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Introduction and Major Contributions

= Verification of EWHs as equivalent energy storage and the
evaluation of the energy storage capacity
" A proposed method for batch modeling of individual EWHs
based on realistic hot water flow

" Combined dynamic simulation of individual

distribution power system with realistic residential loads
= Application of CTA-2045 standard-based DR on EWH at a large

scale

EWHs and a

" The analysis of EWH DR impact on an example distribution
power system, including peak reduction and voltage variation.

Model-in-the-loop of Electric Water

Model with CTA 2045 Functionalities

= The EWH model has CTA 2045 functionalities

" Hot water draw profiles are from CBECC-Res
" Models are already implemented in C# and Python class.
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Generic interface
* Records inputs and outputs
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Working status [ON/OFF]
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Schematic of the Model-In-the-Loop (MIL) for an EWH.

*| Energy take [Wh]
* Energy stored [Wh]

EWH model including
'« \Water heater characteristics
* Input unit converter
* Differential equation

* Qutput unit converter
dt
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EWH as Alternative Energy Storage

Current available energy storage capacity Current available energy storage capacity

EC‘,B(t) = EB,R ' (SOCBEma:c - SOOB (t))

Energy content of the stored water

EW (t) = V,OCPQT (i)
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Working status [ON/OFF]

Water tank temp. [F]

EWH power [W]

[07() = 0a] = pcpW (#) [01(2) - Ow.c]

\

|

Ecw(t) = Ew,s — Ew(t)

Power [kW]

Energy take
Erw(to—t1) = Ew(t2) - Ew(t1)
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Distribution Circuit Layer
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Visualization Layer
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The architecture of EPRI's DER integration testbed currently under further development through the DOE ENGAGE project.

Modeling of Residential Community

Case Studies
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