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[bookmark: _Ref175716349]This document provides a general measurement and verification (M&V) plan for a price responsive thermal mass control technology.  This plan provides a description of the technology and how it will save energy.  The performance objectives, performance metrics, and data requirements are defined.  A demonstration design including the instrumentation requirements to collect the required data and determine the performance is provided.  The analysis methods and expected outcomes are described.  Finally, a representative schedule of activities is provided.  This M&V plan will need to be modified for site specific applications.
Determination of performance will be based on existing data systems including interval data from the utility meter and the building automation system (BAS).  Building and HVAC system characterization will be required for this effort and will be collected in coordination with the technology vendor. 
Technology Description
A price responsive thermal mass control method reduces HVAC energy consumption, peak demand, and energy costs in large commercial buildings by applying automated, web-based control strategies to integrate HVAC operations and investments with electric system operations and markets. The objective is to apply real-time, predictive optimization algorithms to harnesses the energy storage embodied in the physical structure of office buildings, concrete, drywall, even furniture, to dynamically shape daily cooling loads. The building’s cooling loads are satisfied by strategically sub-cooling during off-peak hours, which may result in improved efficiency and reduced operating costs for the building and lower stress to the electric grid during peak hours.
The technology under for this project uses a detailed and  calibrated hourly operational model unique to each building to accurately predict the cost of running a facility for the coming day based on “business-as-usual” operating strategies, including consideration of weather and grid price forecasts. The model reflects the building’s thermal properties and the efficiencies of its HVAC machinery and systems. Every hour, the optimizer evaluates different operating scenarios to meet the building’s cooling needs for the next 24 hours, altering the facility’s zone temperature setpoints until it identifies a least-cost operating strategy. The optimizer allows for a performance-oriented focus, balancing among diverse and often conflicting objectives, such as energy efficiency, operating expense, demand response revenues, peak electric demand, occupant comfort, indoor air quality, and chiller cycling. It also incorporates both state constraints (e.g. zone temperatures, CO2 concentration) and control constraints (e.g. equipment cycling and capacities). The building operator sets the objectives and constraints prior to production. 

Demonstration Objectives
[bookmark: _Ref344454880][bookmark: _Toc346684204]This project will focus two objectives, which were used to develop the list of performance objectives, performance metrics, and data requirements in Table 1.  These objectives are:  (1) to verify energy, demand, and cost reductions for buildings included in the demonstration; and (2) to provide GSA with decision-making information so that it can assess the applicability of such technologies to deployments in other GSA buildings.  Technologies that leverage storage inherent in buildings have the potential to produce targeted demand reductions and mitigate high or volatile electricity peak demand prices.
Proposed success criteria for each performance metric are listed in the right column and will be adjusted with review and feedback with GSA and the technology provider.
[bookmark: _Ref391909581]Table 1 Demonstration Objectives
	Performance Objective
	Performance Metric
	Data Requirements
	Success Criteria

	Reduce annual energy consumption
	Normalized total electricity and gas consumption
	Monthly gas and daily building electricity consumption, average daily outdoor temperature, other normalizing factors for efficient case and baseline case
	5% savings over baseline

	Reduce annual electricity consumption
	Normalized total electricity consumption
	Daily building energy use, average daily outdoor temperature, other normalizing factors for efficient case and baseline case
	5% savings over baseline

	Reduce monthly energy consumption during cooling season
	Normalized total electricity consumption
	Daily building energy use, average daily outdoor temperature, other normalizing factors for efficient case and baseline case
	10% savings over baseline

	Reduce monthly peak electricity demand in cooling season
	Normalized monthly peak electricity demand
	15 min or 30 min average power. Monthly billed peak demand
	10% less than baseline 

	Reduce annual energy cost
	Normalized annual energy cost 
	Daily building energy use, average daily outdoor temperature, other normalizing factors for efficient case and baseline case; utility rates
	5% savings over baseline 

	Reduce monthly energy costs during cooling season
	Normalized monthly energy cost
	Daily building energy use, average daily outdoor temperature, other normalizing factors for efficient case and baseline case; utility rates
	10% savings over baseline 

	Reduce annual carbon dioxide emissions
	Normalized annual carbon dioxide equivalent emissions
	Monthly gas and electricity consumption, monthly baseload and non-baseload energy consumption
	5% savings over baseline 




Demonstration Design
The performance of each application will be determined by a comparison to a baseline performance determined from historical data for each building.  The comparison will require a characterization of each building, operation, and location.  Comparisons will require adjustments for weather conditions and changes in operations between the baseline and the demonstration periods.  This technology is primarily a cooling season strategy; at a minimum, the demonstration period should include cooling months.  The duration of the cooling season can depend on site-specific conditions and should reflect how long the building operators keep cooling systems operational.  If the demonstration is less than 12 months, annual savings calculations will assume no savings during non-demonstration months. 
  
Instrumentation and Monitoring
NREL will coordinate with GSA and the technology provider to collect the building characterization data, BAS data, and utility data.  Existing HVAC submeter data will be used if it is available to improve the understanding of the application of the technology.  Interval (15 min or 30 min) utility electricity and gas (if available) will be collected and used for the analysis. If interval gas consumption is not available, then monthly totals will be collected.  Fifteen minute or hourly outdoor air temperature measurements will be taken from the nearest existing weather station.  Building submeter data will collected if available to supplement the understanding of the impact of control algorithms on the building services.

Baseline Performance Determination
The first step in establishing the baseline performance is to characterize the building and the building systems for an adequate understanding and analysis of the performance.  Data requirements for the building characterization are listed in Table 2. 
The baseline building performance will be based on historical utility data and outdoor air temperature or degree days.  At least 12 months of data and more if available will be used for the baseline determination.  Electricity and gas energy consumption will be normalized against the outdoor air temperature.  Daily electricity consumption data will be normalized with the daily average outdoor air temperature.  Daily peak electricity demand on a time scale that matches the utility peak demand billing will be normalized with the maximum daily temperatures.  Other normalization factors will be considered if there appears to be a strong correlation to energy performance. Details on the normalization process are included in Section 5.

[bookmark: _Ref391822518]Table 2  Baseline Building Characterization
	Characteristic
	Notes

	General Information
	

	Building activities and percent of total floor area
	Follow CBECS building activities

	Gross floor area
	ASHRAE Standard 105-2014

	Number of floors
	

	Location (City, State, ZIP)
	

	Approximate year of construction
	

	Energy sources
	All utilities and on-site generation

	Utility rates
	

	Occupancy schedules by space type
	Approximate occupancy and weekly schedule

	Significant internal process loads and schedule 
	Data center or other process load

	HVAC Information
	

	Temperature setpoint schedules by space
	

	Chiller(s) description
	

	Capacity (ref. Tons, kW)
	

	Type
	

	Efficiency
	

	Age and last major upgrade
	

	Sequence of operations 
	Important if there are multiple chillers

	Cooling tower or air cooled condenser
	

	Brief description of distribution type (e.g., ducted overhead, UFAD, radiant) 
	

	Does the building use CAV or VAV systems?
	

	Is economizing used?
	

	Are other HVAC-integrated thermal energy storage systems present?
	

	Is the heating/cooling plant in this building or in another building?
	

	Does the heating/cooling plant serve only this building or other buildings as well?
	

	Utility data – at least 12 months
	

	Submeter data (if available)
	

	Outdoor air temperature data (15 min or hourly)
	

	Envelope Information
	

	Envelope construction type
	Mass, steel wall, curtain wall, metal building

	Estimated effective thermal mass
	NREL will work with the technology provider to define this parameter

	Briefly describe the opaque envelope in terms of material type and layers.  Indicate the order of the layers (e.g., exterior to interior).
	

	Glazing type: single-, double-, or triple-glazed 
	

	Approximate window-to-wall ratio
	




Performance Analysis and Assessment
The two main objectives of the analysis are to determine the savings for each building and to estimate the potential savings for other applications.  The savings (impact) for each building will be determined according to the performance objectives listed in Table 1. 
Annual and monthly energy performance will be determined by comparison of energy consumption with the demonstrated technology to baseline energy consumption without the demonstrated technology.  Results will be normalized for weather to control for differences between the baseline and demonstration periods.  Other normalization factors will be explored if weather normalization does not explain performance variations and there appears to be a strong correlation to energy performance.  Models for daily electricity and monthly gas energy consumption will be developed with average outdoor air temperatures or degree days for energy comparisons.  Models of daily peak power with daily maximum outdoor air temperature will be used for daily and monthly peak demand reduction comparisons.
The change in annual carbon dioxide emissions will be estimated from the change in the energy consumption between the baseline and the measured energy performance for peak and non-peak times using the regional average and non-baseload emission factors as published in ASHRAE Standard 105-2014.
Predictions of energy performance for the same building types for extreme hot years and for other locations will be made using the best approach as determined from the above exercise.  Results for other building types and HVAC system types are difficult to make without further performance data; however, recommendations for the best types of buildings, HVAC system types, climates, and utility rate structures will be produced from comparisons of the demonstration data and regression models.

Major Activities
The list of major activities is provided in Table 3.  A schedule to complete these activities will be determined with GSA.

[bookmark: _Ref391561767]Table 3  Demonstration Major Activities
	Activity
	Responsibility

	Finalize site selections and hold TKO meetings
	GSA, NREL, & Tech. Provider

	Finalize site specific M&V plans
	NREL

	Characterize buildings and collect historical building energy data
	Tech. Provider & NREL

	Establish chiller and plug and process load baseline performance
	Tech. Provider

	Develop and test baseline building performance models
	NREL

	Install QCo control systems in buildings
	Tech. Provider

	Monitor performance of the buildings
	Tech. Provider & NREL

	Analyze the performance of the buildings
	NREL

	Final report
	NREL
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Technology Performance Exchange Integration
As part of a cohesive, step-by-step strategy to move newly commercialized technologies to full scale adoption, this work will use a defined process to address many of the gaps identified by DOE, including gaps in the following areas:
Data transparency and consistency
Inter-program and stakeholder input pathway coordination
3rd party performance verification
Operations and maintenance strategies and data
Demonstration of non-energy benefits

Specifically, for relevant technologies being demonstrated through the HIT Catalyst program, this work will identify the intrinsic, product-specific energy performance parameters necessary to support robust analysis and extrapolate anticipated energy consumption and savings well beyond the technology demonstrations to applicable nationwide building stock.  Even though implementation of the robust analysis is not part of FY15 scope, identifying and capturing these parameters now maximizes the value of these demonstrations and provides a pathway to understanding the overarching impact of the demonstrated technologies.  Once these requisite parameters have been identified, the project performer will work with the technology manufacturer to obtain data for the identified parameters, even if such data are not normally made publically available. These data will eventually be stored on the Technology Performance Exchange so that they are accessible to a wide array of end-users and to ensure that data for similar technologies can also be uploaded and the performance of many different products easily compared.
The M&V plans developed for field demonstrations will focus on characterizing those conditions that are not easily characterized in a laboratory setting, primarily use patterns, operation-related parameters, and other non-energy benefits. However, where possible, validation of the manufacturer-provided intrinsic performance data will also be gathered and will serve as 3rd party performance verification of the manufacturer’s claims. M&V plans will not be focused on characterizing the intricacies of how the product performs in the field, as the many uncontrollable and building-specific characteristics unique to each demonstration site make it extremely difficult to apply those results to alternative installation scenarios. The M&V plans will, however, be designed to provide enough data to allow for robust comparative field analysis (e.g., regression analysis) of the energy benefits/penalties of the HIT Catalyst demonstration technologies.

Energy Performance Parameter Identification 	
For each hardware-based HIT Catalyst demonstration technology, provided it is economically feasible, identify the qualitative and quantitative foundational energy performance criteria necessary to predict energy performance in a detailed simulation environment. This effort will support a transparent, collaborative and consistent method for directed decision-making, including two-way communication between internal staff, federal agencies, market stakeholders, and manufacturers. This task does not apply to software-based HIT Catalyst demonstrations.

Laboratory or Subsystem Model Data Gathering	
To the extent that the manufacturer will provide the data, obtain input data from the HIT Catalyst technology manufacturer for each of the parameters identified in the Energy Performance Parameter Identification task. In the future, once the technology has been added to the Technology Performance Exchange (not part of this project), the manufacturer-provided data can be uploaded to increase the transparency and consistency of data exchange.

M&V Plan Development	
Develop a comprehensive M&V plan for each HIT Catalyst demonstration technology. The primary focus will be on monitoring use patterns, operation-related parameters, and non-energy impacts.  When deciding which parameters will be included in the M&V data collection plan, field-measurable parameters that correspond to parameters identified during the Energy Performance Parameter Identification task will be given priority. This will allow for the validation of manufacturer claims. However, at a minimum, the M&V plan will provide enough data to allow for a robust comparative field analysis (e.g., regression analysis) of the energy benefit/penalty of the HIT Catalyst demonstration technology.
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