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ISC Background .5+ and control

Industrial Systems and Control Ltd.
O Founded 1987, University spin out
O Control Engineering Consultancy and Training
O Initially marine & metals Industries

0 Now process, power, utilities and automotive

Applied Control Technology Consortium
0 Started in 1990 with (3 yrs.) DTI funding

O Large end-users of control — BP, Shell, RWE, British Energy,
Scottish Power, BAE Systems
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® Consider only energy savings from process / operations
O From Simple operational changes to full optimisation
O New equipment selection

O “Moving” energy consumption

® How to decide what to do:
O Top-level audits / energy mapping

O Detailed analysis of process energy usage
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® Top-level Surveys
O Identify energy usage — incl. buildings / people
O Identify “quick wins”
O Assessment of process itself maybe too complex

O Can be free of charge !! e.g. Carbon Trust

® Routine Inspections:
O Period inspection of air / steam leaks, lagging

O Fix anything broken
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Audit of Energy Users: Example 2 0 Systems

® Compile list of energy consumers in process - mainly motors driving
pumps and blowers
O fixed or variable speed
O on-off control or throttled flow
O Rate by kW, duty, run-time

O Calcs give crude estimate of energy savings (e.g. fixed speed to VSD)

® Can then prioritise energy users by potential savings
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The “Affinity” Law 280 Sysfems

Savings Example: On-Off to VSD

Pump * VSD runs at same average speed, but
Speed much lower average power

« power o (speed)3
Duty = 66% P (sp )

100%
+ on-off ave speed = 66%
66% = ol -k o e o -

« on-off ave power = 0.66 * f.s. power

+ VSD ave power = (0.66)3 * f.s. power
=29% of f.s. power

Time Energy Saving: 56%
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Throttled Flow Energy Losses 2 0 Systems

Savings Example: Throttled Flow to VSD

Pump * Consider pressure drops
Pre?sure P « Estimated from pipe-work dimensions
ump H-Q curve

* VSD can only save ‘Valve Power Loss’

4.59e5 pascals
(45m)

» Saving can be calculated as:
);,a;‘;d,(am;? valve loss kW = valve Apress.*flow*1e-3
=(12.7*1e39.81)*0.31*1e-3

= 38.62 kW

g

i Mo pipe (alone) ‘head’
I 20.3m

hydrostatic ‘head’
12.0m

| o.§1mws Flow Energy Saving: 28%

(310 Us)
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Effect of Operating Point on Energy - g}’,ﬁtﬁmft,d

Pump Pump
Pressure Pressure
"n— Pump H-Q curve Pump H-Q curve
50m

45m

—>

\(\(‘\(\(‘\(\(‘\(\(‘\(\(‘\(\(\(\(\(‘\(‘;(‘v;(‘{{

- Change :
i ymfx:tmﬁ of : |
LA Operating Point we
(310l/s to 210l/s) AR
> Flow >Flow
310Us 2101/s 3101/s

Note that as flow decreases............
Typically - Valve Power Loss increases ........

Which means Energy Savings potential increases




Energy Efficiency Audit Tools
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® |SC developed a spreadsheet for audits:

Pump déscription Pumgﬂ‘ Loop# :
Pump yT BOPS15 LICA 072

Pump Energy Calculator
Yersion 1.1

Energy| Annual i Annual | Potential

Parameter codes: Motor/Pump | ¥oltage PF L. Rated Rated Rated Calculation| Energy ; Energy Energy
Black - Information Parameters m¢.. _Pump Flow Power Results| (current)i[with ¥SD): Savings
Blue - Motorlpump [fized for this pump) W - o o s A7) Pl T [
Brown - Pipework [fized for this pump]) EnterHere [ B0 088 a0 B2 [E [E]] 723 203
Drange - Energy [fized For this pump] Energy ; Energy | Annual
Green - Input [depends on oper. point) Pipework YSpecific; Pipe Fipe [ Pipe Costlyr. | Costlyr. | Savings
Red - Intermediate calculations Parameters | Gravity® Finish ¥ Diameter™ Length (current);[with ¥SD): (with ¥SD|
Magenta - Dutput | - B m m 1 1
EnerHere| 03 0t [ 30 17,2525 $,910.6
#dd Operiing Paint | pp_ Point Help Energy [ Annual® Energy Pump Sheet Help  Atd Pampsieet |
Parameters|Runtime  Cost
Delete Operating Point hrs Wk Delets Pump Sheet I
Enter Here [ 7700 004
Dperating point Motor ; Motor Pump OFPPos....... Flow | aH,_, | aH....: aH.,. | AH... [T . { Duty : Energy | Energy | Actuator
X Amps Y kW, Y kW, % b b b b B H ¥ Now ¥ Wasted Type
P T T R A m m_ m m kil * W Mwh Mk -
50.0 56 41 0.25 185 60 03 123 271 48 00 431 209

Detailed Analysis of Energy Use
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® Often need more detailed analysis:
O For more accurate estimates of energy savings
O When process is more complex — as usually is

O Exploration of alternative scenarios

® Often simpler to use high-fidelity dynamic models

0 Use of static models (as simple audits) becomes cumbersome

O Can identify new, optimal ways to operate

» operations, control settings / strategies, new equipment
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Simple Dual Pump Example 0.7 and control

Elevated Discharge

Manifold

Inflow

Filter beds Sump

Twin Pumps (Duty + Assist)

LS indttxstrial
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Mathematical Model .0 > Systems |

E! Scottish_Water_Braden

File Edit Yiew Simulation Format Tools Help

DE2E&| & BB » Normal - 23 = E &

Froduct
Pumping Index
(m”3/Kimh)

Fceum Lt
valume

Total
¥uzeumulated

Water Tank

level control Wilhr ; pumping indesx
. Elecrical ks

type switel wok done
g Withr

FIDLewvel Contral

bang-bang Level Contral

bang-bang Level Control 2

[ ]

pump speeda Lift Fumps

hydraulis
efficiency

Hydraulicmork dane

Ready 100% odeds
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) Tank Level Referenced to Sump Base (m)

laE spe BB B & &

1500 2000 2500 3000
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Study and Practical Results .8 > Systems

Model Prediction Pumping Station Results
kWh Energy kWh Energy
Level Control
Supplied Savings Supplied Savings
Strategy
(1 hour) (%) (1 hour) (%)
On-Off control 39.39 kWh 70 kWh
Single pump VSD 29.2 kWh 25.6%
Dual pump VSD 13.99 kWh 64.5% 26.5 kWh 62.2%

@® Can explore additional “no cost” options:

O Tighter level control — can raise average level —and so reduced lift




Detailed Energy Analysis
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® Advantages of using high-fidelity dynamic model:

O Can look at any scenario

» e.g. varying demands, varying tariffs

O Look for other energy saving opportunities

» e.g. effect of raising level SP in previous example
O Can extend to much more complex processes

O Can be used for any process, not just pumping

Example: Multiple Pumping
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Aswiarby
Borehole
Pumps

Swaton

Borehole GAC

Pumps Fiter Contact
Tank

Balance
Tank High Lift

Harrowby
Reserair

N

Harrowbry
Outflow

)
Q




“What if?” Scenario Results
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24 hr period
Scenario Total Pump Energy overall En:rgy Saving

(KWh) "
ICurrent (validation model) 2786 -
[Test #1 (BHP onoff, HLP PID) 2799 0.47% (higher)
[Test #2 (all PID) 1905 32% (lower)
ITest #3 (Asw & HLP PID, Swa off) 1883 32% (lower)
ITest #5 (Swa & HLP PID, Asw off) 2197 21% (lower)
ITest #6 (Swa & HLP PID, Asw onoff) 2551 8.4% (lower)
[Test #7 (Asw & HLP PID, Swa onoff) 2328 16% (lower)
[Test #8 (Asw & HLP onoff, Swa off) 2783 0.11% (lower)
[Test #9 (BHP PID, HLP onoff) 2049 26% (lower)
ITest #4 (bypass GAC plant) 2759 0.97% (lower)

Pumpsim Modelling Toolbox
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[S1Library: Water_Industry_Library * —[al x|
Ele Edit Mew Format Help
D& & =@
Hods| Browser VEERE
. head Total Flow
speed =]
2 Centifugal Pump e e LT
2] Energy Summation h_den 1 L2 i
... 2] Level Controller (On-off P Level

2 Level Contraller (P+])

2] Pipe Flow Calculations
L. 23] Pressure Conversion

2] Pump Index

] Sump Level

Ready
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press2
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® WWTP

O investigate DO control strategies - 5-7% energy saving predicted (simple control
changes), 20-30% if use MPC

® Steel Reheat Furnace
O Trade-off between fuel-gas usage and production rates

O Formal optimisation (using nonlinear MPC) estimated savings

® Coal-Fired Power Station
O Benefits study of advanced control to give tighter temperature control

O Allowing increase in superheater temp, increasing overall efficiency
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® Energy prices not constant:
3 If vary wrt time — move peak energy consumption to cheaper periods
3 If vary wrt consumption — use inventory in process to smooth demand

® Process needs to have predictable energy consumption

Energy 1
Usage

Time




.**«. industrial

i . ¢ @ * systems
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® |[f energy savings are obvious:

O Implement them!!

® Sometimes ROI / benefits are not clear:
O Spend a bit of time considering options

O Simple analysis can be useful

® QOccasionally a detailed study needed:

O e.g. when need more confidence or if
complicated by other factors

3 call in outside help

O3 factor in study cost into possible ROI
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Dr Andy Clegg

Industrial Systems and Control Ltd.
50 George St

Glasgow

G11QE

t: 0141 553 4027

e: andy@isc-Itd.com

w: www.isc-Itd.com
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