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Abstract. Many markets, including the travel, music, and book mar-
kets, are undergoing dramatic changes due do the development of elec-
tronic commerce. Reseller margins often decrease significantly and some-
times even entire links in the supply chain are becoming completely su-
perfluous.
Even though power markets have been deregulated already for some
years in many countries, electronic commerce has not yet had a major
impact on the business logic. This paper presents some of the major
obstacles to electronic power trade, and presents promising solutions to
these obstacles. In particular it is described how software agent mediated
trade may enable medium and small size consumers and producers to
trade directly from power pools, without the need of traditional energy
resellers.
The conclusion that is there are good reasons to believe that energy
resellers are as threatened in the new information era as, e.g., traditional
travel agencies, and music and book-shops are.

1 Introduction

The recent development of electronic commerce has completely changed the
possibilities for trade in a number of industries. The most striking trend in
these different industries is the increasingly threatened position of resellers. As
the Internet enables customers to directly purchase goods from importers or
even producers, the volumes of the resellers definitely reduces. This change is
depicted in Figure 1.

Examples of industries where this change is particularly evident is the travel,
music, and book industries. From my own experience I know that it is only
marginally more complicated to book a car (at almost any location in the world)
directly from the car rental company than booking it from a travel agent.1 Fur-
thermore, the information at the web-site is likely to be more accurate, the
services are sometimes better, there is typically less risk for misunderstanding,

1 See for example www.hertz.com or www.avis.com.
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Fig. 1. The possible new business logic in the electronic commerce era. Customers are
being able to purchase products directly from importers or producers without having
to contact resellers.

and there are often on-line booking discounts. The same trends can be seen with
hotel booking2 and air-flight booking3 Needless to say, this trend is devastating
for the traditional travel agencies. However, there is a lot more to say about
this. Bulk discounts, difficulties in comparing different packages etc. are good
counter arguments in this discussion. These types of arguments should be care-
fully scrutinized though. For example, large companies could (and are already
investigating) to get bulk deals with e.g. airlines and car rental firms, and at the
trade occasion trade directly electronically with them. One could also envision
totally new constellations, e.g. think of a Internet travel search engine that guar-
antees very low prices in order to attract many users, or specialized (Internet
based) rental car brokers, such as holiday autos4. So, traditional arguments do
not necessarily apply.

In the case of books and music, the change is in some respects even bigger.
Not only can books now be bought from giant Internet bookstores5 and even
directly from publishers6, but even the media itself is challenged. Though many
persons still are reluctant and some even directly upset just by the thought, it is
indeed conceivable that future lightweight reading pads can replace the book in
the printed form, as we currently know it. Still, as long as there are significant
shortcomings of reading pads – such as relatively low resolution, too limited

2 See for example www.marriott.com or www.sheraton.com.
3 See for example www.sas.se or www.lufthansa.co.uk.
4 See www.holidayautos.uk.com.
5 See for example www.amazon.com.
6 See for example www.lonelyplanet.com
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memory, high cost, insufficient robustness, too short battery run-time etc., there
will still be bookshops for display of high quality books.

For the music industry the situation is different. It is already possible to buy
CDs on the Internet7, and this business is steadily growing. Here the product is
even produced in digital form, typically as CDs or DATs, and there is no doubt
that the Internet is a highly attractive future distribution channel. Further-
more, pre-listening also can be made possible over the Internet, and computer
based listening stations can already be seen in semi-public places, e.g. gyms.
Although there are some technical and legal problems (such as problems related
to copyright) to solve before the music industry can be completely web-based,
the current trends is an extreme threat to record stores as we currently know
them. It is no exaggeration to say that it is hard to find any solid arguments
for why there might exist record shops in 50 years in industrial countries. Also
in the shorter perspective, say five to ten years, the profits for the record shops
can be expected to decrease dramatically.

As seen from the above discussion, one can distinguish between two different
levels of ”IT-fication” of the industries:

– increased efficiency in more or less traditional business logic, and
– new structures in which resellers are completely eliminated.

As an example of the first level one can think of a travel agent that increases
its services for example through increased information on the Internet. As an
example of the second level we can again think of the case where a rental car
is booked directly from the car rental company. A common denominator for all
these industries is that the resellers were caught very much off guard. Whereas
resellers have focused on measures on the first level, the second level has often
been overlook, i.e. the focus has been on gaining competitive advantages over
other traditional resellers when the real threat has been complete bypass of
resellers.

The above examples constitute cases that are very often used as describ-
ing the possibilities (or threats depending on one’s point of view) of electronic
commerce. These examples are also studied in some detail in an article edited
by Davis [10]. Interestingly, the article also mentions power utilities as being
seriously threatened by the new possibilities electronic commerce. However, the
properties of electronic power markets are much less understood, and they are
not yet in use in their full potential. This paper describes the main principles
of such markets and what impact on the business logic such markets bring, par-
ticularly from the perspective of energy resellers. In identifying the obstacles
and possibilities, this paper very much serves as a position paper and pointer
to relevant research questions for some of the activities in the Swedish research
academy on IT in Energy.8

The paper is organized as follows. Section 2 describes the changing envi-
ronment of power utilities in many countries, and what a bypass of resellers in
7 See for example www.cdnow.com.
8 See www.enersearch.se.
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principle would look like. Then Section 3 describes the different design issues of
an open electronic power market. The main obstacles for fine-grained markets are
described together with some of the most promising solutions. Finally, Section 4
discusses what impact markets constructed along the lines of Section 3 would
have on the situation for energy resellers. Appendix A gives a more technical
description of what an agent for electronic power trade could look like.

2 The reregulation of the power industry

In many countries the power markets have been opened up for competition.
There is no commonly agreed on term for this process. Early on, the term dereg-
ulation was used. After some time it however became apparent that the new
markets had to be at least as regulated as the old ones (e.g. rules related to how
network costs should be managed had to be constructed), and then the term
reregulated markets came into use. In this paper the term reregulation refers to
the process where competition is being brought into a market.

Regulated power market

Producer

Distributor

Customer

?

?

Reregulated power market

Producer1 Producer2 . . . Producern

PPPPPq ?
�������)

Power pool

Reseller1 Reseller2 . . . Resellern
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Fig. 2. The reregulation of the power industry. Can resellers be bypassed the same way
here as they are starting to get bypassed in for example the travel industry?

The reregulation of the power markets in different countries (such as Nor-
way, Sweden, Finland, UK, and USA) has taken somewhat different forms. In
general, however, Figure 2 gives a quite adequate picture of the process. In the
traditional regulated (monopolistic) setting the customer has no possibility to
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choose provider of power. As the power is purchased from a power utility, re-
sponsible for both production and transportation, there is generally no need to
separate production from transportation, neither at the provider side nor at the
consumer side.

In the reregulated setting there is typically some power pool through which
most power is sold, though bilateral contracts are commonly also allowed. (Only
some countries enforce by law that all production must be sold to a power pool.)
The buyers from the power pool are power resellers and optionally very large
customers. Transportation of the electricity is strictly separated from production
at both the provider side as well as at the consumer side. Transportation costs are
still a non-competitive business and will probably (for good reasons) remain so in
the foreseeable future. The fee for transportation is often paid to the distributor
by the reseller and the customer is charged for transportation when the power
is charged for. Now the obvious question is: Can resellers be bypassed in power
markets in a way similar to how resellers are bypassed in the travel, book, and
music industries. That is, can smaller customers buy power directly from the
power pool or even directly from the producers? As will be described in the
coming sections, this is a non-trivial question.

In the discussion above there was a distinction between two different levels
of ”IT-fication” of an industry, and the same categorization can be applied here.
One can think of slimmed energy resellers that operate very efficiently using
modern IT, including, e.g. electronic billing, or companies who are doing their
main business in other areas and who are offering very cheap electricity as a
bi-product or extra service. This is, however, not the focus of this paper. Instead
the focus is on if (and sometimes how) small and medium size customers can
trade directly on power markets without the invocation of resellers. The focus
will also be on how smaller customers can trade from a power pool, though most
of the reasoning is directly applicable to bilateral trading directly with producers
as well.

Another very relevant issue in this discussion is the one of local (small scale)
production. The case of a small producer is so similar to the case of a small
consumer that it is not even treated separately in the paper. Everything said
about consumers is almost directly applicable to producers, it is only a matter
of changing signs (negative demand) and using different process parameters,
i.e. local decisions are based on for example generator properties rather than
properties of walls and windows of houses.

3 The design of an open electronic power pool

There are critical design issues and potential difficulties when designing a power
pool which allows for small and medium size customers to participate directly,
and this section describes the major ones.
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3.1 Software agents for managing the customer interests: HomeBots

In the case of electronic travel, book, and music purchase, tens or even hundreds
of dollars can often be saved at each purchase occasion and/or service is signifi-
cantly increased (e.g. differences in terms of selection of books between a giant
Internet bookshop and a small local store). The case of trade in power pools
is however fundamentally different. It is simply impossible to predict perfectly
future consumption and therefore the purchase cannot be made for too long time
periods at the time. At the same time the expected gain from trading directly
from a power pool rather than through a reseller is small enough for making,
e.g., daily manual purchase non-profitable for smaller customers. Therefore the
power trade must clearly be managed by a software program representing the
customer – a software agent. This type of agent mediated electronic commerce is
thus a necessity for enabling small and medium size customers to trade directly
from a power pool.

In previous work, e.g. [3, 28], we have described how software agents can be
utilized for direct power load management, and - as argued before [28] - these
agents can be relatively easily be extended for direct trade in power pools. An
agent for energy management at the customer side, which we call a HomeBot,
uses the

– customer preferences (e.g. how much the customer is prepared to pay for
maintaining a certain indoor temperature),

– load model (e.g. how much energy it takes to heat a room to a certain
temperature, and how much energy is dissipating to the environment through
walls and windows),

– disturbance predictions (e.g. if people will be present during the period under
consideration and what the weather will be like), and

– price predictions

to compute a utility function. The utility function expresses the valuation of
the resource (i.e. electrical power). The techniques for doing this computation
are by now well understood for a number of processes, both from theoretical
investigations, e.g. [16, 28] as well as from practical field tests, e.g. [31]. Much
works remains though to integrate these energy/optimization related issues with
real-world market aspects, such as market strategies (e.g. risk management) and
technical aspects, such as security, and payment transfer and accounting.

The fact that each customer is represented by a HomeBot does not imply
that every customer needs to have the hardware required to run such an agent
in its premises (though this is certainly conceivable if the proper infrastructure
is in place). It suffices that there is some server on which the agent can reside,
and the only important requirement is that there is a meter at the customer site,
with which it is possible to communicate.9

9 Currently not all customers have such a meter. However, it has recently been permit-
ted in Sweden to utilize billing based on type curves, i.e. a meter that only measures
accumulated consumption is used, and the consumption of the respective hours is
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Clearly, the more sophisticated equipment the customer has (such as temper-
ature sensors and actuators for loads), the more profitable it will be to participate
on a dynamic market, but of course also the higher the investment costs. With
only a communicating meter the benefit is limited to not having to pay the re-
seller any commission, and with more sophisticated equipment energy usage can
be optimized against the power prices. That is, in the first case the task of the
HomeBot is merely to purchase whatever the customer chooses to consume,
in the latter case the task is extended to how much to purchase (and when)
while taking prices into account. A somewhat more technical description of an
example of the latter case is found in Appendix A.

3.2 Contract responsibility

In most reregulated electricity markets the time granularity is one hour, or possi-
bly a half-hour. The trade is performed in advance of the time periods, and when
the trade is closing the producer or consumer commits to the sold or purchased
amount, called a contracted amount. Deviating from the contracted amount is
penalized by substantial fees. For larger consumers and producers it is possible
to predict the consumption very accurately (both because they have considerable
resources for performing such prediction and because of statistical equalizing10).
There are always also means to (at least partly) adjust consumption or produc-
tion to meet the responsibility.

For a small consumer – say an individual household – this is a major problem,
particularly when the HomeBot has no means to control the electricity use.
Then even the unpredicted preparation of a meal (or vice versa – a predicted
use does not occur) could completely ruin the prediction. However, the fact that
this is a problem in current market structures is not an argument for that it is an
inherent problem in all conceivable forms of power markets. The time resolution
of hours or half hours is a very reasonable resolution for manual power trade,
but with automated electronic trade, resolutions of minutes (and even seconds
in extreme cases further described below) is definitely conceivable. This does on
the other hand not imply that the resolution of the metering necessarily needs to
increase – it could be an improvement in software only. The following example
should clarify this.

Example 1. A HomeBot which has no ability to control the loads of
its consumer at some point in time commits to consume 1kWh during
hour hi. Then after 20 minutes into hour hi the customer starts to pre-
pare a meal. Now the estimated consumption increases to 1.5kWh and
a substantial penalty is foreseen. Then the HomeBot may place a bid

estimated from typical consumption patterns for the specific type of consumer. Pre-
sumably such an approach could be used also for electronic trade. A detailed discus-
sion is omitted from this paper though, as it is mainly a discussion on accounting
and it adds little to the main message.

10 That is, some loads are likely to increase, but as others are likely to decrease, the
deviation is likely to be cancelled out for large number of loads.



8 Fredrik Ygge

in a power pool for an additional amount of 0.5kWh during hour hi,
at a price below the expected penalty. Exactly at what price the bid
should be given and at exactly by what amount (it may for example be
profitable to take some penalty for a small deviation and buy only parts
of the 0.5kWh from the pool) is determined by the HomeBot’s market
information and customer preferences (such as risk aversion/liking).
Then one or more other HomeBots who have either overestimated their
consumption, or HomeBots that are able to control (some of) their loads
may sell (parts of) the 0.5kWh for hour hi.
Thus, the meter needs not be more complicated (one hour measurement
is still sufficient) for enabling more flexible agent mediated power mar-
kets.

As seen from the above example, the responsibility to contracted amounts
becomes much less of a problem if trade is made more frequently. If the time
between successive trades approaches zero, the deviation from the contracted
amount also approaches zero (given that there always are buyers and sellers).
As an extreme example, if trade is being made every second, and a household has
a fuse of 16A, it can deviate at most 0.001kWh from the contracted amount.11

If the metering resolution is one hour, contracted amounts are probably in the
order of one kWh and the deviation of 0.001kWh is then completely negligible.

In terms of prices, the introduction of large numbers of automated trad-
ing agents able to trade on short term markets and representing controllable
loads, will definitely decrease the difference between spot prices (determined in
advance) and regulating prices (momentarily determined on-line).12

There are currently markets with some of these properties in the Nordic
countries. However, the market is not yet as developed as the one described in
this section. The current short-term market is managed by the grid operator.
Only producers can place bids (for increase or decrease of production) on the
market, and the grid operator selects bids if there is apparent mismatch between
supply and demand.

3.3 Grid operation

Whereas the production is being reregulated in many countries, the network
operation is still a monopolistic, highly regulated business.

Grid stability and security is an extremely important issue in power systems.
All possible consumption and production combinations are simply not allowed
11 The number is based on a voltage of 230V at the customer’s side (the standard

voltage in Sweden). The maximum power of the household is then 16·230 = 3.68kW .
Hence the maximum energy that can be consumed during the last second of the
hour is 3.68 · 1

3600
kWh ≈ 0.001kWh. The maximum deviation (predicting zero and

consuming the maximum amount or vice versa) is then this maximum amount.
12 A typical current difference between spot and regulating prices in the Nordic coun-

tries is shown in Figure 7. Also confer the discussion on regulating prices in Ap-
pendix A.
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due to constraints of the power grid. Furthermore, too drastic and rapid changes
in allocation may cause severe problems, even if the initial and final allocations
are possible. As there are losses on the power line, there are transportation costs
other than the ones stemming from investment costs. The magnitude of these
problems varies significantly from country to country. For example, the con-
straints and losses are significantly more critical in the US than in the Nordic
countries Norway, Denmark, Sweden, and Finland. Still it is an important (and
probably the single most complicated) issue in all countries, and the aspects of
grid stability and security as well as cost management must be carefully taken
into consideration when designing a power market. The difficulties of integrat-
ing grid operation into competitive markets are probably the most important
reasons for that electronic power markets are not already in use at a larger scale
(including smaller customers). It is not the aim of this paper to describe all rel-
evant problems and possible solutions to grid operation, not least because it is
a very complicated issue with many delicate aspects, but also because good and
pragmatic solutions, by necessity, are highly region dependent. Therefore this
paper focuses on giving an overview of some quite general issues.

The cost management for transportation of electricity is performed in a vari-
ety of ways. Though there are strong couplings between the transportation mar-
kets and the power markets, they truly represent different commodities. Some
transport cost management schemes are based on very complicated cost com-
putations performed by Optimal Power Flow software in a quite centralized
fashion, others are based on more decentralized auctions for transport rights.
An important distinction is also whether costs are made available to the buy-
ers of transportation services before or after they have already committed to
production (or consumption) amounts. A good, detailed discussion (including
pointers to a lot of relevant work) on transportation cost management is given
by Imparatio [11].

From the grid stability and security point of view, Example 1 seems like a
nightmare at a first glance. If the stability of the network is dependent on that
allocations do not change too drastically, particularly between regions, how can
any stability guarantees be made if there are agents trading very rapidly on-line?

This question is a fundamental misconception. Customers are already able to
change their allocation in an arbitrary manner. If, for example, all inhabitants
in Los Angeles would switch off all their lights at exactly the same moment
as all inhabitants in New York would switch on their microwave ovens, the re-
sult would be a disaster, probably threatening the power supply of the entire
US.13 The resellers would be able to do nothing to save the situation, despite
their responsibilities. Hence, the relevant question is whether a more fine-grained
market would increase or decrease the random perturbations. Even though more
research and actual field tests are required to give an unambiguous answer to this

13 Similar examples exists in all disciplines. Consider, for example, what would happen
if all toilet bowls in the Empire State Building were flushed at exactly the same
moment. (This actually happened once as a student practical joke during the opening
ceremony of a Swedish dormitory, and it had a catastrophic outcome.)
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question, the most qualified guess is that they will decrease. The main argument
for this position is that as more customers will be able to trade directly against
dynamic prices, their incentives to control some loads will increase, and as there
will always be some fee for performing a transaction, it will become more com-
mon to compensate for variations locally. It also seems reasonable that costs will
be lower for transactions between agents close to each other, e.g. ones that are
able to communicate with each other on a common power line, than for trans-
action between geographically dispersed agents. This would encourage variation
compensation from neighbors before compensation from agents of other areas.
The above example of electricity use in Los Angeles and New York would of
course still be extremely difficult, but the risk for a disaster would probably be
significantly reduced if the disconnection of many New York indoor climate sys-
tems very rapidly compensated the microwave oven use. Hence, the new system
would most likely be significantly better.

Another interesting question is whether or not agent mediated electronic
markets could be of interest for network security management in emergency sit-
uations. The current strategy varies from country to country, but a common
pattern is that an independent operator is responsible for the network security,
and the operator is authorized to take very dramatic measures, such as discon-
necting a town or a county when there is an emergency. In such a situation
there is actually no distinction between the treatment of for example a water
heater and a respirator.14 It is an interesting question whether or not very fast
markets could serve as an instrument to prioritize loads in a more proper way in
emergency situations. We intend to investigate this issue in depth in upcoming
projects.

3.4 Market mechanism design

A market mechanism is the way that agents are allowed to interact and how
resources are reallocated as a consequence of those bids. An example of a market
mechanism is the Dutch auction. In the Dutch auction an auctioneer announces
prices in decreasing order, and as soon as some bidder accepts the price, he
notifies the auctioneer and the good bid for is assigned to the bidder at the price
of the announcement.

When constructing a market mechanism for power markets it is necessary
to decide what commodities should be traded. One important issue is what the
time resolution should be. In most countries one hour is considered reasonable.
This is very much predetermined by the resolution of the electricity meters.
Another issue is if there should be a distinction between different production
methods of the electricity, i.e. if it should be possible to construct bids including
conditions like ”I prefer hydropower to nuclear power if the price-difference is
below 0.04SEK/kWh”. Of course, the finer the time granularity and the more
expressiveness of the bids, the more flexible markets can be constructed. At the

14 There is of course local generation at critical places, such as hospitals, where keeping
critical equipment on-line is top priority.
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other hand, fine time granularity implies increased metering and administrative
costs, and very expressive bids gives more complicated market mechanisms.

Once the commodities have been defined it has to be decided how bids
should be given. Examples of considerations are if bids should be given as dis-
crete amounts or if demand curves – giving relations between prices and de-
manded/offered amounts – should be submitted, and whether or not it should
be possible to express dependencies between different commodities. This issue
is not only related to complexity (again more complex bids implies more com-
plex mechanisms), but also to agents’ privacy. For example, in the current Nordic
electricity market, the correlation between the prices on the financial (long term)
market and the day-before spot market is very high [26]. Then the agents essen-
tially bid for how they like to change their production/consumption for small
deviations from the prices on the financial markets. Then the approach of reveal-
ing only desired responses to prices for each time period separately (i.e. without
expressing any dependencies between commodities) may work fine and may be
preferred by the agents as it reveals a very small amount of private information.
A strongly related aspect is whether bids should be open (i.e. visible for other
bidders) or closed.

In parallel with deciding what the commodities are and how bids are to
be constructed, rules must be set up that defines how the resource should be
(re)allocated as a consequence of the bids, and how this computation can be
efficiently performed on a computer (or set of computers). Examples of issues
are how accepted/winning bids are determined, how prices are set (e.g. first
price vs. second price mechanisms), and what algorithms to use for computing
the outcome.

The next issue is when the trades should be performed. Alternatives are con-
tinuous auctions – like the stock markets – or auctions at specific points in time
– which is often the case when for example expensive art is sold. Combinations
of the two are also conceivable. As discussed in Section 3.2 it is possible to per-
form trades more frequently than the rate of registration of consumption. This
is illustrated in Figure 3

The above design parameters affect the following mechanism properties:

– Communication requirements. The communication requirements is one
of the most important issues, as communication is often a more limiting
factor than computation [4]. As argued before [8, 4], the number of messages
is typically the critical property and message size is somewhat less important.

– Computational efficiency. Even though communication requirements are
crucial, computational aspects can by no means be overlooked. Bids includ-
ing complex relations between different commodities can result in allocation
computations that cannot be performed in reasonable time. However, for
many application areas, a number of assumptions about the properties of
supply and demand can be made, and then very efficient algorithms can be
used, e.g. [28–30].
As discussed above (Section 3.3) it is conceivable to use agent-based mar-
kets also for grid-operation with very short time frames. Thus, it is impor-
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Fig. 3. Illustration of the difference between the frequency of trade and the frequency
of registration of consumption. t is the current time, and at t each HomeBot has
committed to a consumption at hi, and optionally also to one or several future time
periods, e.g. h4. The issue of when the trade should be performed relates to when the
trades for the commitments of the different time points, hj , should be performed, but
it does not change the points of the measurements. If, for example, an error in the
prediction leading to a deviation from the committed amount of hi is detected at t
and a continuous auction is used, the HomeBot might immediately place a bid for a
change of the committed amount and directly receive a matching offer.

tant to define the real-time demands on the market. The communication
requirements (together with the communication capabilities of the utilized
communication infrastructure) and the computational efficiency determines
whether or not the real-time demands can be met.

– Allocation efficiency. An example of a market mechanism with excellent
communication and computation properties is the mechanism of doing noth-
ing. Of course, this mechanism is nonsense, as it does not give any surplus.
The total surplus of a system is often used as a measurement of the alloca-
tion efficiency of a mechanism. Clearly, a high efficiency is a very desirable
property.

– Allocation fairness. The total efficiency is not the single interesting prop-
erty of an allocation. It may for example be unacceptable to some that a
mechanism has the form of a lottery where all surplus is given to one agent.
There might hence also be some minimal fairness requirements on the mech-
anism.

– Vulnerability to speculation. In a market where the agents represent self-
interested real-world parties, the agents can be expected to try to maximize
their utility in many different ways, including giving false bids to fool others.
It is therefore desirable that the mechanism does not encourage speculation
that, by making the speculator somewhat better off, makes the other agents
significantly worse off. In previous work we have investigated some important
speculation issues related to market mechanisms that are very promising for
electronic power markets [21].

– etc.

As has been described in this section, there is a large number of interrelated
design issues to take into account when selecting a market mechanism. Even
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though there is a vast literature on the subject15, and even though there already
are highly configurable auction servers on-line already, e.g. the AuctionBot16

it is clearly non-trivial to select a market mechanism for power auctions. There
is also still room for significant improvements of existing mechanisms and intro-
duction of new ones. Historically, mechanism design has mainly been performed
by economists, but as the trades are now often electronic, there is a growing
interest in the subject in computer science. This common interest point of two
different disciplines has already generated new interesting results, and more are
to be expected. It should be remembered though that real progress in electronic
commerce requires substantial knowledge in both disciplines.

4 Discussion and conclusions

This paper described the threatened position of resellers in many industries due
to the new possibilities of electronic commerce, and asked the question if the
corresponding development can be expected in the energy sector as well. As de-
scribed in this paper, the main necessary concept for enabling fine-grained mar-
kets is agent mediated electronic commerce. The main obstacles for constructing
such markets, together with some of the most promising solutions, were described
in Section 3. Weighting the obstacles against the potential solutions, the answer
to the question of whether energy resellers are severely threatened becomes yes
with rather big certainty.

If the direct trading with power pools or producers is enabled for medium
and small size consumers and producers, the charge of a reseller cannot dras-
tically exceed the economical (and technical) barrier preventing customers to
trade directly through power pools. The economical barrier is interest rate of
the investments in equipment required at the consumer’s or producer’s side plus
the running costs associated with this equipment. In the minimal version, the
only required equipment is a piece of software on some server. The cost for such
software can be expected to be very small in large series. In such basic settings
also the technical barriers are indeed low. Thus, the development of electronic
commerce is a serious threat for today’s energy resellers.

It is of vital importance for the resellers to thoroughly understand the devel-
opment of the agent mediated electronic commerce technology in order to take
advantage of the possibilities. Whereas it is true that for example many record
stores has lost shares and margins in the new era, it is also true that others have
profited enormously during the same time. The challenge for the energy resellers
is to adapt their business to be on the winning side as the setting changes.

Then, how should the current resellers make money in the future? The uni-
form answer by the power industry seems to be to focus on value added services.
The hard question is however what services should be considered. The most
15 For general discussions and/or discussions of mechanisms originally designed for

other application areas, see e.g. [17, 15, 14, 25, 1, 19, 8, 24], and for discussions on
mechanisms particularly aimed at power markets see e.g. [23, 26, 6, 22, 7].

16 See auction.eecs.umich.edu and [27].
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discussed services are services related to communication and information man-
agement, such as different types of alarms, energy management, and different
smart home services. One topic that has received a lot of recent attention in
conjunction with communication and information services is power line commu-
nication, e.g. [2, 13]. As the technology already provides communication possi-
bilities comparable to yesterday’s telephone modems and as the technology is
under rapid development, high hopes are on utilities’ possibilities to compete
with telecommunication companies. Indeed systems with bit rates in the order
of Mb/s are being used in field tests to offer customers Internet access through
the power grid. The main advantage of power line communication is that the
communication network is already in place, and hereby power line communi-
cation is (apart for costs for transceivers) for free. However, it is not yet clear
that energy resellers will have any privileges compared to other players. In the
monopolistic setting, the reseller was also the grid owner, and then the privilege
was clear, but now it is an open question whether the resellers or the distributor
should have the right of selling communication services on the power line. Nor
is it clear how customers are allowed to communicate within their premises if
noise is dissipating out from the household and disturbs the communication of
other parties.

Furthermore, it should be carefully remembered that energy resellers by no
means are the only actors interested in offering these type of services to the
customers. In the area of home systems there are major efforts such as the Open
Service Gateway Initiative17 and Microsoft’s initiative together with 3COM18.
It does not seem too far-fetched that these actors also will offer value-added
services in order for customers to use their hardware, communication technology
or operating systems. Hoping that offering for example a burglar alarm will be
seen as a major competitive advantage does not seem realistic.

The main remaining area where it seems that energy resellers have a true
competitive advantage is energy management. Though it may seem paradoxical,
energy utilities have already for years helped customers to better use their energy
and actually even to reduce their energy costs significantly, see e.g. [9, 12]. The
need for this type of services will not decrease in the future. Someone also needs
to provide the software of the trading agents, and here (former) energy resellers
have valuable knowledge about energy trading. One can also envision interest-
ing new merges between utilities and e.g. software and/or telecommunication
companies. (In fact, it has already started to happen.)

Summing all the above arguments, the conclusion of the paper is:

– The role of energy resellers will most likely change drastically in the coming
years.

17 The OSG Initiative (OSGi) is an open industry effort lead by Alcatel, Cable and
Wireless, Electricité de France, Enron Communications, Ericsson, IBM, Lucent Tech-
nologies, Motorola, NCI, Nortel Networks, Oracle, Philips Electronics, Sun Microsys-
tems, Sybase and Toshiba. See www.osgi.org.

18 See www.microsoft.com/presspass/press/1999/Mar99/3COMpr.htm
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– There are good reasons to believe that the trends seen in the travel, book
and music markets will also be seen in the energy market, as a consequence
of the development of agent mediated electronic commerce. Furthermore, the
competition from non-traditional energy resellers will increase. For example,
we already now see how gasoline companies offer cheap electricity to loyal
customers. The conclusion from all this is that it will be very hard to make
money on selling electricity alone.

– As a consequence of the previous item, resellers must focus on value-added
services. However, the services chosen must be very carefully selected. It was
argued in this paper that it seems more reasonable to focus on services such
as selling comfort (rather than power) and other energy related services,
than to focus on e.g. burglar alarms.

An important final note is that the consequence of doing nothing is not that
the current situation will prevail, but that the change will take place anyway
and that the resellers then will be left with nothing.
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A A HomeBot trading example

In this appendix a more technical presentation of the construction of a software
agent for electricity trade in a power pool is given. The presentation is started
with a basic design of an electronic spot power market. Then, a HomeBot for
managing the electricity of a heating system for a house is presented together
with some generalizations.

A.1 A basic market design for electronic power markets - an
equilibrium market

One of the most reasonable market mechanisms for electronic power markets
is an equilibrium market. In this section a short presentation of such a market
mechanism is given.19 In an equilibrium market agents send demand functions
telling how much they like to consume or produce at different prices.

Auctioneer

Initiate Auction HHHHj

Supply = Demand?
XXXXXXzYes

����1

No

Trading Agent

Express demand����

Register and implement

Fig. 4. High-level view of an equilibrium market mechanism.

Without loss of generality, one commodity (let its index be the highest one,
k) is regarded as a numeraire whose price per unit is one, i.e. pk = 1, so the
prices of all other commodities are expressed in terms of this commodity. For
example, we can use US dollars as this commodity and then say that the price
of something else is, e.g., $7 per unit. When participating in an equilibrium
market each agent submits (parts of and/or samples of) a net demand function,
denoted zi(p), zi : <k−1 7→ <k−1, where i denotes an agent. 20 Thus, the net
demand function describes the demand for k − 1 commodities at k − 1 prices
(the remaining price being fixed). For example, zi([1, 2, 1]) = [−1, 3, 0] means
that at the prices 1, 2, and 1 for commodities 1, 2, and 3 respectively, agent i

19 The overview presentation of the section is essentially from given by the introduction
Sandholm & Ygge [20].

20 In a market with k commodities, it is possible to regard the net demand function
as a mapping <k 7→ <k. However, if one price is fixed (which can always be done
without loss of generality) and the demand of the kth commodity is given by the
budget constraint (see further Equation (1) and below) treating k − 1 dimensions is
always sufficient.



20 Fredrik Ygge

wants to sell 1 unit of commodity 1 and buy 3 units of commodity 2 for 5 units
of commodity 4 (−1 · 1 + 2 · 3 = 5). Maybe the agent wants to sell one gallon
of gas and buy three gallons of milk for $5. This example describes a consumer
exchanging some commodities for some others, but z can be used for denoting
production as well – a produced unit is a negative demand of one.

The process of submitting parts of the demand function may be iterated if
an equilibrium price is outside the region captured by the submitted demand
functions. One such process is the basic price tâtonnement process (cf. e.g. [8])
in which demand functions, zig(pg), zig : < 7→ <, for the respective commodities,
g, are sent to an auctioneer. Each of those demands are based on expected prices
of the other commodities. That is, if those other prices change, a set of new
demand functions may need to be submitted.

Once the auctioneer has established an equilibrium price, say p∗, defined by∑
i

zig(p∗) = 0, g = [1..k − 1], (1)

each agent will receive (or deliver) zig(p∗g) of each of the k − 1 commodities, g,
and

∑k−1
g=0 −zig(p∗g)p∗g of the k:th commodity.

The spot market of the main electricity market in the Nordic countries, Nord-
Pool, is based on quite similar principles [18]. At noon each day each agent sends
in its demand function for each of the 24 hours the following day. The demand
functions for each hour are declared independently of prices of the other hours,
and no iterations are allowed. Hence, it can be seen as 24 independent markets
rather than one 24 commodity market.

As described in Section 3.1 the HomeBot of a customer can either be very
simple and buy what is (expected to be) demanded at the different hours or
plan the resource need while taking prices into account. In the former case the
demand function z(p) is simply a constant for each period, independent of price.
Computing the optimal demand function for the case where the HomeBot can
plan the consumption is somewhat more involved and is described in detail in
Section A.2 and Section A.3.

In this type of markets, the behavior of each agent will affect the market
price, and hereby there is a potential gain by speculating about the demand of
the other agents and utilize the market power. However, the agents investigated
in this example, representing a household in a system with thousands or millions
of large agents, this effect is completely negligible, and the risk for losses in the
case of speculation under biased information is significant. Therefore, ignoring its
own effect on prices is the most reasonable strategy for each agent. For a detailed
analysis of the gains and losses in this type of setting, see the investigation by
Sandholm & Ygge [20].

A.2 Planning the resource use at different price levels

The basic steps of computing the demand for resource at different price levels is
shown in Figure A.2. The different symbols in the figure are described in detail
below.
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f(T)

Customer preferences

R, C and thermal model

Process model

Tout

Disturbance models

u(r)

Utility function

z(p)

Demand function- -

Fig. 5. The process of computing the demand function for the resource (power/energy)
as a function of energy prices, given customer preferences and other important inputs.
The symbols of the figure are for the case when the HomeBot under investigation is
representing an electrically heated household. Obtaining the demand function however
involves the above steps for all types of loads, though the quantities are somewhat
different.

In the case of a HomeBot for buying the power for an electrically heated
house, we start from a customer preference function, f(T), giving the customer’s
valuation (in monetary units) of different temperatures, T, T = [T0, T1, . . . , Tk],
where Ti is the temperature at time i. k is the total number of samples for which
the computation is performed. k needs to be selected sufficiently large so that
time periods that the HomeBot commits to do not significantly affect the time
periods with index larger than k, see further [28, p. 153].

The next thing to do is to derive an expression for the temperature as a
function of the resource. In doing this we need a model of how the temperature
of the house can be derived from inputs and disturbances. Disturbances are all
non-controllable inputs that affect the temperature. In this example we only
take outdoor temperature into account, though many other things could be
considered, e.g. wind, number of persons present, etc. We use a standard thermal
model for the house, e.g. [28], as described by

Ti = Ti−1 +

ri −

dissipating heat︷ ︸︸ ︷
Ti − T out

i

R︸ ︷︷ ︸
total heating power

C
, (2)

where Ti is the indoor temperature of the house at time i, T out
i is the outdoor

temperature at time i, ri is the allocated resource (i.e. the power used by the
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radiators) at time i, R is a thermal isolation constant, i.e. a constant telling how
much heating power is dissipating to the environment because o temperature
difference, C is a thermal heat capacitivity constant, i.e. a constant telling how
the temperature changes as a result of supplying a certain amount of heating
power (at a certain sample interval).

Solving for Ti gives

Ti =
1

1 + 1
RC

(
Ti−1 +

ri − T out
i

R

C

)
. (3)

Hence, we have obtained an expression for Ti as a function of the resource
of the different hours (and the thermal constants, the outdoor temperature, and
the initial indoor temperature). Thus, there is a way to express the monetary
valuation of resource r (r = [r0, r1, . . . , rk]). This function of the resource is
denoted u(r).21

Then the demand function is the solution to the following optimization prob-
lem:

argmax
z

u(z + e) − p · z, (4)

where z is (as before) the change in allocation, and e is the endowment (i.e.
initial allocation).

A.3 A specific example

To make the above presentation more concrete, a specific example is now pre-
sented.22 We investigate the heating of a large villa, and take all rooms except
the sleeping room into account because the sleeping room has different hours of
utilization. It is assumed that the villa is a private residence (with 8kW installed
power, and that the customer’s valuation of the temperature is given by a simple
quadratic function (though this is not at all necessary for the system to work)

f(T) =
k∑

i=0

ai + bi(Ti − T set
i )2, (5)

where T set
i is the set point temperature of time interval i. ai is an offset and

bi is a slope. As ai only adds a constant to the valuation it does not affect the
optimal choice and can hence be set to zero independently of its actual value.
The slope, bi, of this example is given by

bi =
{

0, 1 ≤ i ≤ 5, 9 ≤ i ≤ 17, i = 24
5 · 10−3, 6 ≤ i ≤ 8, 18 ≤ i ≤ 23 . (6)

21 One can either assume the function u(·) to implicitly be given in monetary units, or
add a linear term m representing the money explicitly, i.e. let u(·) be described by
u(r, m) = g(r) + m.

22 The numbers of this example are mainly values from a specific test site; Villa Wega
in Ronneby in the South-East of Sweden. In this Villa a number of HomeBot are
installed communicating over the electricity power line. Some descriptions are given
by Ygge et al. [31] and some more publication is in preparation.
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That is, during the morning hours, 6− 8, and during the evening hours, 18− 23,
the slope is 5 · 10−3. For the rest it is zero. The slope is in Euro23 and T is
in degrees Celsius24, and hence a slope of 5 · 10−3 for example means that the
customer is indifferent between a deviation of one degree from the set point
during one hour and earning 5 · 10−3 Euro.

Furthermore, R = 7kW/◦C and C = 4.5◦C/kW (at sample period 1h). The
outdoor temperature is shown in Figure 6. The set point is chosen to 20◦C for
all hours (though it is irrelevant for bi = 0).
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Fig. 6. The outdoor temperature.

The energy prices of the 24h under observation is shown in Figure 7. The
figure shows both the spot price (which is the price we use for the computations
of this section) as well as the (up) regulating price (further described below).

Given the customer preferences, the thermal model, and the outdoor tem-
perature, the optimal resource for different price levels use can be computed by
the HomeBot using the steps above. Under the (very reasonable) assumption
that the HomeBot under investigation does not affect the electricity price of
the Nordic countries, the resulting resource usage as is shown in Figure 8 where
it is also compared to the result of using a simple thermostat which does not
take prices into account.25

23 One Euro is approximately equal to one US dollar.
24 x◦C = 9x/5 + 32◦F .
25 In the computations, k = 48 has been used. That is, the optimization has been done

over 48h, though only 24h are presented here. As discussed before, it is important
to optimize over more hours than the ones being of main interest, as the last hours
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Fig. 7. The electricity price in Euro per MWh. The spot price is shown together with
the (up) regulating price (further described below). This was the actual price of Nord-
Pool (www.nordpool.no) on May 11, 1999.
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The temperature resulting from the optimal resource usage is shown in Fig-
ure 9. As seen from the figure, the deviation from the set point is typically less
than 0.5◦C, during the interesting hours (6 − 8 and 18 − 23).
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Fig. 9. The temperature resulting from optimal energy usage.

As discussed above one can consider different levels of sophistication of the
involved HomeBots. The difference between the most simple (the thermostat)
and the most advanced (a HomeBot making optimal choices based on per-
fect estimates of thermal constants and outdoor temperatures) is significant as
seen from Figure 8. In numbers, the energy usage is reduced from 81kWh to
66kWh (i.e. an improvement by approximately 18%), by using a more advanced
HomeBot. The cost is reduced from 1.03 to 0.76 Euro (i.e. an improvement
by approximately 26%). Under the assumption that this is an average day, this
means that approximately 97 Euro can be gained yearly by using the more ad-
vanced HomeBot. (This result is essentially in-line with the results of others,
e.g. [5].) Accordingly, with current technology and electricity costs it can hardly
be motivated to use the more advanced technology. However, technology prices
are continuously dropping, and more and more vendors are considering to market
equipment with communication and computation capabilities. What will happen
to electricity prices on a deregulated European market is hard to say, but many

of the optimization ”sacrifices” future hours. Again, see [28, p. 153]. An interesting
side note is that we have developed very efficient algorithms for the optimal resource
selection. This enables optimal energy choice to be computed in some 100ms on a
300MHz uni-processor computer and in a few seconds on simple embedded systems
processors. This will be presented in some detail in forthcoming publications.
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experts claim that they will rise significantly compared to the current prices in
the Nordic countries [12]. (The reader might like to compare the extremely low
prices of Figure 7 to his own electricity bill if living outside the Nordic countries.
Also for citizens of the Nordic countries the comparison is interesting as it clearly
tells how much is paid to the resellers.)

When discussing the potential benefits of advanced energy management, one
should keep in mind that the above example only constitutes a single large
private household. The gains of energy management in industries is typically
significantly larger [12]

Another issue further complicating the discussion is the regulating market.
The regulating market is a market with much shorter time frame than the spot
market. Essentially, the (up) regulating price in Figure 7 is the price that an
agent must pay for extra units of power if it consumes more (or produces less)
than it committed to on the spot market. As the regulating market is generally
fluctuating more than the spot market, it seems reasonable to assume that on
potential future electronic power markets, it could be very profitable to also plan
energy usage to enable trade on short term markets. Of course, the gain from
trade on this market will decrease if a large number software agents act on the
short term markets, as that would push the regulating prices towards the spot
prices. Thus, the difference between spot prices and regulating prices will reflect
the magnitude of technical and economical barriers for automated trade with
locally optimizing agents in large scale.


