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Motivation and Prior Works Storage Cycling Cost Market Model

Canonical market designs ignore unique resource attributes| |= Function of coupled charge-discharge half-cycles = Storage Bids:
: .. : : _ " Prosumer-Based Model (PBM): Bids based on charge-discharge power (u = fA)
- Stage of Charge (SoC) History Cycling Cost C tati
FERC 2222 calls for democratized participation In markets 1 | | | | | Rainﬂoyvcv'Z?g;sith:;p,\;i;?:ycles) = Cycle-Aware Model (CBM): Bids based on charge-discharge half-cycles (v = y8 + )
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Existing research broadly follow two categories: 08! A _\\\\\_\\\ | evete Stress Function (Penaity cost Generator bids dlspati; power (Ilniar supply function) in both cases (g = al)
* Operator centric: Reveal private informationl!; Inflexibility in profit seeking %0_6 \ ~\|_ | Storage Replacement Value (5 value) > —3{ Market Operator [€— Mai(l){‘::“cf:::ing: 3 i Participation Behavior
* Resource centric: Exogenous market signalsl2l: No theoretical guarantees g (Rmp}eqempom‘umoupued Algorithmic definition (hard to interpret) o | bids £ |bids ljec’;’;i’;famms | i+ Price-taking participants: Competitive equilibrium
. : 50.4— L discharge hattoycle Graph Theoretic Perspective g, A[schedule|y, g \+ Storage Dispatch ) E° Price-anticipating participants: Nash equilibrium
GOaI and contrlbUt|OnS 1 Example: Rainflow algorithm extracts a Full Cycle Rainflow Algorithm e 2 V4 f -’."- ) prices i
. : = 0.2 (Charge + Discharge half-cycle) i * (Cycle Depths) \Generatorsj<_ Storage E ] ] ]
= Novel market de5|gn - accounts for unique characteristics é\ 4 ) Pr;ﬁt paid( energzg;ulcizpB Pmﬁt(CBM) iB|ddmg Behavior
: : . . 2 3 4 5 6 7 @V@ mcidence Matrin| | [77g - C(g) Aru _ C(v)‘]: QTV ~ C(V) {* Uniform Bid: Scalar variable for entire time horizon
= |ncentive allgnment - dCrosSsS heterOgeneOUS Pa rtICIpa Nnts Time Period (f) Diregc:;d'Graph (State-dependent) i Non-uniform Bid: Vector variable for each period
(Nodes: time periods; Edg___ges: extracted cycles) cost as function of dispatch power paid(per- cycIe prices) cost as function of half-cycles !

Analysis - Competitive Equilibrium

* Theorem 1 (info rma|): Uniform bidding Competitive Equilibrium for Cycle-Aware and Prosumer-Based model Competitive and Nash Equilibrium for Cycle-Aware Model
«10® Cost comparison for fixed capacity «10° Cost comparison for fixed storage cost 4750 (I:ost complarison forlfixed cap:‘acity Cost comparison for fixed storage cost
* The equilibrium in the prosumer-based market (PBM: both storage and generator bids power) exists uniquely. ::: 4:/9/"/6/6/9/(’/‘7 3700 | pesd| “® Nash
ey e . . . . . . . . . 3650 -
* Further, it is incentive-aligned iff the gradient of storage cycling cost is proportional to demand. 2 45 : , | o g:gg ] §§§§
" The above condition is not generally satisfied; mismatch between operator and resource |z, 7w | & | = g W 1@ w0 o
. . . . % . | | I L ) ' -¥-CBM § |+Competitive| 33601 |+Competitive|
* Theorem 2 (informal): Uniform bidding gl oo o 5 050 3350\\'\'\’
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* The equilibrium in the cycle-aware market (CBM: storage bids cycle depths, generator bids power) exists uniquely. 44:310 P PP sl e ey 3340, | | | 2330 . | |
* Furthermore, the equilibrium is efficient and incentive-aligned, i.e., solves the social planner problem. _ a 3°M S0l
500
1 1l 1 g 400w 4:% 25 200
Analysis - Nash Equilibrium P Ty LT b e o Gompetive]| 104 E=rT
. . c oy oy g o 2 20009 ‘ = @ Nash|| 200
" Theorem 3 (informal): Uniform bidding g, ~400of 5 —
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e A partially symmetric equilibrium (storage units are homogeneous and take symmetric decision) exists uniquely. & o sy EEa
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* The partially symmetric equilibrium aligns with the social planner asymptotically, i.e., market recovers efficiency losses. e 0 T T T Tes 1o e w0 2% 100 150 200 250 300 350 400 450 500 ‘zgtorage‘r‘; cerment cost S}ﬁ?’vh 200 20 ‘gorage CZ"pacity T
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" |ncrease in number of participants in either group helps counter the market power of all Individual Generator Profit w.r.t cost coefficient at Nash Equilibrium|
. . . . . ‘ . | | | | | | |+ Least Elxpensive
" Theorem 4 (informal): Non-uniform bidding " Benchmark - current practice: (GCD) Generation g 00 il ghe o Most Expensive
* A partially symmetric equilibrium aligns with the social planner asymptotically, i.e., market recovers efficiency losses. Centric Dispatch: Social cost = generation + (hidden) E L E “ e
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