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where it was generated, and carbon or emission
Abstract characteristics.

Clear communication of product and price is essertiahty ~ While many examples in this paper reference electricity
economic interaction. markets and characteristics, the intent is to address price

E - . . . dcommunication in natural gas markets as well.

nergy pricing varies according to regulatory regime an

social policy across the country. The outcome of thesés dynamic pricing in variost forms has advanced for
various approaches can be summarized in all cases asinaustrial, commercial, and residential users, facility
simple price. Clear standards for communicating that pricenanagement equipment needs to understand price and
are necessary for the development of national markets fgsroduct information.

systems and software that intelligently use and manage

energy in homes, commercial buildings, and industrial sites

Market Design and Description

A similar argument requires clear consistent descriptions
the product bought aold in a particular market. Electricity | yhat s Communicated— Price, Characteristics
product definitions include more than mere electrons, an
include such characteristics as source, reliability, an
regulatory burden. Energy products also include -non
electricity products such as natural gas. Cleaoduct
definitions are critical to the development of products thaTFigure 1—Markets and Market Communication
dynamically differentiate between energy sources.

=

How It's Communicated—Messages, Protocols

) ) . . In Figure 1, the top bar is the market design and description;
This paper discusses the requirements of clear price anghy the market operates. The middle bar is the information
product communicationto and fromenergy markets. We  gychanged, including the price and characteristics of goods

discuss how such communitns enable national markets so|g The bottom bar is the protocols and messages that are
in energy management systems even when there are pQeq to exchange infmation.

national markets in energy. We also discuss how such

communications foster the adoption of service orientedn this paper we concentrate on the middle bar, the
architectures in integrating smart grids, and how theséformation that must be communicated for markets to
architectuwes will further the goals of smart grids. function.

We take a broad view of markets, consumers and producers.

1. INTRODUCT_ION o Communication must work to, from, and within microgrids
Interoperable price and product definition has beens) and to and bm aggregators as well as others
identified as a key crosautting issue for the Smart Grid [1] participating in wholesale and retail markets which
[2] in the NIST Smart Grid Interoperability Roadmap getermine price.

process. _ ,

o _ Price is anoutput of markets or price settingpiicing)
Price is more than a mber; for buyers and sellers to make yecisions. Tariffs and other contracts (we will use the term
informed economic decisions they need to know detailg,,, ,.,c; for both) can be viewed dsinctions with many
such as quantity, units, location, and schedule. Some buygfg,ts; the output is a current or future price. Price is also an
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input to markets, e.g. demamdsponse bid prices in characteristics imptant to markets be in five years? Ten
OpenADR [4]. years?

Price isactionable information. Given the current price and Finally, differentiation in tomato markets has enabled new
some sense of history, or (if known) batiwrent and future businesses and new business models. Not very long ago a
prices, facility management systems can make automatddrmer was making a lifestyle choice to use organic
decisions on energy usage, timing of process and morenethods; today itOs a business decision.

Earlier work on this subject was done by the authors and

others in the NIST Buildingo-Grid Working Group [5] [6] 2.2. Efficient Allocation

in the coneéxt of the GridWise Architecture Council GWAC Markets drive the efficient allocation of resources.
Stack [7]. Balancing of supply and demand on shorter and longer
With thousands of utilities in the United States alone,tlmeframe_s |Isdc_r|t|cbal ;0 the elffluent gp(leratlc_)n of kentergy
equipment makers need a consistent way to receive aﬁ:'é(StemS’ Including both natural gas and electric markets.
transmit price information so as to avoid having to installDefining chaacteristics of goods bought and sold drives
different software (or custome software) in every markets in those characteristics. Today, renewable energy
jurisdiction to communicate price. (overly restrictively defined as solar and wind) commands a

By standardizing descriptions of the characteristics opremium. By _determmmg a market clearing price for
roducts, we increase supply or reducended through

energy, new markets are enabled, consumer choice Psarkets
enhanced, and differential investment is better founded. Ang' )
in the many places price ised as a surrogate for value we

can use common and interoperable technology. 2.3. Automatic Adaptation

For efficiency suppliers and customers need price
information, and need to adapt automatically to that price

2. ENABLING MARKET INTERACTIONS information. Market participants must be able to understand
When | ask you go to the store for tomatoes, do you tell me ' P b

that the price is O30? That doesnOt convey enmgihces. a_md product _deflmtlon, that is, timeice a_md the

. : - scription of what is bought and sold. And this must be
information. There are characteristick tomatoes that are done automatically. Earlv work in demand response was
important to some purchasbBrsvhere did they come from? Y- Y P

- ” . ) . and in some cases still is) mariia telephone call, a
? ? !
\é\c/)rr]]?jtit%rs’?thelr qualities? What is the quantity or units? Th‘%)aging essage. One key advance of OpenADR (Open

Automated Demand Responsg)] was the enabling of
Markets define different prices for tomatoes with specificeffective automation.
identifiable characteristics. For example, orgatomatoes
usually command a premium, as do ones in good conditior2.4. Extensible

vine-ripened, and neither ovenor underripe. As the power grid evolves, and energy technology evolves,
we need mechanisms that anticipate new sources of energy,
2.1. Product Definition and Differentiation and allow of additional characteristics of interest to be used.

Twenty years ago few people knew that there was a separdfashions and periwe@d needs change over tifievhat
price and market for organi@ised tomates; if we had characteristics will differentiate products in five years or in
created a tomato price communication specification therten?

we would have needed to change or extend it.

The differentiation between the heirloom, organic, an 3. Broader Markets

: he engineering of priesensitive equipment, building,
conventlonal_tomatoes you can see at your local groceri¥1dustrial, and residential automation and energy systems, as
store has driven economiedsions by farmers on what

tomato varieties to grow, how to tend them, and how the" as d.'St”bUted energy resources for s_torage or
eneration is made simpler with a key piece of information,

i g
package and deliver them. price and product definition, exchanged in a consistent

Tomatoes arenOt energy. But with differentiation betweestandardized way. Equipment manufacturers donOt want to
classes of renewable energy and fossil fuel generatdolild or customize equipment for different marketpoice
electricity, we already see priceaffdrences. A common domains. A consistent exchange if information reduces the
vocabulary for communicating those product definitions anccost of each implementation and installation.

differences will enable new markets and investments. L .
Improved and simplified exchange of price and product

Similarly, the tomato example reminds us that extensiblénformation enables consumer investments in generation
information models are needed. What will theand storage, and enables greatesrgy efficiency. Energy
profiles adapted to the need can be created on a common
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interoperable ba$élight-weight profiles for managed automation systems (IAS), home automation systems
energy, extensible profiles for operation of buildings andHAS), energy management systems (EMS) or energy
microgrids, and high speed profiles for market trading andervices interfaces (ESI).

comppund transaction. Moreover, a microgd [3] has aspects of the domains within

Product differentiation enables markets to create producis, and communicates to other domains where it participates
that customers want and will pay for. as a customer or net supplier of energy.

2.6. Standard Information Exchanges 3.2. Actionable Information

By standardizing the format for information exchanged theNe defineactionable information to be information that an
Smart Grid can take advantage of electronic commercautomated system can actowhaOs the current price? Is it
(eCommerce) approaches and mature standardhigh? Low? What will it be tomorrow? The antonym of
Informational building blocks including, but not limited to, actionable information is all around us. What was the price
price, schedule, and usage information enable a dynamiast year? What contracts are in place for energy usage and
and generative environment to improve the efficiency andor tenants? Longer term trends or history may be Usefu
stability of the grid. but is less likely to affect a present action

For example, wholesale markets have a variety of services
that clear only after some days or weeks. To use a purchased

reater efficiency, better adaptation to business and ownsé)rIOCk of energy on a wholesale market, transmission rights
9 Y, P ay be needed (and are ngart of the purchase

ngeds, e_md larger markets_for equipment manufacture_r_s. Pansaction). To the extent that the nature and extent of these
this section we look at details of price and product definition

and achitectural issues about the information exchanges additional costs is not known (or not reliably projected)
985 \wholesale prices in the North America are therefore less

actionable than (say) retail prices which include aitdes.

Price is the most important cresstting i for the Smart But a market trader, knowing the market context (see Figure
Ice IS the most important cresStting issue for the a 1) is presumably aware of the type and nature of the
Grid [1] [2]. Actors in nearly all of the domains of the Smartadditional costs

Grid (See Figure 2) either participate in markets, react to

market information, or have a hand at communicating priceOlder types of contracts that include demand charges create

information. more complexity, and more challenges for automated
control

3. ENERGY MARKET INFORMATION

3.1. Who Communicates

Conceptual Model

A final example can be found in the variety of proposed
treatments of carbon release. A transaction that carries an
unknown or unpredictable credit or tax months or years after
use makes energy management far riskier than a transaction
that includes crdts or taxes at the source or use point. The
latter encourages action; the former increases risk and
decreases responsiveness to what it seeks to limit.

3.3. Contracts or Tariffs

The complexity and size of energy tariffs and other
contracts is confounding. Somtriffs describe market
S / design; others define produbtshis is why we use the word

" Transmissionse=-o< Distribution *=~°" Customner contract rather than tariffs when we discuss price.

Contracts set terms and conditions on the buying and selling
Secure Communication Interface of energy, and are subject to all the complexities that the
""" el human mind can imagine.

Domain

Contracts (including tariffs) can be very complex; we are
not proposing an interoperable, compuiederstandable
These actors include markets themselves, suppliexersion of contracts. Effective and automated response to
customers, equipment that controls energy and reacts tprice and product definition requires actionable infororati
distributes, or provides control information. Some of thesehence our focus on the results of contract calculations rather
actors are building automation systems (BAS), industriathan the details.

Figure 2—Conceptual Model of the Smart Grid [1]
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An actionable price is computed as a function of themarket will rot develop. We need a single approach to
relevant contracts and other inputs; then the outcome (@mmunicating price to enable pricesponsive devices.

current or future price for a product) is transmitted. L .
In the same way, a common means of communicating price

and product definition creates better markets for facilities

%tatP;;:cztllndg}zoizfetsle)egﬁ:rlggteristics that weOve caIIm nagement or energy management systembuiidings
y S d industrial facilities. The cost of a custom installation is

price and product defln!tlon. In this section weOll descr'bﬁ)day a significant source of market friction, both for initial
some of the more obvious ones, as well as the need for

extensibility. installation and for changing systems.
In homes, the cost of custom integration looms still larger as
a component ofhe smaller systems involved. The number
Currency, because it matters if it is U.S. or Canadianof homes to participate is far larger. For residential
dollars, Euros, or another currency. management systems, the requirement to control unit costs
hrough larger markets is critical. The common
ommunication of price can create markets that spareent
countries, continents, or the entire world.

Price, a number, typically with a decimal &t#on

Units of measure for the energy bought or sold (e.g. a 5
MegawattHour forward contract)
Quantity, the number of the units By applying the same market information inside your

Schedule, the time interval in wizh the energy is to be used microgrid, condominium development or office park, the
or provided same technology can work with only the source changing.

Location, the geographic location at which the energy will This benefits manufacturers and consumeraelsas those
be available (or delivered) looking for broad deployment of energgving
. : technologies.

Source, the manner in which the energy was generated
Carbon or emission characteristics, for those wishing to 4. SERVICE ORIENTATION
manage carbon or éssions. A number of technical contributions have been made to

. : . what Considine calls the Oservice oriented grid.O[8] He
More definitions, an extensible set of definitions for the>points out the role that interoperable price anddpab
characteristics we donOt know or havenOt discovered Yglsinition play in building a service oriented grid, and that
This is the energy analog of organic tomato characteristicgypares to critical architectural principles for integrating

twenty years ago. across the system of systems that is the Smart Grid [9][10].

3.5. Technology that Enables Service orientation requires not only the definition of
WeOve already shown how dstent information exchange services athe top level, but the information models for the
can simplify technology deployment and enable newservices to use [11]. The interoperable price and product
markets and investments. In this section weOll take a clogégfinition (price information) is essential to exchanging
look at how more effective technology deployments anddrice signals for DemanBResponse [12], market clearing
product creation are enabled. prices, and more.

There are thousands of utilitiés the United States alone. Shallow integréion [9] can be achieved more readily by not
There are roughly thirty wholesale markets in Northcommunicating details of markets or market operations;
America. As microgrids are more broadly deployed, thergrice communication addresses this need by communicating
are likely to be markets and actionable price information irthe result of market actions.

each microgritll potentially for many thousands more. Finally, the extensibility we have observed is a critical part

An equpment manufacturer creating a controller that will of flexible, shallow bindings. As the notion of a price and a

react to price, say in an appliance, needs consistency Rroduct evolve, existing software can use the newer versions

price  communication over a large market to recoupvithout updates except to take advantage of new features.

development costs. A single standard for accepting andnd with careful design, new characteristics can be

interpreting price communication createssiagle market. presented and acted on by ag®s software.

Each manufacturer can seek competitive advantage within

that market in how they respond to price and producf. COLLABORATIVE ENERGY y

communications. If each manufacturer is forced to supporthe Smart Grid will rely on better collaboratién

thousands of products, e.g. with pling or firmware, that collaboration between producer and consumer, between
generator and load, keeping in mind that distributed energy
resources (generation and storage) turn some conventional
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models around. We call this approachlaborative Energy ~ And in keeping with the compositional approach for cross
[13], and call some participan$g:art Loads [14]. cutting Smart Grid standards, EMIX anticipates using the

. L - utput of the OASIS W&alendar Technical Committee
The benefits of collaboration include more efficient use ofols] as that work progresses: the MZalendar work wil

ie::lseunpeggr); (r)efsbouusri(r:]?ass:sa;;xéerggggf (r)TE)(jagétic\)/feinergy use patteéqgndardize sema_nti_cs for_ common schedule infqrmation
' (see also NIST Priority Action Plan 4 [17]) by building on
Markets and market prices (and the description of goodthe recently updated IETF iCalendar specification [21]
bought and sold) drive efficient allocation of resources. Bywhich itself is the common infmation model for schedule
enabling markebased interactions, we facilitate marketsand calendar maintenante.
and efficient resource use.
7. CONCLUSIONS

By. fgctonng out thg complexmei of price cqmputgtlon Consistent and interoperable communication of energy price
(pricing) and turmpg instead to price c_ommumcat@m(e and product definition enables markets, new business
and product definition) developers and integrators can leam;, o yment ‘and energy efficiency through collaboration.
and code once; an interoperable price can be used for
DemandResponse signals and bidding [4], usageThe OASIS Energy Mast Information Exchange
information[15], market transaction information or indices, Technical Committee [16] is working in collaboration with
distribution of retail price information, scalled Oprices to others to define exactly that interoperable communication of

devices,O and more. energy price and product definition.

Taking advantage of the cresstting nature of price in the This crosscutting need was anticipated by the GridWise
Smart Grid enables new products and more effectivérchitecture Councilin its Interoperability Framework;
deploymentof existing products by allowing the players in price represents business context and shared meaning of

the Smart Grid to collaborate. content in the GridWise Architecture Council Stack [7].
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" Used by such personal scheduling software as Microsoft
Outlook and Apple iCal.
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