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Milk Powder Production Utility Demands
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Progress to Achieving the Research Goal
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(1a) PDM Heat Integration Schemes (PRES'12)
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(1a) PDM Heat Integration Schemes (PRES'12
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(1b) The Cost Derivative Method (PRES'13)
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(1b) The Cost Derivative Method (PRES'13)
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(1b) The Cost Derivative Method (PRES'13)
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(2) New Heat Recovery Loop Design Method for
Improved Inter-plant Heat Integration (PRES’13)
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(2) New Heat Recovery Loop Design Method for
Improved Inter-plant Heat Integration (PRES’13)
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(2) New Heat Recovery Loop Design Method for
Improved Inter-plant Heat Integration (PRES’13)
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(3) Milk Powder Fouling Model
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(3) Milk Powder Fouling of Tubes
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(3) Milk Powder Fouling of Tubes
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(3) Model Validation for Tube Fouling
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(3) Application of Fouling Results
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(4) Exhaust Heat Exchanger Design Problem
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Spreadsheet Optimisation Mode
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User-Defined Inputs
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Coupled HX System Design Fluid Flow Specifications
o Face size (i.e. air velocity) o Exhaust air temperature, flow rate,
> Tube & fin dimensions humidity
> Pass arrangement ° Inlet air temperature, flow rate,
humidity

o

Pump, piping & Buffer tank _ _
° Intermediate fluid (loop) flow rate

° Fan
Economic Parameters Fouling & Cleaning Parameters
o Steam & electricity price ° Powder concentration

o
o

Capital cost formula Particle size distribution

o
o

Discount rate Run length
Wash length

Model time step

o
o

Price inflation

o
o
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o

Cost to clean




Spreadsheet Optimisation Model
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Fouling Prediction Model
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Heat Fouling and Milk powder
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Key Model Outputs

Average heat exchanger duty
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Temperature profiles within a heat exchanger

Fouling over time
> Mass deposited

> Thermal and hydraulic resistance over time
° Duty over time

Cost estimations

Economic Indicators (NPV, IRR, Payback)



Fouling Model Results
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Effect of Number of Tube Rows
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Effect of Exhaust Air Velocity
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Site Specific Factors Affecting Economics
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° Inlet air temperature (outside 15°C or inside 33°C)

° Inlet air absolute humidity (outside or inside)

o Exhaust air temperature (+5° - +25% HR)

> Bag filters (low powder conc.)

° Inlet and exhaust fan capacity (reduce cost by ~25%)
° Existing pre-heaters using utility

o Existing heat recovery to dryer inlet air



Site Specific Factors Affecting Economics
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> Re-usable existing ducting (reduce cost by ~20%)
> Operating and production hours

° Price of energy (varies by 30 — 50%)

> Space

° |nlet air heater bottleneck

> Good attitude to change



Present Work: Design Optimisation

THE UNIVERSITY OF

WAIKATO

Te Whare Wananga o Waikato

10,000 A .-.. e Effect of velocity

: e Effect of number of rows

o Effect of longitudinal spacing

@ Effect of transverse spacing
Effect of fin pitch

e Effect of fin height

1,000 -
[} o Effect of fin thickness

100 - .

Heat Transfer to Pressure Drop Ratio

10 1 1 1
100 1,000 10,000 100,000

Reynolds Number




Overall Conclusions
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* New Zealand milk powder plants can economically
increase HR by ~20 %; exhaust heat recovery (HR) is the
single largest opportunity

* Exhaust HR can play an integral part in supplying heat
to neighbouring plants via HRLs

* For SMP, a final exhaust air temperature above 55 °C
can minimise particulate fouling problems

* Exhaust HR is economic for good sites (payback time
of ~1.6 years, NPV of NZ$2.9 million and IRR of 71 %)

*Site selection is important
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