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Objectives

* Develop integration strategies for Run-Of-the-
River (ROR) Hydropower Plant (HPP) and energy
storage to provide ancillary services and
enhance revenue streams

* Interaction of multiple ROR HPPs with grid, and
its equivalence to a large HPP are other
objectives of this proposal

The Challenge:

* Constructing a new, large hydropower plant is a
challenging proposition with multiple
dimensions

e Additionally, a significant (~65 GW) untapped,
small head, hydro resource exists in the US



Integration of ROR HPP & ESS
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Proposed Architecture

* Control Architecture for integrating ROR HPP with ESS and power grid

communication
optimization

Interpretation
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Proposed Enhancement

* Cohesive response of multiple ROR HPPs and ESS to provide

ancillary services with a specific focus shown below:

Market Proposed Primary Secondary Tertiary

description

Reserve type Power electronically | Spinning Spinning Non-spinning

interfaced

Timescale of Smaller Medium Longer Longer

response (Ms — ms) (ms—s) (s — minutes) (minutes —
hours)

Timescale of

MS — minutes

several minutes

30 minutes — 2

several hours

discharge hours
Application Transient stability, Operating Operating reserve | Load leveling,
power quality reserve for for slow dynamics, |energy
corrections regulation, fault voltage support, arbitrage,
recovery, power | contingency firming,
quality contingency
Example Supercapacitors, Synchronous Synchronous Pumped hydro,
technologies flywheels generators, generators, gas turbines
batteries batteries




Real Time Model of ROR HPP

e Advanced PSH based on Type 3 and Type 4
* Type 3 — Geared — Doubly Fed Induction Generator

* Type 4 — Full Power Converter

* Power converters dynamic model development

* Control algorithms for different types of
generators
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Battery Model Characterization

0.9} —Reference

- Battery storage is used to —Batery acual utpt]

provide steady long term . e
energy support ;;7- WV'/ _
. Commissioned 500 kW ;. | |

flow battery system is
capable of storing 1 MWh

Time (second)

energy 0 0.2 0.I4 0.6 018 1

 Test result shows when
reference signal step up
from 0.4 p.u. t0o 0.8 p.u., it
takes 0.8 seconds to
finish the step response.




Supercapacitor Model Characterization

60.2

------ scenariol
---scenario2

« Supercapacitors provide instantaneous
high power support 60— P
 For such devices an advanced thermal

jany
management is required to maintain 559.8 ;;f',...___
long lifespan of supercapacitors & |/
« 4F supercapacitor energy storage §59-6
system initially stores 4 kV voltage and
responds to load increase from 10 MW 59.4

to 19 MW

« Scenario 1: Synchronized
generator functions to restore
frequency

« Scenario 2: Supercapacitors
without and with thermal
management support frequency
restoration

« Scenario 3: Supercapacitors with
and with thermal management
support frequency restoration




Real Time ESS Results
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Real Time Test System

Distribution
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Integrated Response

* DFIG (type — 3) based ROR HPP is integrated with
ESS i.e., Supercapacitors, flywheel, and battery

* Characterized models of ESS are used
* Coordinated ramp response is shown
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Events in Distribution Network

* Three phase fault in the test system

* Case 2: ROR alone; Case 3: ROR plus ESS
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Step Load Additions
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* Frequency response of
ROR HPP with and

without ESS
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real power (MW)

Integrated ROR HPP and ESS

e Coordinate operation of multiple ROR HPPs so that the overall generation

approaches conventional HPP

* Example of CAISO ancillary service participation requirements:
* Capacity equivalence: minimum 300 MW
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* Ramping rate equivalence: maximum rate should reach 6 MW/min (100kW/second)

e Coordinated ROR HPP & ESS operating at 10.05 MW, EMS directs an increase

of 0.31 MW in the next 4 seconds
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Concluding Remarks & Future Work

* Dynamic and transient response of coordinated
ROR HPP and ESS is obtained in real time

e Superior stability of power systems is demonstrated
due to the coordination of ROR HPP & ESS

* No energy wasted as compared to other existing
practices such as dump load

e Better frequency and voltage regulation capabilities
for remote grid applications

e Future work involves:
e Real-time flow information and multiple ROR HPPs

e Controller-hardware-in-the-loop of the control strategies
for verification and validation in real time

e Financial assessments to determine better opportunities
in different markets and rate of returns
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