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Introduction

This document identifies the scenarios that require weather data in order to forecast energy usage, save money, increase expected power reliability and/or quality and benchmark past performance.  Some of this weather data must be shared between consumers and energy service providers or energy producers.  
In the original EIS Alliance use cases that include weather data, all contain detailed narratives that attempt to examine relevant metrics used to create energy usage forecasts.  Many of these include information about historical energy use, internal storage, generation and consumption of plant equipment required to produce output for a given period of time.  Many of the narratives also include metrics around energy price, quality and potential production schedules.  Though weather is one attribute examined in the original use cases and a detailed list of sub attributes was created in the EIS Alliance SRS document, a separate narrative and in depth examination of weather sub attributes was not explored in sufficient detail to ensure all necessary sub attributes are identified.  This document attempts to explore and identify the weather sub attributes needed to understand the impact weather will have or has had on energy use. 
When creating an energy use forecast, it’s important to first examine the role weather plays in future demand for energy.  This is best done by examining historical information and performing a regression analysis on weather attributes to understand how much they impact energy consumption.  For example, temperature plays a large role in space heating and cooling of commercial buildings.  Likewise, temperature and humidity can have a significant impact on data center cooling.  These attributes interact with the building’s environmental control systems in unique ways.  By comparing historical weather data to building and system performance it’s possible to learn which weather attributes have a material impact on the building. This is necessary to create an accurate energy use forecast and compare performance across multiple disparate buildings, industrial sites and homes.  

The weather data use case template draws heavily upon earlier work done by the EIS Alliance.  

The following is from the EIS Alliance Use Case document, V3.01:
The conceptual model of the smart grid includes a domain called the “Customer” domain.  This domain includes the industrial, commercial, and residential buildings and equipment.  In order to identify the energy usage information that needs to be shared between the customer domain and other domains within a smart grid, a set of use cases has been defined.  These use cases identify the information that passes across a conceptual boundary into or out of the customer domain called the ESI.  The physical instantiation of the ESI has, by choice, not been identified.  It may be embedded in a meter, utility equipment, or customer premises equipment without changing the use cases.
While developing these use cases, it became apparent that industrial, commercial, and residential customers have very similar requirements.  This is particularly true when considering the needs of these customers in the future.  For that reason, the use cases in this document cover the entire scope of the customer domain.  Each use case has a section that identifies which building type is applicable.  Using this format, the reader needs to understand that, particularly in the residential case, a single person may assume the role of multiple actors.  For example, a residential homeowner can be considered a Facility Manager, Financial Manager, and Operations Personnel.
The use cases defined in this document are not intended to be considered as executing in a mutually exclusive manner.  It is expected that many of these uses cases could be performed by the same actors at the same time on the same customer premise.

Since electric power must be consumed at the same time as it is produced, balancing the amount of power to produce at any given time is a complicated problem.  The load demand curve changes based upon factors like time of day, day of week, week of year, and outside air temperature.  Unfortunately the equipment that produces and distributes this electricity is not agile enough to vary its output by the second to second variation in demand.  This can lead to dramatic and rapid changes in electricity prices.  To smooth the costs, a forward market system is in place at the wholesale level that allows utilities to contract electric generation costs on an hour ahead, day ahead, and monthly market ahead basis.  To ensure the correct contracts, utilities need to forecast their demand.  A few of the use cases included in this document help the utility forecast demand within the customer domain or provide the ability for a sophisticated customer to buy additional power or sell excess power.

Glossary (from EIS Alliance Use Case Document V3.01)
	Acronym
	Name
	Description

	ASHRAE
	American Society of Heating Refrigeration and Air-Conditioning Engineers
	International technical society focused on heating, ventilation, air-conditioning, and refrigeration equipment.

	ABEL
	ASHRAE Building Energy Labeling
	Commercial building energy labeling program managed by ASHRAE.

	BOP
	Balance of Plant
	A manual or automatic control system used to monitor and control the making, taking (buying) from the grid or supplying (selling) of electricity to the grid.

	
	Bus Bar Cost
	The cost per kilowatt hour of producing electricity; it includes the cost of capital, debt service, operation and maintenance, and fuel. The power plant bus, or busbar, is that point beyond the generator but prior to the voltage transformation point in the plant switchyard.

	CBECS
	Commercial Buildings Energy Consumption Survey
	A national sample survey that collects information on the stock of U.S. commercial buildings.

	EIP
	Energy Information Provider
	A third-party information provider that offers energy information services.

	EIS
	Energy Information Standards
	Standards that define the creation and consumption characteristics of energy used within a residential, commercial, or industrial building.

	EMS
	Energy Management System
	A system used to monitor and control the energy consuming devices in a building.

	ESCO
	Energy Services Company
	Business providing energy savings, efficiency, and generation solutions.

	ESI
	Energy Services Interface
	The point of demarcation between the customer domain and the remainder of the smart electric grid.

	ESP
	Energy Service Provider
	Energy Service Providers include utilities, energy information providers, and bill handling services.

	HMI
	Human Machine Interface
	A system in which people interact with a machine, typically graphically.

	IEP
	Intelligent End Point
	A system that internally measures, collects, and analyzes its energy cost/consumption.

	KW
	Kilo Watt
	Unit of measure for electrical power, equal to one thousand watts.

	LEED
	Leadership in Energy Efficiency Design
	An internationally recognized green building certification program administered by the US Green Buildings Council (USGBC).

	LRA
	Locked Rotor Amps
	The magnitude of the inrush current measured when AC motors are started with full voltage.

	Metering
	
	Equipment that measures the present demand of a load.  This equipment may be standalone metering devices or integrated within other equipment (EMS, VSD, intelligent end point, chiller,…)

	M&V
	Measurement and Verification
	Energy measurements that can be determined to a degree of accuracy and trust that is acceptable to all stakeholders.

	
	Production
	Production output is dependent upon the specific domain.  In industrial domain, production may be goods produced.  In retail this may be goods sold.  In healthcare this may be patient and staff health.  In education, this may be test scores and occupant health.

	RTP
	Real Time Pricing
	The price a consumer pays for electricity that varies based upon the wholesale electricity market prices.

	RLA
	Rated Load Amps
	The designed safe operating load for the equipment under prescribed conditions.

	SLA
	Service Level Agreement
	A part of a service contract where the level of service is formally agreed upon. 

	SPDU
	Smart Power Distribution Unit
	A device that measures and distributes electric power to an electrical circuit.

	SPS
	Smart Power Strip
	A residential power strip that measures electrical power being drawn by the connected equipment.

	
	Tie Line
	A connection between a customer and a utility provider through which power is bought and sold.

	UC
	Use Case
	A story, told in structured and detailed steps, about how participants in an Application collaborate to reach a goal.


UC-1: Weather data usage to forecast near term power needs; less than 24 hours ahead
Use Case Name

Using weather data to forecast near term power needs. 
Applicability
This use case applies to the following customer domains.

	(
	Industrial Customer Domain

	
	Commercial Customer Domain

	
	Residential Customer Domain


Function ID

B2G-UC-01

Brief Description

The Industrial, Commercial or Residential customer would like to forecast their power requirements for the proposed operating schedule of their facility.  The weather data, the proposed operating schedule, and the forecast are archived in order to validate the weather prediction and load forecast for use under equivalent circumstances in the future. 

Related Use Cases
Narrative

Weather Attributes Required for this Use Case (Forecast-24 Hours)

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	No

	Hazards 
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	No

	Relative Humidity 
	PerCent 
	% 
	No

	Sky Cover 
	PerCent 
	% 
	No

	Insolation (solar loading) 
	float 
	(W/m^2) 
	No

	Snow Amount 
	float 
	cm 
	No

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	No

	Wind Speed 
	float 
	Km/hr 
	No

	Barometric Pressure 
	float 
	hPa or in of Hg 
	No

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


UC-2:  Using Weather to Forecast Medium Term Power Needs (3 - 10 days) (Similar to EIS Alliance UC-3:  “Forecast Power Usage”)
Use Case Name

Customer Uses Weather Data to Forecast Medium Term Power Needs (3-10 Days) 
Applicability
This use case applies to the following customer domains.

	
	Industrial Customer Domain

	
	Commercial Customer Domain

	

	Residential Customer Domain


Function ID

B2G-UC-2

Brief Description

By using weather data, Industrial and Commercial customers can create more accurate forecasts of power usage and can better manage power costs and production schedules.  Sharing this forecast information with power suppliers is a win-win and enables electric power providers to better plan and manage capacity and provide higher quality of service.  
Related Use Cases
B2G-UC-4 Using Weather to Forecast Long Term Power Needs (Longer than 10 Days)
Narrative
(Background) The original EIS Alliance UC-3 includes a detailed narrative that attempts examine all of the relevant metrics used to create a usage forecast.  These include historical energy use, internal storage, generation and consumption of plant equipment required to produce output for a given period of time.  The narrative also includes metrics around energy price and potential production schedules.  Weather is one attribute examined, but not in sufficient detail to identify all of the necessary sub attributes required to know how each will impact the energy use forecast.  

Narrative:  

Weather can have a profound impact on facility energy use.  Building heating and cooling systems are generally optimized for a facility given expected environmental conditions for the geographic location.  This means that for most facilities, energy use fluctuates with the weather; tenant comfort is constant.  In cases where the “tenant” can migrate virtually to another building site, weather forecasts can have a significant impact on energy use in the medium term (3-10 days).  Today it’s possible for data centers and other facilities that process information to migrate processing to other locations to take advantage of lower operating costs created by fluctuating (and beneficial) weather conditions.  As commercial buildings expand their on-site micro data centers, they can also take advantage of migrating compute processing.
Some weather hazards can have a short term impact on facility energy use.  In the case of a blizzard, hurricane, or severe localized flooding, facility operators may opt to shut down “production” of the site for several days.  

These decisions depend on a thorough understanding of weather and its impacts on the facility.  

The facility operator must calibrate all weather data to the geographic location to ensure weather data variation caused by micro climates is eliminated.  

Example of the Role Weather Attributes Might Have on Energy Use Forecast
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1. Historical Weather is provided to the Facility Manager.  There are five variants in this step depending where the historical data is kept.

a. The Facility Manager retrieves historical weather data from an onsite weather server.
b. The Facility Manager retrieves historical weather data from the Energy Supplier through the ESI.
c. The Facility Manager retrieves historical weather data from an EIP through the ESI.
d. The Facility Manager retrieves historical weather data from the ESCO through the ESI.
e. The Facility Manager retrieves historical weather data from a Weather Forecast Service Company through the ESI

2. Weather forecast data is collected.  The predicted weather for the interval being estimated is provided by the following sources.  
a. The Facility Manager retrieves weather forecast data from the Energy Supplier through the ESI.

b. The Facility Manager retrieves forecast weather data from the EIP through the ESI.
c. The Facility Manager retrieves forecast weather data from the ESCO through the ESI.
d. The Facility Manager retrieves forecast weather data from a Weather Forecast Service Company through the ESI. 

3. Current weather data is collected and calibrated to the facility location.

a. If forecast weather data provided in item 2 comes from a non-facility source, and the facility site has some onsite weather data, the information is compared to weather service supplied current information to adjust for the distance to the weather station.  This ensures facility micro climate affects are factored into the formula.  
4. The Facility Operations Team (Facilities, Finance, General Manager etc) Normalize Past System Performance to Weather.   The EIS Alliance UC-3 continues by exploring other energy consumption inputs and attributes needed to develop a forecast.  These are:   

a. Historical Interval Energy is provided to the Facility Manager. 

b. Onsite Generation Capacity and Availability is Determined.  The capacity and availability of any onsite generation equipment is provided to the Facility Manager by the onsite equipment or the EMS.
c. Onsite Electrical Storage Capacity and Availability is Determined.  The capacity and availability of any onsite electrical storage equipment is provided to the Facility Manager by the onsite equipment or the EMS.

d. Onsite Thermal Storage Capacity and Availability is Determined.  The capacity and availability of any onsite thermal storage equipment is provided to the Facility Manager by the onsite equipment or the EMS.

e. Historical Production Data is Determined.  The historical production schedule that correlates to the Historical Interval Energy is provided by the Operations manager to the Facility Manager.

f. Initial Production Scheduling Information is Determined.  The Facility Manager gets production scheduling information for the interval being estimated from the Financial Manager.

g. A Preliminary Interval Energy Demand Forecast is Produced.  The Facility Manager takes the generation, storage, weather, and scheduling information and creates a preliminary energy demand forecast for the interval being estimated and sends it to the Financial Manager.

h. Energy Pricing Information and rules are Determined.  The Financial Manager retrieves rate information to determine the profitability of production.  This information may come from any of the following energy information providers.

5. Production Schedule Energy Usage, and Energy Demand Forecast are Created.  The Financial Manager uses the Weather Forecast to normalize historical energy consumption.  Then the Financial Manager uses the Preliminary Interval Energy Usage, Energy Demand, and Energy Pricing Information to create the Production Schedule and Energy Demand Forecast.  The Energy Demand Forecast is sent to one or more of the following energy providers.
Note: the "Financial Manager" actor need not be human, a financial system or other automated process may make this determination.  In that case, the information flow from the EMS may be mediated by the potentially automated Facility Manager.
a. The Energy Demand and Usage Forecast, for the interval being estimated, is sent to the Energy Supplier through the ESI.
b. The Energy Demand and Usage Forecast, for the interval being estimated, is sent to the Energy Services Company through the ESI.
Weather Attributes Required for this Use Case (Forecast 3-10 Days)
	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	No

	Hazards 
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	Yes

	Relative Humidity 
	PerCent 
	% 
	Yes

	Sky Cover 
	PerCent 
	% 
	Yes

	Insolation (solar loading) 
	float 
	(W/m^2) 
	Yes

	Snow Amount 
	float 
	cm 
	Yes

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	No

	Wind Speed 
	float 
	Km/hr 
	No

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Yes

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


UC-3 Using Weather to Forecast Long Term Power Needs (greater than 10 days) (Similar to EIS Alliance UC-3:  “Forecast Power Usage”)
Use Case Name

Customer Uses Weather Data to Forecast Long Term Power Needs (greater than 10 days) 

Applicability
	This use case applies to the following customer domains.


	Industrial Customer Domain

	
	Commercial Customer Domain

	

	Residential Customer Domain


Function ID

B2G-UC-3
Brief Description

By using long range weather forecast data, Industrial and Commercial customers can create more accurate forecasts of power usage and can better manage power costs and production schedules.  Sharing this forecast information with power suppliers is a win-win and enables electric power providers to better plan and manage capacity and provide higher quality of service.  

Related Use Cases
B2G-UC-4 Using Weather to Forecast Long Term Power Needs (Longer than 10 Days)
Narrative
(Background) The original EIS Alliance UC-3 includes a detailed narrative that attempts examine all of the relevant metrics used to create a usage forecast.  These include historical energy use, internal storage, generation and consumption of plant equipment required to produce output for a given period of time.  The narrative also includes metrics around energy price and potential production schedules.  Weather is one attribute examined, but not in sufficient detail to identify all of the necessary sub attributes required to know how each will impact the energy use forecast.  

Narrative:  

Weather can have a profound impact on facility energy use.  Building heating and cooling systems are generally optimized for a facility given expected environmental conditions for the geographic location.  This means that for most facilities, energy use fluctuates with the weather; tenant comfort is constant.  In cases where the “tenant” can migrate virtually to another building site, weather forecasts can have a significant impact on energy use in the long term (greater than 10 days).  Today it’s possible for data centers and other facilities that process information to migrate processing to other locations to take advantage of lower operating costs created by fluctuating (and beneficial) weather conditions.  As commercial buildings expand their on-site micro data centers, they can also take advantage of migrating compute processing.

Some weather hazards have potential to make a long term impact on commercial buildings.  In the case of an extended drought that leads to energy supply disruptions, facility operators may opt to shut down “production” of the site for several weeks or months.  

These decisions depend on a thorough understanding of weather and its impacts on the facility.  

The facility operator must calibrate weather data to the geographic location to ensure weather data variation caused by micro climates is eliminated.  

Example of the Role Weather Attributes Might Have on Energy Use Forecast
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1. Historical Weather is provided to the Facility Manager.  There are five variants in this step depending where the historical data is kept.

a. The Facility Manager retrieves historical weather data from an onsite weather server.
b. The Facility Manager retrieves historical weather data from the Energy Supplier through the ESI.
c. The Facility Manager retrieves historical weather data from an EIP through the ESI.

d. The Facility Manager retrieves historical weather data from the ESCO through the ESI.
e. The Facility Manager retrieves historical weather data from a Weather Forecast Service Company through the ESI

2. Weather forecast data is collected.  The predicted weather for the interval being estimated is provided by the following sources.  

a. The Facility Manager retrieves weather forecast data from the Energy Supplier through the ESI.

b. The Facility Manager retrieves forecast weather data from the EIP through the ESI.
c. The Facility Manager retrieves forecast weather data from the ESCO through the ESI.
d. The Facility Manager retrieves forecast weather data from a Weather Forecast Service Company through the ESI. 

3. Current weather data is collected and calibrated to the facility location.

a. If forecast weather data provided in item 2 comes from a non-facility source, and the facility site has some onsite weather data, the information is compared to weather service supplied current information to adjust for the distance to the weather station.  This ensures facility micro climate affects are factored into the formula.  
4. The Facility Operations Team (Facilities, Finance, General Manager etc) Normalize Past System Performance to Weather.   The EIS Alliance UC-3 continues by exploring other energy consumption inputs and attributes needed to develop a forecast.  These are:   

a. Historical Interval Energy is provided to the Facility Manager. 

b. Onsite Generation Capacity and Availability is Determined.  The capacity and availability of any onsite generation equipment is provided to the Facility Manager by the onsite equipment or the EMS.
c. Onsite Electrical Storage Capacity and Availability is Determined.  The capacity and availability of any onsite electrical storage equipment is provided to the Facility Manager by the onsite equipment or the EMS.

d. Onsite Thermal Storage Capacity and Availability is Determined.  The capacity and availability of any onsite thermal storage equipment is provided to the Facility Manager by the onsite equipment or the EMS.

e. Historical Production Data is Determined.  The historical production schedule that correlates to the Historical Interval Energy is provided by the Operations manager to the Facility Manager.

f. Initial Production Scheduling Information is Determined.  The Facility Manager gets production scheduling information for the interval being estimated from the Financial Manager.

g. A Preliminary Interval Energy Demand Forecast is Produced.  The Facility Manager takes the generation, storage, weather, and scheduling information and creates a preliminary energy demand forecast for the interval being estimated and sends it to the Financial Manager.

h. Energy Pricing Information and rules are Determined.  The Financial Manager retrieves rate information to determine the profitability of production.  This information may come from any of the following energy information providers.

5. Production Schedule Energy Usage, and Energy Demand Forecast are Created.  The Financial Manager uses the Weather Forecast to normalize historical energy consumption.  Then the Financial Manager uses the Preliminary Interval Energy Usage, Energy Demand, and Energy Pricing Information to create the Production Schedule and Energy Demand Forecast.  The Energy Demand Forecast is sent to one or more of the following energy providers.

Note: the "Financial Manager" actor need not be human, a financial system or other automated process may make this determination.  In that case, the information flow from the EMS may be mediated by the potentially automated Facility Manager.
a. The Energy Demand and Usage Forecast, for the interval being estimated, is sent to the Energy Supplier through the ESI.
b. The Energy Demand and Usage Forecast, for the interval being estimated, is sent to the Energy Services Company through the ESI.
Weather Attributes Required for this Use Case (Forecast >10 Days)

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	No

	Hazards 
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	No

	Relative Humidity 
	PerCent 
	% 
	No

	Sky Cover 
	PerCent 
	% 
	No

	Insolation (solar loading) 
	float 
	(W/m^2) 
	No

	Snow Amount 
	float 
	cm 
	No

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	No

	Wind Speed 
	float 
	Km/hr 
	No

	Barometric Pressure 
	float 
	hPa or in of Hg 
	No

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


UC-04: Normalize building energy use to provide baseline year
Use Case Name

Measure energy consumption to provide baseline for future performance evaluation.

Applicability
This use case applies to the following customer domains.

	
	Industrial Customer Domain

	
	Commercial Customer Domain

	
	Residential Customer Domain


Function ID

B2G-UC-04

Brief Description

The Commercial or Residential customer would like to establish a baseline year for the energy usage (watts/ft2) of his or her building, as a reference for subsequent evaluations that could show performance degradation. 

Related Use Cases
This use case is similar in scope to EIS-UC-13: Measure energy cost, emissions and consumption to compare against similar buildings for benchmarking purposes.
Narrative

1.  Energy Metering Equipment may be Installed, or Utility Bills collected.  The existing EMS can be used to measure energy, or metering and sub-metering equipment may be installed, to measure the baseline for a year.  Alternatively, energy utility bills for a year, which may be a preceding year, may be referenced.

2.  Weather Sensors may be Installed, or Weather Forecast Service may provide Weather Data.  The existing EMS may use weather sensors for (in approximate order of influence) outside air temperature, relative humidity, barometric pressure, wind speed and other factors to be used in normalization.  Alternatively a weather forecast service may provide this information for the evaluation period.

3. Energy Use is Normalized.  The energy consumption over predefined intervals (by days, weeks, or months) is normalized using Cooling Degree Days, Heating Degree Days, and other factors selected in 2.

4. The Normalized Energy is Shared.  The normalized information may be provided by the EIP or could be produced internally from various sources and is distributed to the following recipients:

a. The Energy Management System, and

b. The Financial Manager, and

c. the Facility Manager. 

Actor (Stakeholder) Roles
The following actors (stakeholders) are interacting in this use case.  A complete description of the actors can be found in Appendix A.

	Name

	Facility Manager

	Energy Information Provider

	Energy Supplier

	Financial Manager

	Energy Management System


Table 4.1.  Normalize building energy use to provide baseline year Actors

Information Exchanged
The following information is transferred across the ESI in this use case.  A complete description of the information exchanged can be found in Appendix B.

	ID
	Name

	1
	Weather

	5
	Present Demand, Aggregated

	16
	Historical interval usage


Table 4.2.  Normalize building energy use to provide baseline year Use Case Information

Information Transactions

	Actor
	Information Supplied (ID #)
	Information Consumed (ID #)

	Facility Manager
	 
	5, 16

	Energy Information Provider
	16
	 5

	Energy Supplier
	5, 16
	 5

	Financial Manager
	 
	5, 16

	Energy Management System
	5
	5, 16


Table 4.3.  Normalize building energy use to provide baseline year Use Case Transactions

Use Case Diagram
The following diagram illustrates this use case.  An explanation of the format of this diagram can be found in Appendix C.
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Figure 4.1. Normalize building energy use to provide baseline year Use Case Diagram
Weather Attributes Required for this Use Case (Normalization of Baseline Development)

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	No

	Hazards 
	String 
	N

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	N

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	N

	Quantitative Precipitation Amount 
	float 
	cm 
	N

	Relative Humidity 
	PerCent 
	% 
	Y

	Sky Cover 
	PerCent 
	% 
	Y

	Insolation (solar loading) 
	float 
	(W/m^2) 
	Y

	Snow Amount 
	float 
	cm 
	Y

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	Y

	Wind Speed 
	float 
	Km/hr 
	Y

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Yes

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


UC-05: Compare building energy use against baseline 
Use Case Name

Measure energy consumption against baseline to evaluate current performance for possible degradation.

Applicability
	This use case applies to the following customer domains.


	Industrial Customer Domain

	
	Commercial Customer Domain

	
	Residential Customer Domain


Function ID

B2G-UC-05

Brief Description

The Industrial, Commercial and/or Residential customer would like to compare current performance in energy usage (watts/ft2) of his or her building, against a reference to evaluate for performance degradation. 

Related Use Cases
This use case builds on B2G-UC-04: Normalize building energy use to provide baseline year.
Narrative

1.  Energy Metering Equipment may be Installed, or Utility Bills collected.  The existing EMS can be used to measure energy, or metering and sub-metering equipment may be installed, to measure energy consumption for a defined period with an equivalent in the baseline.  Alternatively, energy utility bills may be referenced.

2.  Weather Sensors may be Installed, or Weather Forecast Service may provide Weather Data.  The existing EMS may use weather sensors for (in approximate order of influence) outside air temperature, relative humidity, barometric pressure, wind speed and other factors as were used in baseline normalization.  Alternatively a weather forecast service may provide this information for the evaluation period.

3. Energy Use is Normalized.  The energy consumption over the predefined intervals is normalized using Cooling Degree Days, Heating Degree Days, and other factors selected in 2.

4. The Normalized Energy is Compared and Shared.  The normalized information may be provided by the EIP or could be produced internally from various sources, is compared to the normalized baseline information and is distributed to the following recipients:

a. The Energy Management System, and

b. The Financial Manager, and

c. the Facility Manager. 

Actor (Stakeholder) Roles
The following actors (stakeholders) are interacting in this use case.  A complete description of the actors can be found in Appendix A.

	Name

	Facility Manager

	Energy Information Provider

	Energy Supplier

	Financial Manager

	Energy Management System


Table 5.1.  Compare building energy use against baseline Actors

Information Exchanged
The following information is transferred across the ESI in this use case.  A complete description of the information exchanged can be found in Appendix B.

	ID
	Name

	1
	Weather

	5
	Present Demand, Aggregated

	16
	Historical interval usage


Table 5.2.  Compare building energy use against baseline Use Case Information

Information Transactions

	Actor
	Information Supplied (ID #)
	Information Consumed (ID #)

	Facility Manager
	 
	5, 16

	Energy Information Provider
	16
	 5

	Energy Supplier
	5, 16
	 5

	Financial Manager
	 
	5, 16

	Energy Management System
	5
	5, 16


Table 5.3.  Compare building energy use against baseline Use Case Transactions

Use Case Diagram
The following diagram illustrates this use case.  An explanation of the format of this diagram can be found in Appendix C.
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Figure 5.1. Compare building energy use against baseline Use Case Diagram
Weather Attributes Required for this Use Case (Normalization of Baseline)

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	No

	Hazards 
	String 
	N

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	N

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	N

	Quantitative Precipitation Amount 
	float 
	cm 
	N

	Relative Humidity 
	PerCent 
	% 
	Y

	Sky Cover 
	PerCent 
	% 
	Y

	Insolation (solar loading) 
	float 
	(W/m^2) 
	Y

	Snow Amount 
	float 
	cm 
	Y

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	Y

	Wind Speed 
	float 
	Km/hr 
	Y

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Yes

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


UC-6 Using Weather Information to Manage and Protect Distributed Energy Resources
Use Case Name

Customer Uses Weather Information to Manage and Protect Distributed Energy Resources 

Applicability
	This use case applies to the following customer domains.


	Industrial Customer Domain

	
	Commercial Customer Domain

	

	Residential Customer Domain


Function ID

B2G-UC-6
Brief Description

Industrial and Commercial customers can reduce the possibility of electrical outages and prevent damage to Distributed Energy Resources (DER) by using weather information on approaching hazards.  

Related Use Cases
None.
Narrative
Hazardous weather has the ability to cause significant operational interruption to mission critical and life safety equipment.  For example, in some geographic areas lighting strikes electrical distribution systems regularly and can cause wide spread service interruption.  Life safety equipment is typically legally required to be isolated from interruptions in electrical service by an instant-on standby generator or battery system.  There is more flexibility with mission critical equipment.  Some customers monitor weather hazards and provision generators when the threat of an outage appears imminent.  As a lighting storm approaches, generators will be started and the facility will be taken “off-grid” until the weather passes.
Hazardous weather also has maintenance implications for distributed electrical generation equipment to protect the equipment from damage.  Possible scenarios include:
a. Moving the angle of incidence of solar collector to be parallel to the sky when hail is predicted to reduce the potential for hail damage to the solar collector panels.

b. Moving the axis of a wind turbine to be parallel to an incoming front when high winds or wind bursts are predicted.

1. Current Weather Hazard Forecast is monitored by the Facility Manager.  The Facility Manager retrieves current weather hazards from a Weather Forecast Service Company through the ESI.
2. Hazard forecast data is analyzed.  The predicted hazards are analyzed to determine if they have:  

a. An operational effect on the facility that might cause electrical power to be lost.
b. A maintenance effect on the facility that might cause damage to the Distributed Energy Resources (DER) on-site.
3. The Facility Manager implements a risk reduction policy.   Depending upon the hazard type, probability of occurrence, and facility risk tolerance, the facility manager may take action to reduce the risk of losing power or damaging equipment.
Weather Attributes Required for this Use Case
	Attribute
	Data Type
	Units
	Used

	Hazards 
	String 
	Yes

	Probability of Hail 
	
	%
	Yes

	Probability of Extreme Hail
	
	%
	Yes

	Probability of Damaging Thunderstorm Winds
	
	%
	Yes

	Probability of Extreme Thunderstorm Winds
	
	%
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	Degrees
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	Feet
	Yes

	Tornado Watch 
	String
	
	Yes

	Tornado Warning 
	String
	
	Yes

	Severe Thunderstorm Watch 
	String
	
	Yes

	Severe Thunderstorm Warning
	String
	
	Yes

	Tropical Storm Watch 
	String
	
	Yes

	Tropical Storm Warning
	String
	
	Yes

	Hurricane Watch 
	String
	
	Yes

	Hurricane Warning
	String
	
	Yes

	Flash Flood Watch 
	String
	
	Yes

	Flash Flood Warning
	String
	
	Yes

	Costal/Flood Watch 
	String
	
	Yes

	Costal/Flood Warning
	String
	
	Yes

	Small Stream Flood Advisory 
	String
	
	Yes

	Blizzard Warning 
	String
	
	Yes

	Winter Storm Watch 
	String
	
	Yes

	Winter Storm Warning
	String
	
	Yes

	Snow Advisory 
	String
	
	Yes

	Ice Storm Warning
	String
	
	Yes

	Winter Weather Advisory 
	String
	
	Yes

	High Wind Warning
	String
	
	Yes

	High Surf Advisory
	String
	
	Yes

	High Surf Warning
	String
	
	Yes

	Hazardous Seas Watch
	String
	
	No

	Hazardous Seas Warning
	String
	
	No

	Gale Warning
	String
	
	Yes

	Heavy Freezing Spray Warning
	String
	
	Yes

	Small Craft Advisory
	String
	
	No


UC-07: Weather Data Usage in Start/Stop Time Optimization
Use Case Name

Use of weather information to optimize the cost of ramping up/down of building operating conditions according to a change in occupancy.

Applicability
This use case applies to the following customer domains.

	(
	Industrial Customer Domain

	
	Commercial Customer Domain

	
	Residential Customer Domain


Function ID

B2G-UC-07

Brief Description
Given the target building conditions for an occupied area, use the current building conditions, the current weather, any available predicted weather, and relevant historical information to initiate the transition to occupied mode conditions at the lowest cost.  This is typically the nearest to the time when the building is to be occupied.  Similarly, the transition to unoccupied mode can be initiated shortly before the target unoccupied time in order to capture cost savings from letting the building “coast.”

Weather Attributes Required for this Use Case (Weather Data Usage in Start/Stop Time Optimization )

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	Y

	Hazards 
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	Y

	Relative Humidity 
	PerCent 
	% 
	Y

	Sky Cover 
	PerCent 
	% 
	Y

	Insolation (solar loading) 
	float 
	(W/m^2) 
	Y

	Snow Amount 
	float 
	cm 
	Y

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	Y

	Wind Speed 
	float 
	Km/hr 
	Y

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Y

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


UC-08: Using weather data to determine when to shift loads (produce ice, pre-cool, store DG energy, delayed start…)
Use Case Name

Use weather information to optimize the cost of strategies to shift energy usage to a different time interval.

Applicability
This use case applies to the following customer domains.

	(
	Industrial Customer Domain

	
	Commercial Customer Domain

	
	Residential Customer Domain


Function ID

B2G-UC-08

Brief Description

Load shifting encompasses a family of demand reduction strategies aimed at using the same amount of energy, but using it at a time of day when energy prices are lower.  

A Time-Of-Use tariff may cause an energy management system to deploy load shifting strategies every day, no matter what the current or forecast weather is.  Running a dishwasher at night and re-charging a PEV overnight are examples of weather independent strategies.  Weather data has little effect on when to shift loads.  Loads are shifted in order to avoid higher energy prices at certain times of day.

Weather data is used to optimize the load shifting strategies of pre-cooling building mass and thermal energy storage.

Given the result of the forecasted load during the higher priced period of the day, pre-cool the building during the time of low priced energy supply only enough to last as long as money is saved, and also within the bounds of occupant temperature flexibility.

Given the result of the forecasted load, generate as much Ice as needed to reduce the forecasted load to the desired level.  Weather is used to calculate the expected cost of running the ice maker.  Ice is made until the cost of running the ice maker is greater than the cost of the avoided energy usage predicted for the peak price period.

Weather Attributes Required for this Use Case (Weather Data Usage in Start/Stop Time Optimization)

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	Y

	Hazards 
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	Y

	Relative Humidity 
	PerCent 
	% 
	Y

	Sky Cover 
	PerCent 
	% 
	Y

	Insolation (solar loading) 
	float 
	(W/m^2) 
	Y

	Snow Amount 
	float 
	cm 
	Y

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	Y

	Wind Speed 
	float 
	Km/hr 
	Y

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Y

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


UC-09: Using weather data to change a facility schedule (eg. shut facility due to potential snow storm) 
Use Case Name

Reaction to Severe Weather Warnings.
Applicability
This use case applies to the following customer domains.

	(
	Industrial Customer Domain

	
	Commercial Customer Domain

	
	Residential Customer Domain


Function ID

B2G-UC-09

Brief Description

Public Alert tornado watches/warnings and other severe weather warnings  are monitored in order to protect occupants and facilities.  These warnings are monitored by human operators according to the organization’s emergency event plan.  The action taken depends mainly on how much time is available before the event is forecasted to occur.  If it’s far enough in advance the occupants are notified not to come to the facility or the occupants are sent home.  The facility is secured.

Weather Attributes Required for this Use Case (Weather Data Usage in Start/Stop Time Optimization )

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	Y

	Hazards 
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	Y

	Relative Humidity 
	PerCent 
	% 
	Y

	Sky Cover 
	PerCent 
	% 
	Y

	Insolation (solar loading) 
	float 
	(W/m^2) 
	Y

	Snow Amount 
	float 
	cm 
	Y

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	Y

	Wind Speed 
	float 
	Km/hr 
	Y

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Y

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


UC-10 Using Weather Information to Manage a Facility before a  Demand Response Event
Use Case Name

Customer Uses Weather Information to Manage a Facility before a Demand Response Event 

Applicability
This use case applies to the following customer domains.

	
	Industrial Customer Domain

	
	Commercial Customer Domain

	
	Residential Customer Domain


Function ID

B2G-UC-10
Brief Description

Before a demand response event is called, a customer has the ability to shift load.  To determine the best options for shifting this load, knowledge of the present and forecasted weather is required.  The classic example is for a customer to pre-cool the thermal mass of a building.  Other options include storing energy (thermal or electrical) during non-demand time, adjusting occupant need for cooling (casual clothes days), and rescheduling the operation of the building (work at home days).
Related Use Cases
This is similar to UC-8 (Using weather data to determine when to shift loads) and UC 9.  
Narrative
1. Facility Manager gets an early indication of a Demand Response event.  The Facility Manager gets an indication that the next day has a high probability of being a demand response day.
2. Facility Manager and Business Manager determine how to respond to the Demand Response event.  Give the business needs, the Facility Manager and Business Manager decides whether to change the business operation.  This might include asking employees to work at home, wear casual cool clothes, or pulling shades and optional plug loads.
3. Building Management System (BMS) gets an indication of a Demand Response event.  The BMS receives an electronic indication via the ESI that tomorrow may be a demand response day.
4. The BMS retrieves the weather forecast for the next several (up to 3) days.  The BMS uses the weather information to determine the proper time to schedule changes to the operation of the facility.

5. The BMS changes schedules to support the demand response event.   There are two options for this use case.
a. If the facility is going to be occupied.  Depending upon the type of equipment in the facility, the BMS will schedule them to reduce the load during the demand response event.  This may include:
i. Start the thermal storage system to ensure it is fully charged by the start of the demand response event.

ii. Start the electrical energy storage system to ensure that it is fully charged by the start of the demand response event.

iii. Reduce the ventilation setpoints to limit the amount of hot air brought into the facility.

iv. Increase the pressure setpoints to reduce hot air infiltration.
b. If the facility is going to be vacant.  The BMS will plan the shutdown of the building for the next day by changing schedule to holiday schedules.

Weather Attributes Required for this Use Case

	Attribute
	Data Type
	Units
	Used

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	Yes

	Relative Humidity 
	PerCent 
	% 
	Yes

	Sky Cover 
	PerCent 
	% 
	Yes

	Insolation (solar loading) 
	float 
	(W/m^2) 
	Yes

	Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	No

	Wind Speed 
	float 
	Km/hr 
	No

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Yes

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	Degrees
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	Feet
	Yes


UC-11 Using Weather to Determine How Much Reactive Power Can be Offered for Sale and Direct Control by the Grid
Use Case Name

Reactive Power Available for Sale and Control to the Grid
Applicability

	This use case applies to the following customer domains.


	Industrial Customer Domain

	
	Commercial Customer Domain

	
	Residential Customer Domain


Function ID

B2G-UC-11
Brief Description

In this use case, 
Related Use Cases


N/A

Background
This use case covers an instance where a customer has a renewable energy generation source that feeds power into an inverter and the inverter can produce reactive power.  All  inverters can produce reactive power while generating electricity; most vendors/customers disable this feature or set it to “off”.  In this case, the weather forecast indicates that the generator will produce power at a given time and amount.  This information is passed to the grid and is made available for direct control and sale.

Narrative
In this use case, the customer has a PV or other renewable energy generator that produces DC power.  This energy is fed into an inverter to convert to AC.  The weather forecast for “insolation” is used to determine how much reactive power can be generated at a given time.    

1. Historical Weather is provided to the Facility Manager.  There are five variants in this step depending where the historical data is kept.

a. The Facility Manager retrieves historical weather data from an onsite weather server.
b. The Facility Manager retrieves historical weather data from the Energy Supplier through the ESI.
c. The Facility Manager retrieves historical weather data from an EIP through the ESI.
d. The Facility Manager retrieves historical weather data from the ESCO through the ESI.
e. The Facility Manager retrieves historical weather data from a Weather Forecast Service Company through the ESI

2. Weather forecast data is collected.  The predicted weather for the interval being estimated is provided by the following sources.  

a. The Facility Manager retrieves weather forecast data from the Energy Supplier through the ESI.

b. The Facility Manager retrieves forecast weather data from the EIP through the ESI.
c. The Facility Manager retrieves forecast weather data from the ESCO through the ESI.
d. The Facility Manager retrieves forecast weather data from a Weather Forecast Service Company through the ESI. 

3. Current weather data is collected and calibrated to the facility location.

a. If forecast weather data provided in item 2 comes from a non-facility source, and the facility site has some onsite weather data, the information is compared to weather service supplied current information to adjust for the distance to the weather station.  This ensures facility micro climate affects are factored into the formula.  
4. The facility Manager determines available reactive power capacity
a. Based on the current and forecasted weather, the facility manager sends out a forecast for reactive power available for grid control.  
Weather Attributes Required for this Use Case (Reactive Power)

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	No

	Hazards 
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	No

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	No

	Quantitative Precipitation Amount 
	float 
	cm 
	No

	Relative Humidity 
	PerCent 
	% 
	No

	Sky Cover 
	PerCent 
	% 
	Yes

	Insolation (solar loading) 
	float 
	(W/m^2) 
	Yes

	Snow Amount 
	float 
	cm 
	Yes

	Temperature 
	Temperature 
	Degrees C or F 
	No

	Wind Direction 
	AngleDegrees 
	Degrees 
	No

	Wind Speed 
	float 
	Km/hr 
	No

	Barometric Pressure 
	float 
	hPa or in of Hg 
	No

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes


 Appendix A:  Actor (Stakeholder) Descriptions

	Name
	Type
	Description

	Facility Manager
	Person
	Person responsible for the maintenance and operation of the facility. In the Residential market, this is the home owner, landlord, or building superintendent.

	Critical Loads
	Machine
	Individual loads deemed to be critical to the operation of the facility or process.

	Sheddable Loads
	Machine
	Individual loads that may be shed or controlled to reduce power demand.

	End Use Customer
	Person
	Residential customer or other person in a commercial/industrial building that is consuming energy.  This customer may also be an entity (e.g. department, tenant) within a larger building.

	ESCO
	Organization
	Business providing energy savings, efficiency, and generation solutions.

	Energy Information Provider
	Organization
	Business providing energy supply or demand information.

	Energy Supplier
	Organization
	A company that delivers electricity to end use customers.

	Energy Management System
	Device
	A system used to monitor and control the energy consuming devices in a building.

	Metering Equipment
	Device
	A system that measures energy consumption and demand of a facility or load. 

	Intelligent Sub-Metering Device
	Device
	A system that measures, collects, and analyzes energy cost/consumption of external equipment.

	Intelligent End Point
	Device
	A system that internally measures, collects, and analyzes its energy cost/consumption. Examples: Smart Power Strip, Smart Power Distribution Unit

	Intelligent HMI Energy Device
	Device
	A device that is capable of displaying power consumption of one or more devices, areas, buildings, or campuses.

	Intelligent HMI Energy Device
	Device
	A system that displays information on the energy cost/consumption of one or more devices in a building.
HMI = Human, Machine Interface.  

This could be a stand-alone device, separate from an EMS or, it could be a display connected to an EMS.  Examples include Touch-screen interface for system control in a home, an energy kiosk in a lobby, etc.

	Financial Manager
	Person
	Person that is responsible for cost accounting and developing financial strategies for an industrial or commercial business.

	Home Owner
	Person
	Owner of residence

	Landlord
	Person
	Owner or manager of multi-premise dwelling

	Installer (service technician)
	Person
	Installer of intelligent end-point loads, DR loads, or EMS system and components

	Operations Manager
	Person
	Person that is responsible for the operational activities within an industrial or commercial building.


Table A.1.  Customer Domain Use Case Actors

Appendix B: Weather Data Exchange Table

	Attribute
	Data Type
	Units
	Used

	12-hour Probability of Precipitation (PoP12) 
	PerCent 
	% 
	Yes

	Hazards 
	String 
	Yes

	Maximum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Minimum Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Quantitative Precipitation Amount 
	float 
	cm 
	Yes

	Relative Humidity 
	PerCent 
	% 
	Yes

	Sky Cover 
	PerCent 
	% 
	Yes

	Insolation (replaced with irradiance) 
	
	
	Yes

	Snow Amount 
	float 
	cm 
	Yes

	Outside-Temperature 
	Temperature 
	Degrees C or F 
	Yes

	Wind Direction 
	AngleDegrees 
	Degrees 
	Yes

	Wind Speed 
	float 
	m/s 
	Yes

	Barometric Pressure 
	float 
	hPa or in of Hg 
	Yes

	Start Date/Time 
	AbsoluteDateTime 
	Yes

	End Date/Time 
	AbsoluteDateTime 
	Yes

	Sunrise Time 
	Time 
	Yes

	Sunset Time 
	Time 
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	
	Yes

	GH Irradiance (Global Horizontal) 
	float 
	(W/m^2) 
	Yes

	DN Irradiance (Direct Normal)
	Float
	(W/m^2)
	Yes

	DF Irradiance (Diffuse)
	Float
	(W/m^2)
	Yes

	PA Irradiance (Plane-of-Array)
	float
	(W/m^2)
	Yes

	Inside room-temperature 
	Temperature 
	Degrees C or F 
	Yes

	Gust Direction
	AngleDegrees 
	Degrees 
	Yes

	Gust Speed
	Float
	m/s
	Yes

	
	
	
	

	
	
	
	

	
	
	
	


Appendix C: Weather Hazard Information Exchange Table 
	Attribute
	Data Type
	Units
	Used

	Hazards 
	String 
	Yes

	Probability of Hail 
	
	%
	Yes

	Probability of Extreme Hail
	
	%
	Yes

	Probability of Damaging Thunderstorm Winds
	
	%
	Yes

	Probability of Extreme Thunderstorm Winds
	
	%
	Yes

	Geographic Location Degrees Latitude 
	AngleDegrees 
	Degrees 
	Yes

	Geographic Location Minutes Latitude 
	Float 
	Yes

	Geographic Location Degrees Longitude 
	AngleDegrees 
	Degrees
	Yes

	Geographic Location Minutes Longitude 
	Float 
	Yes

	Geographic Location Elevation 
	Float 
	Feet
	Yes

	Tornado Watch 
	String
	
	Yes

	Tornado Warning 
	String
	
	Yes

	Severe Thunderstorm Watch 
	String
	
	Yes

	Severe Thunderstorm Warning
	String
	
	Yes

	Tropical Storm Watch 
	String
	
	Yes

	Tropical Storm Warning
	String
	
	Yes

	Hurricane Watch 
	String
	
	Yes

	Hurricane Warning
	String
	
	Yes

	Flash Flood Watch 
	String
	
	Yes

	Flash Flood Warning
	String
	
	Yes

	Costal/Flood Watch 
	String
	
	Yes

	Costal/Flood Warning
	String
	
	Yes

	Small Stream Flood Advisory 
	String
	
	Yes

	Blizzard Warning 
	String
	
	Yes

	Winter Storm Watch 
	String
	
	Yes

	Winter Storm Warning
	String
	
	Yes

	Snow Advisory 
	String
	
	Yes

	Ice Storm Warning
	String
	
	Yes

	Winter Weather Advisory 
	String
	
	Yes

	High Wind Warning
	String
	
	Yes

	High Surf Advisory
	String
	
	Yes

	High Surf Warning
	String
	
	Yes

	Hazardous Seas Watch
	String
	
	No

	Hazardous Seas Warning
	String
	
	No

	Gale Warning
	String
	
	Yes

	Heavy Freezing Spray Warning
	String
	
	Yes

	Small Craft Advisory
	String
	
	No


Appendix D: Information Exchange Table (from the original EIS Alliance Use Cases)
	ID
	Name
	Description

	1
	Weather
	Forecast weather, and related conditions, including: temperature, relative humidity, hours of sunshine, sunrise, sunset, precipitation, wind speed and direction, ozone, smog, particulates, allergens, etc.

	2
	Power Quality
	Various attributes of Power Quality on both an instantaneous as well as historical or scheduled (future) perspective.  Attributes would include appropriate elements of the following:

· Communication time stamp

· Power availability

· Power quality (voltage, frequency, harmonics)

· Scheduled Maintenance start time

· Scheduled Maintenance completion time

· Scheduled Maintenance quantified or qualified projected impact on power quality during the Maintenance window

	3
	Pricing Information
	Customer-specific real-time pricing (RTP) data tables and demand interval data (e.g. demand rules, tariffs, previous highest demand etc)

	4
	Energy Emissions
	Present and/or historical information used to quantify the environmental burden created during the generation of the power.  This could be power received from an energy supplier or, it could pertain to energy generated onsite (e.g. Carbon, CO2, SOx, NOx, and other by-products of fossil-fuel combustion).

	5
	Present Demand, Aggregated
	Instantaneous energy usage of the facility or production site, as an aggregate.

	6
	Present Demand, Sub Loads
	Instantaneous energy usage of the sub loads being monitored (conditional on sub-metering installed).

	7
	Sheddable Load
	Individual loads and their aggregate value that may be shed or controlled to reduce power demand

	8
	Critical Load
	Individual loads deemed to be critical, and their aggregate value, which may not be shed

	9
	State Change Interval
	How quickly sub loads can respond to a shed command to reduce power demand

	10
	Existing Demand Thresholds
	Existing peak demand in current billing period; existing maximum demand during ratchet demand period

	11
	Onsite generation capabilities
	The on-site generation capabilities, current and future status are summarized.  

This also includes availability: spinning, and non-spinning reserves.  Onsite generation includes spinning reserves (generation that can be called upon quickly, typically less than 5 minutes) and non-spinning reserves (generation that may take 15 minutes or more to become available).

	12
	Onsite energy storage 
	The on-site energy storage capacity as well as current and future status is summarized.  To the outside, on-site energy storage is stored energy that will appear as generation capacity.

This also includes availability.

	13
	Onsite thermal storage
	The capacity and availability of on-site thermal energy storage.

	14
	Loads to Shed
	Specific loads the EMS commands to shed.

	15
	Demand Forecast
	Forecasted demand (based on production schedule and historical data).

	16
	Historical interval usage
	Historical information about the energy consumed per block of time (e.g. 15 minute sliding window), as well as the power quality data for that block of time.

	17
	Energy Cost
	Energy cost per unit of time (e.g. minute, hour).  

	18
	Energy Emissions per kW
	“Energy Emissions” (ID 4, above) per kilowatt of power used. 

	19
	Building Report – Common Data
	Information related to building energy usage information, including information about consumption, cost, and emissions.


Table B.1.  Customer Domain Use Case Information Exchange
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Figure C.1.  Use Case Diagram Legend[image: image6.wmf]
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