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OVERVIEW
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Non Linear Problems

“The ability to explain or to present 

a model output in understandable

terms to a human”

Doshi-Velez & Been Kim, 2017
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AI Model Builders:

○ Why is the model not performing?

○ How can I improve it?

End Users of AI systems:

○ Should I trust the model's output?

○ How should I respond to the predictions?

Public stakeholders: 

○ Is the model safe and fit for purpose?

○ Does it comply with regulations?

WHO NEEDS INTERPRETABILITY?
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WHERE IS INTERPRETABILITY BEING USED?

Source: "Explainable Artificial Intelligence: a Systematic Review", by Giulia Vilone, Luca Longo, Oct. 2020

! Energy?Despite the numerous interpretable methods developed, there 

are limited applications in the Energy Sector
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ARTIFICIAL INTELLIGENCE APPLICATIONS 
TO THE ENERGY SECTOR

Demand & RES 

Forecast
Predictive MaintenanceAnomaly detection

Power Trading Demand Profiling
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BRIEF INTRODUCTION TO POWER TRADING
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BRIEF INTRODUCTION TO POWER TRADING
In

p
u
t 
D

a
ta

Solar PV Power Forecast Wind Power Forecast Price Forecast
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decisions

AI Tool (ANN)Dual Pricing Market:

• Day-Ahead Price (spot price) 𝛱𝐷𝐴
determined in advance for planning adequacy

• Real-Time Price (balancing price) 𝛱𝐵𝑎𝑙
determined based on the actual supply and demand

The imbalance penalty is a fee charged to market participants 

who do not balance their positions
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AI INTERPRETABLE APPROACH IN RES TRADING
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AI INTERPRETABLE APPROACH IN RES TRADING
In

p
u
t 
D

a
ta

Solar PV Power Forecast Wind Power Forecast Price Forecast

Interpretable 

AI

tool

𝑇𝐷 = 𝑈3

𝑇𝐷 = ൗ𝑈2

3

𝑇𝐷 = 4T

𝑇𝐷 = 𝑈3+TCC𝐿
𝑖𝑏
𝑟𝑎
𝑟𝑦

𝑜
𝑓

𝐴
𝑛
𝑎
𝑙𝑦
𝑡𝑖
𝑐𝑎
𝑙
𝐹
𝑢
𝑛
𝑐𝑡
𝑖𝑜
𝑛
𝑠 U

TD

𝑇𝐷 = 0

𝑇𝐷 = 𝑈3

𝑇𝐷 = 1
+

Trading 
decisions

Reasoning

Key questions:

-Which features are important to the model?

-How features interact for a particular decision?
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GP is an extension of GA in which the individuals in a population are 

programs instead of binary strings. 

SR is a subset of GP where the solution obtained from the 

regression represent the model by which we collect the target 

results.

Using natural selection to build 
interpretable modelsStep 1

Randomly Generate

initial population

Step 2

Fitness Value 
Computation 

for each individual

Step 3

Application of 
Selection

mechanism

Genetic 

Programming

Is Fitness Threshold or 
Max. Num. of Generations Reached?

No
Step 4

Perform 
Reproduction

Yes

𝒁 ∶ 𝒙𝟏 × (𝒙𝟐 + 𝒙𝟑)

Output Best Individual

EVOLUTIONARY STRATEGIES DERIVED
BY GENETIC PROGRAMMING [GP]
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−
• Data-Driven simple analytical solutions

• Optimize both weights and feature relations

• Could be used both as Post-Hoc and Ad-Hoc tool

BENEFITS OF GENETIC PROGRAMMING

𝑓𝑤1,𝑤2
(𝑥1, 𝑥2)

𝑦 = 𝑜𝑢𝑡𝑝𝑢𝑡
𝑥1,2,… = 𝑖𝑛𝑝𝑢𝑡

𝑤1,2,… = 𝑤𝑒𝑖𝑔ℎ𝑡

𝑍 = 𝑤1𝑥1 𝑤2𝑥2+÷
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CASE STUDY
Optimizing Bidding Decision of Solar PV Plant

in Day-Ahead Electricity Market 
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−λ↑ 𝑝𝐸 − 𝑝𝑜𝑓𝑓𝑒𝑟
−
+λ↓ 𝑝𝐸 − 𝑝𝑜𝑓𝑓𝑒𝑟

+

𝐺= imbalance cost

Formulation of Fitness Function 𝐺 to 

optimize Trading Value:

PROBLEM FORMULATION

𝑝𝑜𝑓𝑓𝑒𝑟 = 𝑍𝐸,𝜃

𝑍𝑜𝑝𝑡 = arg𝑚𝑖𝑛𝐺 𝑍𝐸,𝜃 , 𝑋

Direct Approach

GP

+
𝐼𝑛𝑝𝑢𝑡 𝐷𝑎𝑡𝑎

𝑋

𝑍𝑜𝑝𝑡

𝑍𝐸,𝜃 ∈ Φ

𝑝𝐸 ∶ Actual Energy Produced

λ↑, λ↓: Imbalance Prices

𝜏 =
෡λ↓

෡λ↓ + ෡λ↑

BenchmarkDefinitions

𝐴𝑛𝑎𝑙𝑦𝑡𝑖𝑐𝑎𝑙 𝑄. = ෠𝐹−1(𝜏)

෠𝐹−1 : predicted inverse 

cumulative distribution

function (c.d.f.) of  𝑝𝐸

Revenue ∶
ΠDA × 𝑝𝐸 − imbalance cost

ΠDA: Day Ahead Market Price



14

6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00

𝑞60 𝑞65 𝑞65 𝑞60 𝑞45 𝑞35 𝑞40 𝑞35 𝑞30 𝑞35 𝑞65 𝑞80 𝑞85 𝑞75 𝑞55

RESULTS - POLICIES

𝑮𝒍𝒐𝒃𝒂𝒍 𝑴𝒐𝒅𝒆𝒍: q45

𝑳𝒐𝒄𝒂𝒍 𝑴𝒐𝒅𝒆𝒍:
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RESULTS WITH HUMAN IN THE LOOP

Interpretable

Policy

Step 1

Key Variables for Clustering 

Update Grammatical Space “S”

Fine Tune parameters “θ”

Human Expert

Actions

Step 2 Step 3

Step 4

Input 

Data
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RESULTS WITH HUMAN IN THE LOOP

Human Expert

𝑚𝑒𝑎𝑛𝑡(
෡λ↓, q90, q15)

if ෡λ↓ > ෡λ↓.mean():

Bid: q90

else:

Bid: q15

𝑆𝑒𝑛ℎ𝑎𝑛𝑐𝑒𝑑: {𝑆𝑏𝑎𝑠𝑒 , 𝑚𝑒𝑎𝑛𝑡 , 25%𝑡 , 75%𝑡}𝑆𝑏𝑎𝑠𝑒: { +,−, 𝑥,÷}

𝐺𝑙𝑜𝑏𝑎𝑙 𝑀𝑜𝑑𝑒𝑙: g 𝐻𝑜𝑢𝑟𝑙𝑦 𝑀𝑜𝑑𝑒𝑙: h 𝑃𝑟𝑖𝑐𝑒 𝑆𝑝𝑟𝑒𝑎𝑑 𝑀𝑜𝑑𝑒𝑙: p
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RESULTS - PERFORMANCE

IMPROVEMENT FROM BIDDING POINT FORECAST [%]
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CONCLUSIONS

• Interpretability of AI tools is an essential enhancement for applications to the energy sector 

• EU regulation on AI will impose a dedicated framework for high-risk sectors such as energy systems

• A knowledge transfer of interpretability tools from other sectors to energy applications is needed

• We proposed an Interpretable method to the DA Trading Case study
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THANK YOU!
Any questions ?
You can find me at:

linkedin.com/in/konstantinos-parginos

konstantinos.parginos@minesparis.psl.eu


