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. | PROJECT OBJECTIVE

Objective: to investigate how long-duration energy storage can be used
to make renewable power plants (REP) dispatchable.

Methodology: we propose 2-storage configuration to fully mitigate the
intermittency and uncertainty of REPs and make them dispatchable (d-
REP). We have developed an optimization framework to dispatch
multiple d-REPs.

Outlines:
e Current challenges for dispatchable REPs.
* The need of long duration storage.
e 2-storage configuration: concept, pros and cons.
* Economic dispatch of d-REPs.
e Case study
* QuESt Updates.




CURRENT CHALLENGES FOR DISPATCHABLE REPS
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Solar PV creates larger ramps since large amount of
energy is produced only during daytime, which is
not coincident with the peak load.

Wind generation tends to be larger during
nighttime, which also create ramps.
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4+ | THE NEED OF LONG DURATION STORAGE
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5 | 2-STORAGE CONFIGURATION
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* How much energy storage capacity we need in order for this to work?
 What should be the power rating of a d-REP?
* How to optimally dispatch multiple power plants like this?
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6 ‘ 2-STORAGE CONFIGURATION - SIZING

D e i i e ~n
/’ Energy Rating = ? \\
_|_ —

Grid

Discharge

Power Rating = ?

’—--------_

\N_

L N F ¥ B B N B B N B B N N N B B ¥ N §F N N _§F N _ B _§ N _§ _§ §B _§ _§ N _§ § B _§ N B |

* Given a PV or wind system, find the capacity rating of ESSs and the

power rating of the plant:
* Energy rating of each ESS will depend on how much renewable energy is
available over a predefined observe/operation period (op).
* Power rating of the plant will depend on what it is used for: base load vs peak
load.



7 ‘ 2-STORAGE CONFIGURATION - EXAMPLE
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 Given a 100MW PV at a location with 5 peak sun hours, each ESS ~
500MWh if observation period is 24hr and 250 MWh if observation
period is 12 hr.

* Given that the plant is intended to cover the base load, the power
rating of the plant can be 500MWh/24h~ 20MW.



8 ‘ ECONOMIC DISPATCH OF MULTIPLE d-REPs

* Economic dispatch can be used to operate

this system at minimum cost.

e Since there is no fuel cost in this system,
energy lost characteristics of the storage
systems are used as production cost
functions.

* Nointeger variables since all grid-
connected ESSs are discharging.

* At the beginning of each op, the grid

operators know: the SOC of all ESSs, the
power ratings of all plants and the network
parameters

* Different models of energy storage can be

used:
e Linear energy flow model using constant
round trip efficiency.
* Non-linear energy flow model capturing
non-linear discharge lost characteristics
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ECONOMIC DISPATCH OF MULTIPLE d-REPs - NONLINEA
9 | STORAGE MODEL
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Reference: T. A. Nguyen, D. A. Copp, R. H. Byrne, B. R. Chalamala, “Market Evaluation of Energy Storage Systems Incorporating Technology-specific
Nonlinear Models,” in IEEE Transactions on Power Systems, vol. 34, no. 5, pp. 3706 — 3715, April 2019.



10 | CASE STUDY - Results
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Table 1. Generation Parameters

Sundance

$40

200MW

v

Solitude

+450 '

Gen. Name Alta | Park City| Solitude | Sundance| Brighton
Bus A A C D E
Cost ($/MWh) 14 15 30 40 10
MW Limit 40 170 520 200 600
MVar Limit +£30 | =1275 +£390 =150
Table 2. Load data
Bus A B C D E
MW 0 300 300 400 0
MVar 0 98.61 98.61 131.47 0
Reference: F. LiandR. Bo, "Small test systems for power

system economic studies," IEEE PES General Meeting,

2010, pp. 1-4.
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PV+2ES

50
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1600
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1 ‘ CASE STUDY - RESULTS
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DCOPF is used, LMPs don’t
include loss component.
There’s a trade off between
round trip efficiency and input
energy cost.

Park city is not dispatched
since energy cost is high
even though efficiency is
high.

Brighton and solitude are
dispatched not at their
maximum even though
input energy costs are
lowest due to low round
trip eff.



QuESt UPDATES
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Current:

"QuESt Data Manager
="QuESt Valuation
"QuESt BTM

Updates:

" QuESt Technology Selection (under testing)
" QuESt Equity (completed back-end)

" QuESt Performance (completed back-end)
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Help users understand and select different energy storage technologies for various
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Given a Peaker loading profile, what are the
optimal sizes of PV and storage for 1-to-1
replacement of that plant? What are the
benefits for the environment?

Given a charge/discharge profile of a BESS,
how much energy is needed to run the HVAC
that maintain system temperature within its
operating range? What is the optimal size of the
BESS considering the HVAC load?

Ranking of feasible energy storage technologies

The plot below depicts the feasibility score of each energy storage technology for your project; higher scores indicate a better match between a
technology and the requirements of your project.
Summary of user selections:

Grid location Distribution
Application Distribution upgrade deferral
System size 1MW

Discharge duration 4 hrs
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3 | ACCOMPLISHMENTS

Accomplishments of FY21 :
* 2 book chapters.
* 4 journal papers, 3 conference papers.
* 6 presentations.
* Chaired 3 technical and panel sessions at ECCE, PEC and
ISGT.

Next steps:
* A conference paper for 2022 IEEE PES General Meeting.
* Next release of QUESt in Dec 2021.
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