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 Pooling energy market 
(quantity/price bidding)

 Bilateral trade

 Price based

 Time of use (TOU) price (offline)

 Real time price (RTP) (online)

 Contract with Incentive Payment

Electricity Markets
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 Captures:

 Bilateral trade: An agreement between one buyer and one seller, each 
possessing private information

 Contract with Incentive payments: A contract/scheme designed by an 
aggregator for a heterogeneous population of agents

 Pros: simplicity, reliability

 Cons: efficiency loss

 Give us intuition into pooling energy market

Our Approach: Contract Design

2/22/2017
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 Model:
 Buyer’s utility: 𝒱 𝑞 − 𝑡

 Seller’s utility: 𝑡 − 𝐶(𝑞, 𝑥,𝑊)

 𝑥 ∈ 𝒳 ⊆ ℝ𝑛: Seller’s private information

 𝑊 ⊆ ℝ𝑙: a random variable with  common prior 𝐹𝑊

 Objective: design a mechanism/contract (𝑞:𝒳 → ℝ+, 𝑡:𝒳 → ℝ) so as to

𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒𝑞,𝑡 𝔼Χ,𝑊 𝒱 𝑞 − 𝑡

subject to the seller’s voluntary participation:

interim : 𝐸𝑊 𝑡(𝑥) − 𝐶 𝑞(𝑥), 𝑤, 𝑥 ≥ 0 ∀𝑥 ∈ 𝒳

ex-post : 𝑡 𝑥 − 𝐶(𝑞 𝑥 , 𝑤, 𝑥) ≥ 0 ∀𝑥 ∈ 𝒳,𝑤

Problem Formulation

2/22/2017
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Result

 Theorem. The optimal mechanism for the buyer is a nonlinear

pricing scheme/contract 𝑡 𝑞 given by

𝑝 𝑞 = argmax
ො𝑝

𝑃 𝑥 ∈ Χ | Ƹ𝑝 ≥ 𝔼𝑊
𝜕𝐶(𝑞, 𝑤, 𝑥)

𝜕𝑞
(𝒱′ 𝑞 − Ƹ𝑝)

𝑡 𝑞 = න
0

𝑞

𝑝(𝑙) 𝑑𝑙 + 𝑡0

where 𝑡0 = max
𝑥∈𝒳

{𝐶 𝑞 𝑥 , 𝑤, 𝑥 } − 0׬
𝑞 𝑥

𝑝 𝑞′ 𝑑𝑞′

𝑞 𝑥 = 𝑎𝑟𝑔𝑚𝑎𝑥 ො𝑞 𝑡(ො𝑞) − 𝔼𝑊{𝐶(ො𝑞, 𝑤, 𝑥)}

Expected marginal utility at q

Probability of getting 
marginal quantity q

marginal 
utility at q
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Example

 𝒱 𝑞 = 2 𝑞

 𝐶 𝑞,𝑤, 𝑥 = 𝑐0 + 𝜃𝑤min 𝑞, 𝑔𝑥 𝑤 + 𝜃𝑐max 𝑞 − 𝑔𝑤 𝑥 , 0

 𝑔𝑥 𝑤 =

0 𝑤 < 𝑣𝑐𝑖
𝛾 𝑤 − 𝑣𝑐𝑖

3 𝑣𝑐𝑖 ≤ 𝑤 ≤ 𝑣𝑟
𝛾 𝑣𝑟 − 𝑣𝑐𝑖

3 𝑣𝑟 < 𝑤 < 𝑣𝑐𝑜
0 𝑤 ≥ 𝑣𝑐𝑜

 𝑇ℎ𝑒 𝑠𝑒𝑙𝑙𝑒𝑟′𝑠 𝑡𝑦𝑝𝑒 𝑥 = (𝑐0, 𝜃𝑤, 𝜃𝑐 , 𝑣𝑐𝑖 , 𝑣𝑟 , 𝑣𝑐𝑜, 𝛾)

6

renewable 
generation

residual 
quantity

start-up cost



Page 7

Example

 Marginal price varies between 33 and 45
$

𝑀𝑊ℎ
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 Apply and customize the current result to a more detailed models 

 Risk-averse agents

 Contract design for multiple goods (𝑞 ∈ ℝ𝑚)

H. Tavafoghi, D. Teneketzis, “Optimal energy procurement from a strategic seller with private renewable
and conventional generation”, arXiv.

Future Work
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