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Identification of optimal measurement
points for energy monitoring of
industrial processes
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Problem statement
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/ 0 Monitor energy consumption

0 Invest in energy intensity reduction

6 Advanced tools developed (e.g. Process Integration)

Q Time and resource intensive

0 What makes sense to measure?
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g What to use the measurements for?
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= Objectives
0 Monitor energy consumption Energy SAVINGS
1 10 % - 50%

Process
Integration

\ RARELLY USED in

l industries

Time

Q Invest in energy efficiency increase ;
consumption

Complexity
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Developed Method
RDRA (Required Data Reduction Analysis)

e Aim: Identify required measurement points Uncertainty analysis
based on roughly acquired data

e Recognise the role of measurements:
provide knowledge

e Quantify knowledge in terms of uncertainty

Sensitivity analysis
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Developed Method!
RDRA (Required Data Reduction Analysis)

i

Uncertainty analysis

Step 1: Rough data acquisition Model creation

Acceptable

Step 2: Uncertainty analysis uncertaint

Important
parameters

Required
accuracy

Step 4: Optimization (ST Sensitivity analysis

number

1Bergamini R, Nguyen T-V and Elmegaard B (2019) Simplification of Data Acquisition in Process Integration Retrofit Studies Based on Uncertainty and Sensitivity Analysis. Front. Energy
Res. 7:108.
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Milk pasteurisation
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Case study ... 7o o 51| L |
Milk powder
production

Natural gas
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4 different Fresh air
plants
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Colors:

— Milk

— Water

— Air

— Motive steam
Natural gas

— Flue gas

Dashes:

— Liquid

------- Gas / vapor

Analyse plant — — Natural gas

” ” Indicators:
SP4 @ SSiscigiperom
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» Product

Drying |
—» To drain
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g <——o—o Fresh milk
Rough data acquisition ) Ev——
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° Steam & @ Pl PR
— Temperature [°C] —
— Heat capacity rate [kW/K]
Natural gas
e I) Exhaust air
e Selected outputs:
1. Actual energy consumption (process ‘ T X
. Fresh air o @ ;\r/
heating) o
2. Minimum energy consumption (pro :g”y!?er
— Alr
heating) T Natragae”
. . — Flue gas o
3. Energy saving potential Dashes: _ > Product
------- Glz?sl/vapor
— — Natural gas
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@ :Esigsigd param.
Sekesked param. | Drying
O%ﬁ#ﬁ%ﬁf}nparam. ) . > To drain
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Application

Uncertainty analysis

Minimum hot utility consumption (a) (b)
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Minimum cold utility consumption
0 500 1000 1500 2000 2500 0 . . . . . [ . il . X .
Heat [kW] 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Heat Flow [kW] Heat Flow [kW]
46 %

Uncertainty on energy-saving potential Quantifty need for measurement system
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Application

Sensitivity analysis
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Only a few
parameters
are important
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Plants comparison
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Most of the important parameters are common among different plants (15 in total)
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Application

Uncertainty maximisation
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Heat capacity rate requires the highest accuracy and precision in all the plants
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Objective: maximise
the allowed uncertainty

of parameters

Constraint: output
standard deviation

below 10 % (of mean)
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Summary
SP4

45

parameters

18/45 Needed
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Milk pasteurisation
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Conclusion

Measurements
provide
knowledge

What to
measure _
4 18/45
parameters
identified
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Knowledge
guantifiable as
uncertainty

/

L
How
precisely

< Uncertainty

reduced to

Required
accuracy
estimated

10 % (std)

Measurement
system design

Detailed
energy analysis

(PI)




Further material:
Bergamini et al., Identification of optimal measurement points for energy monitoring of industrial
processes: the case of milk powder production, Submitted to Journal of Cleaner Production, 2020
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