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1 Introduction 1 

This specification defines an information model to exchange Price and Product information for power and 2 
energy markets. Product definition includes quantity and quality of supply as well as attributes of interest 3 
to consumers distinguishing between power and energy sources. It is anticipated to be used for 4 
information exchange in a variety of market-oriented interactions. 5 

The EMIX Technical Committee (TC) is developing this specification in support of the US Department of 6 
Commerce National Institute of Standards and Technology (NIST) Framework and Roadmap for Smart 7 
Grid Interoperability Standards [NIST Roadmap] and in support of the US Department of Energy (DOE) 8 
as described in the Energy Independence and Security Act of 2007 (EISA 2007) [EISA]. 9 

Key to reading this document: 10 

¶ BOLD terms are the names of referenced standards 11 

¶ Italic phrases are quotes from external material. 12 

¶ [bracketed] are references to the standards listed in listed in the normative or non-normative 13 
references sections. 14 

¶ All examples and all Appendices are non-normative. 15 

1.1 Terminology 16 

The key words ñMUSTò, ñMUST NOTò, ñREQUIREDò, ñSHALLò, ñSHALL NOTò, ñSHOULDò, ñSHOULD 17 
NOTò, ñRECOMMENDEDò, ñMAYò, and ñOPTIONALò in this document are to be interpreted as described 18 
in [RFC2119]. 19 

1.2 Process 20 

This information model was developed primarily by integrating requirements and use cases for Price and 21 
Product definition developed by the North American Energy Standards Board (NAESB) as part of its 22 
response to NIST Priority Action Plan 03 (PAP03), ñDevelop Common Specification for Price and Product 23 
Definitionò [NIST PAP03], which was driven by NIST, Federal Energy Regulatory Commission (FERC), 24 
and DOE priority items. 25 

Where appropriate, semantic elements from the International Electrotechnical Commission (IEC) 26 
Technical Committee (TC) 57 Power Systems Management and Associated Information Exchange 27 
Common Information Model (CIM) are used [IEC TC57]. Business and market information was borrowed 28 
from the financial instruments Common Information Models as described in International Standards 29 
Organization (ISO) [ISO20022] standard and in the financial trading protocol, [FIX] (Financial Information 30 

eXchange). 31 

Both the supply and the use of energy, and therefore the market value, are time dependent, so precise 32 
communication of time of delivery is a significant component of product definition. EMIX incorporates 33 
schedule and interval communication interfaces from Web Services Calendar ([WS-Calendar]) to 34 
communicate schedule-related information. Practitioners should read the [WS-Calendar] specification or 35 
the [WS-Calendar Note].  36 

Additional guidance was drawn from subject matter experts familiar with the design and implementation of 37 
enterprise and other systems that may interact with smart grids. 38 

1.3 Normative References 39 

RFC2119 S. Bradner, Key words for use in RFCs to Indicate Requirement Levels, 40 
http://www.ietf.org/rfc/rfc2119.txt, IETF RFC 2119, March 1997. 41 

ISO42173 United Nations Centre for Trade Facilitation and Electronic Business, 42 
Currency codes, ISO 42173A - Code List Schema Module 43 
http://www.unece.org/uncefact/codelist/standard/ISO_ISO3AlphaCurrencyCode_44 
20100407.xsd 45 

http://www.ietf.org/rfc/rfc2119.txt
http://www.unece.org/uncefact/codelist/standard/ISO_ISO3AlphaCurrencyCode_20100407.xsd
http://www.unece.org/uncefact/codelist/standard/ISO_ISO3AlphaCurrencyCode_20100407.xsd
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GML L van den Brink, C Portele, P. Vretanos Geography Markup Language (GML) 46 
simple features profile, OpenGIS® Implementation Standard, GML 3.2 Profile, 47 
Version 2.0, October 2010, http://schemas.opengis.net/gml/3.2.1/gml.xsd  48 

SI Units Bureau International des Poids et Mesures (BIPM), The International System of 49 
Units, 8

th
 Edition, May 2006. http://www.bipm.org/en/si/si_brochure/general.html 50 

SOA-RM OASIS Standard, OASIS Reference Model for Service Oriented Architecture 1.0, 51 
October 2006 http://docs.oasis-open.org/soa-rm/v1.0/  52 

URI T. Berners-Lee, R. Fielding, L. Masinter, Uniform Resource Identifier (URI): 53 
Generic Syntax, http://www.ietf.org/rfc/rfc3986.txt, January 2005  54 

WS-Calendar OASIS Committee Specification 1.0, WS-Calendar, July 2011, 55 
http://docs.oasis-open.org/ws-calendar/ws-calendar-spec/v1.0/cs01/ws-calendar-56 
spec-v1.0-cs01.pdf  57 

XML Schema H. Thompson, D Beech, M Maloney, N Mendelsohn, XML Schema Part 1: 58 
Structures Second Edition, http://www.w3.org/TR/xmlschema-1/ October 2004 59 
PV Biron, A Malhotra, XML Schema Part 2: Datatypes Second Edition, 60 
http://www.w3.org/TR/xmlschema-2/ October 2004. 61 

1.4 Non-Normative References 62 

Budeanu C.I. Budeanu, The different options and conceptions regarding active power in 63 
nonsinusoidal systems. Rumanian National Institute, 1927 64 

Caramia P Caramia, G. Carpinelli, P Verde, Power Quality Indices in Liberalized Markets, 65 
Wiley 2009 66 

EISA Energy Independence and Security Act (EISA 2007) 67 
http://www.gpo.gov/fdsys/pkg/PLAW-110publ140/content-detail.html  68 

EN50160 EN50160-2000 (2003) Electromagnetic Compatibility (EMC) ï Part 4-30: Testing 69 
and Measurement Techniques ï Power Quality Measurement Methods, Edition 70 
2, June. 71 

FIX Financial Information eXchange (FIX) Protocol, 72 
http://www.fixprotocol.org/specifications/FIX.5.0SP2  73 

IEC TC57 IEC TC 57 Power Systems Management and Associated Information Exchange, 74 
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http://www.naesb.org/member_login_check.asp?doc=fa_2010_retail_api_9_a-109 
c.doc   110 

NAESB PAP10 NAESB Wholesale Electrical Quadrant Business Practice Standard PAP10 111 
http://www.naesb.org/member_login_check.asp?doc=fa_weq_2010_ap_6d.doc 112 
NAESB Retail Electrical Quadrant Business Practice Standard PAP10  113 
http://www.naesb.org/member_login_check.asp?doc=fa_req_2010_retail_ap_9d.114 
doc  115 
Energy Usage Model (freely available): 116 
http://www.naesb.org/pdf4/naesb_energy_usage_information_model.pdf  117 

NAESB M&V Measurement and Verification Standards 118 
Wholesale Electrical Quadrant Business Practice Standard: 119 
http://www.naesb.org/member_login_check.asp?doc=fa_2010_weq_api_4a_4b.d120 
oc  121 
Retail Electrical Quadrant Business Practice Standard: 122 
http://www.naesb.org/member_login_check.asp?doc=fa_2010_retail_api_3_c.do123 
c  124 

NIEM NIEM Technical Architecture Committee (NTAC), National Information Exchange 125 
Model Naming and Design Rules v1.3, October 2008, 126 
http://www.niem.gov/pdf/NIEM-NDR-1-3.pdf  127 

OpenADR Mary Ann Piette, Girish Ghatikar, Sila Kiliccote, Ed Koch, Dan Hennage, Peter 128 
Palensky, and Charles McParland. 2009. Open Automated Demand Response 129 
Communications Specification (Version 1.0). California Energy Commission, 130 
PIER Program. CEC-500-2009-063. http://openadr.lbl.gov/pdf/cec-500-2009-131 
063.pdf  132 

TeMIX Transactive Energy Market Information Exchange [TeMIX] an approved Note of 133 
the EMIX TC. Ed Cazalet et al. http://www.oasis-134 
open.org/committees/download.php/37954/TeMIX-20100523.pdf 135 

NIST Roadmap NIST Framework and Roadmap for Smart Grid Interoperability Standards, 136 
Release 1.0, 137 
http://www.nist.gov/public_affairs/releases/upload/smartgrid_interoperability_final138 
.pdf 139 

NIST PAP03 Details of PAP03 can be found at http://collaborate.nist.gov/twiki-140 
sggrid/bin/view/SmartGrid/PAP03PriceProduct  141 

RFC5545 B. Desruisseaux Internet Calendaring and Scheduling Core Object Specification 142 
(iCalendar), http://www.ietf.org/rfc/rfc5545.txt, IETF RFC 5545, September 2009. 143 

RDDL J Borden, T Bray, Resource Directory Description Language (RDDL) Version 2.0, 144 
October, 2002, http://www.rddl.org/RDDL2 145 

UML Unified Modeling Language (UML), Version 2.2, Object Management Group, 146 
February, 2009, http://www.omg.org/spec/UML/2.2/  147 

WS-Calendar Note OASIS Committee Note Public Review Draft, WS-Calendar Conceptual 148 
Overview, http://docs.oasis-open.org/ws-calendar/ws-calendar/v1.0/CD01/WS-149 
Calendar-Conceptual-Overview-CD01.pdf  150 

http://www.naesb.org/member_login_check.asp?doc=fa_2010_weq_api_6_a_ii.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_weq_api_6_a_ii.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_retail_api_9_a.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_retail_api_9_a.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_weq_api_6_a-c.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_weq_api_6_a-c.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_retail_api_9_a-c.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_retail_api_9_a-c.doc
http://www.naesb.org/member_login_check.asp?doc=fa_weq_2010_ap_6d.doc
http://www.naesb.org/member_login_check.asp?doc=fa_req_2010_retail_ap_9d.doc
http://www.naesb.org/member_login_check.asp?doc=fa_req_2010_retail_ap_9d.doc
http://www.naesb.org/pdf4/naesb_energy_usage_information_model.pdf
http://www.naesb.org/member_login_check.asp?doc=fa_2010_weq_api_4a_4b.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_weq_api_4a_4b.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_retail_api_3_c.doc
http://www.naesb.org/member_login_check.asp?doc=fa_2010_retail_api_3_c.doc
http://www.niem.gov/pdf/NIEM-NDR-1-3.pdf
http://openadr.lbl.gov/pdf/cec-500-2009-063.pdf
http://openadr.lbl.gov/pdf/cec-500-2009-063.pdf
http://www.nist.gov/public_affairs/releases/upload/smartgrid_interoperability_final.pdf
http://www.nist.gov/public_affairs/releases/upload/smartgrid_interoperability_final.pdf
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/PAP03PriceProduct
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/PAP03PriceProduct
http://www.ietf.org/rfc/rfc5545.txt
http://www.omg.org/spec/UML/2.2/
http://docs.oasis-open.org/ws-calendar/ws-calendar/v1.0/CD01/WS-Calendar-Conceptual-Overview-CD01.pdf
http://docs.oasis-open.org/ws-calendar/ws-calendar/v1.0/CD01/WS-Calendar-Conceptual-Overview-CD01.pdf


emix-v1.0-cs01  15 November 2011 
Standards Track Work Product Copyright © OASIS Open 2012. All Rights Reserved. Page 12 of 82 

1.5 Namespace 151 

XML namespaces and prefixes used in this specification are shown in Table 1-1. 152 

Table 1-1: XML Namespaces in this standard 153 

Prefix Namespace 

emix http://docs.oasis-open.org/ns/emix/2011/06 

scale http://docs.oasis-open.org/ns/emix/2011/06/siscale 

power http://docs.oasis-open.org/ns/emix/2011/06/power 

resource http://docs.oasis-open.org/ns/emix/2011/06/power/resource  

xs http://www.w3.org/2001/XMLSchema 

gml http://www.opengis.net/gml/3.2 

xcal urn:ietf:params:xml:ns:icalendar-2.0  

All OASIS Schemas are permanently accessible through directory structures that include major and minor 154 
version numbers. They are also accessible through RDDL files that describe these structures and version 155 
in directories below http://docs.oasis-open.org/emix/emix. 156 

The schema document at that URI may however change in the future, in order to remain compatible with 157 
the latest version of EMIX Specification. In other words, if the schemas namespaces change, the version 158 
of this document at http://docs.oasis-open.org/ns/emix/2011/ will change accordingly. 159 

In keeping with OASIS standard policy, a RDDL document locating the schemas defined in this 160 

specification will persist in http://docs.oasis-open.org/ns/emix. 161 

The EMIX schema versioning policy is that namespaces reflect the year and month in which they were 162 
released. For this version, this rule results namespaces as indicated in the first four namespaces listed in 163 
Table 1-1. 164 

Namespace maintenance as described above also addresses the need for schema versioning; such 165 

information is already contained in the directory structures found at http://docs.oasis-open.org/emix/emix/. 166 

Versioning beyond that which is required by the namespace maintenance policy is not specified. 167 

1.6 Naming Conventions 168 

The names of EMIX XSD Elements and Attributes follow Lower Camel Case convention. 169 

Example: 170 

<element name="componentService" type="emix:ComponentServiceType"/>  171 

The names of EMIX Types follow Upper Camel Case convention and Type names are postfixed with 172 
ñTypeñ. 173 

Example: 174 

<complexType name="ComponentServiceType">  175 

1.7 Editing Conventions 176 

For readability, Element names in tables appear as separate words. In the Schemas, they follow the rules 177 
as described in Section 1.6. 178 

http://docs.oasis-open.org/ns/emix/2011/06
http://docs.oasis-open.org/ns/emix/2011/06/siscale
http://docs.oasis-open.org/ns/emix/2011/06/power
http://docs.oasis-open.org/ns/emix/2011/06/power/resource
http://docs.oasis-open.org/emix/emix
http://docs.oasis-open.org/ns/emix/2011/
http://docs.oasis-open.org/ns/emix
http://docs.oasis-open.org/emix/emix/
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Terms defined in this specification or used from specific cited references are capitalized; the same term 179 
not capitalized has its normal English meaning. 180 

All sections explicitly noted as examples are informational and SHALL NOT be considered normative. 181 

All UML and figures are illustrative and SHALL NOT be considered normative. 182 

1.8 Security Approaches 183 

EMIX will normally be conveyed in messages as part of business processes. Each business process will 184 
have its own security needs, including different consequences for failure of security. EMIX relies on the 185 
business processes using the standard to ensure secure exchange of Price and Product information in 186 
energy market transactions. 187 
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2 Overview 188 

2.1 Introduction 189 

Energy markets have been characterized by tariffs and embedded knowledge that makes decision 190 
automation difficult. Different market segments use conflicting terms for similar attributes. Smart grids 191 
introduce rapidly changing products and product availability, with associated dynamic prices. A lack of a 192 
widely understood model conveying market information has been a barrier to development and 193 
deployment of technology to respond to changing market conditions. 194 

Price and Product Descriptions are actionable information. When presented with standard messages 195 
conveying price and product information, automated systems can make decisions to optimize energy and 196 
economic results. In regulated electricity markets, price and products often are defined by complex tariffs, 197 
derived through not strictly economic processes. These tariffs convey the price and product information to 198 
make buying and selling decisions easier. The same information can be derived from market operations 199 
in non-tariffed markets. EMIX defines an information model to convey this actionable information. 200 

An essential distinction between energy and other markets is that price is strongly influenced by time of 201 
delivery. Energy for sale at 2:00 AM, when energy use is low, may not have the same value as energy for 202 
sale at the same location at 2:00 PM, during the working day. EMIX conveys time and Interval by 203 
incorporating WS-Calendar into tenders, transactions, and delivery. Not all market information is available 204 
in real time. Present day markets, particularly wholesale markets, may have deferred charges (e.g. 205 
balancing charges) that cannot be determined at point of sale. Other markets may require additional 206 
purchases to allow the use of the energy purchased (e.g. same-time transmission rights or pipeline fees 207 
when accepting delivery on a forward contract). EMIX is useful for representing available price and 208 
product information. 209 

2.1.1 Product Terminology 210 

This specification uses a definition of Product that is inclusive of attributes including schedule, location, 211 
and source. Some markets define products in a more restricted or general manner. We combine the 212 
various attributes of a thing bought or sold, shown graphically in FIGURE 2-1. In this specification we 213 
define a product to include both the type of product (e.g., Energy), the response time (e.g. fast enough to 214 
qualify as Regulation), and the delivery time as shown by the black arrow. Others (e.g., ISO Wholesale 215 
markets) define products at a higher level (e.g. Energy) which is considered the same product regardless 216 
of delivery time, as indicated by the gray arrow. 217 

Figure 2-1is illustrative, not normative; the order of significance is not defined in this specification. 218 
Moreover, there are attributes such as Source or Power Quality that do not easily fit in a single 219 
dimensionðand a renewable source typically makes a different Product with different value. 220 

Fortunately, this is often a distinction without moment, as the information needed for a transaction 221 
involves the more detailed characteristics as indicated by the black arrow, and the specific definition of a 222 
Product is part of the Market Context. 223 
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 224 

Figure 2-1: Attributes of a Product 225 

2.2 Approach 226 

The approach of the TC strives to support price and product communication among current operating 227 
models of wholesale market operators, utilities, exchanges, Demand Response providers, bilateral 228 
markets, and open retail and wholesale markets as well as new market models that may evolve.  229 

Markets use a range of terminology. For interoperation, EMIX uses the terminology of market 230 
"transactions" and "tenders" to characterize the communication of price and product across markets. 231 
Some markets may call a transaction an "award" or a "contract". Some markets may call a tender a "bid", 232 
"offer" or "rate". EMIX uses the transaction and tender terminology that can be translated to the 233 
terminology of various markets.  234 

System Operator Markets such as those operated by Independent System Operators (ISO) and Regional 235 
Transmission Operators (RTO) use specific information models for communication of resource offers 236 
(tenders) for Energy and Ancillary Services products. Retail service providers use specialized terminology 237 
to characterize retail full requirements and other tariffs. Bilateral wholesale markets and exchanges may 238 
use a "bid/ask" terminology and various contract types. Each of the markets may use specialized market 239 
clearing methods or the price may be the result of a cost-based tariff calculation. Market mechanisms and 240 
tariff calculations are out of scope for EMIX.  241 

The EMIX information model is intended to support interoperation among markets that may use different 242 
information models. 243 

Power is a commodity good whose market value may be different based upon how it is produced or 244 
generated. After production, though, the commodity is commingled with production from other sources 245 
with which it is fully fungible. Even so, some energy purchasers distinguish between sources of this 246 
product even as they consume the commingled commodity. EMIX assumes this product differentiation 247 
and defines multiple products based on the underlying good. 248 
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Throughout this work, the specification refers to the intrinsic and extrinsic properties of an energy product. 249 
An intrinsic property is one ñbelonging to a thing by its very nature.ò An extrinsic property is one ñnot 250 
forming an essential part of a thing or arising or originating from the outside.ò In EMIX, the term intrinsic 251 
properties refers to those that can be measured and / or verified at the point of delivery, such as electric 252 
power and price. The term extrinsic properties refers to those that can only be known with prior 253 
knowledge, such as the carbon cost, the energy source, or the sulfate load from generation. 254 

EMIX Artifacts can communicate both intrinsic and extrinsic properties. EMIX is designed to support 255 
arrange of markets from those in which extrinsic properties must clear just as do intrinsic properties, to 256 
markets may not be concerned with the extrinsic properties. 257 

EMIX is an information model that assumes conveyance within a service-based environment, as defined 258 
in the OASIS Reference Model for Service Oriented Architecture 1.0 [SOA-RM]. 259 

2.3 Time Semantics 260 

Time semantics are critical to EMIX. Consider two sellers that offer the same product. For the first, one 261 
must start planning an hour or more in advance. The second may be able to deliver the product within five 262 
minutes of a request. The service start time is the time when product delivery begins. Because this 263 
service start time and service period are all that matters to product delivery, different providers using quite 264 
different technologies can provide equivalent product as specified in EMIX if each is given adequate 265 
notice. For other products, timeliness of notice is of the essence, and the first may not be able to provide 266 
the service. 267 

EMIX uses semantics from [WS-Calendar] to describe Time, Duration, and Schedule. An overview of 268 
[WS-Calendar] semantics is provided in Appendix E. 269 

2.4 Information Structure 270 

As a conceptual aid, consider the information structure using the metaphor of an envelope containing 271 
Warrants. The intrinsic properties and the price are on the face of the envelope, easy to read by all. The 272 
contents of the envelope are the supporting information and various Warrants about the extrinsic 273 
qualities. 274 

On the face of the envelope, EMIX lists the intrinsic qualities of the energy product. In the simplest model, 275 
the intrinsic qualities are limited to the price and the information a meter can provide. In a market of 276 
homogenous energy sources and commodity energy, only the intrinsic qualities are actionable. In postal 277 
handling, information on the face of the envelope is meant for high-speed automated processing. The 278 
simplest devices, including the proverbial smart toaster, may understand only the intrinsic qualities. The 279 
phrase ñprices to devicesò is used in energy policy discussions to describe a market model in which 280 
energy use decisions are distributed to each device that uses energy. Under this model, decisions about 281 
whether to use energy immediately or delay energy use until a later time are best made where the value 282 
is received for that energy use, that is, at the end device. The smart toaster is shorthand for the smallest, 283 
least capable end device that can receive such a message. It is anticipated that the information on the 284 
face of the envelope will be sufficient for many, if not most, energy decisions. 285 

The envelope contents are the supporting documents that explain and support the price for the intrinsic 286 
qualities on the face of the envelope. These extrinsic qualities are separable from the intrinsic transaction 287 
and perhaps can be traded in secondary markets. The contents can include Warrants about the source 288 
and the environmental attributes which provide information about the energy, but they are not the energy. 289 
The extrinsic qualities enable traceability and auditing, increasing public trust in energy markets and on 290 
energy differentiation. The simplest gateways and devices may ignore the Warrants; that is, they can 291 
forward or process messages without opening the envelope. 292 

The extrinsic information within the envelope may contain information that supports the price among the 293 
Extrinsic information conveyed within the envelope. For example, a purchaser may opt to buy energy 294 
from a particular supplier with advertised rates. Transport loss may reduce the quantity delivered. Markets 295 
may add congestion charges along the way. 296 

Such supporting information can explain why the delivered cost, on the face of the envelope, is different 297 
than the purchase cost. 298 
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2.5 Tenders and Transactions for Power Products and Resource 299 

Capabilities  300 

The focus of EMIX is on a Price and Product information model for communication in support of 301 
commercial transactions. The messaging and interaction patterns for commercial transactions are out of 302 
scope for EMIX but worth a brief discussion here to provide context. 303 

EMIX is intended for commercial transactions in all types of markets including ISO/RTO markets, 304 
exchange markets, regulated markets, regulated retail tariffs, open markets, and wholesale and retail 305 
bilateral markets. (ISO refers to Independent System Operators. ISOs provide non-discriminatory access 306 
to transmission, operate spot markets and maintain grid reliability. RTO refers to Regional Transmission 307 
Organizations. RTOs perform the ISO functions on a regional basis.) The commercial practices that 308 
determine prices vary in these markets but all markets can benefit from interoperable communication of 309 
Price and Product information. 310 

Transactions in most markets begin with tenders (offers to buy or sell) by one party to another party. 311 
Once an agreement among parties is reached, the parties agree to a transaction (contract or award). The 312 
parties to the transaction then must perform on the transaction by arranging for supply, transport, 313 
consumption, settlement and payment. At every stage in this process, clear communication of the terms 314 
(price, quantity, delivery schedule and other attributes) of the tender or transaction is essential. Section 4, 315 
ñEnvelopes: EMIX Base and its Derivativesò describes EMIX Base Type, the core of EMIX information 316 

models. 317 

In many electricity markets, Operators are offered electrical products based on specific resources such as 318 
generators, load curtailment, and other energy resources. EMIX uses EMIX Resource Descriptions to 319 
describe the responsiveness, capacity, and other aspects of these Resources. EMIX Resource Offers 320 
combine an EMIX Resource Description with a multi-part offer. A Party can use EMIX Resource Offers to 321 
tender to an Operator one or more EMIX Products. Similarly, an EMIX Load Curtailment Offer combines a 322 
Load Curtailment Resource Description with a multi-part offer. 323 

2.6 Transport 324 

Product transport from a point of injection to a grid to a point of takeout to a grid is also described by the 325 
EMIX information model. Product transport can be characterized by (1) the quantity transported and price, 326 
or (2) the quantity transported and cost detail. 327 

Transport costs come in two general forms. Congestion charges apply to each unit of product that passes 328 
through a particular point in the distribution system. Congestion charges increase the cost of the Product 329 
delivered in a particular Interval. Loss reduces the product delivered as it passes from the purchase point 330 
to the delivery point. Loss may reduce the amount of product received or a loss charge may be applied to 331 
purchase replacement energy for the energy loss. 332 

If the Product is priced for delivery to the consumer, transport charges may not apply. Product 333 
descriptions for transport services are discussed in Section 11, ñPower Transport Product Descriptionò. 334 

2.7 Verification of Response 335 

Many products, e.g. those transacted for Demand Response, have detailed verification methods. In 336 
todayôs markets, verification can be quite complex. 337 

Verification is out of scope for this specification. Measurement and Verification is fully specified by 338 
NAESB Business Practices for Measurement and Verification [NAESB M&V]. This specification does not 339 

define verification. 340 
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3 Guide to the Schema Structures 341 

The EMIX 1.0 Specification consists of four schemas: 342 

¶ The EMIX schema defines the framework and extensibility as well as agreement types common 343 
to many markets. The EMIX schema consists of three filesðemix.xsd, emix-terms.xsd, and emix-344 
warrants.xsd 345 

¶ The SI Scale schema, defines a code list enumerating the characters indicating the decadic scale 346 
for measurements defined by the System International (SI). 347 

¶ The Power schema defines the specific information exchanges, based on the EMIX framework, 348 
needed for markets in power and energy. The Power schema consists of three filesðpower.xsd, 349 
power-product.xsd, and power-quality.xsd. 350 

¶ The Resource schema describes specific capabilities of devices and systems, irrespective of the 351 
underlying technologies that affect power and energy markets. 352 

Note that EMIX and Power schemas are broken into multiple files for convenience of human readers and 353 
editors. 354 

The Power and Resource schemas are, in effect, the first extensions to the EMIX Schema. The Power 355 
schema extends the EMIX schema to define products for Power markets. The Resource schema extends 356 
the Power schema to provide information on the capabilities and the responsiveness of devices and 357 
systems in support of decisions regarding tenders and transactions for products that can be provided by 358 
or consumed by Resources. 359 

3.1 Use of Core Type Extension to define EMIX 360 

The core elements of EMIX are abstract types. The concrete types used in exchangeable information 361 
models are built by extending those abstract types to create the information exchanges for energy 362 
markets. Product Descriptions are built out of lower-level Items. Schedules are populated with Product 363 
Descriptions. Top level models, derived from EMIX Base, incorporate Schedules. Top level models can 364 
be exchanged at an Interface between systems or owners. 365 

3.1.1 Core Abstract Types 366 

The abstract EMIX Base Type defines a Product Description conveyed by a Schedule. That Schedule 367 
may be as simple as a single 5 minute interval on a particular day, or as complex and repeating as you 368 
can find in your own personal calendar. Any type derived from the EMIX Base Type contains a Sequence 369 
that can contain any Product Description. Information elements derived from the EMIX Base include 370 
Products, Options, TeMIX, and Delivery (Metered Information). The definitions in Table 3-1 assume that 371 
the reader is familiar with terms defined in [WS-Calendar]; as a convenience to the reader, these are 372 
summarized in section 3.2. 373 

Table 3-1: EMIX Core Abstract Types 374 

Type Description 

Item Base Abstract base type for units for EMIX Products. Item Base does not 
include Quantity or Price, because a single Product may have 
multiple quantities or prices associated with each Interval. 

Schedule EMIX Products are delivered for a Duration, at a particular time. EMIX 
relies on the Interval and the Gluon as defined in [WS-Calendar] to 
communicate Schedules. The Schedule names a collection, but is not 
itself a type. 
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Type Description 

Product Description Product Description is derived from an abstract Artifact type that 
resides within [WS-Calendar] Components, and all Product 
Description-derived types can therefore reside within those 
Components as well. The Product Description is placed in 
Components of the Schedule. 

EMIX Base The EMIX Base conveys a Schedule populated with Product 
Descriptions and is extended to express additional market information 
sufficient to define Products. All EMIX Products are derived from 
EMIX Base, but not all derived types are Products. Along with the 
Schedule, EMIX Base includes an optional Envelope (see 3.1.5). 

Conforming specifications can extend the EMIX specification for use in their own domain by extending the 375 
core types of EMIX. Within this specification, Electrical Power is a specific extension of EMIX for power 376 
markets. Specifications to support energy markets can be created through extension in an analogous 377 
manner. 378 

 379 

Figure 3-1: The Abstract Product Description Base Type 380 

3.1.2 Price Base and its extensions 381 

Prices in todayôs power markets may be communicated other than as a simple price. The Price Base is a 382 
low level abstract type which is an element in many other types. Price Base is an extensible type whose 383 
extensions include not only a simple or absolute price, but other types that rely on foreknowledge and 384 
computation. Unless otherwise specified (as it is in TeMIX which is restricted to only the simple price), 385 
wherever an information model requires a Price Base, any type derived from Price Base is supported. 386 

387 
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Table 3-2: Elements derived from Price Base 388 

Element Description 

Price This is the number that quantifies the actual price per unit of the 
product. 

Price Multiplier A Price Multiplier applied to a reference price produces the actual 
price. Optionally includes a Market Context for the reference price. 

Price Relative A Price Relative is added to a reference price to compute the actual 
price. Price Relative may be positive or negative. Optionally includes 
a Market Context for the reference price. 

For extension purposes, a conforming specification can define a new price type that can be used in any 389 
EMIX type by extending the abstract Price Base. 390 

 391 

Figure 3-2: Price Base and Extensions 392 

3.1.3 The EMIX Interface 393 

EMIX describes Products whose value is tied to an exchange of ownership or control at a particular 394 
location at a particular time. EMIX expresses this locality using the EMIX Interface. 395 

The EMIX Interface is where something transfers ownership. In power, this may be a node or meter, an 396 
aggregation of nodes or meters, a pair of nodes, or a geographic area. Other specifications can derive 397 
from the base type to support their own needs. 398 

The EMIX Interface is an abstract type. The EMIX Interface can represent a meter or a computation; the 399 
EMIX Interface can be real or virtual, the EMIX Interface can be a collection or a singlet. 400 

Table 3-3: The EMIX Interface. 401 

Type Description 

EMIX Interface Abstract base class for the interfaces for EMIX Product delivery, 
measurement, and/or pricing 

Service Area The Service Area is the only Interface defined for all derived 
schemas. The Service Area expresses locations or geographic 
regions relevant to price communication. For example, a change in 
price for a power product could apply to all customers in an urban 
area. Service Areas are defined using [GML] in its simplest profile, 
i.e., level 0. 
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EMIX interfaces for specific products have product-specific requirements or have characteristics already 402 
defined in specific markets. Within this specification, the EMIX Interface has specific extensions for Power 403 
markets defined in Section 8.1 ñEMIX Interfaces for Powerò. Other markets can extend the EMIX Interface 404 
to support their specific needs. 405 

 406 

Figure 3-3: Summary of EMIX Interfaces including both Emix and Power 407 

3.1.4 The Item Base 408 

The Item Base is the basis for the lowest level description of each Product and its aspects. The term Item 409 
is in common business use for that thing on a line of a purchase order, or of a receipt, or on a bill of 410 
lading. Item Base derived types have at least a name, a unit of measure, and a scale factor. The power 411 
schema (see 0 See Figure 3-3: Summary of EMIX Interfaces including both Emix and Power for all 412 
Interfaces defined in this specification. 413 

Power Items derived from Item Base) defines three power types derived from the Item Base Type. 414 

Items, i.e., types derived from Item Base, reference the International System of Units (SI) to specify a set 415 
of alphabetic prefixes known as SI prefixes or metric prefixes. An SI prefix is a name that precedes a 416 
basic unit of measure to indicate a decadic multiple or fraction of the unit [SI Units]. 417 

EMIX requires that conforming specifications use the SI Scale to indicate the size of the unit of measure. 418 
The SI Scale is in the external code list siscale.xsd. 419 

3.1.5 The Envelope Contents 420 

While energy markets actually deliver a blended commodity, the customer may value the product 421 
differently based upon extrinsic characteristics of the commodity. This distinction may be based, for 422 
example, upon the origin of the product or upon its means of production. The product may come with 423 
attached credits that may have re-sale value. The buyer may contract for, and the supplier may need to 424 
report specific quality of product delivery. In other circumstances, it may be necessary to deliver 425 
supporting detail to explain the prices delivered. 426 
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In EMIX, the assertions that distinguish the commodity product are called EMIX Warrants. A common 427 
definition of a warrant is a written assurance that some product or service will be provided or will meet 428 
certain specifications. Sellers may use EMIX Warrants to provide information about the source of the 429 
energy or about its environmental characteristics. Buyers may use EMIX Warrants to indicate what they 430 
wish to purchase. It seems a fundamental market rule that a middleman cannot sell more wind power 431 
than he has bought. Such rules are beyond the scope of EMIX, but EMIX information models, including 432 
EMIX Warrants, can support such market rules. 433 

 434 

Figure 3-4: Envelope Contents 435 

EMIX Warrants are described in section 15. For now, it is sufficient to know that EMIX Warrants are 436 
delivered as Envelope Contents. 437 

3.2 WS-Calendar Terms and Descriptions (Non-Normative) 438 

The communication of a commonly understood Schedule is essential to EMIX. EMIX is conformant with 439 
the [WS-Calendar] specification for communicating duration and time to define a Schedule. [WS-440 
Calendar] itself extends the well-known semantics [RFC5545]. 441 

Without an understanding of certain terms defined in [WS-Calendar], the reader may have difficulty 442 
achieving complete understanding of their use in this standard. The table below provides summary 443 
descriptions of certain key terms from that specification. EMIX does not redefine these terms; they are 444 
here solely as a convenience to the reader. 445 

Table 3-4: WS-Calendar defined Terms used in EMIX 446 

WS-Calendar Term Description 
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WS-Calendar Term Description 

Component In [iCalendar], the primary information structure is a Component, also known 
as ñvcomponent.ò A Component is refined by Parameters and can itself contain 
Components. Several RFCs have extended iCalendar by defining new 
components using the common semantics defined in that specification. In the 
list below, Interval, Gluon, and Availability (Vavailability) are Components. 
Duration, Link, and Relationship are Parameters. A Sequence is set of 
Components, primarily Intervals and Gluons, but is not itself a Type. 

Duration  Duration is the length of an event scheduled using iCalendar or any of its 
derivatives. The [XCAL] duration is a data type using the string representation 
defined in the iCalendar ([RFC5545]) Duration. 

Interval The Interval is a single Duration derived from the common calendar 
Components as defined in iCalendar ([RFC5545]). An Interval is part of a 

Sequence. 

Sequence A set of Intervals with defined temporal relationships. Sequences may have 
gaps between Intervals, or even simultaneous activities. A Sequence is re-
locatable, i.e., it does not have a specific date and time. A Sequence may 
consist of a single Interval, and can be scheduled by scheduling that single 
Interval in that sequence. 

Gluon A Gluon influences the serialization of Intervals in a Sequence, through 
inheritance and through schedule setting. The Gluon is similar to the Interval, 
but has no service or schedule effects until applied to an Interval or Sequence. 

Artifact The thing that occurs during an Interval. [WS-Calendar] uses the Artifact as a 
placeholder. EMIX Product Descriptions populate Schedules as Artifacts inside 
Intervals. 

Link A reference to an internal object within the same calendar, or an external 
object in a remote system. The Link is used by one [WS-Calendar] 

Component to reference another. 

Relationship Links between Components. 

Availability Availability in this specification refers to the Vavailability Component, itself a 
collection of recurring Availability parameters each of which expresses set of 
Availability Windows. In this specification, these Windows may indicate when 
an Interval or Sequence can be Scheduled, or when a partner can be notified, 
or even when it is cannot be Scheduled. 

Inheritance A pattern by which information in Sequence is completed or modified by 
information in a Gluon. 

Normative descriptions of the terms in the table above are in [WS-Calendar]. 447 

Using the relation between Gluon and Sequence in WS-Calendar, external information can be applied to 448 
an existing Sequence. For example, a resource representing a responsive load may state that 15 minutes 449 
lead time is required between notification and load reduction. This characteristic may hold true whether 450 
the response requested is for a run-time of 10 minutes or for one of 10 hours. EMIX specifies invariant 451 
characteristics as part of a product description or resource, while offering the variable run-time to the 452 
market. 453 

A Sequence populated with product descriptions is referred to as a Schedule. Because Schedules 454 
embody the same calendaring standards used by most business and personal calendaring systems, 455 
there is a base of compatibility between EMIX communications and business and personal systems. For 456 
example, the Power Product (see section 10 Power Product Descriptions), an EMIX Base-derived type, 457 
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may convey a Product Description for a constant rate of delivery power product over a single Interval 458 
comprises a (1) start time, (2) duration, (3) rate of delivery, (4) price and (5) location. If the rate of delivery 459 
(kW) and price ($/kWh) have been exchanged in advance, the information exchanged to deliver the 460 
product is simply ñstart (reference [URI] to product) at 3:00 AM for 0.75 hours.ò 461 

3.3 Simple Semantic Elements of EMIX 462 

A number of simple semantic types appear throughout this specification. These are defined here. 463 

Table 3-5: Simple Semantic Elements of EMIX 464 

Element Definition 

Market Context A URI uniquely identifying a source for market terms, market rules, market 
prices, etc. The URI may or may not resolve. 

Transactive State An indicator included in an EMIX Base derived types to aid in processing. The 
enumerated Transactive States are: Indication Of Interest, Tender, 
Transaction, Exercise, Delivery, Transport Commitment, and Publication. 

Currency Market expressions of price are in the context of a particular currency. 
Currency is always expressed as the [ISO 42173] Alpha Currency Code. 

Side An indicator of the interest of the party originating the artifact. Possible 
enumerations are Buy and Sell. 

Integral Only An indication that the element described is [tendered] as an all or nothing 
product. It may apply to an (amount, response, ramp) that is all (true) or 
nothing (false). 

Autonomous An indicator that the tendering party is able to detect a need and self-dispatch 
to meet or correct that need. 

Envelope A generic name for all of the EMIX-Base derived types. 

Normative descriptions of the terms in the table above are in [WS-Calendar]. 465 

3.4 Extensibility of EMIX Framework 466 

EMIX is modular by design. EMIX can be extended in conforming standards. Information models from 467 
EMIX-conforming standards can be exchanged in any interaction designed to exchange EMIX information 468 
models. 469 

New efforts can specify novel Product Descriptions by extending the EMIX Product Description Type. For 470 
example, district energy systems distribute and transact thermal energy products. A district energy group 471 
could define an EMIX-compliant product definition. These definitions could be used to populate the 472 
Schedule of an EMIX Product or EMIX Option without re-considering any aspects of the EMIX 473 
specification itself. A specification used to exchange EMIX information could exchange these new 474 
information models without change. 475 

Warrants can evolve in a similar way. Some postulate that water costs of energy sources may be of more 476 
future interest than the Warrants anticipated in this specification. A water Warrant can be defined that 477 
extends the Base Warrant type. This water Warrant can accompany EMIX information models inside the 478 
envelope without any change to the underlying specification. 479 

The Power and Resource schemas are, in effect, the first extensions to the EMIX Schema. 480 

Extensibility mechanisms supported in EMIX are discussed in Appendix B. 481 
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4 Envelopes: EMIX Base and its Derivatives 482 

EMIX describes the market communications of tenders and transactions for products whose market value 483 
varies with time. An energy product is delivered over time at a specific location. Five kW at 2:00 AM does 484 
not have the same value as five kW at 2:00 PM due to differences in its composition and potential usage 485 
by individual consumers. EMIX describes the terms of tenders and transactions for which time and 486 
location are essential characteristics. For example, the price and quantity (rate of delivery) of energy in 487 
each time Interval of a Sequence of Intervals may vary for energy transactions made in a Sequence of 488 
Intervals. 489 

A Product Description included in each Interval in a Sequence could describe similar elements 490 
repeatedly. Only a few elements, perhaps only price, or quantity, may change per Interval. EMIX uses the 491 
WS-Calendar Sequence to specify product elements once, and then specifies which elements may vary 492 
by the time Intervals of a Sequence. A Sequence populated with product descriptions is referred to as a 493 
Schedule. 494 

4.1 UML Summary of the EMIX Base and Extensions 495 

 496 

Figure 4-1: UML of EMIX Base and its Extensions 497 
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4.2 The EMIX Base 498 

The EMIX Base, as defined in Table 3-1: EMIX Core Abstract Types and shown in Figure 4-1: UML of 499 
EMIX Base and its Extensions  is the foundation for the Envelopes. The EMIX Base conveys a [WS-500 
Calendar] Sequence populated with Product Descriptions. This populated Sequence, sometimes referred 501 

to as the Schedule, provides a flexible information model for describing any energy tender or transaction. 502 

 503 

Figure 4-2: EMIX Base Type 504 

There are three types of Envelopes defined in EMIX: the Product, the Option, and the Delivery. Sections 505 
4.3-4.5 define the information on the ñface of the envelopeò, also referred to as the Intrinsic Information. 506 
The Envelope Contents, also referred to as the Extrinsic Information, are discussed in Section 15. 507 

Table 4-1: Elements of the EMIX Base. 508 

Element Definition  

UID A unique identifier for an EMIX element. Note: different markets and 
specifications that use EMIX may have their own rules for specifying a UID. 

Schedule A [WS-Calendar] Sequence populated with a Product Description. See Table 
3-1. 

Envelope Contents The extrinsic information that may distinguish the product from being a pure 
commodity. See Section 3.1.5. 

New or specialized products can be offered and transacted without changing the EMIX standard. A new 509 
Type can be derived from the Product Description, be applied to a Schedule, and conveyed with EMIX 510 
Envelope. 511 

4.3 The EMIX Product 512 

The EMIX Product is derived from the EMIX Base type and conveys a Schedule as described in Section 513 
4.2. Section 2.1.1 discusses terminology and characteristics of a Product as defined in this specification. 514 
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 515 

Figure 4-3: EMIX Product 516 

The EMIX Product is the most common of the envelopes. It is used for simple tenders and agreements. It 517 
describes specific product delivery. 518 

Table 4-2: Elements of the EMIX Product 519 

Product Element Description 

EMIX Base Incorporated EMIX Base Type. See Table 4-1: Elements of the EMIX 
Base. 

Transactive State As defined in Table 3-5: Simple Semantic Elements of EMIX. 

Tender Expiration Date The date and time when a Tender expires. Meaningful only when the 
value of Transactive State is Tender. 

Integral Only Indicates that Schedule is accepted entirely or not at all. Meaningful 
only when the value of Transactive State is Tender. 

Market Context As defined in Table 3-5: Simple Semantic Elements of EMIX. 

Side Buyer or Seller. 

Currency Currency denominating product, Table 3-5: Simple Semantic 
Elements of EMIX. 

Terms A collection of business and performance rules that define the 
product offering. See Section 5, ñEMIX Termsò. 
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4.4 The EMIX Option 520 

The EMIX Option is an elaboration of the EMIX Product described above. An option is an instrument that 521 
gives the buyer the right, but not the obligation, to buy or sell a product at a set price during given time 522 
windows. Many typical energy agreements, including demand response and reserves, include elements 523 
that would give them the name option in any other market. 524 

 525 

Figure 4-4: EMIX Option Type 526 

The EMIX Option also conveys specific availability and performance. The ñface of the Envelopeò contains 527 
additional information to support these requirements. 528 

Table 4-3: EMIX Option Elements ï another "Face of the Envelope" 529 

Option Element Description 

EMIX Base Incorporated EMIX Base Type. See Table 4-1: Elements of the EMIX 
Base. 

Transactive State As defined in Table 3-5: Simple Semantic Elements of EMIX. 

Tender Expiration Date The date and time when a Tender expires. Meaningful only when the 
value of Transactive State is Tender. 
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Option Element Description 

Market Context As defined in Table 3-5: Simple Semantic Elements of EMIX. 

Currency Currency denominating product, Table 3-5: Simple Semantic Elements 
of EMIX. 

Terms A collection of business and performance rules that define the product 
offering. See Section 5, ñEMIX Termsò. 

Integral Only Indicates that a Schedule is accepted entirely or not at all. Meaningful 
only when the value of Transactive State is Tender. 

Option Exercise Schedule The schedule of time windows for the option expressed using the 
ñAvailability Scheduleò in Terms. See Section 5.2. 

Option Holder Side The side which enjoys the benefit of choosing whether to exercise the 
terms specified in the option.  

Option Premium The Price paid by the Option Holder Side for the rights involved. 

Option Strike Price The Price that the Option Holder Side pays to exercise the option. 

Exercise Lead Time The minimum Duration in advance of a proposed response that a 
notification will be accepted for the exercise of the option. Expressed 
using the ñMinimum Notification Durationò in Terms. See Section 5.1. 

Side Identifies whether information originator is on the Buy or Sell side. 

Option Type An enumerated list of Option types. 

4.5 EMIX Delivery 530 

 531 

Figure 4-5: Delivery 532 

In any market, order must be matched to delivery. EMIX Delivery reports the historical delivery of product 533 
over time. 534 

Table 4-4: Elements of the EMIX Delivery 535 

Delivery Element Description 

EMIX Base Incorporated EMIX Base Type. See Table 4-1: Elements of the EMIX 
Base. 

Injection True means positive Delivery is injection into the grid. False means 
positive Delivery is extraction from Grid 
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5 EMIX Terms 536 

EMIX Products can be subject to a number of Terms and Market Requirements. These Terms can apply 537 
at each transactive state. Terms are extensible, so additional schemas, specifications, and standards can 538 
extend the list while remaining in conformance. 539 

Terms are extrinsic to the product delivery but affect how a partner may request performance of a service. 540 
Terms may originate in the basic mechanical needs of the Resource or in the business needs of the 541 
source. These Terms can affect the market value of the resource or the repeated invocation of a 542 
resource. It is possible for a given underlying resource to be offered to the market with different terms and 543 
therefore different values. 544 

5.1 EMIX Performance Oriented Terms 545 

Some terms indicate the ability of a side to perform. As many market interactions may have a penalty for 546 
non-performance or for performance that is not timely, it is essential for parties using EMIX information to 547 
negotiate services to be able to define performance.  548 

Table 5-1: Performance-Oriented Terms 549 

Term Description 

Minimum Response Duration The shortest Duration for which a request will be accepted. 

Maximum Response 
Duration  

The longest Duration for which a request will be accepted. 

Minimum Recovery Duration The minimum Duration after completion of a response before a new 
response can be begun. 

Minimum Duration Between 
Invocations 

The minimum Duration between successive responses that will be 
accepted. 

Minimum Notification 
Duration 

The minimum Duration in advance of a proposed response that a 
notification will be accepted. 

Maximum Notification 
Duration 

The maximum Duration in advance of a proposed response that a 
notification will be accepted.  

Response Time Duration required from receipt of a request to supplying the full 
requested level of response; i.e., notification time plus response time. 

Maximum Invocations Per 
Duration  

Maximum number of requests for response that will be accepted 
during a Duration. 

Maximum Consecutive 
Durations 

Maximum consecutive Durations in which a notification will be 
accepted; e.g., it will not accept requests on more than three 
consecutive days. 

Maximum Run Duration  Maximum acceptable Duration for a proposed response 

Minimum Run Duration  Minimum acceptable Duration for a proposed response 

5.2 EMIX Schedule Oriented Terms 550 

Schedule related terms indicate schedules when a product may be available or when an interaction may 551 
occur. A product may only be available on weekends, or a party may not be able to respond outside of 552 
normal office hours. 553 

Table 5-2: Schedule-Oriented Terms 554 
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Term Description 

Availability Schedule A schedule of time windows during which a response may be 
scheduled. A scheduled Duration must be entirely within a single 
instance of an availability window. 

Unavailability Schedule A schedule of time windows for which no request for response will be 
accepted. No part of a requested Duration must coincide with an 
unavailability window. 

Notification Schedule A schedule of time windows during which requests can be made. 

5.3 Market Requirements 555 

Market Requirements are terms tied to the economic expectations expressed in certain market tenders. 556 
Market Requirements are the market portion of Terms, i.e., they are used to state the offeror's 557 
expectations about a tender. It is possible for a given underlying resource to be offered to the market with 558 
different Requirements and therefore different values. 559 

Table 5-3: Market Requirements for EMIX Products 560 

Market Requirement Description 

Market Granularity The size of a market ñbundleò. For example, a Market with a 
granularity of 10 MW, will only accept tenders, process transactions, 
and pay for delivery of Power in multiples of 10MW.  

Minimum Economic 
Requirement 

Minimum net remuneration for any single response 

Required Startup 
Remuneration 

Minimum remuneration required for initiating a response. 

Minimum Starts Per Duration  The fewest requests that the resource will accept during any Duration. 

Minimum Remuneration Rate Minimum remuneration acceptable per stated Duration of response. 
For example, a minimum remuneration of $100 per hour. 

5.4 Extensibility of Terms 561 

The EMIX Terms above are not tied to any particular kind of Product or Resource. All are based on the 562 
abstract Base Term type. Specifications that require additional terms can create them by extending the 563 
Base Term Type to create new terms. 564 

Specific Terms for use with Power Products created by extending the Base Term Type are found in Table 565 
13-2: Terms unique to Power Resources. 566 
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 567 

Figure 5-1: Summary of EMIX Terms 568 
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6 Schedules in EMIX: Intervals, Gluons, and WS-569 

Calendar 570 

This section discusses how EMIX uses [WS-Calendar] to create Schedules. EMIX does not ñscheduleò. 571 
EMIX includes information to communicate Schedules. Algorithms and methods are completely outside 572 
the scope of EMIX. EMIX uses [WS-Calendar] to create information models that describe schedules and 573 
that are populated with Product Descriptions. The Semantics drawn from [WS-Calendar] are summarized 574 
in Table 3-4: WS-Calendar defined Terms used in EMIX. This section describes how EMIX uses the 575 
recombination and conformance rules from [WS-Calendar] to create Schedules. 576 

6.1 Intervals, Gluons, and Sequences 577 

Types derived from the abstract EMIX Base contain a Schedule  created by populating a Sequence with 578 
Product Descriptions. The terms Duration, Interval, Sequence, and Gluon are defined in [WS-Calendar]. 579 
[WS-Calendar] defines a model for inheritance wherein a fixed description of a product is refined with 580 
additional information as it becomes actionable. The Intervals in a Sequence can inherit information from 581 
a Gluon related to that Sequence. 582 

The iCalendar standard, with which [WS-Calendar] conforms, is an information model of a ñbag of 583 
Componentsò. Each Component can include an attachment for passing some kind of information. 584 
Intervals and Gluons are two of the [WS-Calendar] Components. The schema type for Product 585 
Descriptions is derived from the attachment so Product Description-derived types are valid contents of 586 
these Components. 587 

In [WS-Calendar], a Gluon relates to a Sequence by relating to a specific Designated Interval within that 588 
sequence. All other Intervals have defined temporal relationships, directly or indirectly, to the Designated 589 
Interval. If a Gluon contains a start date and time, that start date and time is inherited only by the 590 
Designated Interval; the start dates and times for all other Intervals in the Sequence can be computed 591 
from that single date and time. In this way, a set of Intervals containing EMIX Product Descriptions can 592 
define what is in effect a schedule sub-routine, invoked by starting the Designated Interval. 593 

In EMIX, when a Gluon contains a Product Description, it can then be inherited by each of the Intervals. If 594 
an Interval already contains a Product Description, then it refuses the Inheritance from the Gluon. This 595 
model of inheritance mimics that defined in [WS-Calendar] for inheriting Duration. 596 

Duration, Product Description, Price, and Quantity for each Interval in a Sequence can each be inherited 597 
from a Gluon in EMIX. The Start Date and Time can be inherited only by the Designated Interval. This 598 
follows and extends the rules of inheritance defined in [WS-Calendar]. 599 

There is no requirement for the Designated Interval to be the ñfirstò interval. If a Sequence describes a 600 
ramp-up, peak operation (of whatever service), and ramp down, it may be more useful to designate the 601 
Interval containing peak operation. In this scenario, the Durations of all Intervals other than the 602 
Designated Interval may be fixed, that is encoded in each interval. A communication to ñstartò the 603 
Sequence, then, could contain the start date and time and the run Duration. 604 

The rules of inheritance are described in Section 17.1 EMIX Conformance with [WS-Calendar. 605 
Inheritance in [WS-Calendar] is described in that specification. 606 

6.2 Availability (Vavailability) and Temporal Granularity 607 

[WS-Calendar] defines the expression of the Vavailability information model for repeating instances of 608 
time (Availability Windows) within a period that may or may not have an end date. Vavailability is a 609 
Component of iCalendar. EMIX uses Vavailability primarily in Terms. 610 

One party MAY use Vavailability to indicate to another party when a service can be requested. This may 611 
be a contracted part of an EMIX Option or it may define the Demand Response window (afternoons 612 
during summer months) of a regulated tariff. EMIX does not define the interactions or negotiations that 613 
lead to either of those circumstances. 614 
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Availability communicates acceptable schedule times for Sequences. The semantics of scheduling a 615 
Sequence to comply with previously stated Availability in [WS-Calendar] is that the Designated Interval 616 
must be inside one of the Availability Windows. While it is possible that not all information regarding 617 
Intervals in a Sequence may be exposed in interactions, a party requesting an EMIX product does know 618 
the Duration and Start Date and Time of the Designated Interval.  619 

WS-Calendar EMIX are information models, and do not create market rules or define interactions. The 620 
specification makes no statement about how a market, or even how a market participant handles receipt 621 
of a Schedule which does not comply with a stated availability. Such an Availability and Schedule are 622 
likely in separate communications, each containing valid informational artifacts. The word ñcomplyò in the 623 
previous paragraph describes the meaning of the information exchanged, and not any behavior or market 624 
rule. 625 

Again, see [WS-Calendar] for a complete description. 626 

6.3 Temporal Granularity 627 

 [WS-Calendar] defines temporal Granularity which is expressed as a Duration. When Granularity is 628 

applied to a Vavailability object, then: 629 

1) The valid start times are offsets from the start of the availability window that are integral multiples 630 
of that duration. For an Availability of 14:00 to 16:00, with a granularity of fifteen minutes 631 
ñPT15Mò, there are 8 valid starting times (14:00, 14:15, 14:30, 14:45, 15:00, 15:15, 15:30, 15:45). 632 

2) If duration is specified by the requestor, it must be an integral multiple of the Granularity. In the 633 
example above, ñPT15Mò, ñPT30Mò, ñPT45Mò, ñPT1Hò, PT1H15Mò, etc. are valid Durations. 634 

3) The Start Date and Time plus the Duration must complete no later than the end of the Availability 635 
window. 636 

6.4 Illustration of WS-Calendar and EMIX 637 

The illustration below provides a model demonstrating a sequence of three Intervals, and the successive 638 
application of Gluons to bring them to market. 639 

 640 

 641 

Figure 6-1: EMIX Schedule and Building a Product 642 






















































































