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ABSTRACT

In this paper, we describe the adaptation of am-oeirce multi-
agent platform for distributed energy applicaticared the trial
deployment of resource-controller agents. Thefquliat provides
real-time, two-way communication and decision mgkietween
distributed energy resources — loads and generatiorlectricity
distribution networks. Such a decentralized aectitre improves
grid reliability, allows consumers to play a moretiee role in
their energy usage, benefits the network by altengathe effects
of peak wholesale prices and network constraimd,ceates new
business opportunities in a deregulated marketenfghave been
deployed to control hardware at trial locations Awstralia,
providing a realistic test environment for the fdan, and
medium-scale trials are anticipated in the neamréut

Categories and Subject Descriptors
J.2 [Physical Sciencesand Engineering]: Engineering.

General Terms
Algorithms, Management, Design, Experimentation.
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Applications of autonomous agents and multi-ageystems;
collective and emergent agent behavior;
infrastructures and environments for agent systems.

1. INTRODUCTION

The GridAgents Framework is being developed by tliitin
under contract with the U.S. Department of Eneegyd CSIRO.
It consists of an adaptive, intelligent agent-baseftivare system
which can provide real-time, two-way communicatiand
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decision making between distributed DER system sode
Distributed Energy Resources (DER) have the paktdiprovide
significant benefits to the electric grid infrastture and to society
as a whole. DERs are typically smaller-scale gnargl storage
technologies sited close to electrical and therlbatls. DER
technologies are increasingly being considered ugment the
existing power delivery infrastructure as part oidgreliability
programs (emergency response, price responselaanaeérvices,
etc.). They also offer a solution to electricitanket participants
exposed to peak wholesale prices and constraingdorie
infrastructure. DER has the potential to providactive power
(generated close to loads) which is highly beneficfor
maintaining grid voltage stability. DER combinedtiwnext-
generation sensing, communication, and controlreldgies will
enable a “path change” by providing the abilityintelligently
respond to grid reliability and market signals ircast-effective
manner. The traditional site-specific benefitD&R (efficiency,
environmental, local reliability, etc.) can be enbed by the use
of next-generation distributed computing technadsgsuch as
those used in this work. Another important aspettthe
proposed agent-based software is that it enablesalility to
create on-the-fly “aggregate” blocks of capacity fwesentation
to the energy markets. This functionality alonghwintelligent
islanding and other control concepts has been perpas various
forms of the “microgrid” concept by several reséarc
organizations including the DOE. The design isebasn a
distributed, bottom-up approach to responding toid gr
contingencies and is intended to supplement thstiegi power
distribution network communication infrastructure.

2. SELECTING A PLATFORM

Agent-based software applications require a fouaddab manage
basic operations. Various agent toolkits, plat®rmoolkits, and
methodologies, both proprietary and open-sourcee weviewed
in order to select a platform to build upon for tBedAgents
Framework under development. An agent platforns &gt a
middleware layer, providing services such as lidey
management, resource management, messaging, ecurit
directory services, and behaviors. By using sughlatform, a
programmer is not required to re-invent (and deltng)wheel for
each agent project.
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The available platforms offer a wide range of pemgming
models and assumptions about locality, communicatiand
agent sophistication. The GridAgents Framewor&xgected to
operate over a large range of hardware platfornes sites. In
particular, the CSIRO trial deployments use perkatigital
assistants (PDAs) as computing resources attachedarious
loads and generators. The use of PDAs requiregent platform
capable of operating on limited devices, a requémmthat
quickly eliminates most platforms from consideratio Three
agent platforms capable of being deployed on PDAsew
evaluated: Cougaar [5], Cybele [6], and JADE [Th addition,
the general-purpose .NET platform [8] was also ea&d as a
sanity-check, to ensure that using an agent phatfozally did
result in a reduction in effort.

A set of detailed criteria were developed in orttecchoose the
agent platform as part of the requirements assegsprecess.
The evaluation methodology used was an informadigarof the
i-Mate process [3]. Although .NET and Cybele wengckly
eliminated from consideration, Cougaar and JADE vigiexd
similar facilities, different implementation modelad contrasting
strengths and weaknesses. Eventually, JADE wasechon the
grounds of a cleaner design and implementation,.tebet
documentation and the ease with which agents doeildeployed
on limited devices. JADE is by no means perfeatpasiderable
amount of effort has since gone into architectigsilies, such as
publish/subscribe notification, agent discovery atgployment.
However, JADE has stood up as the “least-worstiaho

3. ARCHITECTURE AND MESSAGING

DER agents appear to each other to fulfill cerfairctions which
we have termed “roles”. In this system, a rolghis ability to
send and receive a certain fixed set of messags.typhe means
by which an agent determines its message contentisible to
other agents, and other agents know only the atlomessage
types. The roles include buyer, seller, bulletmatl, physical
device, and others. An agent which fulfills theleserole will
respond to a request for a price function or aestjto conclude a
transaction. An agent which fulfills the physickvice role will
respond to requests for status information or aesfjto set the
device state. As other agents see only theseifunsctthe DER
agent system is a “plug and play” system, in which agent
enjoys broad latitude within which it can implemehe role
functions in various ways, so long as all functiforsa given role
are implemented.

An agent may fulfill more than one role. As agenteract only
through the role interfaces, a new type of agemt caexist

happily with others so long as the role interfagesimplemented
appropriately. There is no need to restart thelevhgent system
when a new agent type comes on-line. This is aeaslly

important consideration in systems comprising mldtihosts, as
it may be impractical to coordinate the operatiafsdifferent

hosts. It is feasible, though perhaps somewhatiwed, to create
agents which are not JADE agents, by constructinBAF
messages of appropriate types and contents. #titheé we have
no plan to implement non-JADE agents, but we se@ewd to
rule out the possibility.

Data persistence is accomplished in the DER aggsters
through the bulletin board role. A bulletin boaisl just a
repository of messages organized according to el,lathich is

called the topic. Agents can query the bulletirardoby topic,
receiving the messages under that topic in respoAsile from

messages exchanged through role interfaces, pofdicnation in

the DER agent system is published via a bulletiardéo The types
of information available may include prices, partang notices,
and measurements. It is anticipated that the atst& a bulletin
board may be stored in a conventional databasgulalished in a
format accessible outside the DER agent systerh, asian XML-

based syndication format.

4. APPLICATIONSAND ALGORITHMS

Whether the application is grid security or sersifer electricity

market participants, the fundamental algorithmiguieement of a
DER multi-agent network is the provision of aggitegacapacity
through load shifting, load shedding, or distriltliteeneration by
a multiplicity of resources. Aggregated capaci#tycharacterized
by a quantity of kW or MW and also time and timeks,

reliability or “firmness”, and traceability to a &wn set of
customers. Note that reliability may be represgrae a profile
rather than a single value: 20 MW at 99.99% firnsnd® MW at
99% firmness, and 70 MW at 90% firmness would bexample.

This is enough information for a user to make aormed risk

calculation. At the resource agent level the gbilo shift or

curtail load or dispatch local generation requpinning ahead,
with a planning horizon long enough to accountifme constants
inherent in the loads and generators.

Each agent in the DER agent system attempts tosehamong
available alternatives according to the criterioh noinimum
operating cost and subject to constraints. Thgalloptimization
may lead to a solution with identifiable global pesties, such as
a Nash equilibrium, although we have not proved anogh
properties yet. We assume that each agent haanaipy and
execution cycle, which may be regular or irregulamd
coordinated or uncoordinated with other agentse fHsult of the
planning phase is a series of actions to be caotgéh the future.
In the execution phase, the agent carries outltdrely executing
commands to a physical device, or perhaps isswnghands to
subordinate agents which result in a command tevicd.

The planning problem is generically phrased as mstrained
optimization problem. The appropriate method folvieg such
problems varies according to the form of the caosicfion, and
thus agents may employ various techniques for jt@nanAgents
which aggregate or broker the output of other agergy employ
integer linear programming to solve their plannprgblems, as
their costs are the sum of the prices stated by thébordinate
agents and their resources are the sum of the nesosupplied
by their subordinates. Aggregating agents may &sploy
genetic optimization [1] to optimize subsidiary atgefor soft-
real-time application.

As an exact solution to an optimization problem niegy very
time-consuming, we are also developing methods lwpiovide
“any-time” solutions based on selfish agents sagkinoptimize
local cost functions. Although the resulting glbbalution may
be suboptimal, this may be a worthwhile sacrificthé net result
of the selfish agents’ actions — their emergent abien —
converges to a useful solution in a short time.

Planning algorithms present a scalability problémere are many
free parameters for each resource, combinatoritinégation of
any kind tests computational resources quite sbyered our aim
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is to coordinate many thousands of agents. Dealesgd

algorithms are therefore of great interest becahsg use the
multi-agent network as a parallel computer andetbgmpromise
better scaling properties provided that messagwveyheads do
not defeat this purpose. A decentralised algorittoes not yet
exist for planning as we've defined it, althougltandidate with
many of the capabilities we require is the marlkada algorithm
of Kok et al. [2], and other algorithms under deyehent will be

reported in the near future. All candidate plagnaigorithms
presume a defined group of agents that shouldtpigether and a
defined connectivity between agents in the group.

The approach we are taking is to construct a mgtxithm that
governs the groups of agents within which planniagused.
Decentralised clustering is an example of a mgérd algorithm
that creates groups, and it has been shown to Bettler than an
equivalent centralised algorithm [4]. We are dep&lg an
adaptation of decentralised clustering to govemftirmation of
planning groups of energy agents and the topoldgyessaging
connections within each group. The crucial request is to
interleave the two levels of algorithm so that tirpeales are
compatible and sufficiently short for the systespanses desired.

5. DEPLOYMENT

To test the behavior of various multi-agent systgmproaches and
showcase our technology, we have established aretwepsive
experimentation and testing hardware platform. pPlaform is
made up of a variety of loads and generators, gardd for agent
control, and subject to real-world constraints:

*  Two cool rooms typical of a small business setting.

* An heating, ventilation and air-conditioning (HVAC)
system in an office building.

A 30 kW gas turbine or “microturbine”.
* Alarge photovoltaic (PV) system.

e A small wind turbine and solar-tracking PV arrayk\y/
each, combined with battery storage.

The interacting set of loads and generators aretrigally
connected to form a microgrid, their controllingeats being
designed to coordinate demand and supply while tingpc
intelligently to national electricity market pricggnals. Agents
controlling loads and generators are run on pefsdigital
assistants (PDAs) while personal computers (PGs)uaed for
implementing more computationally intensive agemts:

* A web scavenging agent which obtains current and

forecast electricity market prices and weather.data

A snapshot agent which monitors various real-time

parameters of the agent system.

*  An aggregation agent which offers a price schefule
resources from subordinate agents.

« A manager agent which directs the operation of a

number of loads and sources.

The hardware platform has a comprehensive Inté&trabcol (IP)
based infrastructure for inter-agent communicationsThis
infrastructure uses a variety of physical layerhtedogies,
including Ethernet and Wireless LAN mechanisms, hwit
Bluetooth and cable based connections used foralseri
communications to distributed energy devices.

Throughout this implementation work, and the subset|
experimental phase, a number of challenges and sioditions
have been encountered. We believe many of thealerbes
would exist inany geographically distributed multi-agent system
implemented in common computing and communications
hardware. Space does not allow detail here, utatithors are
happy to be contacted about such issues as agantwacation,
firewalls, network addressing, processing overheadgue and
diverse hardware installations, reliable and fafesbehavior, and
message content encoding.

6. CONCLUSIONS

We have developed the GridAgents Framework for miaga
distributed energy resources — customer loads andrgtors — by
adapting the JADE multi-agent platform. Severgleass peculiar
to our application are described in this paper, yvarthem based
on experience of deployment on distributed proasssontrolling

typical small-business loads and generators. We Haveloped
algorithms to aggregate capacity and provide aibliged energy
service to meet network and market goals. Thigkwontinues.

Future work will include advanced demonstrations tbe
GridAgents Framework for Microgrid applications, temated
demand response applications, and electric digioibunetwork
control applications. A “smart grid” project isgpined for 2006
with a large U.S. utility for embedded intelligersyed control for
compact networks. In Australia our next goal, oilaboration
with utility, hardware, and telecommunications pars, is a
moderate-scale deployment of the order of 1,000tage
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