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Case Overview

USector: Cement production

L Establishment year: 2016

Main materials: Limestone, pure limestone, clay
L Adjusting materials : Iron ore, silt ore, silica sand

JAdditives: Artificial gypsum and mineral additives (fly

ash, steel slag, blast furnace slag, black clay, etc.)

UCapacity: 10.5 (million tons/year) Factory image
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Case Overview
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The chart compares the electricity consumption rate for clinker

production between different production lines in the factory and the

current average of the Vietnamese cement industry statistics
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The chart compares the electricity consumption rate for cement grinding
operations among different production lines in the factory and the
current average of the Vietnamese cement industry statistics
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Case Overview
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This chart compares the thermal energy consumption rate for clinker The chart compares the thermal energy consumption rate for clinker
production between different lines in the factory and the current production between different lines in the factory and the current average
average of the Vietnamese cement industry statistics of the Vietnamese cement industry after heat compensation from the
WHR system
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Case Overview

Material grinding machine Heat exchange tower Rotary kiln system

Machinery system at the factory
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Case Overview

Cooling grate system Cement grinding machine ID Fan

Machinery system at the factory
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Production process
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Annual energy total consumption

No Energy type Unit Amount
1 Electricity (EVN) kWh 433,979,656
2 Coal Ton 1,224,438
Total 649,726,897

Energy consumption in 2021

Electricity,
18.60%

Coal 42.37% 1
LPG, 35.05%

CO2 emissions
(Tons of CO2)

SEC OF FACTORY IN 2024

—o— Diy chuyén 1 —#— Déy chuyén 2 —&— Diy chuyén 3 —— Diy chuyén 4

TOE 1400

Conversion E 1,200

(TOE) 21,000

O

286,079 66963 < %

2 600

3,024,362 734,663 400

3,310,441 801,626 200
Energy consumption in 2022

Diesel, —

0.94%

Electricity,
16.57%

LPG, 31.40%

Line 1 Line 2 Line 3 Line 4

Energy consumption in 2023

Diesel, | -
1.00%

Electricity,
14.77%

Coal,48.95%
LPG, 35.28%
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Breakdown energy tlow

DIRECT-USE COAL
COAL 698.590 TOE
COAL 87.1% (of Total)
734.663 TOE
91.6% (of Total) CONVERTINTO
TOTAL TOE WHR ELECTRICITY
801.626 TOE REECN(;E\II{SRED ; ENERGY
100% . \
BIHR WHR
36.073 TOE 36.073T0E !
4.5% (of Total) 4.5% (of Total)
|
POWER ELECTRICITY
POWER SUPPLY SUPPLY ELECTRICITYIS IS RE[?;)};{FOR
66.963 TOE L READYFORUSE. ‘
8.4% (of Total) 66.963 TOE
8.4% (of Total)

DIRECT-
USE
COAL

] |

ELECTRICITY

IS READYFOR
USE.

WHR

ELECTRICITY

*WHR (Waste Heat Recycling) is recovered

from coaland converted into electricity.

END USE
801.626 TOE
100%
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Total energy consumption after implementing energy

saving solutions

No Typeofenergy  Unit

1 Electricity kWh
2 Coal Ton
Total

Energy
consumption

399,398,464

1,203,623

CO2 Emissions
(Tons of CO2)

263,283
2,972,948

3,236,231

TOE
Conversion
(TOE)

61,627

722,174
783,801
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Energy Audit Team and Equipment

List of energy audit team List of equipment

PROJECTSTAFFING ORGANIZATION CHART

TEAM LEAD (EAC)
Quality assurance, oversight, and

final report review

—' ADVISORY TEAM F ,—' IMPLENMENTATION TEAM F

Electric power meter Thermal camera

IC EXPERT (DE3 Expert)
Guidance, support, and report review
from international perspective

PROJECT COORDINATOR (EAC)
Client coordination, scheduling,
progress tracking, and reporting

TECHNICAL EXPERT (External) ENERGY AUDITORS (EAC)
_j .. . Onsite data collection, interviews,
= Specialized technical input and .
. . . walk-through; data analysis, report s
solution recommendations . 3 Emission N
drafting Liquid flow meter HIOKI Lux Air pressure Wind speed
/ Meter equipment analysis measuring
equipment

equipment
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Level B List— Classified By Impact Level and Innovation

» Group 1: Main solutions (High-impact / Strategic)

Esimated savings Amount saved
. L. e Investment cost Payback
No Solutions Electricity Coal (t (Million (million VND) (vears)
(KWh) oal(ton)  yNp/year) y
| Machine Learning solutions for optimizing production 12.966.543 18.366 71,175 116,600 164
operations
Waste heat recovery solution (>1000C) using organic Rankine
le (ORC) for ai o o the | :
, Cycle (ORC) for air conditioning systems serving the loads in 1,296,480 ) 2,525 9,000 3.56
the control room and power station or generator area (DCI1 -
DC4) —Let's take the HVAC system, Line 1
3 Solar power system installation solutions - using a typical 14,134.437 ) 30,944 172,250 557
example of a IOMWp solar power system without storage
Install a variable frequency drive (VFD) for the air compressor
4  system combined with a central controller for the compressed 590,357 - 1,150 3,600 3.13
air system
5 Pipeline renovation: "Installation of pressure distribution 836,437 ) 1,629 4,500 276

piping for the compressed air system"
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Level B List— Classified By Impact Level and Innovation

» Group 2: Support solutions (Conventional / Best Practice)

Estimated savings
No Solutions Electricity
(kWh)

Amount saved Investment cost Payback
Coal (ton) (Million VND/year) (million VND) (years)

Establish, implement, and certify an Energy Management System

1 . 1,2 4 2,44 4 .
according to ISO 50001:2018 standards 296,05 A48 8,648 3,000 0.35
Continue to regularly and periodically implement propaganda,

2 education, and dissemination of knowledge about energy saving to Recommended solution
employees in the Company

3 Regularly inspect and repair any compressed air leaks 182,732 - 355 120 0.34
Equipped with a fl t system t it d ai

4 quipped with a flow measurement system to monitor compressed air Recommended solution

load

Installing a HydroBall automatic cleaning system, electronic

descaling device, and automatic controller for the circulating water

5 . 2,447,672 - 4,768 3,000 0.6
pump and cooling tower fan based on condenser vacuum pressure —A
typical example for Production Line 1
Repl 1 hal 1 ith high-effici LED

6 eplace 70W and 150W halogen bulbs with high-efficiency 744,045 ) 1,449 2841 1.96

bulbs

Replace low-efficiency IE1 motors with high-efficiency motors (IE3-
7 . 85,833 - 167 1,090 6.52
[E4) whenever possible
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Energy audit results

1.

2

3

A total of 12 solutions have been identified.

. These solutions cover multiple areas, including:

Compressed air system: Air compressors, monitoring systems —~

Thermal systems: Heat recovery, cleaning
Electrical systems: Motors
Lighting system: Lamp upgrades
Process control & automation: Variable frequency drives (VFDs), timer relay installation
Management systems: Machine learning software
Renewable energy & standards: Solar PV installation, ISO 50001
. Energy and Cost Savings Impact:
Total electricity savings: = 34,581,192 kWh/year
Total coal savings: = 20,815 kWh/year
CO:2 emission reduction: = 74,210 tCO:/year
Total estimated financial savings: = 122,813 million VND/year

Payback period: Ranges from 0.22 to 6.5 years, with many solutions under 3 years.

In particular, key solutions
such as Machine Learning,
ORC, and Air compressor
system optimization
contribute significantly to
the potential savings,
while also demonstratinga
digital transformation and
operational optimization
strategy i line with
international trends.

Vets
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Application of Machine Learning (ML) in optimizing cement production operations

OVERVIEW OF THE SOLUTION & BENEFITS ML SOLVES PROBLEMS DIRECTLY IN STAGES

1. Principles &Solutions for Digital Transformation &

> Application of AI/ML for real-time analysis of ﬁ ~ KILN & CALCINER ] COOLER (Cooling clinker)

operational data. « Kiln load, 02, |

Co * Airflow

*  Clinker temperature
Temperature )

« Air2/3

e Air flow rate

‘NI~ > The biggest impact: energy savings of approximately
=" 55-60%.

» Digital transformation, currently being implemented

in practice (e.g., ABB, FLS, Schneider). -
2. Energy/Operational Benefits and Value CEMENT GRINDING (Line 1) FAN SYSTEM
: A co : .
- _ » Energy efficiency ~3-5% saV1r-1g on heat/electricity A - Crushing load . Pressure
¥/ » Reduced temperature SEC variability Ny . Separation — «  Flow Rate
» Standardized operation ~ «  Air flow «  VFD Status
r | 9 >
"~ Machine Learning is a key solution that helps factories approach near-BAT (Best Available
Technology) in line with international trends.
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High-pressure — Low-pressure system solutions

» CURRENT STATUS AND PROBLEM

» SOLUTION & EFFICIENCY

| » OPERATION NOTOPTIMIZED

Pressure: 0.60 — 0.75 MPa (~6—7.5 bar)

The air compressor stations operate
independently, without centralized
coordination

L ]

All loads are using the same high pressure level.

+«  While in reality: 40—65% of loads only require low
pressure (<0.55 MPa).

Current issues:

valves.

UGy
= Increased compressed air leakage. ; {)0

» Increased "false compressed air".

PROPOSED SOLUTION:
Separate the system into 2 levels.

HIGH PRESSURE (> 0.55 MPa)

lE W * Dust filters, air guns, air hammers
i LOW PRESSURE ( < 0.55 MPa)
- *  Instrument air
Uil *  Control valves

* Airslide, cleaning

% e | I l I H
= Throttle loss through pressure reducing ’,\_i,.:I

(

o

~ + ~836,000 kWh/year

EFFECTIVE SAVINGS
\ Low system pressure reduction
ﬁrﬂg * 0.66 -> 0.45 Mpa (~4.5 bar)
Savings:

. * ~4-5% of total system electricity

ey

* ~1,630,000 VND/year

J The solution leverages existing infrastructure, is cost-effective, delivers sustainable results, and aligns
H b

E with international best practices (BAT).

Energy and
Environment
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{@ IMPLEMENTATION ROADMAP & KEY RECOMMENDATI()NS

PROJECT

v Immediately implement no/low CAPEX solutions
(kiln, cooler, fan, grinder)

v Conduct pilot projects for high-potential solutions
(cooler/ML)

v Update financial performance (NPV/IRR) based on
actual data

p!

b

MANAGEMENT

v’ Establishing energy KPIs by process stage (kWh/t,
kcal/kg clinker)

v’ Standardizing data collection and verification
v Adding sub-metering in key areas

v’ Establishing an internal energy team

v Key messages:
~+ The implementation roadmap should proceed from operational optimization -> technology investment -> digital
transformation, in order to ensure sustainable efficiency and reduce energy costs across the entire plant.

N
"f-_, SHORT TERM (0-12 MONTHS) — OPTIMIZED & QUICK WINS Q

LONG TERM (1-5 YEARS) - INVESTMENT AND
¥, TRANSFORMATION

-

PROJECT

WHR, IE3/IE4 motors)

Application of APC/ML for operational
optimization

v" Integration of solutions for system-wide
optimization

Implementation of large CAPEX projects (coolers,

MANAGEMENT

v' Implementing an energy management system
according to ISO 50001

v" Building an Energy Data Platform
v Applying data analytics & ML in operations

v Training and enhancing the capacity of the team

Vets

Energy and
Environment
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Energy methodology

Data collection and analysis

System survey implementation

Preliminary assessment and determination of energy saving potential
Building an energy mapping

Energy performance assessment

Detailed analysis and evaluation

R TN R ” D >R

Identify energy saving opportunities and options

* The energy audit process follows the instructions of Circular 25/2020/TT-
BCT dated September 29, 2020.
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Energy audit process
) N

$ / ’;{ Communucation {5%| Energymapping \

(
N

Collect available data and
information

Measure and evaluate the current
status of systems in the enterprise

¥

KICK-OFF

|'

In-depth analysis Energy performance assessment

Potentials

( Identifying Energy Saving

Mid-term meeting with factory

EE solutions feasibility for each solution

¥

Final report of results to the
factory

— ] ] ]

Complete Energy Audit
Report

{4
—m
==

Report to the DOIT

J J= |
J Je=|
¥
J ] |:>[ Economic and technical calculations,
J Je=|

7

[ Analysis and recommendation of
~

AL
N
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Legend:

° - Steam
""" Truc co khi/Mechanical shaft
—
Cooling Water
Dau DO/DO oil
> Product
> Electricity
- Hot air
> Compressed air
——— s
Khi thai/ Exhaust gas
Fresh air
Production line 1 & Production line 2
Day chuyén chinh 1&2 - Main product line 1&2
Electricity Electricity Electricity
3.193.412 Compressed Compre 1.228.235 491.294
kWhry air ssed air kWhly KWh/;
Raw
Tota Line 1&2 |Line 1 Line 1 -% |Line 2 Line2-% 118211
Pa voi - L1&2.1.2 L1&2.1.3 L18&2.1.4 L1&2.1.5
Li t tonly 5.073.132 | 2.596.013 51,2%| 2.477.118 48,8%
imestone L182 - D4 voi L1&2 - Nghién thé 1 L1&2 - Bang tai + Loc bui 1 L182-Kho da 1 &2
At sé 3 A, sili Limestone Coarse grindiny Conveyor + Dust filter Stone Warehouse 1 & 2
Dat sét, quang sat, sifc,... tonly 1955932 | 692535 46,8%| 1.263.397 |  532% il B
Clay, iron ore, silicon,...
Phu gia téng hop, thach cao,...
Synthetic additives, gypsum,... tonly 1.290.944 986.538 1 304.406 0
EZZ’I‘ tonly 625958 |  321.601 51.4% 304357 48,6% 5.073.132 tonly 5.073.132 tonly [182.1.2.1 5.071.610 tonly | 1g2.1]3.1 5.070.595 tonly
Total tonly 8.945.966 95% DM 95% DM 95% DM 95% DM
Bui mi Bui min
Sdmin 0,03% Fine 0,02%
Fine dust dust
1.522 kgly 1.014 kgly
Electricity Electricity Electricity DauDO
Compressed 1.525.390 Compre 66562400,0% 416.016
air kWhly ssed air kWhly, KkWhhy
118216 L1&2 - D4t sét, quing L1&2.1.7 L182.1.8 L1&2.1.9 1182 - Kho liéu 1 L182.1.10

sét, sil L1&2 - Nghien tho 2

san xuét Clinker) Coarse grinding

1.955.932 tonly
95% DM

1.955.932 tonly
S
95% DM | 182.1.7.1

Fine dust

Preparation, receipt of raw materials and preliminary processing (1)

L1&2 - Bang tai + Loc bui 2

Conveyor + Dust filter Warehouse 1

1.955.932 tonly
5
95% DM, 182 1.8.1

Fine dust

1.955.932 ton/y
95% DM

Vets

Energy and

Environment

Production process flowchart for Lines 1 and 2
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Legend:

nergy mapping

Electricity

Compressed
air
KWhy

L1.2.0

L1 - Can dinh lwong 1
Weighing scale 1

3.287.362 tonly
95,0% DM

3.070.233

Hot air

Electricity ~ From L1.3.1.8 (L1-ID FAN)

Compressed
air
KWhy| KWh/

L1.2.1.1

L1.21

L1 - Nghién liéu

Grinding materials

3.287.362 tonly
95,0% DM
L1.2.0.

38.597.208 51.228.061

Steam

Truc co khi/Mechanical shaft
Water

Cooling Water

D&u DO/DO oil

Product

Electricity

Hot air

Compressed air

Khi thai/ Exhaust gas

Nghién liéu) Electricity

Fresh air
From
11.2.1.2 (L1-
1.644
tonly
L1221
1122

v
Bui thu hdi
Dust recovery Relative humi 15 %
0,05% Temperature 80 °C
1.644 107.285.617 kWhly

tonly Dried out con

132.823 tonly

Mass balance for drying

Liquid matter 164.368 Liquid matter 31.545
Dry matter 3.122.994 Dry matter 3.122.994
Total 3.287.362 Total 3.154.539
Nhiét lam bay hoi nwéc trong "L1 - Nghién ligu"
Lwong nwéc bay hoi trong qué trinh nghién 132.823 | Tan/ n&dm
Nhiét &n hod hoi ctia nwoc 2257 kd/kg
Lwong nhiét can dé lam bay hoi nuwéc 83.272.463 | kWh/nam

3.152.896 tonly
99,0% DM

The process of grinding and homogenizing raw materials.

2.193.023

kWHh/,

Energy and
Vets Environment

Production process flowchart for Line 1
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Energy mapping

Hot air

From L1.3.2.4 (L1-Calciner)

Electricity 7275°C
4.386.046 A WhYy
KWhis
L1.3.1.1

Hot air

Hotair From L1.3.4.2
From (L1-Ghifam mét (
L1251 Foml1333  go3)
o (LSlo  (LLoquay)  Cooling grate
Electriclty " yran) (wind 3)

6.579.069 195142  357.208.665 237.849.204

KWy | tonly| kWi KWhiy

L1321 | L1322 11323

105.076  7.894.883

tonly KWhly

11332

L1-Lo quay
Rotery kiin

L1333

Hot air (Khi CO2 khir
cacbonat + dét than)
Hot air (CO2
decarbonation)

To L1.3.22 (L1-Calciner)

C
357.208.665 kWhiy
222416 tonly

Legend

k

mét)
Cooling grate From L1.2.5.2 (L1-Silo th Electricity  Cooling Wate Fress air

146.214

tonly

11334

Steam

Truc co khi/Mechanical shaft
Water

Cooling Water

D&u DO/DO oil
Product

Electricity

Hot air

Compressed air

Khi thai/ Exhaust gas
Fresh air

Electricity Electricity Electricity From X2.3 (Loc bui)
6.579.069 Fress air 2193023 181.029 44763
KWhy KWhy kWhy | tonly
L1.3f6.1

L1 - Ghi lam mét

L1 -Dap Clinker

Gi néng
burc xa

2.260.753 tonly|

Chemical process mass balance
Khéi lugng giam do ki cacbonat
138.

Khbi lugng giam do d
84.061

[Total

138.355

Total 84.061

L1131 R
0 trao ddi nhigt .
Heat exchanger Llptaiey
3154539 tonly 3.138.767 tonly
99,0% DM 99,5% DM s
L1312 Hotalr
Tol123(L1-
B9 trao ddi
Hot air ohict)
Heat exchanger
To X10.1 (L1-SP Boiler) 50 'C
350°C 156.412.582 KiWhly
1577270 Tonly 955,816 torly
113.002.695 KWhly
Cooling Water Electricity
L1313 1765632 11.842.325
Hot air KWhiy KiWhiy [Mass balance for drying Chemical process mass balance
320°C Liquid mat. - |Knhbi lwong giam do khir cacbonat (85¢Khdi luong giam do dbt than
1315 11316 Dry matter__3.308.457 784.009 156113
Total 3.308.457 [Total 784.009
L1314
From X10.2 (L1-SP Boik Nhigt lam bay hoi nréc trong "L1 - B
Hot air Luong nwéc bay hoi trong qué trinh ngl
120°C INhiét &n ho hoi ctia nudc 57|
1347 Liais Luong nhiét cén 6 lam bay hoi nuGe 19.727.767 | KWhinam
Hotair Hot air
To 1.19 (Nghién than/C i ToL12.4 (L1 C
120°C 250°C
3644811 kWhy 51.228.061 kWhiy

Clinker burning and cooling process

Cooling grate

L1 - Silo clinker

Clinker Dam

2215538 tonly 2215538 tonly
100,0% DM 100,0% DM 100,0% DM
1300 'C 140 °C 140°C
L1341 L13p2 L1343 L1344
v
Hot air Hot air Hot air Khi thail Exhaust gas

To L1331 (L1:To L1.3:2.3 (L14To X9.1 (L1-AQC To X2.7 (L1-Loc by (Dust fiter))
c

309651611  237.849204  178.087.046  109.795.325 kWhiy
45215 tony

Energy and
Vets Environment

Production process flowchart for Line 1
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Legend:
— Steam

E n e r gy m ap p in g N x:;:efo khi/Mechanical shaft

Cooling Water

D&u DO/DO oil
- Product
- Electricity
- Hot air
—>

Compressed air
T Khi thai/ Exhaust gas

Fresh air
FromL1.4.1.1 .
(L1-Phu gia i Hotair
mang) From to X2.4 (L1-
Electricity (Cement Electricity ~ Loc bui) Electricity Electricity V6 bao xi mang Electricity
additives) (Dust filter)
1.363.400 986.538 89.788.846 18.241.933 1.851.316 #itHH#  Compressed air 6 2.151.469
kWhly tonly kWhly kWhly KWhly kWhly tonly kWhly
L1.4.41
L1.4

L1.4.21

Final product 1

. L1.4.4
L1 - Can dinh lwong 2

Weighing scale 2

3.246.845 Tonly
Not mapped
9.356 Tonly

L1 - Nghién xi mang

L1 - Silo xi mang
Cement grinding

L1 -Béng bao L1 - Xuét Xi mang déng bao
Cement Silo

Packaging Packaging cement export

1.640.301 tonly 2.626.838 tonly § 2.626.838 tonly 2.626.838 tonly
100,0% DM 99,9% DM 11422 | 100,0% DM
50 °C

2.626.845 tonly

Electricity
Khi thai
Exhaust gas 925.658

Relative humi 15 % kWHly
Temperature 80C

27.362.900 kWhly
L1.4.31 L1 - Xuét Xi mang roi ]
Bulk cement export

Dried out con - tonly
- tonly

Electricity
422.402
kWhly

L136.2

L1 - Xuét Clinker

Clinker Export

620.000 ton/y

Cement grinding, cement storage, and packaging processes.

Vets BSENE Production process flowchart for Line 1 page 23



Energy mapping

. 1 I . .
Purchased : Conversion | Distribution : Consumption
o | ! |
Production line 1 | 1 |
I Energy losses I I
1
| % KWh | Distribution losses ( birc xa — déi luwu) 1
1 Take away 0%  2243.010 kWh 43.918.130 kWh 1 Not mapped
| Flue gas 0,0% - kWh | 2,0% | 229.390.653 kWh
Purchased Coal | Radiation 2,0%  44.860.194 kWh 1 |
Ld
99,95% 2.243.009.712 kWh 1 Total 21%  47.103.204 kWh Isteam 1
| ] 2.195.906.508 kWh "
. " Process
L1 - Coal 1 Production line 1 | Steam | . Py p—
1 ( Calciner, L6 quay) 1 distribution 1 v Seensl
I ! I
L1 - Coal | | |
| ! |
1 | 1 Not mapped
| ] | 7.956.335 kWh
Production line 2 1 1 1 _ Mapping degree
1 Energy losses | 1 - 99,82%
1 % kWh 1 1 Process
I I Distribution losses ( birc xa — déi lwu) I 4.180.632.448 kWh
Take away 0% 2.243.010 kWh 1 41.563.274 kWh Not mapped
! Flue gas 0,0% - Kkwh | 2,0% ! -221.434.318 kWh
Purchased Coal I Radiation 2,0% 44.860.194 kWh I
Ld
99,95% 2.122.741.244 kWh 1 Total 21%  44.577.566 kWh lsteam 1
] 1 2078 163678 kwh ]
I | Process
L2 - Coal | Production line 2 . Steam | . Pp——
] ( Calciner, L6 quay) I distribution I g ~EOBBS
| ! |
1
L2 - Coal 1 1 1
1 1
| ! |
| ! |
| ! |
| ! . |
! Heating System D !
| catin ystem viagram |
| ! |
: | :
1 1
| ! |
E | ! |
Vets Eiins |
Environment 1 Page 24
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Energy mapping

q A 1
Production line 1 |
1
Electricity production l

Electricity is generated from the utilization offheat.
46.347.213 kWh

L1-Cap nwéc 1 & R
2

» Process
>

L1 - Electricity
WHR (L1)

1.432.180 kWh

L1-Cépnuwoc 18&2 L1 - Pump

L1 - Electricity WHR (L1) 1.432.180 kWh Electricity 1.432.180 kWh

|
|
|
|
|
|
L1 - Pump I
|
|
|
|
|
|
|

COP Estimate ICooIing to processes (Water)
350 250.631.500 kWh

Not mapped
Purchased electricity 11.485.961 kWh

166.154.736 kWh

Mapping degree
> 95%
Process cooling
231.626.594 kWh

L1 - Cooling tower

L1 - Electricity
EVN (T1)

l Distribution loss
7.518.945

L1 - Cooling tower 3%

716.090 kWh

L1 - Electricity EVN (T1)

L1 - Compressed

i Ll o ¥
air D32 22.075.209 m3
L1 - Compressed air D32
2.649.025 kWh
L1 - Nha may co , Process
297.465 kWh

L1 - Nha may co dién
297.465 kWh

Vets [PiEmE Diagram of the power supply system and auxiliary systems
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Energy saving potentials
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Distribution of waste heat potential
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L2 - Hoa hoi LP (AQC L2 - LP turbinne; 0,0%
Boiler); 0,0%

L2 - IP turbine; 0,1%

L2 - Loc bui; 16,1% s )

N L1 - Nghicn liéw; 16,7% L1 - Nghién than;

L2 - Nghién xi mang; 2,32%
40%

. L1 - Nghién xi mang;
L2 - Nghién than; 2,2% 4.2%

L2 - Nghién liéu; 19,0% L1 - Loc bui: 17,1%
L1 - SP boiler; 0,09%
L1 - IP turbine; 0,11%
L2 - Silo
Clinker; L1 - LP turbinne;
! 0f
L2 - Silo 87% 0,004%
ek L1 - IP turbines 0,1%
8.7%

L1 - LP turbinne; 0,0%

L1 - Hoa hoi LP (AQC L1 AQC Boiler (HP):
Boiler); 0,007% ot

Distribution of waste heat potential

SEC in 2024
Line 1 - Line 2 —r— Line 3 == Line 4

800 &
600

MONTH

Temperature analysis
50.000.000

45.000.000
40.000.000
35.000.000
30.000.000
£ "
E 25.000.000 D Heating
OCooling

20.000.000 DOAuvailable waste heat

15.000.000

10.000.000

5.000.000

0 =

Temp. [°C]

Identifying the potential for waste heat recovery and
optimizing inter-process heat utilization.

Energy and
Vets Environment

Page 26



Energy saving potentials

Distribution of waste heat potential
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Identifying energy saving potential from energy mapping
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Advantages

- PROJECTSUPPORTFLOWCHART )

SUPPORTS FROM

SUPPORTS FROM FACTORY ' 95| INTERNATIONAL EXPERTS

Provides information on raw
materials; fuel and electricity
consumption; finished products and
losses ateach stage.

Guide to energy

) mapping
Develop a material balance table.

; \ J
Support in detail energymapping l ) )

e § @ Developing solution
. ideas

Equipment list: Name, location,
and design capacity l .
Facilitate the work of VETS and
international experts in conducting I o Instructions for
measurements at the factory. calculating solutions

Expressinginterest in implementing
the proposed solutions and
willingness to invest ifthe solutions
are feasible.

Energy and
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Challenges

» Heat exchange and recovery flows (WHR) are complex and difficult to quantify accurately during
energy mapping

% Challenges in standardizing data due to the use of multiple measurement units

% Difficulty in disaggregating energy consumption by process — requires interpolation/estimation
*» Energy allocation across processes is assumption-based and requires validation

¢ Variations in operating conditions (load, raw materials) lead to fluctuations in KPIs

% Significant time is required for coordination across departments to collect and verify data

Energy and
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Lessons learned: optimizing data collection and analysis

Develop industry-specific data models
and make adjustments after the survey

Estimate intermediate data when
there is a lack of measurement and
verification with the factory's
engineering team.

Combiningactual measurement data and
engineering assumptions for complex
systems (WHR)

Multi-departmental collaboration is
keyto ensuringcomplete and
accurate data.

KPIs fluctuate depending on the operating
mode; representative operating conditions
need to be selected.

Develop and standardize 1
guidelines for energy data @
management.
Expedite the review and oy
o approval process for energy- []
= saving solutions. i

Considerinvesting in a sub-
metering system for energy
measurement and monitoring.

Strengthen coordination between all
parties (factory - consultant - expert)
right from the start.

Proposed strategies to improve efficiency

Develop and standardize guidelines for
energy data management.

Considerinvestingin a sub-meteringsystem
for energy measurement and monitoring.

Expedite the review and approval
process forenergy savingsolutions.

e K ST

Strengthen coordination between all parties
(factory - consultant - expert)right from the
start.

—

Waste heatis highlydependenton ™, Iarge
the furnace operating conditions fl .
(load, 02, combustion stability). # fluctuations

Lackofdirect measurement points :
makes it difficult to determine > EStlmate
gas/vapor flow rate and enthalpy. required

E'j System efficiencydepends on
i manystages (boiler-turbine-
L[:%:] condenser-cooling).
Environmental conditions (coolant
,ﬂd:'\: temperature, vacuum)can affect the
results.

\ Nonlinear
/ interaction

Energy and
Vets Environment
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(e

EMBASSY OF DENMARK "
Hanoi Danish Energy Agency

Thank you for
listening!

Vietnam Technology Solutions Joint Stock Company (VETS)

Address: 1st Floor, Song Da 9 Building, Nguyen Hoang Street, Tu Liem Ward, Hanoi
Hotline: 024 22 33 44 55

Website: https://vets.energy/

Energy and
Vets Environment
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