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Integrated Energy Systems (IES)
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Figure adapted from Douglas et. al, Joule 5, no. 1 (2021): 47-58. [2] 

IES dispatches 
electricity to the 
electric grid (e) 

max  Net Present Value(𝜋𝑡 , 𝑝𝑡)

Price-taker Optimization

s.t.    IES process constraints

IES (a) submits 
energy bids (b) to 

the market (c)

Market outcomes 
include the locational 
marginal price (LMP) 

and dispatch schedule

𝜋𝑡: electricity price during time period t
𝑝𝑡: power dispatch decision for IES during time period t

Increasing Renewable Capacity and Challenges

With the increasing renewable generation comes challenges:
• Intermittency and variability
• Infrastructure and grid integration
• Cost and economics

Time-invariant (TI) bidding:
• Bids the renewable IES/generator at zero marginal cost
• Does not change with time and renewable resource availability
Time-variant (TV) bidding:
• Bids will change according to the resource availability and 

electricity market prices
• Forecasts constructed via machine learning or statistical 

methods, provide input scenarios for stochastic program

Results and Discussion

Price-taker Overestimates the Electricity Revenue

Time-variant Bids Improve IES Economics

TI bids sell the most power at 
0 - 5 $/MWh. 
TV bids sell the most power at 
15 - 25 $/MWh.   

Price-taker Ignores the IES-market Interactions

Wind+TI Wind+TV

Revenue 
[M$]

19.03 23.57

Power sold 
[MWh]

1487 861

IES retrofitting shifts LMPs.

Battery reduces the time 
periods that LMP is low (0 – 
5 $/MWh) or high (100 – 
500 $/MWh)

Price-taker assumes  1) 
perfect price forecasts, and 
2) the grid is an infinite bus.

Multiscale optimization 
shows that IES-market 
interactions should not be 
ignored.

max
1

𝐼


𝑖 ∈𝐼


𝑡 ∈𝑇
(𝜋𝑡,𝑖𝑝𝑡,𝑖 − 𝑐𝑡,𝑖)

s.t.    IES process constraints

𝜋𝑡,𝑖: electricity price during time period t for forecast scenario i

𝑝𝑡,𝑖: power dispatch decision during time period t for forecast scenario i

𝑐𝑡,𝑖: operating cost during time period t for forecast scenario i

Figure source: www.eia.gov [1] 

Figure adapted from Gao et. al [3], and Barrows et, al. [4] 

The market clears the 
bids and generates 
market outcomes (d)
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