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Time-varying costs are an opportunity for arbitrage
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Mechanisms of energy flexibility in municipal desalination
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Each flexibility mechanism has unique energy dynamics and cost implications
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A framework for optimizing & valuing energy flexibility
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A framework for optimizing & valuing energy flexibility
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Steady-state model tuning and parameter estimation
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Steady-state model tuning: Variable efficiency pumps ALAMO
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Klise, K., A. et al. (2019). Computer Aided Chemical Engineering, 47 (2019): 41-46.
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Estimating model parameters: Membrane transport  ParmEst
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Multiperiod models from steady-state flowsheets
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Multiperiod models from steady-state flowsheets DISPATCHES

&

Vs N\
Ve \
Treatment Train Model — MultiPeriod flowsheet
—\
—\
Pre-Treatment  Reverse Osmosis  Post-Treatment f \ / \ / \ / \
Intake — Product . . .
— & il [@ ]_’[ Multi-Period Multi s.tep Ur.ut I?nce
& Model constraints Commitment Signals
LBrine q g (e.g., (status, start- (e.g., tariff,
— 2] seawater RO) ra;::::jr;g' ug;)f::)t- emig;rsli(cj)ns)
§ C _ T/ \ / K / K /
\_ J

Formulates the water production scheduling problem as a mixed integer non-linear program
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Parameter

Reduced order unit models for energy flexibility "syeep ParmEst
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A framework for optimizing & valuing energy flexibility
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Water facilities don’t usually buy wholesale electricity

Locational Marginal Price Industrial Electricity Tariff
(CAISO aggregate example) (Southern California Edison)
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Database for industrial electricity tariffs
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~100 tariffs of water utilities — expanding to 3000+ tariffs relevant to general industrials

Processed in a modeling-friendly format in CVXPy — expanding for general Pyomo model integration
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A framework for optimizing & valuing energy flexibility
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Efficiently solving MINLP scheduling models with MINDTPy
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Model resolves key features of a facility shut down event
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Optimize plant operations for a monthly energy bill

Minimize: Monthly cost
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Flexible formulation enables scenario analysis
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Evaluation
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Technoeconomic analysis for dynamic operations O 0
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How efficient is the flexibility mechanism?

How much energy is shed/discharged?

How fast can the facility shed this energy?
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Technoeconomic analysis for dynamic operations O 0

=10
el o= T,
Operating Energy Economic Value of
Schema Performance Data Flexibility

Round-Trip
Efficiency
[%]

Flexible

Lo_ad

E |Baseline
[mw]
Discharge

Net
Present
Value

Capital
Upgrade Cost
D 5] D

Energy

Time ([::,,p\?vﬂt{ f Accelerated 1 ( Cost of Flow N [$]
Maintenance Curtailment
Target Flexible L [$] )L [$] )
Q | | Levelized Levelized
[x] |Baseline Power r — : Value of Cost of
Capacity Electrlc!ty Apcﬂlary Flexibility Water
. [MW ] Cost Savings Service Benefit [$/MWh] [$/m3]
Time L s1 ) 181

O BEAVV | Rao, A, Bolorinos, J., Musabandesu, E., Chapin, F.T., Mauter, M.S. (2024). Nature Water. 22




Operationalizing Energy Flexibility Performance Metrics Eﬁ%amm
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Capital cost and facility age determine value

How much can a plant afford to spend to upgrade for flexibility?
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Demand Response (DR)

What is the value of DR and how
should desalination plants bid into
uncertain markets?
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Multi-timestep dynamics: capturing downstream delays
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