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Agent-based Smart Grid simulation

= Power Trading Agent Competition
Intermediary agent strategies

= Strategy learning for broker agents

= |nteractions of multiple learning broker agents
Factored customer models

= Timeseries simulation using Bayesian learning

= Decision-theoretic demand side management



)
\

N

m

ithne

Agent-based Smart Grid simulation

= Power Trading Agent Competition
Intermediary agent strategies

= Strategy learning for broker agents

* |nteractions of multiple learning broker agents
Factored customer models

» Timeseries simulation using Bayesian learning

» Decision-theoretic demand side management
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= Distribution grid modeled as a multi-agent system
= Focus on emergent economics of self-interested behavior !
= Do not assume rationality nor determinism
v' Agents contributed by independent research teams
v' Competitive benchmarking to drive innovation

1 Leigh Tesfatsion, ACE: A Constructive Approach to Economic Theory. Ch. 16,
Handbook of Computational Economics, 2005.
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= Distribution grid modeled as a multi-agent system
= Focus on emergent economics of self-interested behavior !
= Do not assume rationality nor determinism
v' Agents contributed by independent research teams
v' Competitive benchmarking to drive innovation

= Power Trading Agent Competition (Power TAC)
= Annual tournament at major Al or MAS conference
= Builds upon experience with other TAC domains
= Simulation platform available for offline research
=  Assumes liberalized retail markets
= Customers have choice of “broker agents”

1 Leigh Tesfatsion, ACE: A Constructive Approach to Economic Theory. Ch. 16,
Handbook of Computational Economics, 2005.
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Agent-based Smart Grid simulation

= Power Trading Agent Competition
Intermediary agent strategies

= Strategy learning for broker agents

= [nteractions of multiple learning broker agents
Factored customer models

» Timeseries simulation using Bayesian learning

» Decision-theoretic demand side management
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Reddy & Veloso. Strategy Learning for Autonomous Agents in Smart Grid Markets.

Twenty-Second Intl. Joint Conf. on Artificial Inteligence (IJCAI), Barcelona, 2011.
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Agent-based Smart Grid simulation

= Power Trading Agent Competition
Intermediary agent strategies

= Strategy learning for broker agents

* |nteractions of multiple learning broker agents
Factored customer models

= Timeseries simulation using Bayesian learning

= Decision-theoretic demand side management
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= Power TAC includes fundamental and statistical models
= Trade-off on behavioral accuracy vs. scalability
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Power TAC includes fundamental and statistical models
= Trade-off on behavioral accuracy vs. scalability

Goals for statistical models:

1. Representation
a. Represent diverse types of consumers and producers
b. Represent varying levels of granularity

2. Automated learning
= Learn parameters from “real-world” data

3. Facilitate agent algorithms
= Develop algorithms that can be applied in real-world

15
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Agent-based Smart Grid simulation

= Power Trading Agent Competition
Intermediary agent strategies

= Strategy learning for broker agents

* |nteractions of multiple learning broker agents
Factored customer models

= Timeseries simulation using Bayesian learning

= Decision-theoretic demand side management
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Given small samples of observed data, fit a model that can
generate a long range time series forecast

= Use “similar” samples to improve the fit

20



Ti inc Qf | 3 ti |
Himeseries siimuiation us |g aye esian Learni Ng

= Given small samples of observed data, fit a model that can
generate a long range time series forecast

= Use “similar” samples to improve the fit

= ARIMA forecasting over long range is poor
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Agent-based Smart Grid simulation

= Power Trading Agent Competition
Intermediary agent strategies

= Strategy learning for broker agents

* |nteractions of multiple learning broker agents
Factored customer models

= Timeseries simulation using Bayesian learning

= Decision-theoretic demand side management
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Multi-scale decision-making in two dimensions
1. Temporal: Metering period vs. tariff contract period
2. Contextual: Individual load vs. bundle/customer/co-op
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= Multi-scale decision-making in two dimensions
1. Temporal: Metering period vs. tariff contract period
2. Contextual: Individual load vs. bundle/customer/co-op

argm ax U° (p, y, UY (7))

Yt

argm ax U° (P5, Vi, UY (Y0))
z27 .0

Self Utility Price Profile Load Profile ] [ Neighborhood Utility ]
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= Multi-scale decision-making in two dimensions
1. Temporal: Metering period vs. tariff contract period
2. Contextual: Individual load vs. bundle/customer/co-op

argm ax U° (p, y, UY (7))

Yt

argm ax U° (P5, Vi, UY (Y0))
z27 .0

= Probabilistic multi-attribute utility model:

U®(pu) = Afp(pu) +wp D(pu, pu) +wn UY (fr)

) 6{\[/;(2)
D(pu,pu) = Y (b= pu) Priz)= P AU ()
t=1:H Z
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= Multi-scale decision-making in two dimensions
1. Temporal: Metering period vs. tariff contract period
2. Contextual: Individual load vs. bundle/customer/co-op

argm ax U° (p, y, UY (7))

Yt

argm ax U° (P5, Vi, UY (Y0))
z27 .0

. . . Monte Carlo Sampling
= Probabilistic multi-attribute utility model: %aro ammnq]

U®(pu) = Afp(pu) +wp D(pu, pu) +wn UY (fr)

) 6{\[/;(2)
D(pu,pu) = Y (b= pu) Priz)= P AU
t=1:H Z
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Ramchurn, et al. Agent-Based Control for Decentralised Demand Side Management in the

Time of Day (divided in 30 min time slots)

Smart Grid. Autonomous Agent and Multi-Agent Systems (AAMAS), 2011.
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Based on data from Germany’s MeRegio project

O | .- --
Bl
Q
c
«©
3]
m
[
o
Q.
E
@
T
c
=y
@)
_ _ T _
0000 000SF 0000} 000S
uondwnsuo)

150

100

50

Time (Hours)

32



L1~
LAY

r\r\lf\n
OCI11U

1 A MAarmAanrnA Ihif+irm —~
U JClliialiu 1L

c
Il iy

Lower variance and cost savings of ~10%

Combined — o=t - | |----{ wwes w0 aosoo o
Balancing — -_}---- ____+_..”...
Temporal — } ------------------- :
Original ~{ f------4 | |-----ceeaen- :
| I I I
10000 20000 30000 40000

Consumption

33



O
o
n
o
@
Q9
k=2
N
g
c
@
ee)
<
X
e
S
O
=
0
<

34



r\h F e
wVUllo

m M

liici
1IUSIVUIL |

Summary
= Versatile customer model representation
= Decision-theoretic algorithms for DSM
= Bayesian learning algorithms for timeseries simulation

Future Work
= Customer type-specific factor modeling
= Non-cooperative decision-making models

Participating in Power TAC
= Hosted at AAMAS, Valencia, June 2012
= More information at http://www.powertac.org
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