Pinh gia va két luin
- Giai phap xay dung hé thdng quan 1y nang lugng theo ISO 50001:2018 1a giai phap mang
tinh nén tang va lau dai, giup nha may chuyén tir quan 1y niang luong thu dong sang chu
dong va c6 hé thong.
- Mic du muc tiét kiém ning luong truc tiép khong 16n nhu cac giai phap cong nghé, nhung
day 1a giai phap c6 tinh bén viing cao, giup duy tri va tdi vu hiéu qua cua tat ca cac giai

phap tiét kiém ning lugng khac trong toan nha may.
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- Do d6, giai phap dugc danh gia rat can thiét va nén wu tién trién khai sém trong 16 trinh
quan ly nang lugng ctia Nha may Xi mang.
4.2 Lip dit hé thong dién mit troi (c6 xem xét tich hop BESS)
¢ Mo ta du an

Hién trang:

Nha méy c6 nhu cau st dung dién ning rat 16n, véi phu tai van hanh twong ddi 6n dinh va
lién tyc giira cac gio trong ngay. Céac khu vuc tiéu thu dién chinh bao gdm: nghién li¢u, nghién
than, 16 nung, lam ngudi clinker, nghién xi mang va hé théng quat cong suét 16n. Pac diém phu
tai nay phu hgp v6i mé hinh khai thac dién mat troi theo hudng tw san — tw tiéu, do san luong
dién phat ra vao ban ngay c6 thé dugc hap thy truc tiép trong qua trinh san xuét.

Bén canh d6, qua khao st so by, Nha may c6 quy mat bang mai twong dbi 1on. Tuy nhién,
phén 16n két cAu mai hién hiru chua dugce thiét ké dé chiu thém tai trong cua hé¢ théng pin mat troi,
gia d& va tai trong gié bd sung. Ngoai ra, méi trudng san xuit xi ming c6 dic thu byi min cao,
giam hiéu suat tAm pin va tang chi phi van hanh, béo tri.

lam gia ting nguy co suy

Hinh 4.2. Hinh danh vi tri khu dat kha thi lcfp dat hé théng dién mat troi tai Nha may Xi mang

Do d6, phuong 4n dién mat troi méai nha tuy kha thi nhung chwa phai 1 t6i wu néu xét tong
thé vé k¥ thuat va chi phi vong doi.

Trén co so d6, phuong an phit hop hon 13 trién khai hé thong dién mit troi mit dit, tan

dung quy dat trong hodc khu vuyc sau khai thac mo. Giai phap nay cho phép:
- Chu dong bd tri mit bang va t6i wu hudng/goc nghiéng tdm pin;
- Thuan lgi trong cong tac v¢ sinh, bao tri;
- D2 dang tich hop hé thong luu trir ning lwong (BESS) va diéu khién van hanh.

Piéeu kién birc xa mat troi:
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D@ liéu vi khi hau khu vuc cho théy blrc xa mdt troi trung binh dat khoang 4,07

KWh/m?/ngay, 1a mic phu hop dé khai thac dién mit troi hiéu qua. Cac thang c6 biic xa cao tap

trung tir thang 4 dén thang 8, thun loi cho viéc phat dién trong giai doan phu tai san xuét cao.

Vi dé
Kinh d%
Vang khi hau

Cao do

Thang

Théang Giéng
Théng Hai
Théang Ba
Théng Tu
Thang Nam
Théng Sau
Thang Bay
Théng Tam
Thang Chin
Théng Mudi

Hang nam
Nguén
Do tai

Thang Mudi M&t
Théang Mudi Hai

Nhiét ¢ thiét k& cap nhigt
Nhigt dé thist k& lam lanh
Bién do nhiét do tréi dat

Don vi Vi tri dif ligu khi hau Dia diém co's& Ngun
( 19.8 i 20.1 |
\ 1058 | 1059 |
[ 1A - R&t néng - Am v | Dit+NASA
( m - 5 [ 12 ] D4t - Ban do
[ C - 121 ] pat
[ °C ~| 341 ] DAt
[ °C - 82 ] NASA
Birc xa mét trai D6 cép nhiét -
hang ngay - dudng ngay Pé 1am lanh - ngay
]\Mgwi D6 am tuong déi _ lwgngmwa  ngang _Ap suat khi t@yﬂ" Téc do gid y Nhiét do trai dat . 18 °C y 10 °C )
‘ G v ‘ % | mm - | kWh/mz/bng_'l kPa - | m/Thérnhi | °C v | °C-bng - | °C-bng v |
\ 17.8 | ess% | 21.70 | 295 | 1011 | 18 | 18.1 | 5 | 242 |
\ 18.1 | 88.8% | 18.76 | 3.19 | 100.9 | 17 | 199 | 0 | 227 |
\ 201 | 204% | 38.13 | 3.99 | 1006 | 15 | 25 | 0 | 313 |
\ 24.1 | 90.0% | 4950 | 460 | 100.2 | 17 | 260 | 0 | 423 |
[ 272 | 84.9% | 138.88 | 505 | 99.9 | 16 [ 282 | 0 [ 533 |
[ 294 | 79.5% | 13230 1 495 | 996 1 18 1 29.1 | 0 1 582 |
[ 292 | 81.8% | 156.55 | 496 | 996 | 17 | 293 | 0 | 595 |
[ 283 | 85.8% | 234.98 1 464 | 997 1 14 | 287 | 0 I 567 |
[ 269 | 26.0% | 276.60 | 428 | 100.1 | 16 [ 275 | 0 [ 507 |
[ 252 | 827% | 192,51 I 3.68 | 100.6 I 17 | 250 | 0 | 47 |
[ 223 | 209% | 64.80 1 3.41 | 100.9 1 18 [ 220 | 0 [ 369 |
( 187 | 81.0% | 25.11 | 3.06 | 1012 | 17 | 188 | 0 | 270 |
24.0 84.7% 1,349.82 207 100.4 17 24.6 5 5,099
Dat DAt NASA NASA NASA pat NASA pat Dat
(m ~] 10 I 0 J

Hinh 4.3. Bdng tra cdc thong sé vi khi hdu tai khu viec dat nha may xi mang

Ngoai ra:

Nhiét dg trung binh nam: ~24°C

Tdc do gi6 trung binh: ~1,7 m/s

Céc yéu t6 nay cho thay diéu kién van hanh 6n dinh, hd tro hiéu suat hé théng dién mat troi.

Co ché chinh sich:

Hién nay, moi truong phép 1y tai Viét Nam dang ngay cang thuan lgi cho phat trién dién ning
luong tai tao, dac bi¢t theo dinh hudng ctia Nghi dinh 58/2025/ND-CP, véi céac diém chinh:

Khuyén khich phat trién nang luong tai tao;

Uu tién mo hinh tu san — tu tiéu;

Khuyén khich tich hop h¢ thong luu trit ning lwong (BESS);

Mo rong pham vi trién khai cho dién mat troi mat dat;

Yéu cau tich hop hé théng giam sat, do dém va quan 1y ning luong.

Nhitng yéu t6 nay tao co so thuan loi cho Nha may trién khai dur an ca vé k¥ thuat va phap

% Giai phap de xuat

Heé thong dién mat troi hoat dong theo nguyén 1y chuyén d6i buc xa mat troi thanh dién ning

thong qua cac tim pin quang dién. Dién nang sinh ra dudi dang dong dién mot chiéu (DC), sau

d6 dugc chuyén doi thanh dong xoay chiéu (AC) thong qua inverter dé cip cho phu tai.
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Tam pin nang ... Thiét bj dign Luoi dign
lwong mat troi ' ;@—;

vd

_______________ A A = - r
Bién tan em| = - .l
Hybrid s sasnnneem

Phin mém giam sat
nang luong

Hinh 4.4. So do nguyén 1y van hanh hé thong dién mdt troi

Phwong an vian hanh:
- Phuong an 1 — Khong BESS:

+  Dién mat tro1 duge st dung truc tiép cho phu tai;

+  Gidm dién nang mua tur [udi vao ban ngay;

+ Hé thong don gian, chi phi dau tu thap.
- Phuong an 2 — C6 BESS:

+  Luu trlr dién du vao pin;

+ X4 dién vao gio cao diém hodc ban dém;

+ Tang ty 1€ tu ti€u thy va tinh linh hoat van hanh.

Hybrid Inverter 5 KW [ Hybrid Inverter 5 kW
(1 HYBRID LV) (X1 HYBRID LV)
e

10 t3m PV 580 Wp

May phat dién |
_{ey chon)_ |

Hinh 4.5. Hinh anh So sanh so dé c6 va khéng c¢é BESS
Panh gia lra chon phwong an:
- Véi dic diem:

+  Phu tai nén 16n;
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+  Van hanh 24/7,
+ Khong c6 hién tuong ding dong thoi;

— Kha ning hip thu dién mit troi tai chd rét cao.

Do do:
+  Néu cong suit hé théng < phu tai ban ngdy — khéng cin BESS;
+  BESS chi can thiét khi:
e (o dién du;
e Can cit dinh phu tai;
e Hoic tdi vu biéu gia dién.

< Tiém ning tiét kiém ning lwong

Vi quy mo dién hinh 10 MWp, san lugng dién mat troi ude tinh:

San lugng dién: ~14,13 tricu kWh/nam
Giam tuong ung lugng dién mua tr ludi;
Giam phat thai CO- dang ké.

«* Thach thire va cac van dé can xem xét

Mac du ¢6 tiém nang 16n, gidi phdp van can lam ro:

Kha néng tich hgp voi hé théng dién hién hiru;
Gidi han cong sut dau ndi;

Hiéu qua kinh té khi c6/khong c6 BESS;

Anh huéng cta bui dén hiéu suat tim pin;

Chi phi dau tu va thoi gian hoan von;

Chién lugc van hanh t6i vu (EMS, ML...).

% K&ét luan va dinh hwéng trién khai

Giai phap dién mit troi 1a mot trong nhiing giai phap c6 tiém nang 16n giup Nha may:

Giam chi phi dién nang dai han;
Chu dong ngudn ning lugng;
Giam phat thai COz;

Phu hop xu hudng chuyén dich nang lugng bén viing.

Trong giai doan tiép theo, can thuc hién:

Nghién ctru tién kha thi (Pre-FS);
Khao sat chi tiét mat béng va dau nbi;

T6i vu quy mo cong suat;
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- Panh gia chi tiét hiéu qua tai chinh.
4.3 Lap dit bién tin cho MNK két hop b didu khién trung tim cho h¢ théng khi nén
a. Hién trang va van dé

Hé thong khi nén ctia Nha may hién gdm nhiéu tram may nén khi phan bd theo cac day chuyén
san xudt, véi sd luong 16n may nén khi truc vit cong suat 110-120 kW, 4p suét lam viéc khoang
0,6-0,74 MPa, van hanh 24 gid/ngay. Bang thong ké thiét bi cho thiy hau hét cac tram déu bd tri

nhiéu may nén c6 cung dai cong suat va nang suat, phuc vu nhu cau khi nén lién tuc cia tirng day

chuyén.
Ap suéat cai dat van hanh cta cac may nén khi
2.50
1.50

2.00
8 150 — R |
5 [ 0681 9751 0,68 S [o72] 0.73] 073068 [ 0.68] 0.69] 0.70] 0.70] 0.70] 0.70]
a 100 '
< 0.85

o050 L0-60] 060] 0.60 0.65 [ 0.60] 0.60] 0.60] 0.60] 0.60] 0.60] 0.60] 0.60] 0.60] 0.60]

: 0.41

D31 - D31 - D31 - D31 - D31 - D33 — D33 -/ D33 — D33 — D33 — D35 — D35 — D35 — D35 — D35 — D35 —
AC01 ACO02 AC03 AC04 ACO05 ACO01 AC02 ACO03 AC04 ACO5 ACO1 ACO02 ACO3 AC04 ACO5 ACO6

HT MNK D31 HT MNK D33 HT MNK D35
mPUnLoad 0.68 0.75 068 0.75 0.75 150 0.72 0.73 0.73 0.68 0.68 0.69 0.70 0.70 0.70 0.70
PLoad 0.60 0.60 0.60 041 0.65 0.85 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60

Hinh 4.6. Mo ta ap sudt cai dat van hanh cia cac MNK hién nay tai nha mdy

Biéu do mo ta thoi gian hoat dong c6 tai/ khong tiai cua
cac MNK cuia cac tram khi nén
Time Load = Time UnLoad

3 90%
>
E
& 80% [og.raf os.86%]| [99.28199.70 09.00 5 7] 99.27% ] ’m:l @9.741 99.93] 99.76] 99.52{ 99.95{ 99.79% |
o8
E 92.70% 92.03% 93.37% . :
60%

D31 D31 D31 D31 D31 D33 D33 D33 D33 D33 D35 D35 D35 D35 D35 D35 D36 D36 D36 D36 D36 D36

AC01AC02AC03AC04AC05AC01AC02AC0O3AC04ACO5AC01AC02AC0O3AC04ACO5AC06AC01ACO2ACO3AC04ACO5AC06
HT MNK D31 HT MNK D33 HT MNK D35 HT MNK D36

Hinh 4.7. Thoi gian hoat dong Load/ UnLoad cua cac MNK
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Hinh 4.8. Biéu do trend dp sudt ciia hé théng khi nén D31 — Day chuyén 1

Qua phan tich so0 li€u van hanh ciia cdc may nén khi tai cac tram, c6 thé ghi nhan mét so diém

tich cuc, nhu:

Trude hét, cac may nén khi phz‘in 16m hoat dong & ché dd co tai vai ty trong cao, cho théy
hé thong dang dugc khai thac twong dbi hidu qua va dap tmg tot nhu cau str dung khi nén
clia cc ddy chuyén san xuét.

Bén canh d6, 4p sut cai dat cia cac may nhin chung kha dong déu, dong thoi sb gio van
hanh giita cac may trong ciing mot tram ciling trong d6i can bang, phan anh viéc phan bo
van hanh da c6 sy diéu tiét nhat dinh.

Tuy nhién, h¢ thong van ton tai mdt sO han ché can dugc xem xét:

Xuét hién sy khong déng déu vé ap suét cai dat tai mot sb may;
Dao ddng ap suat trong qua trinh van hanh con tuong ddi 16m;
Tén tai thoi gian chay khong tai dang ké (5-30%) & mot s6 may;

Phan bb tai gitra cac may chua tdi uu, mot sé méay c6 thoi gian van hanh thip hon 20—
30%.

Céc van d& nay chi yéu xudt phat tir viéc hé thong chua c6 kha ning diéu tiét luu luong khi

nén mot cach linh hoat theo nhu cau thyc té. Do d6, dé nang cao hiéu qua st dung ning lugng cho

hé thong khi nén, can thiét phai bo sung giai phap cho phép diéu chinh tai lién tuc va t6i wu héa

ché do van hanh toan tram. Trén co s& do, giai phap dé xuét la l?ip dat 1-2 may nén khi bién tan

cho moi tram, két hop vdi bd diéu khién trung tdm nham di€u phoi van hanh, 6n dinh ap suat va

giam thiéu thoi gian chay khong tai cua cdc may nén khi.

b. Mo ta giai phap

Giai phap dé xuat 12 bo sung 1-2 may nén khi bién tin cho mdi tram may nén khi, két hop

voi1 bd diéu khién trung tdm nham to1 wu hoa ché dd van hanh cua toan h¢ thong.

TRANG 44 TREN 103



Van hanh ty dong bang bo diéu
khién nhém (Economild)

'.z
————

=
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Pressure Sensor |

-

Bran

Hinh 4.9. Mé ta hoat dong ciia bg diéu khién trung tam
Nguyén ly hoat dong:
- Cac may nén khi hién hitu van hanh ¢ ché d6 tai nén, uu tién chay gén diém hiéu suét tbi
uu;
- May nén khi bién tan (VSD) dam nhén vai trd diéu chinh luu lwong theo nhu cau thyc té;
- BO diéu khién trung tam thuc hién:
Giam sat ap suat hé thong;
Diéu phdi sé lugng méy hoat dong;

T61 vu thtr ty van hanh va ché d¢ luan phién;

+ o+ o+ o+

Giam thiéu tinh trang chay khéng tai.
V6i ciu hinh nay, hé thong chuyén tir diéu khién gian doan sang diéu khién lién tuc, giup:
- On dinh ap sut;
- Giam dao dong;
- T6i vu héa hiéu suét toan tram.
c. Hiéu qua tiét kiém ning lrong du kién

Viéc bd sung may nén khi bién tan két hop véi bo diéu khién trung tdm dy kién mang lai hiéu
qua tiét kiém ning luong cho hé théng khi nén théng qua viéc tdi wu hoa ché d6 van hanh va giam
céc ton that hién hiru.
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Mb ta van hanh 3 May Standard + 1 may bién tan

. e 400
Tiét kiém dién bang bo :
didu khién trung tim
/

w

— Tiét kiém dién
& 200 \‘ bing bién tan
g.
- 00 100 200 300 400

Tiéu thu khi (%)

Hinh 4.10. Mb ta tiém nang TKNL khi két hop bién tan va bé diéu khién trung tam
Giai phap mang lai hiéu qua tiét kiém thong qua cac co ché chinh:
- Giam ap suét cai dat:
+  Giam 0,02 — 0,05 MPa — tiét kiém khoang 2 — 5% dién nang;
- Giam thoi gian chay khong tai:
+  Giam ton that tir 5-30% hién trang — tiét kiém khoang 3 — 8%;
- T6i wu van hanh toan tram:
+  Diéu phbi may hop ly — tiét kiém thém 2 — 4%.
Do d6, tong tiém ning tiét kiém: khoang 5 — 15% dién niang hé thong khi nén (tuy timg tram).
Giai phap khong lam thay d6i nhu cau str dung khi nén ma tip trung vao giam dién ning tiéu
thu dé tao ra cung mot lugng khi nén.
d. Két luan va dinh hwéng trién khai
Giai phap lap dat bién tan két hop bo didu khién trung tim cho hé thong khi nén 1a giai phap
o tinh kha thi cao, mang lai hi¢u qua tiét kiém nang lugng 1o rét va giap nang cao do 6n dinh van
hanh.
Trong giai doan tiép theo, can:
- Thuc hién khao sét chi tiét tung tram,;
- Lua chon cau hinh thiét bi pht hop;
- Lap béo cdo tién kha thi (Pre-FS);

- Trién khai thi diém tai mot tram tru6c khi nhan rong.
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4.4 Cai tao duong 6ng “Lip dit duong 6ng phan cip ap suit cho hé thong khi nén”

a. Hién trang

Hé thong khi nén ctia Nha méy hién dang dugc van hanh v6i mirc ap suat twong ddi cao, phd
bién trong khoang:

- 0,68 —-0,75 MPa (ngudng khong tai)
- 0,60 - 0,65 MPa (ngudng co tai)

Trong khi d6, dit li¢u van hanh thuc té cho théy ap suit hé théng van dao dong theo thoi gian,
phan 4nh su khéng dong déu vé nhu cau sir dung khi nén giira cac nhom phu tai.
Vé dac thu sir dung:

- Céc thiét bi trong Nha may khong yéu cau cung mot mirc ap suat;
- Mot sb phu tai chi can 4p suét thap (instrument air, air slide, van diéu khién...);
- Motsd phu tai dac thu can ap suét cao (loc bui xung khi, sung khi, btia khi...).

Tuy nhién, hién nay toan bd hé thong van dugc van hanh & mot mirc ap suat cao chung, dan
dén:

- Gia tang ton that tiét luu tai cac van gidm ap;
- Tang lugng khi nén gia tai cac diém ro ri;

- Lam tang cong suat tiéu thu dién ciia may nén khi.

& mm 7 bar (%) .’
c=61
100
2 B8 m3fphat 75 1

25
gmm
=51

55 bt

)
s
=
7 bar L
=
£
5 50
w
=
221 m3/phit 8
-
g
3
a

0 | " I 1 (O/a)
0 20 40 60 8O 100 109 119 128
Air Consumption (%)

2.35 m3/phut

5.5 bar

(' Reducing the operating pressure from 0.69MPa to 0.39MPa, the power consumpt

__is decreased about 79% of 0.69MPa.

[2'with the excess power from depressurization, you can increase the air flow to 12¢€
of the rating. At that time, the power consumption reaches 100%. If you wish to us
maximum performance, PQ WIDEMODE ON is recommended.

Nhu cau khi nén gia ting khi Hiéu suat MNK giam khi tang ap suat lam viéc MNK
tang 4p suat lam viéc

1.79 m3/phut

Hinh 4.11. Vi du dién hinh vé viéc tang nhu cau khi nén gia va hiéu sudt ciia MNK khi
ting dp sudt lam viéc
Thuec té, Nha méay dé lap dat mot sé van giam ap tai cac diém sir dung. Tuy nhién, ddy moi 1a
giai phap giam ap cuc bd ¢ phia tiéu thu, trong khi ngudn khi nén van dugc tao ra ¢ mtrc 4p cao

ngay tur dau. Piéu ndy dong nghia véi viéc hé thong van dang “san xuat khi nén ap cao r6i méi ha
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ap”, nén chua loai bo dugc phan ti€u hao nang lugng phat sinh do van hanh & murc 4p suat cao

hon nhu cau thuc té ctia phan 16n phu tai.

Do d6, dé danh gia sau hon, c6 thé phan nhom cac thiét bi sir dung khi nén theo hai hé chinh:

H¢é khi nén phuc vu sin xuit Clinker

H¢ khi nén phuc vu day chuyén Xi ming

Duéi day 1a bang liét ké theo kinh nghiém danh gia hé thong khi nén trong nha may xi méng,

dung d€ phan loai so b cac nhdém phu tai va mirc ap suat yéu cau. Cac gia tri nay mang tinh dinh

huéng, can dugc hiéu chinh theo khao sat thyc té tai timg diém dung khi.

Bang 4.1. Hé khi nén phuc vu san xuat Clinker

. , . . Ap sut yéu Ty 1€ nhu
Stt | Thiét bi / nhom thiét bi Mo ta sir dung ; X
cau (MPa) cau (%)
Van diéu khién khi nén Déne/me. didu it
. 6ng/ma, dicu ti€t van
1| trén hé 10, thép trao dbi | r o 0.45 — 0.55 1520
A 1 N chap hanh
nhiét, lam ngudi clinker
Loc bui khi tho
p | 0¢ PHL XURE KL HIONE | v ing khi gidi bui tai loc | 0,55 — 0,65 1015
thuong (bag filter)
Loc bui tinh dién, loc bui | Lam sach, chép hanh
3 | phan ly va cic diém can | van, co cu yéu cau ap 0,60 — 0,70 15-20
xung/luc khi 16n cao hon
Bua khi, sing khi chdng
4 | bam tai silo, chute, | Pha bam dinh vat liéu 0,55-0,65 10-15
cyclone
Cocaud flap valve, | Diéu chinh dong khi
5 ‘0’ cau damper, flap valve, ‘1eu cA inh dong khi, 0.45 — 0.55 10 15
diverter gate dong licu
Inst t air cho thiét bi | Cap khi sach cho thiét bi
6 nsru‘men alI:(‘ZO iét bi ap‘ 1';sa_1c (.:;O et bi 0.40 - 0.50 10— 15
do ludng, positioner do va diéu khién
Hé cép liéu, cip than, Diéu khié , i lanh
. A’e cafz 1@1‘1, cap than, co 1,eu’ ién van, xi lan 0.45 — 0.55 510
cau chap hanh phu trg khi nén
q Lam sach dau do, thiét
8 | Vésinh, thdikhicucbd | o oot S C 0,50 — 0,60 5-10
bi, diém bam bui
Bang 4.2. H¢ khi nén phuc vu ddy chuyén Xi mang
K1 , A1 Az Ap suit yéu Ty 1€ nhu
Stt | Thiét bi / nhom thiét bi Mo ta sir dung x A
cau (MPa) cau (%)
Van diéu khién trén
1 nghién xi ming, phan ly, | Pong/mé, diéu tiét van 0,45 0,55 15-20
silo
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AL s . cAL s A gz 2 Ap suét yéu Ty 1€ nhu
Stt | Thiét bi / nhém thiét bi Mo ta sir dung X A
’ ’ ’ cau (MPa) cau (%)
Loc bui khi tho
2 0c DUl xung AL TN | Gid bui thi loc 0,55 — 0,65 15-20
thuong
.| L3 h, chip hanh tai
Loc bui phan ly, cac diém ’am 'sac’ ’ ? a;i Etn a
3 N ] ] cac vi tri yéu cau ap cao 0,60 - 0,70 10-15
can khi xung ap cao
hon
Air slide, mang khi dong, | HS trg van chuyén vat
4 ir sli ei m.alng A i dong, .f) rEy van chuyén va 035 0.50 20 25
trg luu vat liéu bot liéu bot
5 Hév d(’)r%g bao, ’ Xlrlélt Xi Ch’ép ’hz‘lnh qco ciu co 0.50 - 0.60 10— 15
mang, xi lanh khi nén khi, dong mé&
Cap khi sach cho thiét bi
6 | Instrument air ap X sach CAO IO 0,40 - 0,50 1015
do va dicu khién
H¢ chéng bam silo xi
7 © CHONg bam StO X b bam va tro xd lisu | 0,50 — 0,60 5-10
mang, sung khi, biia khi
. La h thiét bi, da
8 | Vésinh, thdi khicucbo | T SACH HHELOL QAL 560,60 5-10
do, dudong ong
Bdng 4.3. Bdng tong hop nhu cau khi nén theo cdp ap sudt
Ty 1€ nh R
Cipip | Apsudt | chu_mg | TY16mhuclu
u u-—
Stt p; P P N ] * | —HéE Xi mang Nhén xét
suat yéu cau Clinker %)
(%) ’
< 055 Chu yéu gdm instrument air,
. AIz suét Mpa ’ 40— 55 50— 65 van qiéu khién th(zng :[huémg,
thap air slide, co cau chap hanh phu
(Max)
tro
Chu yéu gdm loc bui xung khi,
Ap sudt| o O loc bui tinh dién/phan ly, st
sua oc bui tinh dién/phan ly, sun
2 | OP Mpa  |45-60  |35-50 ¢ DULTHRT CICVPRAn 1y, SUNg
cao (Min) khi, bta khi va céc phu tai dac
in X
thu yéu cau ap cao

Nhu vy, viéc duy tri toan bo hé thong khi nén & cting mot mirc ap suat cao dé dap tmg cho

tat ca cac phu tai 1a chua thuc su hop 1y vé& mit ning luong. Day 1 co sé dé xem xét giai phap

phan chia hé thong khi nén thanh hé ap suét thap va hé ap suét cao, phii hop hon véi dic diém tiéu

thu thuc té cua tung nhom thiét bi.

b. Mo ta giai phap
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Hinh 4.12. Hién trang phong MNK hién tai
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Hinh 4.13. B6 tri lai nhém MNK theo nhém dp sudt cao va dp sudt thap
Giai phap dé xuat 1a giit nguyén ciu hinh tong thé ctia cic tram may nén khi hién hitu, dong
thoi to chire lai phuong thirc cap khi nén theo hai cip ap suét riéng biét, gdm:
e Hé khi nén ap suét cao: cép cho cac phu tai thyc sy can ap suét cao;

« Hé khi nén ap suét thap: cip cho cac phu tai con lai c6 nhu cau ap suét thap hon.
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Theo do, tuy thudc vao co cAu nhu ciu st dung khi nén cua ting khu vuc, cac may nén khi
trong mdi phong may s& dugc phan nhém van hanh thanh nhom 4p suét cao va nhom ap sudt thap.
S6 luong may nén khi trong timg nhoém khong ¢b dinh ma duoc xac dinh trén co sé ty 16 phu tai
thue té cua timg hé théng, nham dam bao vira dap tmg da nhu ciu st dung, vira han ché van hanh
du cong suét.

V& mit ha ting, hé thong duong dng phan phdi khi nén hién hiru van duoc giit lai dé tiép tuc
str dung cho mot trong hai cAp ap sudt (ap sudt cao hodc 4p suat thip tuy theo phuong an lua chon
va mirc d6 thuan loi ctia timg khu vuc). Pong thoi, 1ap dit bo sung mot hé théng dudng 6ng phan
phdi méi dé cap cho nhém phu tai con lai. Cach tiép can nay cho phép tan dung tdi da hé thong
hién co6, gidam khdi lugng cai tao va han ché anh hudng dén hoat dong san xuét trong qué trinh
trién khai.

Tai cac diém giao thoa hodc cac khu vuc c6 kha ning lién thong giita hai hé, s& bd tri van
khoa cb 1ap va cac diém két nbi phu hop dé tach bach rd rang hai mang khi nén, tranh tinh trang
khi tir h¢ ap cao bu sang hé ap thép hodc nguoc lai, lam mét y nghia cua gidi phap. Viéc phan tach
ro hai cép ap suét cling tao diéu kién thuan loi cho cong tadc quan ly, van hanh va theo doi hi¢u
qua nang lugng cua tung hé riéng biét.

Vé nguyén 1y van hanh, nhém may nén khi p suat cao s& chi phuc vu cho cac phu tai yéu
cAu ap cao nhu cac thiét bi loc bui dic thu, mot sd co cau chép hanh hodc cac diém can luc tac
dong 16n. Trong khi d6, nhém may nén khi ap suat thap s& cip khi cho phan 16n cac phu tai thong
thudng nhu instrument air, van diéu khién, air slide, co cdu chip hanh thong dung va cac diém st
dung khong doi hoi 4p sut cao. Nho d6, Nha may khong con phai duy tri toan b hé théng & ciing
mot mirc 4p suat cao nhu hién nay.

Giai phap nay cho phép giam ap suét tao khi nén cho phan 16n phu tai, tir d6 giam dién ning
tiéu thu ctia cac may nén khi, dong thoi han ché ton that do tiét luu qua van giam ap, giam luong
khi nén gia va giam mirc d¢ ro ri ctia hé thong. Day 14 giai phap phii hop véi hién trang Nha may
vi van tan dung duoc thiét bi va mang phéan phdi hién c6, trong khi timg budc t6 chirc lai hé thong
khi nén theo dting nhu cau ap suét thyc té ctia timg nhom phu tai.
c¢. Hiéu qua tiét kiém niing lwong dw kién

Méi lién hé gitra ap suat va tiéu thu ning lugng:

- Giam 1 bar (~0,1 MPa) — tiét kiém ~6 — 10% dién nang

- Giam tir 0,60 MPa xudng 0,45 MPa — tiét kiém khoang 8 — 12%.

Giam ton that hé théng:

- Giam 10 ri khi nén;

- Giam ton that qua van tiét luu;

- Giam lugng khi nén gia.

Téi wu van hanh méay nén khi:

- May van hanh gan diém hiéu suat to1 uu;
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Giam tai khong can thiét;

Tang tudi tho thiét bi.

Bdng 4.4. Bang dy kién tiém ning TKNL ciia gidi phdp phdn chia hé dp cao — dp thap

Ap suét | Ap suét
HT | Nhom | - POUaH P APSUALSAN o e sie | % TKNL | % TKNL
Stt i P hién tai cdi tao X .
MNK | 4ap suat o ’ dung (%) du kién | chung cua
(MPa) (MPa)
1 Ap cao 0,60 0,60 55 0
D31 |—— 4,05
2 Ap thap 0,60 0,45 45 9
3 Ap cao 0,60 0,60 55 0
D33 |—— 4,05
4 Ap thap 0,60 0,45 45 9
5 Ap cao 0,60 0,60 55 0
D35 |— 4,05
6 Ap thap 0,60 0,45 45 9
7 Ap cao 0,60 0,60 55 0
D36 —— 4,05
8 Ap thap 0,60 0,45 45 9
9 Ap cao 0,60 0,60 40 0
D32 —— 5,40
10 Ap thap 0,60 0,45 60 9
11 Ap cao 0,60 0,60 40 0
D34 | —— 5,40
12 Ap thap 0,60 0,45 60 9

4.5 Lap dit hé thong bong 1am sach tu déng HydroBall, thiét bi khir cin dién tir va b diéu

khién tw dong cho bom nuwéc tudn hoan va quat gi6 thap giai nhiét theo ap suit chan

khong binh ngung

< Hién trang va van dé
Hé thdng thu hdi nhiét phat dién (WHR) ciia Nha may dang van hanh theo chu trinh Rankine

hoi nudc, trong d6 binh ngung déng vai trd quan trong quyét dinh hiéu suit toan hé théng. Tuy

nhién, qua phan tich van hanh thyc t€, van ton tai mot s6 han ché nhu sau:

Tén that nhiét tai binh ngung 16n (trén 50%), 1am giam hiéu suit phét dién cta hé thong;

Ap suét chan khong chua dugc duy tri on dinh & mue toi uu, phu thude nhiéu vao:

+  Nhiét 3o nudc lam mat;

+  Tinh trang cdu cén trong 6ng trao doi nhiét;

Hién tuong cau cin trong binh ngung 1am giam hé so truyén nhiét, dan dén suy giam hiéu

suét trao ddi nhiét theo thoi gian;
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- Cong tac vé sinh dinh ky (6 thang/lan) chua du dé duy tri hiéu qua van hanh t6i wu;

- Hé théng bom va quat thap giai nhiét da c6 bién tan, nhung hién chil yéu van hanh thu
cong, chua co6 co ché diéu khién tu dong theo diéu kién thuc té.

Céc van dé trén dan dén:

- Ap suét ngung tu cao hon muc ti uu;

- Giam hiéu suat tuabin hoi;

- Ting tiéu hao nhiét trén moi kWh dién phat ra.
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Hinh 4.14. Man hanh DCS hé thong thu héi nhiét ddy chuyén 1

= | | | I I l
g]; NEEEEEEEEEEEELY
L R3T Hestory

Hinh 4.15. Man hanh DCS hé thong thu hoi nhiét day chuyén 4
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Hinh 4.16. Binh ngung hé thong thu hoi nhiét
+ MO ta giai phap
Giai phap dé xuat nham duy tri 4p suat chan khong t6i wu va nang cao hiéu qua trao doi nhiét
ctia binh ngung, bao gdm 3 nhém giai phap chinh:
(1) Lap dat hé thong 1am sach dng tu dong (Hydroball ATCS)
Hé thong st dung cac qua bong cao su x6p di chuyén tuan hoan trong dng trao doi nhiét dé

lam sach cau can lién tuc trong qua trinh van hanh.

~ EST=CH
Cleaning Process

'_Ea“l',,__“ﬁ

Hinh 4.17. Minh hoa nguyén Iy hoat dong hé théng lam sach ong tw déng Hydroball ATCS

TRANG 54 TREN 103



Nguyén ly:

Boéng cao su dugc bom vao dong nudc lam mat;
Di chuyén qua cac ong trao doi nhiét;
Ma sat voi thanh ong dé€ loai bo cau can,;

Puogc thu hdi va tuan hoan lai hé théng.

(2) Lap dat thiét bi khir cau can dién tir
Thiét bi st dung song dién tir/xung kich dé:

Thay d6i ciu tric két tinh ciia mudi khoang (CaCOs, MgCO:s...);

Ngan ngtra hinh thanh 16p céu cdn bam trén bé mit trao d6i nhiét.

-~ Giai phap nay giap:
Duy tri bé mit trao d6i nhiét sach trong thoi gian dai;

Giam tan suat v€ sinh co hoc.

(3) Tu dong hoa diéu khién bom va quat thap giai nhiét

St dung PLC/EMS dé diéu khién bién tan cia:
+ Bom nudc tun hoan;
+  Quat thap giai nhiét;
T6i wu van hanh theo céc tin hiéu:
+  Ap suét chan khong binh ngung;
+  Nhiét 3o nudc lam mat;
+  Piéu kién mdi trudng (nhiét do, o am).
~ Hé théng s tu dong:
Piéu chinh luu luong nude va gio;
Duy tri ap suét chan khong ¢ mirc ti uu;

Gidm ti€u thy di¢én phu tro.
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% EST=CH
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Date
Hinh 4.18. So sanh mau chiller lap va khéng lap hé thong rira binh ngung t dong trong cung 1
hé thong

R/

< Hiéu qua tiét kiém ning hrong duy kién
Giai phap mang lai hiéu qua thong qua cac co ché sau:
(1) Cai thién hiéu sut trao doi nhiét

- Giam cau cdn — tang h¢ sb truyén nhiét;

- Giam nhiét 46 ngung tu — giam 4ap suat ngung tu.

(2) Tang hiéu suit tuabin hoi

- Khi ap sudt chan khong giam (chan khong t6t hon) — tang chénh léch enthalpy;

— Tang san lugng dién phat ra tir cing mot luong nhiét dau vao.
(3) Giam dién nang tiéu thy phu trg

- Téi vu van hanh bom va quat;
- Tranh van hanh du tai.
- Tong hop tiém ning tiét kiém:
+ Tang san lugng dién phat: ~2 — 5%
+  Gidm dién phu trg hé [am mat: ~5 — 10%

+  Giam tiéu hao nhiét toan hé thong WHR
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0015 | o ©° ° LA °
Operation Rf (m*.K/kW) | % change
RaLF ® ATCS ON ATCSON 1 0.0158 Reference
& ATCS GFF ATCS OFF 0.0188 +19.0 %
ATCSON 2 0.0165 +4.4 %
%008 AVERAGE  [ATCS OFF 0.0196 +24.1 %
ATCSON3 0.0172 +8.9 %
0 1 1 ] |
0 5 10 15 20 25 30 35 40 45
Time (Days)

Hinh 4.19. Hiéu sudt mdu chiller khi bdt va khi tdt ATCS
4.6 Giai phap thu hdi nhiét thai (>1000C) bing trng dung cong nghé may lanh hip thu phuc
vu cho hé théng diéu hoa khong khi cho cic phu tai khu vwe phong diéu khién va tram
dién (DC1 - DC4).
a. Hién trang diéu hoa khong khi nha may xi ming
Phan 16n cac Nha may xi mang hién nay sir dung loai may lanh kiéu may nén diéu hoa khong

khi céc tram dién, phong lam viéc,..nha may.

Hinh 4.20. Hé théng diéu hod cuc bé dwoc bé tri tai cdc khu vuc quanh nha may
Hién nay, hé thong diéu hoa khong khi tai Nha may xi ming duoc bd tri theo dang cuc b,

phan tan tai cac khu vuc nhu:
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- Phong diéu khién trung tdm (CCR);

- Phong dién, phong bién tan;

- Phong diéu khién dong co;

- Khu vuc tt MCC va cac tram di¢n.

Cac hé théng nay chu yéu st dung may lanh nén di¢n doc 1ap, chua co sy t8i wu té)ng thé.

Trong qua trinh van hanh, tdn tai mot sd van dé chinh nhu sau:

- Tiéu thu dién ning 16n: Do st dung may lanh nén truyén thdng, toan bd ning lugng lam
lanh duoc tao ra tir dién, trong khi Nha may lai c¢6 sin ngudn nhiét thai 16n chua dugc tan
dung. Diéu nay dan dén chi phi dién nang cho lam mat tuong dbi cao.

- Véan hanh phan tan, kho kiém soat: Cac thiét bi diéu hoa hoat dong doc lap, khong co hé
théng diéu khién trung tam, dan dén khé khan trong viéc theo doi hiéu suét, t6i wu van
hanh va phét hi¢n bét thuong.

- Lam viéc trong mdi truong khic nghiét: Pac thi cia nha may xi ming 1a méi truong
nhiéu bui, nhiét do cao, khién cac dan trao d6i nhiét d& bi bam ban, giam hiéu suét trao
d6i nhiét va lam tang tiéu thu dién nang.

- Thiét bi hoat dong non tai hodc qua tai cuc bd: Do thiét ké theo tung khu vyc riéng 1€,
nhiéu thiét bi hoat dong khong dung diém hiéu suét tdi uu (COoP thép), hodc phai chay
lién tuc dé dam bao diéu kién nhi¢t do, gy lang phi ning luong.

- Kh6 tan dung ngudn nhiét thai san c6: Mic dit Nha may c6 nhiéu ngudn nhiét thai tir cac
cong doan san xuét (10 quay, calciner, khi thai...), nhung cac hé thong diéu hoa hién tai
khong ¢ kha niang tin dung ngudn ning lugng nay.

- Chi phi béo tri va tudi tho thiét bi: Viéc van hanh lién tuc trong moi truong bui va nhiét
dd cao lam tang tan suét bao tri, giam tudi tho thiét bj va tang chi phi van hanh.

Két qua xdy dung tir Energy Mapping cho hoat dong ning lugng cia Nha may véi dir lidu

nhiét thai chiing t6i so bd duoc két qua nhu sau:
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) ) Temp. In Temp. Out Total
Section Process Medium Stream no . :
'C ‘C KWh
L1 - Silo Clinker Product L136 140 50 46.526 296
Praduction line {-|L1 - Mghién ligu Air L1.21.3 85 25 107.285|617 |
Day chuyén chirhi L1 - Nghién than Air L1.2.3.2 65 25 14.925)183
Main product e |, 1 _ \ahidn xi mang Air L1.4.2.2 100 25 27.362{900
L1 - Loc bui Air X285 150 25 109.795{325 |
L1-Héa hei LP (AQC Boiler) | Water %33 200 25 43931
Praduction line 1 - |L1 - AQC Boiler (HP) Water ¥9.2 f 330 25 1.056.616
Déy chuyén phu | 1 - SP boiler Water X10.2 r 290 25 571.088
Dign Aaliany lme| L1 - P turine Steam X11.2 o 2 738.993
for Self—ge_m_arated L1 - LP turbinne Steam X5.2 136 25 23.813
slectricity ) 1 _|p turbine Steam X111 49 48
L1 - LP turbinne Steam X561 49 48 22.261.848
Le - Sllo LTReET FToUUCT Lo b 14 al B0 6. 340
Praduction line 2 | |L2 - Nahién lidu Air L2213 85 25 52.970.413
Day chuyén chind{L.2 - Nghién than Air L2232 65 25 4110433

Main product ling

L2 - Nghién xi mang Air 12422 100 25 76.775.490

et it E85 58 = H09=568=154

L2 - Héa hoi LP (AQC Boiler) | Water E33 136 25 24 259

Production line 2 - |L2 - AQC Boiler (HP) Water E9.2 f 160 25 337.582

Déy chuyén phu |12 - sp boiler Water E10.2 r 335 25 728.115

et S |L2 - 1P turbine Steam E11.2 w0 2 745 310

for self-generated |L2 - LP turbinne Steam E5.2 90 25 12462
slectricity i 5 _ |p turbine Steam E111 49 48

L2 - LP turbinne Steam E5.1 49 48 39.278

TOTAL 1.024.766.581

Hinh 4.21. Dit liéu cdc nguon nhiét thai tir mé hinh energy mapping

Tir két qua energy mapping cho thdy Nha may hién c6 nhiéu ngudn nhiét thai dudi dang dong
khi néng (air) phat sinh tir cic cong doan san xuat chinh, dic biét tai cac khu vuc nhu loc bui,
nghién xi mang, nghién liéu, nghién than va silo clinker. Cac dong khi nay mang theo lugng nhiét
dang ké do dic thu van hanh & nhiét do cao va luu luong 16n.

Nhiét d6 cua cac dong khi thai ndy thuong nam trong khoang 65—-150°C, trong d6 mot sb
dong nhu khi sau loc bui hodc khi tir hé nghién 6 thé dat murc cao hon va tuong ddi 6n dinh theo
thoi gian van hanh. Pay 1a dic diém rat quan trong, boi cac dong khi thai khong chi cé nhiét do
phu hop ma con ¢6 luu lugng 16n va lién tuc, tao diéu kién thuan loi cho viéc thu hdi nhiét thong
qua cac b trao ddi nhiét khi — nuée.

Pic diém cua hé théng may lanh hép thu:
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Hinh 4.22. Hinh anh may lanh hap thu

I CP type Direct Fired Absorption Chiller (cooling mode) I R type Direct Fired Absorption Chiller (cooling mode)

Cooling water  Condenser ) Cooli Condenser High temperature  gyhayst gas

n:m:rllg vt Low temperature generator High t\empmlnre generator h:‘:.:? g Low temperature generator  9€n€ralor 1

pa Aﬂr ; .=

f . i %
[r
Exhaust gas
heat exchanger
ii Refrigerant drain iﬁ Refri
= heat b heat exch

4

- Exhaust gas Al j\ﬁ

Chilled w_a:.er pa fr— Chilled vﬁter = A =
I ‘ I
Evaporator - Evaporator |
Absorber— Absorber -
Refrigerant — [l Purge unit Low Refrigerant — I Purge unit Low High
e ';\hsullgleng Ennljn:Water p puma Absorhent  Cooling water temperature ‘eg““ ature
ump - inlet heat exchanger ~heat exchanger Pump No.1 heal exchanger heat exchanger
Absorbent Pump No.2 Absorbent Pump No.2

® Pump operation < Switching valve open
© Pump stop

»« Switching valve close LiBr solution Hot water Chilled water Cooling water Refrigerant LiBr solution Refrigerant Exhaust gas
[Concentrated) [Diluted) vapor

Hinh 4.23. Mé ta chu trinh hoat ddng ciia hé thong mdy lanh hdp thu
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QAW-CP***FC QBW-CP***FC

kW 4633 738 44 285 1,125
Coaoling capacity
USRT 180 210 240 280 320
kW 421 491 561 455 T4B
Heating capacity
kcallh 361,980 422310 432,640 563,080 643,520
Temperature [Inlet—=Outlat] C 127
Chilled Flow rate m*fh 10 127 145 14% 194
e Pressure drog kPa 5.9 365 377 75.0 76.1
Connection diameter [JIS] A 125 150
Temperature [Inlet—Outlet] o 56,7340
Hat Flow rate m*h 109 127 145 149 194
e Pressure drop kPa e 345 377 75.0 74.1
Connaction diameter [JI15) A 125 150
Temperature [inlat—=Outles) L 32537
. Flow rate mih 180 210 240 280 320
Coaling
e Pressure drop kPa 0.6 744 B42 TR a7
Connection diameter [JI5] A 150 200
Piraver 3 phases, 380 ¥, 50 Hz
Power
supply Tatal current [50/&0Hz| A 181 19.9 21.7 21.7 5.4
Power capacirty [S0/80Hz) EVA 11.8 133 14.7 14.7 178
Fuel connection P - =t i
s lor Diesel oil A 1552
. LHV gas calarific
Fusl Bas Cooling - kW Al 519 593 552 ™
L Cans t ifi
sl N | eating tdm:eg"’ml“"'t KW e 519 593 £92 791
Diessl ol Caoling Lih 439 51.1 5B.5 &8 2 778
EELE Heating Lih Ah b 518 59.2 591 79.0
Length Il | mm 3,780 3800 4,970 5,000
Width Wl | mm 2,240 2460
Dirensicn
Haight [Hl | mm 2,380 2340 2,340
Tube extracting space mm 3,430 3440 4,510
Operating weight tan .0 10.2 105 125 133
Weight
Tatal shipping weight tan 7.2 2.2 9.4 11.2 e
Shipping methad 1 piece
Chilled/Haot water L 280 3a0 £15 50 535
Haolding water amount
Coaling water L =1 1] 810 470 1] 840

Hinh 4.24. Théng s6 kj thudt ciia hé thong may lanh hdp thu

Déi chiéu giita hai nhom théng tin cho thdy giai phap c6 tinh phi hop vé mit nhiét do ngudn
nhiét. Cu thé, cac ngudn nhiét thai c6 nhiét do tir 85°C trd 1én 1a twong dbi phu hop dé xem xét
thu hoi truc tiép hodc gian tiép thong qua mach nude néng. Pi véi cac dong co nhiét do thap
hon, kha nang ap dung s€ phu thudc vao luu lugng, muc on dinh nhiét va hiéu qua cua h¢ trao doi
nhi¢t. Trong do, cac dong khi thai tir khu vuc loc bui, nghién X1 mang va mot ) cong doan xur ly
clinker 13 nhitng nguén c6 tiém nang tot hon do vira c6 nhiét d6 twong d6i phu hop, vira co cong
suat nhiét thai 16n.
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Ngoai ra, may lanh hép thu 6 dic diém tiéu thu dién rat thép, chu yéu cho bom va diéu khién,
trong khi nang lwong chinh duoc cung cip tir nhiét thai. Vi vdy, dbi véi Nha may xi mang — noi
d4 c6 sin cac ngudn nhiét du nhung van phai st dung dién cho nhu cau lam mat hodc diéu hoa —

thi giai phap nay c6 ¥ nghia rd rét vé mat tiét kiém dién ning.

b. Mo ta giai phap

2 5 = exhaust smoke outlet
Cold water inlet ==z,

i ' Finned tube structure
|

Hot water Tank | ]
L

90-95°C : H : I
ot water outlet
EYPAY g
< exhaust smoke inlet

Hinh 4.25. Mé ta hoat ddng thu héi nhiét cho hé thong

Khoi thai nong tir cac cong doan san xuat duge dan qua bd trao doi nhiét khi — nuwée. Tai
day, nhiét tir dong khi thai dugc truyén cho nudc tuan hoan, 1am nhiét d6 nudc ting 1én dén khoang
90-95°C. Sau khi truyén nhiét, khoi thai ha nhiét va tiép tuc duoc dua ra hé thong quat hit/dng
khoi nhu hién trang.

Phan nudc nong sau thu hdi duoc din dén generator cia chiller hip thu. Tai ddy, nudc nong
dong vai tro 1a ngudn nhiét van hanh chu trinh hip thu, thay thé cho dién nang nén nhu ¢ may
lanh co hoc truyén théng. Chiller hap thu sau dé tao ra nwéc lanh 7/12°C, cap dén cac dan
AHU/FCU hoac céc phu tai lanh cong nghé trong Nha may.

q1
/ % / Thap giai nhiét
N N A
NHs Ing l \ ] Hoi Nk v, BN Phanly pret
p = 15,5 bar Binh ngun p=155bar»
t=40c 9ung t>40°C
X Van tiét luu E
- N
?—z ;b(():bar 1 Z) | van giam ap 1Bom dung dich - 4
1
é p=4,0bar
0
-J ¢ 33C ¢ 2%

aht Binh hap thu
Hinh 4.26. M6 ta chu trinh hoat déng ciia hé thong lanh hdp thu (Absorption Chiller)
Song song v&i d6, chiller hip thy can mot mach nwée giai nhiét dé thai phan nhiét du ra moi
truong thong qua thap giai nhiét. Nhu vay, toan bd hé thong hinh thanh ba vong tuan hoan chinh:
- Vong thu hoi nhiét khoi thai — nudc nong

- Vong nudc lanh — cap cho phu tai
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- Vong nudc giai nhiét — thap gidi nhiét

Vé ban chat, giai phap nay khong tao thém ngudn ning luong méi, ma tan dung ngudn nhiét

du sin c6 dé thay thé mot phan dién ning dang dung cho diéu hoa/lam lanh. Pay 1a hudng st

dung nang lugng hop ly, dac bi¢t phu hop véi cdc nha may xi mang co6 lugng khi thai néng 16n va

nhu cau lam mat on dinh.

c. Tinh toan tiém ning TKNL véi h¢ thong may lanh hip thu:

Bdng 4.5. Hién trang cong sudt dién diéu hoa théng thuong ciia cdc tram dién

] Cong suit lanh ghi | Cong suit dién | Cong suit dién Tl‘::: \%llgcn
Vi trilap TB trén dan nong dan nong COP ghi trén dan trong n 5m
BTU (kW) =1,9 - (kW) lanh (kW) (h/niim)
Piéu hoa tram | 240.000Btu (120
1504 Kx2) 37 (1.1x2) 24/7
Diéu hoa tram 760.000Bt
1505 : (200Kx3) + 118 (2,2x4) 24/7
(160Kx1)
Piéu hoa tram | 500.000Btu (200 8 (22x2)+ (1,1 x 24/
LS06 Kx2) + (120x1) 1)
Piéu hoa tram
1507 160.000Btu 24 2,2x1) 24/7
Diéu hoa tram 320.000Btu
1508 (160Kx2) 48 (2,2x 2) 24/7
n 1.980.000 Btu (580
Cong KW lanh) 305 kWe 23 kWe
Tong 328 kWe
Badng 4.6. Bang tinh todn céng sudt tiéu thu ciia hé thong mdy lanh hdp thy
o R B Cong suit
Mo ta Qty Cong suat lanh N
dién
May lanh hép thu st dung nuéc
. 01 633 kW(180 RT) 11,8 kW
néng
AHU, 160 Pa, 10000 m3/h 12 200.000 BTU (16,67RT) 8,8 kW
Bom nuéc nong tuan hoan 90-
02 120 m3/h; H=48 m 11 kW
95°C
Bom nude lanh tudn hoan 70C 01 120 m3/h; H=48 m 11 kW
Bom nudc giai nhiét 01 215 m3/h; H=27 m 11 kW
Quat ly tdm 1600C 01 8618 kg/h 22 kW
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. R B Cong suit
Mo ta Qty Cong suat lanh L
dién
Thap giai nhiét 300 RT 01 120 m3/h 7,5 kW
Cong 180 kW

4.7 Giai phap ing dung Machine Learning dé t6i wu hoa van hanh san xuét
a. Hién trang va vin dé
Hién nay, hoat dong van hanh tai cic day chuyén san xuét xi ming ctia Nha may chu yéu dua
trén h¢ thong diéu khién truyén théng (DCS/SCADA) két hop véi kinh nghiém ciia doi ngii van

hanh vién. Mic du hé théng da duoc trang bi day du cac thiét bi do ludng va thu thap di liéu véi

tan suat cao, tuy nhién vi¢c khai thac va stt dung dit li€u van con nhi€u han che.

Hinh 4.27. Hoat déng gidm sdt va diéu khién tai phong PKTT Nha mdy xi ming & Giao dién
hé thé'ng DCS voi mat do dir lieu van hanh lon

Thuec té cho thay, Nha mdy dang ¢ trang thai “giau dir liéu nhung nghéo thong tin phan tich”
—tic 1a c6 rat nhiéu dit liéu van hanh dugc ghi nhan, nhung chua chuyén héa hidu qua thanh thong
tin hitu ich dé phuc vu ra quyét dinh. Hang nghin tin hiéu van hanh nhu nhiét do, ap suat, luu
luong, thanh phén khi, tai thiét bi, tiéu hao nang luong... lién tuc bién dong theo thoi gian, nhung
chua duoc phan tich mot cach c6 hé théng dé nhan dién quy luat va xu hudng.

Trong bdi canh do, vai tro ctia kinh nghiém véan hanh trd nén dic biét quan trong. Cac quyét

dinh diéu chinh nhur:
- Tang/giam luong than cap cho calciner va 10 quay;
- Piéu chinh luu luong gi6 (id fan, fd fan, gié ba);
- Kiém soat nhiét do ving chay;
- Can bang gitra tiéu hao nhién liéu va chat lugng clinker;
- Phan 16n van dya vao kinh nghiém tich lily va cam nhan cta van hanh vién.
Céch tiép can nay dan dén mot s6 ton tai chinh:
- Phu thudc 16n vao con ngudi: Hidu qua van hanh khong dong déu giita cac ca/kip, phu

thudc vao trinh d¢ va kinh nghiém ting c4 nhan.
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Tinh phan (mg 1a cha yéu: Hé thdng chi xtr 1y khi sai 1éch dé xay ra, chua c6 kha ning du
béo trudc dé phong ngira.

Xu hudng van hanh an toan (bao thu): Pé dam bao 6n dinh, cac thong ) thuong duoc
duy tri & mirc “an toan”, dan dén tiéu hao ning lugng cao hon muc tbi wu.

Kho tdi vu dﬁ‘)ng thoi nhiéu muc tiéu: Viéc can bé“lng gitra tiéu hao nhiét, ti€u thu dién, san
luong va chét lugng san pham 14 bai toan phirc tap, vugt qua kha ning xu 1y thi cong.
Chua tan dung hi¢u qua dir li¢u lich st: Dt li€u van hanh tich lily trong thoi gian dai chua

duogc khai thac dé xay dung mé hinh du bao hoic t6i wu hoa.

Dic biét, ddi voi hé théng 16 nung — cong doan tiéu thu nang lugng lon nhét, cac yéu t6 nhu

bién dong nguyén liéu dau vao, diéu kién moi truong va trang thai thiét bi c6 anh hudng rat 16n

den hi€u qua van hanh. Tuy nhién, moi quan hé gilra cac y€u t6 nay mang tinh phi tuyén va phuc

tap, rat kho nhan biét chi bang quan sat hoic kinh nghiém.

Két qua la:

56
54
5
5
4
46

o O N

Ti€u hao nang lugng (than, dién) chua dat muc ti wu;
Dao dong van hanh van ton tai, anh huoéng dén d6 6n dinh hé théng;
Chat lugng san phém chua thuc su on dinh tuyét déi;

Tiém ning tiét kiém niang lugng con 16n nhung chwa dugc khai thac.

Biéu d6 so sanh suét tiéu hao dién nang Biéu d6 so sanh suét tiéu hao nhiét nang
cho hoat dong san xuat Clinker gitra cac cho hoat déng san xuat Clinker gitra cac
Day chuyen trong Nha may va theo trung Day chuyen trong Nha may va theo trung
binh thong k& nganh XM Viét Nam hién nay binh thong k& nganh XM Viét Nam hién nay
55.02 1000 9155 913g#g 2
53.48.48 53.7 81.9 8955 809.9
523271 800 92.1 713,
49.78.72 600
400
I I 200
: ‘ ‘ ‘ 0
Day chuyén Day chuyén Day chuyén Day chuyén Day chuyén Day chuyén Day chuyén Day chuyén
1 2 3 4 1 2 3 4
B Nam 2024 = Nam 2025 mNam 2024 mNam 2025

Hinh 4.28. Sudt tiéu hao dién, nhiét bién déng giita cdc ndam va khéng dong déu

Tt nhiitng han ché trén c6 thé théy, hé théng hién tai dang thiéu mot cong cu co kha nang:

Xu ly va phan tich dir liéu quy mo 16n;
Nhan dién céac quy luat an trong qua trinh van hanh,;
Dy bao trude xu huong bién dong;

Va hd tro ra quyét dinh tdi vu theo thoi gian thuc.
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Day chinh 14 co s¢ dé xem xét 4p dung céc giai phap Machine Learning nhim nang cao hiéu

qua van hanh va str dung nang luong ctia Nha may.
b. Mo ta gidi phap

Tir nhitng ton tai néu trén, c6 thé thiy rang bai toan cdt 161 ciia Nha may khong nim & viée
thiéu dir liéu hay thiéu thiét bi, ma nam ¢ kha ning khai thac dir liéu dé hd tro ra quyét dinh van
hanh t6i wu. Day chinh 1a khoang tréng ma cac phwong phép phan tich truyén thong va kinh
nghiém con ngudi kho c6 thé dap tng day du.

Trong bdi canh d6, Machine Learning (hoc may) dugc xem 1a mot cong cu phu hgp nham
nang cao kha ning phan tich va t&i vu hoa van hanh.

Machine Learning 1a mdt tap con cua tri tu¢ nhan tao
A (AI), ndm trong cau tric phan cap gom: Al — Machine

Learning — Deep Learning — Generative Al. Trong do,
Al 1a khai niém bao trum, Machine Learning tap trung
vao vi¢éc hoc tur dir liéu, Deep Learning la mot nhanh
peep learning chuyén sdu so dung mang no-ron nhiéu 16p, va
Generative Al 1a 16p ing dung nang cao c¢6 kha nang tao

Generative Al sinh ndi dung.

(image, text, music or coda
generator toalse.g. ChatGPT)

Trong pham vi bdo céo, gidi phap tap trung Urng dung

Machine Learning/Deep Learning dé t6i wu van hanh,
khong st dung cadc mo hinh tao sinh.

Machine Learning 14 mot tip con cua tri tué nhan tao (AI), cho phép hé théng hoc tir dit liéu
lich sur va dir li¢u thoi gian thuc dé nhan dién cac quy luat, xu huéng va mbi quan h¢ phtrc tap
trong qua trinh van hanh. Trén co s¢ d6, hé théng co thé:

- Du bao trudce céc trang thai van hanh;

- Phat hién cac dau hiéu bat thudng;

- Vadé xuit hogc ty dong diéu chinh c4c thong sé van hanh theo huéng t6i wu.

Khac v6i phuong phap van hanh truyén théng mang tinh phan tng (chi xir 1y khi sy ¢ xdy
ra), Machine Learning cho phép chuyén d6i sang phuong thirc van hanh:

- Tu phan tng — sang du bdo;

- Tu kinh nghiém c4 nhan — sang quyét dinh dua trén dir liéu;

- Tu van hanh bao thu — sang van hanh t61 wu lién tuc.
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_m_

Did it work?

l

Quy trinh van hanh theo phuong phap truyén Quy trinh van hanh theo phuong phéap
thong Machine Learning

Hinh 4.29. So sanh su khdc biét giita quy trinh vin hanh theo phwong phdp truyén thong &

Machine Learning

Dic biét, d6i véi cac hé thdng phirc tap nhu 10 nung xi ming — noi ton tai nhiéu méi quan hé
phi tuyén gitta nguyén liéu, nhiét, khi va trang thai thiét bj — Machine Learning c6 kha ning:

- Phat hién cac mdi lién hé ma con nguoi kho nhan biét;

- Panh gia dong thoi nhiéu bién sb;

- Vadua ra phuong an van hanh tdi vu theo thoi gian thyc.

Theo d6, viéc 4p dung Machine Learning trong Nha may khong nham thay thé hé thong diéu
khién hién c6, ma dong vai trd nhu mot 16p tri tué bd sung, gitp:

- Nang cao chit luong quyét dinh van hanh;

- Giam phu thudc vao kinh nghiém ca nhan;

- Vakhai thac hiéu qua ngudn dit liéu sin co.

Thong qua viéc trién khai giai phap nay, Nha may co6 thé giai quyét truc tiép cac “hién trang”
hién hiru nhu:

- Téi wu tiéu hao nang luong (than, dién);

- Giam dao dong va nang cao d6 6n dinh van hanh;

- Cai thién chat lugng san pham;

- Vanéng cao hiéu qua st dung dit liéu trong toan b hé thdng san xudt.

c¢. Pham vi irng dung

Giai phap Machine Learning duoc dé xuat trién khai trén toan bo 04 day chuyén san xudt cua
Nha may, tap trung vao cac cong doan c6 mic tidu thy nang lwong 16n va anh huong truc tiép dén
hiéu qua van hanh, bao gém:

- Heé théng 16 nung (calciner va 1o quay);

- Hé théng nghién liéu;

- Heé théng nghién than;
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- Hé théng nghién xi mang;
- Céc hé théng quat va thiét bi phu tro tiéu thu dién 16n.

Giai phap tan dung dir liéu sin c6 tir hé théng DCS/SCADA, do d6 khong yéu cau dau tu
thay thé thiét bi cong nghé chinh, ma tap trung vao t8i wu hoa van hanh céc tai san hién hitu.

"pain threshold”

4 Machine learning

=

= Heat pumps
- T L] MNew facilities
7= .
@ Flue gas cond.
o T ® Biogas prod.
= Load shifting 5
2 VFDs
E . Heat recovery

) ®

5 LED Conversion
0
L )

> 02 control Electric boilers

5] . L]

—

Low High

Investment level
Hinh 4.30. Vi tri ciia Machine Learning trong twong quan giita hiéu qua kinh té va mirc dau twe

Theo hinh minh hoa, Machine Learning nam trong nhom giai phép cé:

- Murc dau tu trung binh nhung hiéu qua kinh té cao so véi cac giai phap truyén thong nhu
thu hoi nhiét, bién tin hay nang cap thiét bi. Diéu nay cho thay, ML 14 budc phat trién
tiép theo trong qua trinh t6i wu héa, gitp khai thac téi da hiéu qua cua hé thong hién co
truée khi xem xét dau tu 16n.

Do d6, pham vi 4p dung cua giai phap khong chi gidi han & mot cong doan riéng 1€, ma cod
thé mo rong trén toan bd day chuyén san xuét, déng vai trd nhu mot 16p tdi wu tong thé cho hé
théng.

Giai phép tan dung ha tang hién c6, khong yéu cau dau tu 16n vao thiét bi méi ma chii yéu
khai thac di¥ liéu sin co.

d. Hoat dong cai thién sau khi thwe hién

Viéc trién khai giai phap Machine Learning trong van hanh san xuat khong chi mang lai hiéu
qua vé mat nang lugng ma con tao ra cac gia tri toan dién vé ky thuat, kinh té va quan ly van hanh.

% Loi ich vé ning lwong & kinh té

- Giam tiéu hao nhién liéu (than): Théng qua toi uu hoa qua trinh chay va phin bd nhiét

trong calciner va 10 quay, gitp gidm ti€u hao nhiét tir khoang 2 — 5%.
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Giam tiéu thu dién: Ti wu van hanh céc thiét bi tiéu thu dién 16n nhu quat, may nghién,
gitp tiét kiém khoang 3 — 7% dién ning.

Khai thac hiéu qua nhiét thu hdi: Tdi wu phdi hop giita cac cong doan, nang cao hiéu suét
st dung nhiét trong toan hé théng.

Loi ich vé van hanh

On dinh qua trinh san xuét: Giam dao dong nhiét 4o, ap suét va cac thong s6 van hanh
quan trong, dac biét tai h¢ théng 16 nung.

Chuyén tir van hanh phan tng sang van hanh dy bao: Hé théng c6 kha ning du béo xu
hudng va canh bao sém, gitip xu 1y trude khi sy ¢b xay ra.

Giam phu thudc vao kinh nghiém cé nhan: Chuén hoa quyét dinh van hanh dva trén dir
liu, gidm sy khéc biét gitra cac ca/kip.

Téi wu da muc tiéu: Pong thoi can bang giira tiéu hao ning luong, san luong va chat

luong san pham.

% Loi ich vé chat lwgng va san luong

Nang cao chét lugng clinker: Duy tri diéu kién van hanh 6n dinh, giam bién dong thanh
phan va tinh chat san pham.

Tang ning suat day chuyén: Nho t6i wu hoa van hanh, san luong co thé ting khoang 3 —
10% ma khong can dau tu thiét bi moi.

Giam ty 1€ san phém khong dat: Han ché sai l1éch do bién dong qua trinh.
Loi ich vé bio tri va d tin cay thiét bi

Phét hién sém bat thuong: Nhan dién cac du hiéu bat thuong trong van hanh thiét bi
(quat, may nghién, 10 nung...).

Chuyén sang bdo tri theo tinh trang: Gidm phu thudc vao bao tri dinh ky, ti wu chi phi
bao dudng.

Kéo dai tudi tho thiét bi: Giam dao dong va tai soc trong van hanh.
Loi ich vé chuyén dbi s6 va quan ly

Nang cao muc do s6 hoa van hanh: Tan dung dir li¢u dé hd tro ra quyét dinh.

Tao nén tang cho nha may thong minh: La budc chuyén quan trong trong 19 trinh chuyén
ddi sb.

Minh bach hoa van hanh: Cac quyét dinh dugc hd trg boi dit liéu va mé hinh, dé theo ddi

va danh gia.
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e. Mirc dau tw dy kién ciia giai phap
Giai phap Machine Learning 13 giai phap t6i wu hoa van hanh dya trén dir liéu, do d6 khong
yéu cau dau tu thay thé thiét bi cong nghé chinh, ma chu yéu tap trung vao ha tang s, phin mém
va trién khai mé hinh. Nhin chung, muc dau tr ¢ mirc trung binh nhung hiéu qua mang lai cao,
phu hop v6i cac nha may quy mo 16n.
% Cac hang muc diu tw chinh
Cac hang muc dau tu cua du 4n bao gém:

Ha tang dir liéu va luu trir:

+  May chu (server) hodc nén tang dién toan dam may (cloud);
+ Heé théng luu trir dir liéu lich st (historian);

+ Nang cip két ndi dit lidu tir DCS/SCADA (néu can).

Phan mém va nén tang Machine Learning:

+  Phan mém phan tich dit liéu va xay dung mo hinh;

+ Cong cu truc quan hoa va dashboard van hanh;

+  Giai phap tich hop voi hé théng diéu khién hién hitu.
Chi phi phét trién m6 hinh va trién khai:

Thu thap, 1am sach va chuan hoéa dir liéu;
Xay dung mé hinh hoc may (du béo, téi wu);

Hiéu chinh mé hinh theo diéu kién thuc té cua Nha may;

+ o+ o+ o+

Chay thur nghiém va danh gia hiéu qua.

bao tao va chuyén giao cong nghé:

+ Dao tao van hanh hé théng cho k¥ su va van hanh vién;

+  Hudng dan sir dung dashboard va cac cong cu hd trg quyét dinh
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5

Phu luc

5.1 Phan tich hiéu qua tai chinh lip dit hé thong dién mit troi

Bang 5.1. Phan tich hiéu qua tai chinh ld'p dat hé théng dién mat troi

Két qua
Stt Dién giai bVT PAl: Khong | PA2:Céluu | PA2: Céluu
¢o luu triv trir 10MWh trir 20MWh
I Tiém niing tiét ki¢m

1.1 Cong suat hé thong dién mat troi dién hinh MWp 10 10 10

1.2 | Cong suét hé thong luu trir MWh - 10 20

1.3 San luong dién nam cia hé thong kWh/nim 14.134.437 14.134.437 14.134.437
1.4 Téng chi phi dau tu du kién Triéu VND 172.250 212.000 265.000
1.5 S6 ngay lam viéc trong 1 nim Ngay/ nam 360 360 360

1.6 | Gia dién gio binh thuong VNB/kWh 1.811 1.811 1.811

1.7 | Gia dién gio cao diém VNB/kWh 3.266 3.266 3.266

1.8 Gia dién gio thap diém VND/kWh 1.146 1.146 1.146

1.9 | Pién san xut tir dién mit troi phan bo vao gio binh thuong % 74,00% 52,35% 9,05%
1.10 | Dién san xuét tir dién mat troi phan bo vao gid cao diém % 26,00% 47,65% 90,95%
1.11 | Dién san xut tir dién mat troi phan bd vao gio thip diém % 0,00% 0,00% 0,00%
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Stt

Dién giai

bDVT

Két qua

PA1: Khong PA2: Coluu | PA2: C6luu
co luu triv trir 10MWh trir 20MWh
Cong suit dién phan bo tir hé thong dién mit troi tuong tmg 5
1.12 , kWh/ nam 10.459.483 7.399.483 1.279.483
cho gio binh thuong
Cong suit dién phan bo tir hé thong dién mat troi tuong (mg .
1.13 . 2 kWh/ ndm 3.674.954 6.734.954 12.854.954
cho gio cao diém
Cong suit dién phan bo tir hé thong dién mit troi tuong tng .
1.14 ) o kWh/ nam - - -
cho gio thap diem
1.15 | Chi phi tién tiét kiém duoc tir hé théng dién mat troi Triéu VND 30.945 35.397 44.301
I Phén tich hi¢u qua kinh té khi thuc hién giai phap
2.1 Ning luong dién hé thong san xuét dugc trong 1 nim kWh/nam 14.134.437 14.134.437 14.134.437
2.2 | S6 tién tiét kiém duge tir TKNL Tri¢u VND 30.945 35.397 44.301
23 Chi phi dau tu dy an Triéu VND 172.250 212.000 265.000
2.4 Vén vay cho dy an dy kién Triéu VND - - -
2.5 Chi phi van hanh ting do dau tu cai tao theo nim Triéu VND 200 300 400
2.6 Chi phi van hanh giam do diu tu cai tao theo nim Triéu VND - - -
2.7 Chi phi c6 duogc tir thanh 1y thiét bi cii Triéu VND - - -
2.8 Chi phi tang dé loai bo thiét bj cii Triéu VND - - -
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Két qua

Stt Dién giai bvT PAl: Khéng | PA2: Céluu | PA2: Cé luu
¢o luu trir trir 10MWh trir 20MWh

2.9 | Giatri con lai ctia du 4n sau khi hét khau hao Triéu VND - - -

2.10 | Tudi tho du 4n Nim 20 20 20

2.11 | Thué suat % 20,00% 20,00% 20,00%

2.12 | Hé s triét khiu % 12,00% 12,00% 12,00%

2.13 | % lai vay % 12,00% 12,00% 12,00%

2.14 Thoi han tra ng Nam - - -

2.15 | Thoi gian hoan vén don gian Nim 5,60 6,04 6,04

2.16 |IRR % 14,21% 13,01% 13,02%

217 | NPV Triéu VND 24.331,7 13.558,2 17.129,4

2.18 | Luong dién san xudt tir hé thong pin NLMT quy d6i TOE TOE/nam 2.180,9 2.180,9 2.180,9

2.19 | Luong phat thai CO2 twong tng Tan CO2e/nim 9.317,4 9.317,4 9.317,4
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5.2 Phén tich hiéu qua diu tw ciia giai phap Thay thé bong dén Halogen sang Led pha

Bdng 5.2. Bang tinh todn hiéu qud dau tw cia gidi phdp Thay thé bong dén Halogen sang Led pha

Giai phap; Thay thé béng dén Giai phap; Thay thé béng dén
) Halogen 70W sang Led pha 30W | Halogen 150W sang Led pha 70W
STT Thong so Pon vi
Pén LED pha ben LED pha
Halogen 70W Halogen 150W
30W 70W
1 Dir liéu co sé
1.1 | Cong suat cua bo dén (Bong + Ballast) W 85 30 170 70
1.2 | S6 bong dén Bong 4362 4362 149 149
1.3 | Hé s6 str dung dong thoi 80% 80% 80% 80%
. , A . . triéu VND/
1.4 | Chi phi lap dat, vat tu (Cho 1 bong deén) ) 0 0,1 0 0
bong
. ) ) . triéu VNB/
1.5 | Chi phi bong den (Tinh cho 1 bong dén) be 1 1.500.000
ong
1.6 | Van hanh trung binh 1 ngay Gio 10 10 10 10
1.7 | S6 ngay van hanh trong 1 nim Ngay 365 365 365 365
1.8 | S6 gio van hanh trong 1 nim Gio 3.650 3.650 3.650 3.650
1.9 | Pi¢n nang tiéu thu KWh 1.082.648 382.111 73.964 30.456
2 Tiém ning tiét kiém niing lwong
2.1 | Tiét kiém dién ning hang nim KWh 700.537 43.508
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Giai phap; Thay thé bong dén
Halogen 70W sang Led pha 30W

Giai phap; Thay thé béng dén
Halogen 150W sang Led pha 70W

STT Théng s6 Pon vi
Dén LED pha Dbén LED pha
Halogen 70W Halogen 150W
30W 70W
2.2 | Gia dién trung binh VNB/KWh 1.948,0 1.948,0 1.948 1.948
2.3 | Chi phi tién dién tiéu thu cua dén hang nam triéu VND 2.109,0 744.,4 144.081.093 59.327.509
2.4 | Tiét kiém chi phi tién dién hang nim triéu VND 1.364,6 84.753.584
2.5 | Tong chi phi dau tu triéu VND 2.617,2 223.500.000
2.6 | Thoi gian hoan von Nam 1,92 2,6
2.7 | Tudi tho du 4n Nam 5,00 5,00
2.8 | Thué suét & 12,0% 12,0%
2.9 | Hé sb hoan vén ndi tai IRR % 43,6% 26,0%
Gia tri hién tai thuan NPV (trong 5 ndm, chiét
2.10 . VND 2.055,40 4.145
khau 12%/nam)
3 Moi trudong
3.1 | Quy ddi TOE TOE/ nim 167,1 11,4
. o tan COo/
3.2 | Giam phat thai CO» . 713,7 48.8
nam
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5.3 Phan tich hiéu qua diu tw ciia giai phap “Lép dit bién tAn cho MNK két hop bd diéu khién trung tim cho hé théng khi nén”

Bdng 5.3. Bdng tinh todn hiéu qua dau tw cia gidi phdp “Ldp dat bién tan cho MNK két hop bé diéu khién trung tam cho hé thong khi nén”

. H¢ thong khi nén
Stt Dién giai bVT
D31 D32 D33 D34 D35 D36
I | Tiém ning tiét kiém

1.1 | S6 lwong MNK May 5 4 5 4 6 6

1.2 | Tong cong suat HT MNK theo dinh mirc kW 600 480 600 480 720 660
Cong suét tiéu thu caa HT MNK theo nim .

1.3 May 2.308.445 | 2.649.025 2.097.953 3.335.406 | 3.309.729 |4.572.671
co s& 2024

1.4 | Ap suit trung binh cta hé thong Mpa 0,68 0,65 0,65 0,65 0,65 0,65
Thoi gian hoat dong c6 tai trung binh ctuia

15 | % 97,74% 95,00% 97,24% 95,00% 85,39% | 99,78%
hé thong

1.6 | Ap suit trung binh cta hé thong sau cai tao Mpa 0,62 0,62 0,62 0,62 0,62 0,62
Thoi gian hoat dong c6 tai trung binh cta

L7 0 . % 99,00% 99,00% 99,00% 99,00% 99,00% | 99,78%
hé thong sau cai tao
% tai cia MNK hoat dong & ché do khong

1.8 | . % 30,00% 30,00% 30,00% 30,00% 30,00% | 30,00%
tai (UnLoad)

1.9 | % TKNL giam sau khi thyc hién cai tao % 3,68% 3,00% 2,33% 3,00% 5,88% 1,80%

1.10 | Téng dién ning giam duoc 1 nim kWh/nim 84.935 79.471 48.869 100.062 194.713 82.308

1.11 | Gia dién trung binh Vnd/kWh 1.948 1.948 1.948 1.948 1.948 1.948
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Hé thong khi nén

Stt Dién giai PVT
D31 D32 D33 D34 D35 D36
A Triéu
1.12 | Tién tiét kiém dugc § 165,45 154,81 95,20 194,92 379,30 160,34
Vnd/nam
II | Phan tich hiéu qua kinh té khi thuc hién giai phap
Ning luong dién hé thong san xuat dugc .
2.1 . kWh/nim 84.935 79.471 48.869 100.062 194.713 82.308
trong 1 nam
2.2 | Sb tién tiét kiém duge tir TKNL Triéu VND | 165,45 154,81 95,20 194,92 379,30 160,34
2.3 | Chi phi du tu dy 4n Triéu VND | 600,00 600,00 600,00 600,00 600,00 600,00
24 | Vén vay cho du an du kién Triéu VND - - - - - -
Chi phi van hanh ting do dau tu cai tao .
2.5 Triéu VND 10 10 10 10 10 10
theo nam
Chi phi van hanh giam do dau tu cai tao L
2.6 Triéu VND - - - - - -
theo nam
2.7 | Chi phi c6 dugc tur thanh ly thiét bi cil Triéu VND - - - - - -
2.8 | Chi phi ting d¢é loai bo thiét bi cii Triéu VND - - - - - -
Gia tri con lai cia du an sau khi hét khau .
2.9 Tri¢gu VND - - - - - -
hao
2.10 | Tudi tho dy &n Nam 10 10 10 10 10 10
2.11 | Thué suét % 20,00% 20,00% 20,00% 20,00% 20,00% 20,00%
2.12 | Hé sb triét khdu % 12,00% 12,00% 12,00% 12,00% 12,00% 12,00%
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Hé thong khi nén

Stt Dién giai PVT
D31 D32 D33 D34 D35 D36
2.13 | % lai vay % 12,00% 12,00% 12,00% 12,00% 12,00% 12,00%
2.14 | Thoi han tra ng Nam - - - - - -
2.15 | Thoi gian hoan von don gian Nam 3,86 4,14 7,04 3,24 1,62 3,99
2.16 | IRR % 18,60% 16,80% 5,65% 23,40% 50,37% 17,74%
2.17 | NPV Triéu VND 170,5 122,4 - 147,1 303,7 1.137,1 147,3
Luong dién san xuét tir hé théng pin 5
2.18 .. TOE/nam 13,1 12,3 7,5 15,4 30,0 12,7
NLMT quy déi TOE
. Tén
2.19 | Luong phat thai CO2 tuong Gng 5 56,0 52,4 32,2 66,0 128,4 54,3
CO2e/nam
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5.4 Phan tich tiém ning TKNL khi thye hién giai phap “Duy tri thwong xuyén kiém tra, khic phuc tinh trang ro ri khi nén”

Bdng 5.4. Bang tinh todn tiem nang TKNL khi thwc hién gidi phdp “Duy tri thuong xuyén kiém tra, khdc phuc tinh trang ro ri khi nén”’

. H¢ thong khi nén
Stt Dién giai bVT
D31 D32 D33 D34 D35 D36
1 | S6 lugng MNK May 5 4 5 4 6 6
2 | Tong cong suat HT MNK theo dinh mirc kW 600 480 600 480 720 660
3 | Cong suit tiéu thu cia HT MNK theo nim co s& 2024 May 2.308.445 | 2.649.025 | 2.097.953 | 3.335.406 | 3.309.729 | 4.572.671
4 | % TKNL giam sau khi khac phuc cac vi tri 1o ri % 1% 1% 1% 1% 1% 1%
5 | Tong dién ning giam dugc 1 nim kWh/ndm 23.084 | 26.490 | 20980 | 33.354 | 33.097 | 45.727
6 | Gia dién trung binh Vnd/kWh 1.948 1.948 1.948 1.948 1.948 1.948
7 | Tién tiét kiém dugc Triéu Vnd/nam | 44,97 51,60 40,87 64,97 64,47 89,07
8 | Chi phi dau tu dy kién Triéu Vnd 20,0 20,0 20,0 20,0 20,0 20,0
9 | Thoi gian thu hdi vén gian don Nam 0,44 0,39 0,49 0,31 0,31 0,22
10 | Pién ning tiét kiém quy d6i theo TOE TOE/nim 3,56 4,09 3,24 5,15 5,11 7,06
11 | Luong phat thai CO2 giam sau khi thuc hién giai phap | TAn CO2e/nam 15,22 17,46 13,83 21,99 21,82 30,14
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5.5 Phén tich hiéu qua diu tw ciia giai phap “Cai tao dwong dng “Lip dit dwong 6ng phén cip ap suit cho hé thong khi nén”

Bdng 5.5. Bang tinh todn hiéu qud dau tw cia gidi phdp “Cdi tao dwong ong “Ldp ddit dwong ong phdn cdp dp sudt cho hé thong khi nén”

3 H¢ thong khi nén
Stt Dién giai bVT
D31 D32 D33 D34 D35 D36
I | Tiém ning tiét kiém

1.1 | Sb lugng MNK May 5 4 5 4 6 6

1.2 | Tong cong suat HT MNK theo dinh mtrc kW 600 480 600 480 720 660
Cong suat tiéu thu cia HT MNK theo nim co )

1.3 May 2.308.445 | 2.649.025 | 2.097.953 | 3.335.406 | 3.309.729 | 4.572.671
s¢ 2024

1.4 | Ap suét trung binh cta hé thong Mpa 0,68 0,65 0,65 0,65 0,65 0,65
% luu lugng khi nén tiéu thu cho céc thiét bi

1.5 < % 45,00% 60,00% 45,00% 60,00% 45,00% 45,00%
thap ap
Ap suit trung binh cta hé thong thap ap sau

1.6 N Mpa 0,50 0,50 0,50 0,50 0,50 0,50
cai tao

1.7 | % TKNL giam sau khi thyc hién cai tao % 4,73% 5,40% 4,05% 5,40% 4,05% 4,05%

1.8 | Tong dién niang giam duoc 1 nim kWh/nam 109.074 143.047 84.967 180.112 134.044 185.193

1.9 | Gia dién trung binh Vnd/kWh 1.948 1.948 1.948 1.948 1.948 1.948

N A 1A Triéu
1.10 | Tién tiet kiém dugc y 212,48 278,66 165,52 350,86 261,12 360,76
Vnd/nam
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Hé théng khi nén

Stt Dién giai PVT
D31 D32 D33 D34 D35 D36
II | Phan tich hiéu qua kinh té khi thyuc hién giai phap
Ning luong dién hé théng san xuét duoc .
2.1 . kWh/nam 109.074 143.047 84.967 180.112 134.044 185.193
trong 1 nam
Lo LAl Triéu
2.2 | So tién tiet kiém duoc tor TKNL VND 212,48 278,66 165,52 350,86 261,12 360,76
) \ Triéu
2.3 | Chi phi dau tu du an VND 750,00 750,00 750,00 750,00 750,00 750,00
. » Triéu
2.4 | Von vay cho du an du kién - - - - - -
VND
Chi phi van hanh tang do dau tu cai tao theo Triéu
2.5 10 10 10 10 10 10
nam VND
v Chi phi van hanh giam do dau tu cai tao theo Triéu
" | nim VND
] L Triéu
2.7 | Chi phi ¢6 dugc tur thanh 1y thiét bi cii - - - - - -
VND
. , ) L Triéu
2.8 | Chi phi tang dé loai bo thiét bi cii - - - - - -
VND
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~ Hé théng khi nén
Stt Dién giai bVvT
D31 D32 D33 D34 D35 D36
ey . oz . Triéu
2.9 | Giatri con lai cia du an sau khi hét khau hao - - - - - -
VND
2.10 | Tubi tho du an Nam 10 10 10 10 10 10
2.11 | Thué suét % 20,00% 20,00% 20,00% 20,00% 20,00% 20,00%
2.12 | Hé sb triét khau % 12,00% 12,00% 12,00% 12,00% 12,00% 12,00%
2.13 | % lai vay % 12,00% 12,00% 12,00% 12,00% 12,00% 12,00%
2.14 | Thoi han tra ng Nam - - - - - -
2.15 | Thoi gian hoan von don gian Nam 3,70 2,79 4,82 2,20 2,99 2,14
2.16 | IRR % 19,68% 28,08% 13,22% 36,67% 25,91% 37,82%
Triéu
2.17 | NPV 250,0 549,1 37,7 875,5 469.9 920,2
VND
Luong dién san xuét tir hé théng pin NLMT
2.18 . TOE/mam 16,8 22,1 13,1 27,8 20,7 28,6
quy doi TOE
. Tan
2.19 | Luong phat thai CO2 tuong rng 71,9 94,3 56,0 118,7 88,4 122,1
CO2e/nam
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5.6 Phan tich giai phap: “Tdi wu 4p suit chan khong binh ngung ciia h¢ thng thu hoi nhiét cho diy chuyén 17

Bdng 5.6. Két qua tinh todn gidi phdp: “ Téi wu dp sudt chan khéng binh ngung ciia hé théng thu hoi nhiét cho ddy chuyén 1”

TT Thong s6 Ky hi¢u Cong thirc tinh Don vi Gia tri
1 | Téng lwong dién san xuat E_total - kWh 52.667.600
2 | Luong dién ty dung hién tai E self - kWh 2.841.397
3 | Ty I€ dién tu dung hién tai R self E self/E total % 5,39
4 | Mirc giam dién ty dung duy kién AE self E self x 12% kWh 340.968
5 | Giddién P elec - VNDb/kWh 1.948
6 | Tiét kiém chi phi dién ty dung S cost AE self x P_elec Triéu VND 664,21
7 | Hé s6 phat thai CO» luéi dién Viét Nam EF CO2 - tCO/MWh 0,6592
8 | Lugng CO: giam phat thai ACO2 AE_self x (EF_CO2 /1.000) tCO:2 224,77
9 | Hiéu suat hé thong tang du kién n_inc - % 4
10 | Luong dién san xuét tang du kién AE prod E total xn_inc kWh 2.106.704
11 | Tong tiét kiém chi phi hang nim S total S cost+ (AE prod x P_elec) Triéu VND 4.768,07
12 | Chi phi dau tu C_invest - Triéu VND 3.000
13 | Thoi gian hoan vén Thv C _invest/S_total*12 Thang 7,55
14 | Hé s6 chiét khéu i % 10
15 | Tudi tho cua du an n nam 10
16 | Loi nhugn thuan cta du 4n NPV Triéu VND 26.300,00
17 | Ty suét hoan von noi tai IRR - % 150
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5.7 Phan tich hiéu qua thay thé cic dong co hiéu suét thip IE1 bing cac dong co hiéu suit cao (IE3-IE4) khi ¢ co hdi

Bdng 5.7. Thay thé cdc ddng co hiéu sudt thdp IE1 bang cac dong co hiéu sudt cao (IE3-IE4) khi ¢6 co hgi

Replace the IE1 motor with an 1E4
motor (LINE 1)

Replace the IE2 motor with an 1E4
motor (LINE 2)

STT Théng sb Pon vi Bing tai ma
May dap ma New [E4 mofor 322BC02 va New IE4
221CRO1 - IE1 522BCOSMTO1 - motor
1E2

I Dir li€u co s&

1.1 | Cong suat dinh mirc kW 160 160 90 90

1.2 | S6 luong dong co can thay thé chiéc 1 1 2 2

1.3 | Téng cong suat yéu cau kW 160 160 180 180

1.5 | Hé sb cong suat dinh mirc 0,85 0,93 0,88 0,93

1.6 | Hiéu suét dinh muc % 93,80% 96,60% 93,00% 96,10%

1.7 | Van hanh trung binh 1 ngay Gio 24 24 24 24

1.8 | S6 ngay van hanh trong 1 nim Ngay 360 360 360 360

1.9 | Til¢ hoat dong déng thoi % 70% 70% 70% 70%
1.10 | S6 gio van hanh trong 1 nam Gio 8.640 8.640 8.640 8.640
1.11 | Cong suat biéu kién tai tiéu thu kVA 131,76 120,43 143,18 135,48
1.12 | Tén that sét trong dong co kW 5,33 1,69 3,00 2,19
1.13 | Tén that ddng trong dong co kW 5,18 2,76 6,64 3,58
1.14 | Tong ton that kW 10,52 4,45 9,64 5,77

II | Tiém niing tiét kiém ning hrong
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Replace the IE1 motor with an IE4 | Replace the IE2 motor with an IE4
motor (LINE 1) motor (LINE 2)
STT Théng sb Pon vi Bang tai ma
May dap ma New TE4 motor 322BC02 va New 1E4
221CRO1 - IE1 522BCOSMTO1 - motor
IE2
2.1 | Cong suat tiét kiém kW 6,07 3,87
2.2 | Dién ning tiét kiém kWh 52.415 33.418
2.3 | Gia dién trung binh VNB/kWh 1.948 1.948 1.948 1.948
2.4 | Luong tién tiét kiém VND/nim 102 65
2.5 | Tong chi phi dau tu VND 450 640
2.6 | Thoi gian hoan von Nam 4,41 9,83
III | Moi trudng
3.1 | Quy dbi TOE TOE/ nim 8,09 5,16
3.2 | Giam phat thai CO» tan CO»/ ndm 34,55 22,03
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5.8 Phan tich hiéu qua thu hdi nhiét thai (>1000C) bang rng dung céng nghé may lanh hap thu phuc vu cho hé thdng diéu hoa khéng khi cho

cac phu tai khu vue phong diéu khién va tram dién (DC1 - DC4)

Bdng 5.8. Gidi phdp thu hoi nhiét thai (>1000C) bang vmg dung cong nghé mdy lanh hdp thu phuc vu cho hé thong diéu hoa khéng khi cho cdc
phu tdi khu viee phong diéu khién va tram dién (DC1 - DC4)

Piu tu hé thong may lanh hip thu cho
Stt Dién giai PVT DC1
Truwée Sau

I Tiém ning tiét kiém

1.1 | Cong suat lanh ciia HT diéu hoa khong khi RT 580 630
1.2 | Cong suat tiéu thu dién cta toan hé thong kW 328 180
1.3 | S gio hé thong 1am viée trong 1 ngay Gid/ ngay 24 24

1.4 S6 ngay hé théng hoat dong trong 1 nim Ngay/ nam 365,00 365,00
1.5 Cong suat tiéu thy cua hé thong trung binh trong 1 nim kWh/ ndm 2.873.280 1.576.800
1.6 Gia dién trung binh Vnd/kWh 1.948 1.948
1.7 Chi phi tién dién trong 1 nim Triéu Vnd/ndm 5.597,15 3.071,61
II Phén tich hiéu qua kinh té khi thuc hién giai phap
2.1 Ning lugng dién hé théng san xuat duoc trong 1 nim kWh/nam 1.296.480
2.2 | Sé tién tiét kiém duogc tir TKNL Triéu VND 2.525,54
2.3 | Chi phi dau tu dy an Triéu VND 9.000,00
2.4 Vén vay cho du an du kién Triéu VND -
2.5 Chi phi van hanh tang do dau tu cai tao theo nam Triéu VND 50
2.6 Chi phi van hanh giam do dau tur cai tao theo nim Triéu VND 200
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Piu tw h¢ thong may lanh hap thu cho

Stt Dién gidi PVT DC1
Truwoe Sau

2.7 Chi phi ¢6 duogc tir thanh 1y thiét bi cii Triéu VND 500
2.8 | Chi phi ting dé loai bo thiét bi cii Triéu VND 50
2.9 Gia tri con lai cua du 4n sau khi hét khau hao Triéu VND 2.000
2.10 | Tudi tho du an Nim 10
2.11 | Thué suét % 20,00%
2.12 | Hg sb triét khau % 12,00%
2.13 % lai vay % 12,00%
2.14 Thoi han tra ng Nam -
2.15 | Thoi gian hoan von don gian Nam 3,20
2.16 |IRR % 24,65%
2.17 | NPV Triéu VND 5.076,1
2.18 Luong dién san xuét tir h¢ thong pin NLMT quy d6i TOE TOE/ndm 200,0
2.19 | Lugng phat thai CO2 tuong tng Tan CO2e/nim 854,6
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5.9 Phan tich hiéu qua wng dung Machine Learning dé t6i wu ho4 van hanh san xuét

Bdng 5.9. Gidi phdp g dung Machine Learning dé t6i wu hod van hanh san xudt

x Két qua
Stt Dién giai bVT
DC1 DC2 DC3 DC4
I Tiém nang tiét kiém
Téng luong dién tiéu thu trong nam co s& .
1.1 . kWh/ nam 221.504.477 188.688.568 117.778.111 120.356.000
(Nam 2024)
Téng luong than tiéu thy trong nam co s& P
1.2 Tan/ nam 321601 304357 301772 296708
(2024)
1.3 | Gia dién trung binh VND/ kWh 1948 1948 1948 1948
' Triéu VND/
1.4 | Gia than trung binh P 2,5 2,5 2,5 2,5
Tan
Tiém ning tiét kiém dién sau khi thyc hién giai
1.5 ) % 2,00% 2,00% 2,00% 2,00%
phap
Tiém nang tiét kiém than sau khi thuc hién giai
1.6 ] % 1,50% 1,50% 1,50% 1,50%
phap
1.7 | Luong dién du kién tiét kiém duoc kWh/ nam 4.430.090 3.773.771 2.355.562 2.407.120
1.8 | Luong than duy kién tiét kiém duoc Tan/ nim 4.824 4.565 4.527 4.451
N . . . Triéu VND/
1.9 | Tiém tiet kiém dugc sau khi thyc hién giai phap . 20.690 18.765 15.905 15.816
nam
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Két qua

Stt Dién giai PVT
DC1 DC2 DC3 DC4
I Phén tich hiéu qua kinh té khi thuc hién giai
phap
2.1 | Luong dién tiét kiém duoc trong 1 nim kWh/nam 4.430.090 3.773.771 2.355.562 2.407.120
2.2 | Luong than tiét kiém duogc trong 1 ndm Tan/ nim 4.824 4.565 4.527 4451
L Triéu VND/
2.3 | SO tién tiet kiém dugc tir TKNL . 20.690 18.765 15.905 15.816
nam
2.4 | Chi phi dau tu du 4n Triéu VND 31.800 31.800 26.500 26500
2.5 | Vén vay cho du an du kién Triéu VND - - - -
Chi phi van hanh ting do dau tu cai tao theo i
2.6 . Triéu VND 200 200 200 200
nam
Chi phi van hanh giam do dau tu cai tao theo N
2.7 . Triéu VND - - - -
nam
2.8 | Chi phi c6 dugc tur thanh ly thiét bi cii Triéu VND - - - -
2.9 | Chi phi ting d¢ loai bo thiét bi cii Triéu VND - - - -
2.10 | Gia trj con lai cua dy 4n sau khi hét khdu hao Triéu VND - - - -
2.11 | Tudi tho du an Nim 20 20 20 20
2.12 | Thué suat % 20,00% 20,00% 20,00% 20,00%
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Két qua

Stt Dién giai PVT

DC1 DC2 DC3 DC4
2.13 | Hé s6 triét khau % 12,00% 12,00% 12,00% 12,00%
2.14 | % lai vay % 12,00% 12,00% 12,00% 12,00%
2.15 | Thoi han tra ng Nam - - - -
2.16 | Thoi gian hoan von don gian Nam 1,55 1,71 1,69 1,70
2.17 | IRR % 52,54% 47,68% 48,39% 48,12%
2.18 | NPV Triéu VND 93.013,5 81.509,6 69.326,0 68.791,4
2.19 | Nang lugng tiét kiém dugc quy doi TOE TOE/nam 2.895,1 2.739,8 2.716,3 2.670,7
2.20 | Luong phat thai CO2 tuong ung Tan CO2e/nam 14.835.6 13.764,1 12.733,4 12.579.8
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5.10 Phan tich hi¢u qua giai phap ap dung hé thdng quan 1y ning hrgng ISO 50001:2018

Bdng 5.10. Tinh todn kinh té gidi phép dp dung hé thong quan Iy nang heong ISO 50001:2018

Stt Dién giai PVT Két qua

I Tiém ning tiét kiém

1.1 Tong lugng dién tidu thy trong nim co sd cia toan nha may (Nam 2024) kWh/ ndm 648.327.157
1.2 Téng luong than tidu thu trong nim co sd cta toan nha may (2024) T4n/ ndm 1.224.438
1.3 Gia dién trung binh VND/ kWh 1.948
1.4 Gia than trung binh Triéu VNB/ Tén 2,5
1.5 Tiém ning tiét kiém dién sau khi thyuc hién giai phap % 0,20%
1.6 Tiém ning tiét kiém than sau khi thyuc hién giai phap % 0,20%
1.7 Luong dién du kién tiét kiém duoc kWh/ nim 1.296.654
1.8 Luong than dyu kién tiét kiém duoc Téan/ nam 2.449
1.9 Tién tiét kiém duoc sau khi thuc hién giai phap Triéu VNB/ nam 8.648,07
IT Phén tich hiéu qua kinh té khi thuc hién giai phap

2.1 Luong dién tiét kiém duogc trong 1 ndm kWh/nam 1.296.654
2.2 Luong than tiét kiém duge trong 1 nam Téan/ nam 2.448,9
2.3 S4 tién tiét kiém duge tir TKNL Triéu VND/ nim 8.648,07
2.4 Chi phi dau tu dy 4n Triéu VND 3000
2.5 Vén vay cho duy an du kién Triéu VND -
2.6 Chi phi van hanh ting do dau tu cai tao theo nim Tri¢u VND 500
2.7 Chi phi van hanh giam do déu tu cai tao theo nim Triéu VND -
2.8 Chi phi ¢6 duogc tir thanh 1y thiét b cii Triéu VND -

TRANG 91 TREN 103



Stt Dién giai PVT Két qua

2.9 Chi phi ting dé loai bo thiét bi cii Triéu VND -
2.10 Gi4 tri con lai ctia du 4n sau khi hét khdu hao Triéu VND -
2.11 Tudi tho du an Nim 3
2.12 Thué suat % 20,00%
2.13 Heé sb triét khau % 12,00%
2.14 % lai vay % 12,00%
2.15 Tho1i han tra no Nam -
2.16 Thoi gian hoan vén don gian Nim 0,37
217 |IRR % 216,91%
2.18 | NPV Triéu VND 13.136,60
2.19 Ning luong tiét kiém duoc quy d6i TOE TOE/nam 1.469,53
2.20 Luong phat thai CO2 tuong tng Tan CO2e/nim 6.903,48
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5.11 Phan tich hi¢u qua giai phap dich chuyén phu tai, kiém soat peak load, phdi hop WHR

Bdng 5.11. Tinh todn kinh té gidi phap dich chuyén phu tdi, kiém sodt peak load, phoi hop WHR

STT Dir liéu Pon vi Théng sb
1 Téng dién nang tiéu thu gid cao diém kWh.nim 51.621.152
2 Gia dién gio binh thuong VNDb/kWh 1.811
3 Gia dién gio cao diém VND/kWh 3.266
4 Gia dién gio thap diém VND/kWh 1.146
5 Cong suat dién phan bo tir hé thong dién mat troi tuong tmg cho gid cao diém kWh/ nam 3.674.954
6 Ty 1& dich chuyén phuy tai tir cao diém sang binh thudng % 4
7 Luong dién ning dich chuyén kWh/nam 2.064.846
8 Luong tién tiét kiém VND/nim 3.004.351.046
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