Exhibit A
Scope of Work
Project and Task List

	Project & Task #s
	CPR
	Project & Task Names 

	Administration
	
	Program Administration

	Task A.1
	
	Attend Kick-off Meeting

	Task A.2
	
	CPR Meetings

	Task A.3
	
	Final Meeting

	Task A.4
	
	Monthly Progress Reports

	Task A.5
	
	Test Plans, Technical Reports and Interim Deliverables

	Task A.6
	
	Final Report

	Task A.7
	
	Identify and Obtain Matching Funds

	Task A.8
	
	Identify and Obtain Required Permits

	Task A.9
	
	Electronic File Format

	Task A.10
	
	Establish the PAC

	Task A.11
	
	Conduct PAC Meetings

	Project 1
	
	Multifamily Heating Ventilation and Cooling

	Task 1.1
	
	Multifamily Ventilation Standards Review

	Task 1.2
	
	Characterization of Multifamily-Building HVAC Ventilation Practices

	Task 1.3
	X
	Ventilation Performance Analysis

	Task 1.4
	
	Field Measurements

	Task 1.5
	
	Synthesis and Summary

	Project 2
	
	Multifamily Fenestration Characteristics

	Task 2.1
	
	Synthesis of Existing Research

	Task 2.2
	
	Market Characterization

	Task 2.3
	X
	Field Data Collection

	Task 2.4
	
	Manufacturer Survey and Analysis

	Task 2.5
	
	Final Report

	Project 3
	
	Energy Savings through Smart Controls in Multifamily Housing

	Task 3.1
	
	Reassessment of Available Technology and Methodology Development

	Task 3.2
	
	Smart Home Energy Monitor Effectiveness Assessment

	Task 3.3
	   X
	Post-Study Results Analysis

	Task 3.4
	
	Codes and Standards Assessment

	Task 3.5
	
	Final Report

	Project 4
	
	Multifamily Technology Transfer

	Task 4.1
	    X
	Technology Transfer Plan

	Task 4.2
	
	Market Connection and Awareness Activities

	Task 4.3
	
	Participation in Standards Planning and Development Activities

	Task 4.4
	
	Association for Multifamily Energy and Economic Research


Key Name List
	Task #
	Key Personnel
	Key Subcontractor(s)
	Key Partner(s)

	A.1
	Nehemiah Stone – BGI
	In Communication (DVBE)
	

	A.2-11
	Lynn Benningfield, Nehemiah Stone, Cyndi Shreve Wreford – BGI
	
	

	1.1
	Mark Modera - WCEC
	
	

	1.2
	Mark Modera - WCEC
	Rick Chitwood, Bruce Wilcox, Robert Thomas Brown (DVBE)
	

	1.3
	Mark Modera - WCEC
	
	

	1.4
	Mark Modera - WCEC
	Rick Chitwood, Bruce Wilcox, Robert Thomas Brown (DVBE)
	American Aldes, Carrier–Aeroseal

	1.5
	Mark Modera - WCEC
	
	

	2.1
	Nehemiah Stone – BGI
	
	

	2.2
	Nehemiah Stone – BGI
	Robert Brown (DVBE)
	

	2.3
	Nehemiah Stone – BGI
	Robert Brown (DVBE)
	

	2.4
	Nehemiah Stone – BGI
	Ken Nittler
	NFRC

	2.5
	Nehemiah Stone – BGI
	Ken Nittler
	

	3.1
	Bruce Benningfield, Lynn Benningfield – BGI
	Opinion Dynamics, 
Karen Herter
	

	3.2
	Bruce Benningfield, Lynn Benningfield – BGI
	Opinion Dynamics, 
Karen Herter
	

	3.3
	Bruce Benningfield – BGI
	Opinion Dynamics, 
Karen Herter
	

	4.1
	Lynn Benningfield, Nehemiah Stone, Cyndi Shreve Wreford – BGI
	In Communication (DVBE)
	

	4.2
	Lynn Benningfield, Nehemiah Stone, Cyndi Shreve Wreford – BGI
	
	

	4.3
	Lynn Benningfield, Cyndi Shreve Wreford – BGI
	
	

	4.4
	Nehemiah Stone – BGI
	
	


Glossary
Specific terms and acronyms used throughout this work statement are defined as follows:

	Acronym
	Definition

	AC
	Air Conditioning

	ACEEE
	American Council for an Energy Efficient Economy

	ACM
	Alternative Compliance Method (building performance simulation software)

	AMI
	Advanced Metering Infrastructure

	ASE
	Alliance to Save Energy

	ASHRAE
	American Society of Heating, Refrigerating and Air-Conditioning Engineers

	BGI
	Benningfield Group, Inc.

	CALMAC
	California Measurement Advisory Council

	CASE
	Codes and Standards Enhancements

	CDHW
	Central Domestic Hot Water

	CEE
	Consortium for Energy Efficiency

	CFA
	Conditioned Floor Area

	CPR
	Critical Project Review

	CPUC
	California Public Utilities Commission

	CZ
	Climate Zone

	DOE
	US Department of Energy

	DSM
	Demand Side Management (mostly utility energy efficiency programs)

	Energy Commission
	California Energy Commission

	FSEC
	Florida Solar Energy Center

	HMG
	Heschong Mahone Group

	HUD
	U.S. Department of Housing and Urban Development

	HVAC
	Heating, Ventilation and Air Conditioning

	IAQ
	Indoor Air Quality

	IOU
	Investor Owned Utility (PG&E, SCE, SCG, and SDG&E)

	LBNL
	Lawrence Berkeley National Laboratory

	LED
	Light Emitting Diode

	MF
	Multifamily

	NEEA
	Northwest Energy Efficiency Alliance

	NFRC
	National Fenestration Rating Council

	ORNL
	Oak Ridge National Laboratory

	PAC
	Project Advisory Committee

	PIER
	Public Interest Energy Research

	RFP
	Request for Proposal

	SHGC
	Solar Heat Gain Coefficient

	SMUD
	Sacramento Municipal Utility District

	Title 24, Part 6
	The California Code of Regulations, Title 24 Energy Efficiency Standards for Residential and Nonresidential Buildings

	UCC.1
	Uniform Commercial Code (Financing Statement)

	UMCRM
	Unique Multifamily Code-Relevant Measures

	WCEC
	Western Cooling Efficiency Center


Problem Statement

Energy efficiency in new residential construction in California has been advanced over the past 30 years, most notably by iterative improvements to the California Code of Regulations, Title 24, Part 6 Energy Efficiency Standards for Residential and Nonresidential Buildings (Title 24).    However, advances in the residential standards have been based upon analysis that addressed the residential sector as if it were almost entirely homogenous and made up of single-family homes.  About one-third of California households live in multifamily homes, and the percentage of new residential construction that is multifamily has been steadily increasing over the past 15 years.  Roughly one-half of California residential units built in 2008 and  2009 are multifamily.

Yet, there are still inadequate data on how multifamily buildings are built or perform, especially when compared to the data available for single family homes. Multifamily buildings have unique performance issues and are often built utilizing different materials and techniques; they are operated somewhat differently than what is commonly called “residential.”  Data just don’t exist about the extent to which these differences affect building performance.  More importantly, opportunities should be identified to improve energy efficiency in a cost-effective manner within this residential sector.  

Research has been done by the Heschong Mahone Group (HMG), KEMA, and Benningfield Group, Inc. on central domestic hot water (CDHW) systems in multifamily buildings, and HMG is currently conducting additional research with a Public Interest Energy Research (PIER) grant. Early HMG analysis resulted in a 2005 Title 24 change that is estimated to have made a 25% reduction in the water heating budgets for multifamily buildings.  Ventilation, air leakage, and heating, ventilation and air conditioning (HVAC) system performance in residential buildings have been studied by Lawrence Berkeley National Laboratory (LBNL), the Western Cooling Efficiency Center (WCEC), and others, yet the industry still does not have a good understanding of the primary ventilation and infiltration issues of multifamily buildings. Several utility-funded surveys and analyses of residential buildings have provided data on fenestration characteristics. However, the industry does not know enough about the specific products used in multifamily buildings, nor what their performance values are.  It is still in question what potentially more appropriate products are in that market, and what the implications, impact, or interplay with the building energy efficiency standards requirements would be for those products.  Some research has been performed to determine the energy impact of certain energy pricing schemes (tariffs) combined with specific energy-use feed-back technologies. However, there has never been a comprehensive research project comparing a range of devices (from simple aggregate feedback displays to sophisticated controls) for multifamily households.

The multifamily design and construction industries have no incentive to fund research of this kind.  Without this PIER project, the science on multifamily building construction, performance, and operation will continue to lag behind that of single-family buildings, creating significant lost opportunities for cost-effective energy savings.
Goals of the Agreement

The first goal of this Agreement is to provide solid research data (from surveys, testing, and analysis) that will allow the Energy Commission’s Title 24 residential standards to be revised so that the requirements, options, and analysis for multifamily buildings will result in a reduction in the wasteful use of energy in the residential sector.  The second goal is to advance the science of building performance in the multifamily sector so that design teams seeking to maximize efficiency will have solid information to allow high-performance (beyond the standards) designs that work as intended.  The third goal is to create a long-lasting channel of information for multifamily energy efficiency information to get into the community that needs it (e.g., efficiency program managers, design firms, codes and standards consultants).

Objectives of the Agreement

The objectives of this Agreement are to:

· Produce at least three (3) code change proposals intended to improve the energy efficiency for the measure category (e.g., ventilation) for multifamily construction by 10% to 15%.

· Provide the ventilation industry (e.g., equipment manufacturers, installers, and mechanical engineers) with at least three (3) new innovative design solutions for improving indoor air quality and energy efficiency in multifamily buildings.  

· Identify at least three (3) cost-effective performance levels (i.e., U-factor and Solar Heat Gain Coefficient [SHGC] combinations) of fenestration products that would each improve energy efficiency of fenestration in multifamily buildings by at least 10% to 15%.

· Provide a definitive smart controls strategy to reduce electric energy use in multifamily dwellings by at least 10% to 15% additional, without decreasing occupant comfort or satisfaction.

· Share the findings of the research effectively throughout the multifamily and code community through presentations at a minimum of two key conferences and other state and regional opportunities.

Administration
Task List

The project’s work scope involves the following technical tasks:

	Administration
	
	Program Administration

	Task A.1
	
	Attend Kick-off Meeting

	Task A.2
	
	CPR Meetings

	Task A.3
	
	Final Meeting

	Task A.4
	
	Monthly Progress Reports

	Task A.5
	
	Test Plans, Technical Reports and Interim Deliverables

	Task A.6
	
	Final Report

	Task A.7
	
	Identify and Obtain Matching Funds

	Task A.8
	
	Identify and Obtain Required Permits

	Task A.9
	
	Electronic File Format

	Task A.10
	
	Establish the PAC

	Task A.11
	
	Conduct PAC Meetings


Meetings
Task A.1 Attend Kick-off Meeting

The goal of this task is to establish the lines of communication and procedures for implementing this Agreement.
The Contractor shall: 

· Attend a “kick-off” meeting with the Commission Contract Manager, the Contracts Officer, and a representative of the Accounting Office.  The Contractor shall bring their Project Manager, Contracts Administrator, Accounting Officer, and others designated by the Commission Contract Manager to this meeting.  The administrative and technical aspects of this Agreement will be discussed at the meeting. Prior to the kick-off meeting, the Commission Contract Manager will provide an agenda to all potential meeting participants. 

The administrative portion of the meeting shall include, but not be limited to, the following: 

· Terms and conditions of the Agreement

· CPRs (Task A.2)

· Match fund documentation (Task A.7)

· Permit documentation (Task A.8)
The technical portion of the meeting shall include, but not be limited to, the following:

· The Commission Contract Manager’s expectations for accomplishing tasks described in the Scope of Work; 

· An updated Schedule of Deliverables 

· Progress Reports (Task A.4)

· Technical Deliverables (Task A.5)

· Final Report (Task A.6)

· Establish the PAC (Task A.10) 

· PAC Meetings (Task A.11) 

The Commission Contract Manager shall designate the date and location of this meeting.

Contractor Deliverables:


· An Updated Schedule of Deliverables

· An Updated List of Match Funds

· An Updated List of Permits

· Schedule for Recruiting PAC Members 
Commission Contract Manager Deliverables:

· Final Report Instructions

Task A.2 CPR Meetings

The goal of this task is to determine if the project should continue to receive Energy Commission funding to complete this Agreement and if it should, are there any modifications that need to be made to the tasks, deliverables, schedule or budget. 

CPRs provide the opportunity for frank discussions between the Energy Commission and the Contractor.  CPRs generally take place at key, predetermined points in the Agreement, as determined by the Commission Contract Manager and as shown in the Technical Task List above and in the Schedule of Deliverables. However, the Commission Contract Manager may schedule additional CPRs as necessary, and any additional costs will be borne by the Contractor.  

Participants include the Commission Contract Manager and the Contractor, and may include the Commission Contracts Officer, the PIER Program Team Lead, other Energy Commission staff and Management as well as other individuals selected by the Commission Contract Manager to provide support to the Energy Commission.

The Commission Contract Manager shall:

· Determine the location, date and time of each CPR meeting with the Contractor. These meetings generally take place at the Energy Commission, but they may take place at another location.
· Send the Contractor the agenda and a list of expected participants in advance of each CPR.  If applicable, the agenda shall include a discussion on both match funding and permits.  

· Conduct and make a record of each CPR meeting.  One of the outcomes of this meeting will be a schedule for providing the written determination described below.  

· Determine whether to continue the project, and if continuing, whether or not to modify the tasks, schedule, deliverables and budget for the remainder of the Agreement, including not proceeding with one or more tasks.  If the Commission Contract Manager concludes that satisfactory progress is not being made, this conclusion will be referred to the Energy Commission’s Research, Development and Demonstration Policy Committee for its concurrence.

· Provide the Contractor with a written determination in accordance with the schedule. The written response may include a requirement for the Contractor to revise one or more deliverable(s) that were included in the CPR.  

The Contractor shall:

· Prepare a CPR Report for each CPR that discusses the progress of the Agreement toward achieving its goals and objectives.  This report shall include recommendations and conclusions regarding continued work of the projects.  This report shall be submitted along with any other deliverables identified in this Scope of Work.  Submit these documents to the Commission Contract Manager and any other designated reviewers at least 20 working days in advance of each CPR meeting.

· Present the required information at each CPR meeting and participate in a discussion about the Agreement. 

Contractor Deliverables:

· CPR Report(s)

· CPR deliverables identified in the Scope of Work

Commission Contract Manager Deliverables: 

· Agenda and a List of Expected Participants

· Schedule for Written Determination

· Written Determination  

Task A.3 Final Meeting

The goal of this task is to closeout this Agreement.

The Contractor shall:

· Meet with the Energy Commission to present the findings, conclusions, and recommendations.  The final meeting must be completed during the closeout of this Agreement.  
This meeting will be attended by, at a minimum, the Contractor, the Commission Contracts Officer, and the Commission Contract Manager.  The technical and administrative aspects of Agreement closeout will be discussed at the meeting, which may be two separate meetings at the discretion of the Commission Contract Manager.

The technical portion of the meeting shall present findings, conclusions, and recommended next steps (if any) for the Agreement.  The Commission Contract Manager will determine the appropriate meeting participants.

The administrative portion of the meeting shall be a discussion with the Commission Contract Manager and the Contracts Officer about the following Agreement closeout items:

· What to do with any state-owned equipment (Options)

· Need to file UCC.1 form re: Energy Commission’s interest in patented technology

· Energy Commission’s request for specific “generated” data (not already provided in Agreement deliverables)

· Need to document Contractor’s disclosure of “subject inventions” developed under the Agreement

·  “Surviving” Agreement provisions, such as repayment provisions and confidential deliverables 

· Final invoicing and release of retention

· Prepare a schedule for completing the closeout activities for this Agreement.

Deliverables:


· Written documentation of meeting agreements and all pertinent information

· Schedule for completing closeout activities

Reporting
· See Exhibit D, Reports/Deliverables/Records.

· Contractor agrees with the requirements presented in Exhibit D

Task A.4 Monthly Progress Reports

The goal of this task is to periodically verify that satisfactory and continued progress is made towards achieving the research objectives of this Agreement.

The Contractor shall: 

· Prepare progress reports which summarize all Agreement activities conducted by the Contractor for the reporting period, including an assessment of the ability to complete the Agreement within the current budget and any anticipated cost overruns.  Each progress report is due to the Commission Contract Manager within 10 working days after the end of the reporting period. Attachment A-2, Progress Report Format, provides the recommended specifications.  

Deliverables:


· Monthly Progress Reports

Task A.5 Test Plans, Technical Reports and Interim Deliverables 

The goal of this task is to set forth the general requirements for submitting test plans, technical reports and other interim deliverables, unless described differently in the Technical Tasks.  When creating these deliverables, the Contractor shall use and follow, unless otherwise instructed in writing by the Commission Contract Manager, the latest version of the PIER Style Manual published on the Energy Commission's web site:

http://www.energy.ca.gov/contracts/pier/contractors/index.html
The Contractor shall: 

· Unless otherwise directed in this Scope of Work, submit a draft of each deliverable listed in the Technical Tasks to the Commission Contract Manager for review and comment in accordance with the approved Schedule of Deliverables.  The Commission Contract Manager will provide written comments back to the Contractor on the draft deliverable within 10 working days of receipt.  Once agreement has been reached on the draft, the Contractor shall submit the final deliverable to the Commission Contract Manager. The Commission Contract Manager shall provide written approval of the final deliverable within five working days of receipt. Key elements from this deliverable shall be included in the Final Report for this project.

Task A.6 Final Report

The goal of this task is to prepare a comprehensive written Final Report that describes the original purpose, approach, results and conclusions of the work done under this Agreement. The Commission Contract Manager will review and approve the Final Report. The Final Report must be completed on or before the termination date of the Agreement.  When creating these deliverables, the Contractor shall use and follow, unless otherwise instructed in writing by the Commission Contract Manager, the latest version of the PIER Style Manual published on the Energy Commission's web site: 
http://www.energy.ca.gov/contracts/pier/contractors/index.html
The Final Report shall be a public document.  If the Contractor has obtained confidential status from the Energy Commission and will be preparing a confidential version of the Final Report as well, the Contractor shall perform the following subtasks for both the public and confidential versions of the Final Report.

Task A.6.1 Final Report Outline

The Contractor shall:

· Prepare a draft outline of the Final Report. 

· Submit the draft outline of Final Report to the Commission Contract Manager for review and approval. The Commission Contract Manager will provide written comments back to the Contractor on the draft outline within 10 working days of receipt.  Once agreement has been reached on the draft, the Contractor shall submit the final outline to the Commission Contract Manager. The Commission Contract Manager shall provide written approval of the final outline within five working days of receipt.

Deliverables:


· Draft Outline of the Final Report

· Final Outline of the Final Report 

Task A.6.2 Final Report 

The Contractor shall: 

· Prepare the draft Final Report for this Agreement in accordance with the approved outline.

· Submit the draft Final Report to the Commission Contract Manager for review and comment. The Commission Contract Manager will provide written comments within 10 working days of receipt.

Once agreement on the draft Final Report has been reached, the Commission Contract Manager shall forward the electronic version of this report for Energy Commission internal approval.  Once the approval is given, the Commission Contract Manager shall provide written approval to the Contractor within five working days.

· Submit one bound copy of the Final Report with the final invoice.

Deliverables:


· Draft Final Report

· Final Report

Match Funds, Permits, and Electronic File Format
Task A.7 Identify and Obtain Matching Funds

The goal of this task is to ensure that the match funds planned for this Agreement are obtained and applied to this Agreement during the term of this Agreement. 

The costs to obtain and document match fund commitments are not reimbursable through this Agreement. While the PIER budget for this task will be zero dollars, the Contractor may utilize match funds for this task. Match funds shall be spent concurrently or in advance of PIER funds during the term of this Agreement.  Match funds must be identified in writing, and the associated commitments obtained before the Contractor can incur any costs for which the Contractor will request reimbursement. 

The Contractor shall:

· Prepare a letter documenting the match funding committed to this Agreement and submit it to the Commission Contract Manager at least 2 working days prior to the kick-off meeting:  

1. If no match funds were part of the proposal that led to the Energy Commission awarding this Agreement and none have been identified at the time this Agreement starts, then state such in the letter.

2. If match funds were a part of the proposal that led to the Energy Commission awarding this Agreement, then provide in the letter:

· A list of the match funds that identifies the:

· Amount of each cash match fund, its source, including a contact name, address and telephone number and the task(s) to which the match funds will be applied. 

· Amount of each in-kind contribution, a description, documented market or book value, and its source, including a contact name, address and telephone number and the task(s) to which the match funds will be applied.  If the in-kind contribution is equipment or other tangible or real property, the Contractor shall identify its owner and provide a contact name, address and telephone number, and the address where the property is located.

· A copy of the letter of commitment from an authorized representative of each source of cash match funding or in-kind contributions that these funds or contributions have been secured.

· Discuss match funds and the implications to the Agreement if they are significantly reduced or not obtained as committed, at the kick-off meeting. If applicable, match funds will be included as a line item in the progress reports and will be a topic at CPR meetings. 

· Provide the appropriate information to the Commission Contract Manager if during the course of the Agreement additional match funds are received.

· Notify the Commission Contract Manager within 10 working days if during the course of the Agreement existing match funds are reduced.  Reduction in match funds may trigger an additional CPR.  

Deliverables:


· A letter regarding Match Funds or stating that no Match Funds are provided

· Letter(s) for New Match Funds

· A copy of each Match Fund commitment letter

· Letter that Match Funds were Reduced (if applicable)  

Task A.8 Identify and Obtain Required Permits

The goal of this task is to obtain all permits required for work completed under this Agreement in advance of the date they are needed to keep the Agreement schedule on track. 

Permit costs and the expenses associated with obtaining permits are not reimbursable under this Agreement.  While the PIER budget for this task will be zero dollars, the Contractor shall show match funds for this task.  Permits must be identified in writing and obtained before the Contractor can incur any costs related to the use of the permits for which the Contractor will request reimbursement. (Costs are covered by SMUD matching funds and are shown in Project Three.)
The Contractor shall:

· Prepare a letter documenting the permits required to conduct this Agreement and submit it to the Commission Contract Manager at least two working days prior to the kick-off meeting:

1. If there are no permits required at the start of this Agreement, then state such in the letter.

2. If it is known at the beginning of the Agreement that permits will be required during the course of the Agreement, provide in the letter:

· A list of the permits that identifies the: 

· Type of permit

· Name, address and telephone number of the permitting jurisdictions or lead agencies

· Schedule the Contractor will follow in applying for and obtaining these permits.

· The list of permits and the schedule for obtaining them will be discussed at the kick-off meeting, and a timetable for submitting the updated list, schedule and the copies of the permits will be developed.  The implications to the Agreement if the permits are not obtained in a timely fashion or are denied will also be discussed.  If applicable, permits will be included as a line item in the progress reports and will be a topic at CPR meetings.

· If during the course of the Agreement additional permits become necessary, then provide the appropriate information on each permit and an updated schedule to the Commission Contract Manager. 

· As permits are obtained, send a copy of each approved permit to the Commission Contract Manager.

· If during the course of the Agreement permits are not obtained on time or are denied, notify the Commission Contract Manager within 5 working days.  Either of these events may trigger an additional CPR.

Deliverables:


· A letter documenting the Permits or stating that no Permits are required 

· Updated list of Permits as they change during the Term of the Agreement

· Updated schedule for acquiring Permits as it changes during the Term of the Agreement

· A copy of each approved Permit

Task A.9 Electronic File Format 

The goal of this task is to unify the formats of electronic data and documents provided to the Energy Commission as contract deliverables.  Another goal is to establish the computer platforms, operating systems and software that will be required to review and approve all software deliverables.  

The Contractor shall: 

· Deliver documents to the Commission Contract Manager in the following formats: 

· Data sets shall be in Microsoft (MS) Access or MS Excel file format.

· PC-based text documents shall be in MS Word file format. 

· Documents intended for public distribution shall be in PDF file format, with the native file format provided as well.  

· Project management documents shall be in MS Project file format.

· Request exemptions to the electronic file format in writing at least 90 days before the deliverable is submitted. 

Deliverables: 

· A letter requesting exemption from the Electronic File Format (if applicable)

Task A.10 Establish the PAC 

The goal of this task is to create an advisory committee for this project . 

The PAC should be composed of diverse professionals.  The number can vary depending on potential interest and time availability.  The Contractor’s Project Manager and the Commission Contract Manager shall act as co-chairs of the PAC.  The exact composition of the PAC may change as the need warrants.  PAC members serve at the discretion of the Commission Contract Manager. 

The PAC may be composed of qualified professionals spanning the following types of disciplines:

· Researchers knowledgeable about the project subject matter

· Members of the trades who will apply the results of the project (e.g., designers, engineers, architects, contractors, and trade representatives)

· Public Interest Market Transformation Implementers

· Product Developers relevant to project subject matter

· U.S. Department of Energy Research Manager 

· Public Interest Environmental Groups 

· Utility Representatives 

· Members of the relevant technical society committees 

The purpose of the PAC is to:

· Provide guidance in research direction.  PAC members will be recruited for their
· technical area expertise

· knowledge of market applications

· linkages between the agreement work and other past, present or future research (both public and private sectors) they are aware of in a particular area.

· Review deliverables.  Provide specific suggestions and recommendations for needed adjustments, refinements, or enhancement of the deliverables.

· Evaluate tangible benefits to California of this research and provide recommendations, as needed, to enhance tangible benefits.

· Provide recommendations regarding information dissemination, market pathways or commercialization strategies relevant to the research products.

The Contractor shall: 

· Prepare a draft list of potential PAC members that includes name, company, physical and electronic address, and phone number and submit it to the Commission Contract Manager at least 2 working days prior to the kick-off meeting.  This list will be discussed at the kick-off meeting and a schedule for recruiting members and holding the first PAC meeting will be developed. 

· Recruit PAC members and ensure that each individual understands the member obligations described above, as well as the meeting schedule outlined in Task 1.11.  

· Prepare the final list of PAC members.
· Submit letters of acceptance or other comparable documentation of commitment for each PAC member.

Deliverables:

· Draft List of PAC Members

· Final List of PAC Members

· Letters of acceptance, or other comparable documentation of commitment for each PAC Member

Task A.11 Conduct PAC Meetings 

The goal of this task is for the PAC to provide strategic guidance to this project by participating in regular meetings or teleconferences.

The Contractor shall: 

· Discuss the PAC meeting schedule at the kick-off meeting.  The number of face-to-face meetings and teleconferences and the location of PAC meetings shall be determined in consultation with the Commission Contract Manager. This draft schedule shall be presented to the PAC members during recruiting and finalized at the first PAC meeting. 

· Organize and lead PAC meetings in accordance with the schedule.  Changes to the schedule must be pre-approved in writing by the Commission Contract Manager. 

· Prepare PAC meeting agenda(s) with back-up materials for agenda items.

· Prepare PAC meeting summaries, including recommended resolution of major PAC issues.

Deliverables:

· Draft PAC Meeting Schedule

· Final PAC Meeting Schedule

· PAC Meeting Agenda(s) with Back-up Materials for Agenda Items

· Written PAC meeting summaries, including recommended resolution of major PAC issues

Technical Tasks
The Contractor shall prepare all deliverables in accordance with the requirements in Task A.5.  Deliverables not requiring a draft version are indicated by marking “(no draft)” after the deliverable name. 

Project One:  Multifamily Heating, Ventilation and Cooling

The central goal of this project is to characterize the existing stock, current construction practices, and performance and code-relevant issues related to ventilation, heating, and cooling in multifamily residences throughout California.  Interviews with industry stakeholders, site-surveys, and field measurements of system performance will develop clarity about the current state and direction of the multifamily residential HVAC market; and detailed computer modeling will be used to analyze the statewide energy and indoor air quality implications of these practices.  A further goal is to estimate, demonstrate, and evaluate the performance, and air quality improvements of an alternative ventilation design technique that uses pressure sensitive registers to maintain consistent exhaust ventilation flow – a serious challenge for typical systems.  Lastly, this project will evaluate the breadth of current codes and standards related to multifamily ventilation and propose revisions to reduce energy use, improve indoor air quality, and bring continuity and consistency between regulations. 

Project Objectives

· Investigate and better understand the codes and standards requirements and assumptions related to ventilation in multifamily buildings.

· Develop code revisions to address the current discontinuity between the treatment of low-rise and high-rise multifamily residential buildings within Title 24 Residential Energy Standards.

· Develop code revisions to address inconsistencies between building standards, particularly between fire/safety, ventilation, and energy codes, and especially with respect to the source of fresh air in high-rise apartment buildings.

· Quantitatively characterize, document, describe, and evaluate current design and construction practices for heating, cooling, and ventilation in multifamily buildings.

· Analyze the degree to which ductwork that is nominally inside conditioned space may actually still have significant energy interactions with outdoor conditions, such as through joists.

· Evaluate the degradation of air conditioning efficiency associated with long refrigerant lines, often found in multifamily buildings.

· Assess the appropriateness of standard practices related to air conditioning sizing for multifamily residences.

· Collect and communicate data, analysis, and analytical tools to inform the California Title-24 Residential Standards, and American Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) Indoor Air Quality (IAQ) (i.e., Standards 62.1 and 62.2) standards development processes related to multifamily HVAC. 

· Investigate cost-effective remediation and retrofit systems for envelopes of existing multifamily buildings to improve R-values between duct locations and outdoors, and reduce excess air infiltration due to leaky exhaust shafts that can’t be balanced.

· Explore cost-effective ventilation design alternatives to improve the energy efficiency of multifamily HVAC systems without compromising indoor air quality or violating existing health and safety codes.

· Address the tenant-space interactions and problems associated with common exhaust shafts serving multiple tenants, as well as inter-apartment leakage that creates air flows between apartments.

· Simulate the impact to indoor air quality within residences due to standard and improved practices for fresh air in building corridors.

· Analyze the energy, ventilation and indoor air quality performance of individual-apartment exhaust fans in both high-rise and low-rise multifamily construction.

· Analyze the energy, ventilation and indoor air quality performance of central exhaust systems in multifamily construction.

· Simulate, demonstrate, and evaluate the energy efficiency and indoor-air-quality impacts of a retrofit ventilation treatment that maintains constant exhaust flows from residences even while pressures fluctuate with building operation and climate.

Task List

The project’s work scope involves the following technical tasks:

	Project & Task #s
	CPR
	Project & Task Names 

	Project 1
	
	Multifamily Heating Ventilation and Cooling

	Task 1.1
	
	Multifamily Ventilation Standards Review

	Task 1.2
	
	Characterization of Multifamily-Building HVAC Ventilation Practices

	Task 1.3
	X
	Ventilation Performance Analysis

	Task 1.4
	
	Field Measurements

	Task 1.5
	
	Synthesis and Summary


Task 1.1 Multifamily Ventilation Standards Review 

The goal of this task is to evaluate discontinuities and inconsistencies in codes and standards related to ventilation in multifamily buildings, especially related to the source of fresh air in high-rise apartment buildings, the distinction between high-rise and low-rise multifamily buildings, and the exhaust ventilation design strategies prescribed for each.

Contractor shall:

· Carefully analyze and synthesize all the current codes, including Title 24, ASHRAE Ventilation and IAQ Standards (Standard 62.1 for large buildings, and 62.2 for residential), and other fire/safety, ventilation, and energy codes.  Provide a summary of the codes and standards findings to the Commission Contract Manager. 

· Interview and document key past and present ASHRAE 62 committee members to better understand the arguments, technical rationale and compromises that have resulted in the current codes and standards treatment of multifamily ventilation.

· Evaluate opportunities for redefinition of codes and standards based on results of Tasks 1.2-1.5.

Deliverables: 

· Summary of current codes and standards (no draft)
· Documentation and summary of interviews (no draft)

Task 1.2 Characterization of Multifamily-Building HVAC Ventilation Practices 

The goal of this task is to better understand the existing stock and current construction practices relative to ventilation, heating and cooling systems in the various sectors of the multifamily market.  This effort will piggy-back onto field work currently underway by some of the team members, thereby reducing the cost of primary data collection.

Contractor shall:

· Identify construction groups, developers, engineering consultants, code-compliance consultants, and other key stakeholders familiar with current practices in the multifamily market.

· Develop a survey for collection of information to characterize current construction practices related to ventilation, heating, and cooling systems in low-rise and high-rise multifamily residences, and submit to the Energy Commission. 

· Conduct a stratified sample telephone survey and/or site visits and interviews with key stakeholders in the multifamily market to collect information related to:

· The distribution of building heights (i.e., number of stories)

· The frequency of use of interior corridors in new multifamily construction 

· The relative frequency of heating and cooling equipment options, including, but not limited to:

· Individual-unit stand-alone forced-air systems

· Hot water tanks used for both domestic hot water and space heating

· Fan coils in the individual units 

· Water source heat pumps in the individual units

· Long refrigerant lines

· The relative frequency of the following thermal distribution options, including, but not limited to:

· Ductwork in unconditioned spaces

· Ductwork in conditioned spaces

· Ductwork in functionally indeterminate locations

· Central hot and/or cold water distribution loops

· The relative frequency of the following ventilation options in all types of construction:

· Intermittent-use individual-unit bath/kitchen exhaust fans 

· Continuous-use individual-unit bath/kitchen exhaust fans

· Intermittent-use central-fan bath/kitchen exhaust

· Continuous-use central-fan bath/kitchen exhaust

· Pressurized interior corridors

· The types and frequency of the different types of ventilation controls in all types of multifamily construction. 

· Provide raw survey data to the Commission Contract Manager.

· Synthesize and evaluate data to create a clear characterization of current building practices in the multifamily market.  Provide data characterization to the Commission Contract Manager.
· Identify recently constructed high-rise and low-rise multifamily buildings in multiple California climate zones.  Choose buildings to visit, and buildings to study from satellite imagery.

· Develop a site-survey protocol for collection of information to characterize construction practices related to ventilation, heating, and cooling systems in existing low-rise and high-rise multifamily residences, and submit to the Commission Contract Manager.  Information to be observed is the same as for current construction.

· Conduct site-surveys of a stratified sample of buildings by visual inspection (to include photographs, and detailed notation) to:

· confirm design and installation practices, 
· equipment physical conditions, and 
· other system characteristics in both high- and low-rise multifamily buildings.  
· Provide raw survey data to the Commission Contract Manager.
· Utilize Google Earth, or another remote sensing technique, in addition to on-site inspection, to study the prevalence of exhaust ventilation system types by inspection of roof layouts for multifamily buildings. Design types which are discernable from satellite imagery include:
·  central exhaust shafts, 
· concentrated central exhaust, 
· individual apartment-unit ventilation 

· Conduct a PAC meeting and provide meeting presentation materials, and report to the Commission Contract Manager per Task A.11.

Deliverables: 

· Survey plan and documentation of procedures for current construction survey

· Raw new construction survey data – (Excel file) (no draft)

· Characterization of multifamily construction practices (no draft)
· Site-survey protocols, plan, and documentation of procedures for existing multifamily stock survey 

· Raw site-survey data (Excel file) (no draft)

· Powerpoint or presentation on characterization of multifamily construction practices (no draft)

Task 1.3 Ventilation Performance Analysis

The goals of this task are to model the energy, ventilation, and pollutant transport characteristics of several exhaust ventilation scenarios for central exhaust and individual-unit ventilation systems in high-rise and low-rise multifamily buildings, and to estimate the potential impact of alternative central exhaust design strategies and alternative design strategies for individual-unit ventilation systems.
Contractor shall:

· Augment an existing prototype model of a six-story multifamily building to simulate multiple scenarios of standard installation practices for central exhaust systems in both low- and high-rise multifamily buildings.

· Calibrate the models based on field measurements of pressure and flow from Task 1.4 and from related studies by project team members. 

· Adjust the prototype model to simulate the performance of alternative ventilation design scenarios in both low- and high-rise multifamily buildings.

· Produce synthesized results of modeling efforts in this task to: 

· Characterize the energy use, and indoor air quality of central exhaust ventilation systems.

· Quantify the energy savings potential, ventilation impacts, and indoor air quality improvements available from alternative exhaust ventilation design scenarios. 
· Augment an existing prototype model of a six-story multifamily building to simulate multiple scenarios of standard installation practices for individual-unit ventilation systems in both low- and high-rise multifamily buildings.

· Calibrate the models based on field measurements of pressure and flow from Task 1.4 and from related studies by project team members.
· Adjust the prototype model to simulate the performance of alternative ventilation design scenarios for individual-unit exhaust in both low- and high-rise multifamily buildings.

· Produce synthesized results of modeling efforts in this task to: 

· Characterize the energy use, and indoor air quality of single-unit ventilation systems.
· Quantify the energy savings potential, ventilation impacts, and indoor air quality improvements available from alternative single-unit ventilation design scenarios.

· Create summary of inputs and results for all simulations for submission to the Commission Contract Manager.

· Participate in the Critical Project Review (CPR) and prepare a CPR Report in 
accordance with Task A.2.
Deliverables: 

· Central exhaust models and documentation (no draft)

· Individual unit models and documentation strategies (no draft)

· Simulations inputs and results summary (no draft)
· CPR Report (no draft)
Task 1.4 Field Measurements

The goal of this task is to measure ventilation performance in several multifamily buildings in order to: better characterize the stock of existing buildings, confirm the simulation results for typical high- and low-rise multifamily building performance from Task 1.3, and validate the estimated energy savings, ventilation performance, and indoor air quality improvements from alternative ventilation design strategies modeled in Task 1.3.

Contractor shall:
· Identify buildings from amongst those surveyed in Task 1.2 that are suitable for field measurements and are representative of typical qualities and types of existing multifamily residences.

· Develop an experimental plan to test several multifamily buildings of each general type with each typical ventilation design strategy, so that high- and low-rise buildings with both single-unit ventilation and central exhaust are included, and submit to the Commission Contract Manager.

· Develop test procedures, adapted from methodologies used for recent field research by subcontractors, to measure key ventilation performance parameters.

· Conduct field measurements of pressures, leakages, flows, and other key performance metrics in a stratified sample of multifamily buildings.  Provide data to the Commission Contract Manager.
· Integrate the data from this research with similar analysis by  subcontractors, and with data available in literature, to create a more comprehensive characterization of ventilation performance in multifamily buildings.  Provide data to the Commission Contract Manager.
· Synthesize and evaluate the data to confirm the flow, leakage, and ventilation performance parameters used for modeling efforts in Task 1.3. 
· Identify one or two buildings from amongst those measured in this task suitable for installation of constant flow grilles and/or other ventilation efficiency technologies, such as aerosol duct sealant. 

· Develop an  experimental plan for pre- and post-installation field measurements, and submit the plan to the Commission Contract Manager.
· Install constant flow grilles and/or other ventilation efficiency treatments.
· Measure and evaluate the impacts to ventilation performance, pressure, flow, and leakage attributable to ventilation treatments.

· Synthesize and evaluate measurements to validate the performance parameters used for modeling efforts in Task 1.3.

· Provide the Commission Contract Manager with the data set for the pre- and post- installation measurements, as well as, a summary and analysis of the test results.

Deliverables: 

· Experimental test plan and documentation of test procedures

· Summary and analysis of field measurement data (no draft) 

· Complete multifamily ventilation performance data set (no draft)

· Experimental pre- and post-installation test plan

· Data set for pre and post-installation measurements (no draft)

· Summary and analysis of test results (no draft)

Task 1.5 Synthesis and Summary

The key goals of this task are to develop recommendations for changes to the California Title 24, Code and ASHRAE Standards 62.1 and 62.2, and to evaluate the energy and air quality implications of standards that would treat ventilation in multifamily buildings uniformly and independent of construction type. 
Contractor shall:

· Synthesize and evaluate results from Tasks 1.1-1.4.
· Identify the key opportunities and limitations for code changes.
· Develop code language that reflects the need for uniformity of design guidelines for ventilation in multifamily residential buildings, independent of construction type.
· Evaluate and quantify the energy and air quality implications of such code language and provide results to the Commission Contract Manager.
· Develop a draft California code change proposal for multifamily ventilation and submit draft to the Commission Contract Manager and Commission Efficiency Buildings Standards staff.
· Develop a revised version of a California code change proposal.
Deliverables: 

· Draft California code change proposal for multifamily ventilation
· Revised California code change proposal for multifamily ventilation

· Report on implications of the code change (no draft)

Project Two:  Multifamily Fenestration Characteristics

The goal of this project is to determine what characteristics of residential fenestration are unique to multifamily construction, and whether differences from single-family construction are significant enough to justify separate assumptions, requirements, and/or options within Title 24, Part 6.  Important differences could include U-factor or SHGC values, distribution characteristics by orientation, and amount of glazing.

Project Objectives
· Provide a data-based characterization of fenestration area and performance attributes in California new construction.

· Provide an energy and cost impact assessment of current practice and several commercially available high-performance optional packages.

· Develop an appropriate methodology for assessing the cost-effectiveness of potential multifamily fenestration code requirements.

· Develop recommendations for improvements to the prescriptive and performance requirements for fenestration in Title 24 as they pertain to multifamily new construction.

Task List

The project’s work scope involves the following technical tasks:

	Project & Task #s
	CPR
	Project & Task Names 

	Project 2
	
	Multifamily Fenestration Characteristics

	Task 2.1
	
	Synthesis of Existing Research

	Task 2.2
	
	Market Characterization

	Task 2.3
	X
	Field Data Collection

	Task 2.4
	
	Manufacturer Survey and Analysis

	Task 2.5
	
	Final Report


Task 2.1 Synthesis of Existing Research

The goal of this task is to collect, catalogue and synthesize the findings of all of the existing California studies with data on multifamily fenestration characteristics as distinct from other residential buildings. 
The Contractor shall:

· Review all potentially relevant research or evaluation reports from the California Measurement Advisory Council (CALMAC), PIER, Northwest Energy Efficiency Alliance (NEEA), the US Department of Energy (DOE), the American Council for an Energy Efficient Economy (ACEEE), and various other sources for information about multifamily residential fenestration characteristics.

· Evaluate what the data says about multifamily window characteristics.

· Prepare and submit a draft report to the Energy Commission on multifamily fenestration characteristics from the data.  The Draft Existing Research Report will include, but not be limited to: 

· a list of all the data sources cited, 
· a summary of the relevant data from each source, 
· a summary of the combined data, and 
· implications for the next stage of the research.
· Solicit PAC input on what the data say about multifamily fenestration characteristics, what can be inferred, and what gaps there are in the data.
· Prepare and submit a final report to the Energy Commission. The Final Existing Research Report will build on the Draft Report by including a summary of the PAC members’ comments and the Contractor’s responses.

Deliverables:

· Draft Existing Research Report

· Final Existing Research Report

Task 2.2 Market Characterization

The goal of this task is to understand fenestration characteristics of relatively current multifamily new construction projects as they are intended to be built, by assessing the construction plans approved by building departments and utility Demand Side Management (DSM) programs. Because these designs represent the intent of the architects and developers involved in multifamily new construction, they will characterize what is the perceived state of the market.

The Contractor shall:

· Examine at least 20 plan sets for multifamily projects that:

· were participants in one of the utility Residential New Construction Programs
· were designed and completed under the 2005 version of Title 24.

· List fenestration area by orientation in the dwelling units and the common areas, as well as in the buildings as a whole.  

· Note the conditioned floor area and exterior wall areas where fenestration is installed.  

· Catalogue the make and model of installed fenestration, and all National Fenestration Rating Council (NFRC) label details from the plans.

· Note fenestration U-factors and SHGC values listed on the plans.

· List any window shading characteristics noted on the plans.

· Prepare and submit to the Commission Contract Manager  a Summary of Multifamily Fenestration Design Characteristics from these plan sets.  

Deliverables:

· Summary of Multifamily Fenestration Design Characteristics

Task 2.3 Field Data Collection

The goal of this task is to assemble data collected in the field, which will allow for the characterization of fenestration area, orientation, and performance ratings of fenestration products in recent multifamily new construction. 

The Contractor shall:

· Coordinate with KEMA (RLW Analytics, Inc.) and the Archer-Daniels-Midland Company (ADM) on data from their California Public Utilities Commission (CPUC)-sponsored Codes and Standards Program Evaluation Study, to the extent that contract timing allows.  The Study includes 75 non-participant multifamily projects designed and built under the 2005 Title 24 code, and includes access to the plans and the ACM models for the projects as well as site visits. The C&S Program Evaluation Study will log fenestration descriptions shall include, but not be limited to, the following:  

· operator type, 
· manufacturer, 
· frame material, 
· glazing layers, 
· manufacturer’s product numbers from the spacers and glass.
· Complete 3-5 site visits for a nested subset of the utility program participant properties in Task 2.2.  The purpose of this is to determine the reliability of the data set collected in Task 2.2.  The project team will collect data shall include, but not be limited to, the following: 
·  operator type, 
· manufacturer, 
· frame type, 
· glazing layers, 
· presence (or absence) of low-E coatings, 
· spacer material, 
· approximate spacer width, and 
· manufacturer’s product numbers from the spacers and glass. 

· Determine the U-factor and SHGC of the fenestration in the study and from this project’s site visits.  Team members will determine these from the NFRC Database of Certified Products, using manufacturers’ product identification codes logged during the C&S Program Evaluation Study and site visits.  

· Tabulate fenestration area by orientation (per dwelling and at the building level). 

· Prepare and submit to the Energy Commission a draft Report on Site Survey Findings based on the data from the C&S Program Evaluation Study and site surveys.  The draft report will describe the typical installed multifamily fenestration characteristics in terms of:
· Glazing area per square foot of conditioned floor area (CFA) 
· Glazing area as a window/wall ratio by orientation

· Typical U-factors and SHGCs by region (referenced to climate zones)

· Typical fenestration component descriptions

· To the extent possible from the sample size, the report will also provide analysis of variations by:

·  number of floors, 
· type of multifamily building, 
· climate zone (CZ), 
· vintage, and 
· the correlation of plan details to as-built details.  

· Present the survey findings to the PAC for suggestions and comments. 

· Prepare and submit to the Energy Commission a final Report on Site Survey Findings incorporating feedback from the PAC and review comments.

· Participate in the Critical Project Review (CPR) and prepare a CPR Report in

accordance with Task A.2.

Deliverables:
· Draft Report on Site Survey Findings 
· Final Report on Sire Survey Findings
· CPR Report (no draft)
Task 2.4 Manufacturer Survey and Analysis

The goal of this task is to understand the relative costs of various high-performance fenestration products in multifamily new construction, the potential energy impacts of various performance levels, and a first estimate of market acceptance of these fenestration products.

The Contractor shall: 

· Survey manufacturers who produce and sell a large volume of windows to the multifamily construction industry to develop four or five bins of high-performance windows (binned by U-factor and SHGC) that are widely available commercially. The Contractor will ask each manufacturer to provide their bid prices for a set number of windows and window styles (operator types) that would be typical for an average low-rise and an average high-rise new apartment project.  Each manufacturer surveyed will receive the same bid sheet for four-to-five different performance levels of fenestration products.  One performance option that will be included is a set of windows that just meets the 2008 Package D requirements.

· Perform analyses to determine the energy impact of typically installed windows (by U-factor and SHGC from Task 2.3) relative to those in the Prescriptive Package.  The project team will also analyze the potential savings of the four or five high performance levels (in terms of U-factor and SHGC) from the manufacturer survey.  This analysis will be performed for each CZ, and will include data on the first costs as well as cost-effectiveness.  

· Submit the results of the survey and analysis to program managers from the four California IOUs who run multifamily new construction programs, as well as SMUD’s multifamily new construction program manager.  The project team will ask them to provide their judgment on market acceptability of the various high-performance window types based on their experience with thousands of multifamily new construction program participants.  

· Correlate these results to the survey of IOU Residential New Construction Program Managers RLW performed in 2005.  

· Prepare and deliver to the Commission Contract Manager a  Multifamily Fenestration Cost and Performance Report summarizing the Task 2.4 findings.
Deliverables:

· Manufacturer Product Costing Survey Form

· Multifamily Fenestration Cost and Performance Report

Task 2.5 Final Project Report

The goal of this task is to provide a cogent summary of the research project results so that the Energy Commission can assess what changes may be needed to the Building Efficiency Standards (Title 24, Part 6) relating to fenestration in multifamily new construction during the 2014 standards update cycle.

The Contractor shall:

· Develop recommendations for potential changes to the Residential Standards as they apply to multifamily buildings.  The recommendations will focus on:

·  how multifamily fenestration is modeled in the residential ACM, 
· how multifamily fenestration code proposals are analyzed for cost effectiveness,
· whether there should be prescriptive requirements for multifamily buildings that are different from those for single-family new construction (including area/orientation restrictions), and 
· multifamily-specific potential compliance issues.  

· Present the set of recommendations to the PAC for review and discussion.

· Prepare and submit to the Energy Commission a Multifamily Fenestration Report that:

· summarizes what was presented in previous Task 2 reports, 
· details the recommendations from this project, 
· provides a summary of the PAC comments on the recommendations, and 
· suggests what further research and analyses into multifamily fenestration might be useful.

Deliverables:

· Multifamily Fenestration Report

Project Three:  Energy Savings through Smart Controls in Multifamily Housing

The goal of this project is to utilize the multifamily framework to apply, test, demonstrate, and quantify strategies using smart controls and smart meter technologies that save resources and give customers more control over their energy use.  Outgrowths of utility-side smart grid and smart meter projects, and new energy monitoring and control devices are just now being refined.  These devices can work from within the home and community to achieve the energy efficiency and energy cost benefits that are available from the user side of the meter.  This project will focus on these in-home energy monitoring and display systems, smart controls, and their effective application in the multifamily community.

Project Objectives

· Quantify the energy savings potential of in-home energy monitor and display systems, and smart controls in multifamily buildings. 

· Determine which types of energy monitoring and control devices work best for the multifamily market segment and why.

· Determine whether smart controls and displays should be considered for new construction and/or alteration requirements for the multifamily building energy efficiency standards, or if they should be considered as a compliance option.

· Promote the use of smart controls and displays for new construction and retrofit in multifamily buildings.

Task List

The project’s work scope involves the following technical tasks:

	Project & Task #s
	CPR
	Project & Task Names 

	Project 3
	
	Energy Savings through Smart Controls in Multifamily Housing

	Task 3.1
	
	Reassessment of Available Technology and Methodology Development

	Task 3.2
	
	Smart Home Energy Monitor Effectiveness Assessment

	Task 3.3
	X
	Post-Study Results Analysis

	Task 3.4
	
	Codes and Standards Assessment

	Task 3.5
	
	Final Report


Task 3.1 Reassessment of Available Technology and Methodology Development

The goal of this task is to provide an analytical comparison of all Smart Home Energy Monitor technologies available at the time the project begins. In this task the project team will inventory all the currently available devices in this rapidly changing area and analyze their capabilities, prerequisites, and costs.  From this information the team will identify optimal technology partners and choose devices for inclusion in the research portion of the project. 

The team will utilize information from SMUD’s project ‘Information and Controls in the Residential Sector’ which researched dashboard interfaces and customer’s willingness to control (or have the utility control) certain features of appliances given different conditions.  They did this through a web-based simulation game and received data from more than 500 residential customers. During Phase II of this project, SMUD will install meters and use selected controls along with a customized critical peak pricing schedule to test the effectiveness.  PIER funds from this project will be leveraged to expand the study, creating a companion study for the multifamily sector.  
The Contractor shall:

· Identify current device manufacturers.  The project team will contact the various smart home industry organizations such as the Zigbee Alliance, the Gridwize Alliance, and the HomePlug Powerline Alliance, as well as various industry publications and the internet, to create a comprehensive list of manufacturers and distributors. The Contractor shall utilize SMUD’s device report as a starting point.

· Analyze various device capabilities from these manufacturers and distributors.  The project team will develop a database of devices, functionality, availability and costs and perform secondary research to survey all the information describing each technology, its applications, the claimed potential/available energy savings and other benefits. The Contractor shall update SMUD’s device report created in 2009.
· Develop vendor partners.  The project team will work with the various product vendors to partner with the Contractor by providing devices for the assessment study.  A list of the partner agreements will be provided to the Commission Contract Manager.  

· Work with SMUD, a utility partner, to identify one or more apartment communities in the service territory that will be AMI enabled by July 2010, and provide a list of those properties to the Commission Contract Manager.  

Deliverables: 

· Report on available technologies and their functionality (no draft)
· Partner agreements (no draft)
· List of identified properties for the study (no draft)
Task 3.2 Smart Home Energy Monitor Effectiveness Assessment

The goal of this task is to install the devices and monitor their use and any associated energy savings.

Once the project team has identified the test sites and the particular devices to be included in the studies, team members will work with the project’s vendor partners and a utility partner to install the devices, train users, test the systems, monitor their use, and monitor the resulting energy use.  Team members will monitor the systems on an ongoing basis for a period of one year to provide data for device evaluation.

The Contractor shall:

· Install devices.  Through a grant agreement with SMUD, for which no PIER funds are being used, devices will be installed for four studies.  Each study will have a control group and another 20-30 units with the smart technology dashboards/controls.  Each study will implement a different smart technology so that the project team can compare between the technologies and the control group.

· Work with SMUD to design a study that helps to understand the savings potential of smart meter and smart controls in the multifamily sector. 

· Measure the energy savings effectiveness of utility-driven controls under the same conditions as SMUD’s field component of the residential control study.  The work under this agreement will supplement their study into the multifamily market.  

· Measure the energy savings effectiveness of single-point (total residence) energy feedback devices, verses a control group with no feedback device at all.  

· Measure the effectiveness of energy use feedback devices that provide separate feedback data for HVAC equipment, individual circuits and/or specific high-energy-use appliances verses the control group.

· Measure the effectiveness of smart thermostats that can be programmed for various time-of-use rates in a multifamily development that has a time-of-use energy rate structure verses the control group.

· Measure the effectiveness of in-home energy controls that enable the user to program schedules that completely turn off appliances at the plug level at selected times versus the control group.

· Develop methodology for assessing effectiveness of installed energy feedback, programmable, and control devices.  The project team will submit the methodology to the Energy Commission for comment. The methodology will mirror that of the SMUD single family field study project. 

· Develop and submit training materials.  Train users (tenants) with a combination of manufacturer manuals and internally developed instructions to the users along with a hands-on explanation of how to use the devices. 

· Maintain monitoring database.  The project team expects to utilize the database developed for the companion study funded by SMUD and the Demand Response Research Center.  If needed, team members will develop a database and associated internet-based software to automatically collect and display energy use data from the properties that are a part of this study. If the existing database will suit the study needs, the team will develop dataviewer tools to make it easier to access, slice, dice and query the data. 
· Test systems and troubleshoot.  Installed devices and data collection systems will be tested and will be monitored on an ongoing basis so that any issues can be quickly identified and resolved.

· Perform ongoing monitoring and evaluation.  Data collection will happen automatically via the internet on a daily basis.  Results will be checked daily and will be analyzed for overall energy use and energy use patterns to be included in monthly progress reports.

· Hold focus groups of the users in the studies to collect feedback on ease of use, behavior patterns, potential barriers, and possible device improvements.  Create and submit focus group notes and a report.
Deliverables: 

· Effectiveness methodology 
· Training materials for tenants (no draft)
· Monthly data reports (to be added to monthly progress reports as appropriate) (no draft)
· Focus group notes and report (no draft)
Task 3.3 Post-Study Result Analysis

The goal of this task is to analyze the data from the studies to determine the effectiveness of the various devices in saving energy. The Contractor will analyze all the data from the various implementation sites comparing energy use to the results from the control groups.  The project team will also analyze the costs, benefits and availability of the various smart home energy devices as well as gather and analyze data on customer behavior and preferences that may affect the acceptability and/or usefulness. The composition of the research team will help ensure coordination between this project and an existing SMUD residential pilot, funded by PIER through the Demand Response Research Center. With this coordination, results of the multifamily and residential studies can be compared and contrasted.
The Contractor shall:

· Perform a statistical analysis of the results, which shall include, but not be limited to, the following: The effectiveness of near-real-time energy feedback devices in saving energy verses a control group.
· The difference in effectiveness between energy use feedback devices that simply provide total energy use information versus devices that provide additional separate feedback data for HVAC and high-energy-use appliances.

· The effectiveness of smart thermostats that can be programmed for various time-of-use rates in a multifamily development that has a time-of-use energy rate structure.

· The effectiveness of in-home energy controls that enable the user to program schedules that completely turn off appliances at the plug level at selected times.

· Produce Interim, Draft Final and Final Analysis Reports from the monitoring data.  In addition to the statistical data from the study the reports will present data and analysis on customer behavior and preferences that may affect the acceptability and/or usefulness of smart control devices.  Together this information will be used to develop reports describing the effectiveness and acceptability of various energy monitoring and control devices in the home.

· Provide access to an online data viewer of collected and comparison results. Raw data, calculated results and associated analysis will be made available online so that the Energy Commission and other interested parties can easily review the results or download data for their own review.

· Participate in the Critical Project Review (CPR) and prepare a CPR Report in

accordance with Task A.2.

Deliverables: 

· Interim Analysis Report 
· Draft Final Analysis Report

· Final Analysis Report

· CPR Report (no draft)
Task 3.4 Codes and Standards Assessment

The goal of this task is to perform a cost/benefit analyses for various potential code connections: a mandatory requirement, a prescriptive requirement, a performance option, or an element within reach codes.  If it seems appropriate based on this analysis, team members will develop a recommendation for smart home energy device inclusion in the 2014 standards for multifamily housing.  If any of these devices are recommended, the team will determine what next steps are needed and describe a path to complete this process. 

The Contractor shall:

· Perform cost/benefit analyses.  Once the monitoring data has been collected and reviewed the team will compare the costs of equipment and installation to the energy saved, to determine overall device payback time and other benefits.

· Develop a recommendation for the 2014 Title 24 Standards for multifamily new construction including discussion of how the measure connects to other elements of the building standards. 

Deliverables: 

· Cost/benefit and code connection report

Task 3.5 Task Interim Report 
The goal of this task is to develop an interim report summarizing the study methodology and presenting a summary of the monitoring data along with the conclusions that can be drawn from the study. This study will stand alone and may be distributed independently from the PIER program final report if desired as to more closely coordinate with results from the SMUD single family study. 
The Contractor shall:

· Develop and submit the Task 3 report for Commission Contract Manager comment.

Deliverables: 

· Task 3 report 
Project Four: Multifamily Technology Transfer

Project Objectives

The primary goal of this project is to disseminate the results of the projects within the Unique Multifamily Code-Relevant Measures (UMCRM) research program to a wide audience interested in improving the energy efficiency of multifamily new construction including state and national code bodies, utility program managers, energy efficiency focused organizations (e.g., ACEE, ASE, CEE), and the multifamily design and construction industry.  A secondary goal is to assist with code development activities, including proposing solutions to code issues, challenges and opportunities that are unique to the multifamily market.  The Contractor also will investigate developing a multifamily-specific collaborative whose charge will be to identify and disseminate research, demonstration and educational materials and other learning opportunities to better understand and advocate for energy efficiency in multifamily housing. 

Task List

The project’s work scope involves the following technical tasks:

	Project & Task #s
	CPR
	Project & Task Names 

	Project 4
	
	Multifamily Technology Transfer

	Task 4.1
	  X
	Technology Transfer Plan

	Task 4.2
	
	Market Connection and Awareness Activities

	Task 4.3
	
	Participation in Standards Planning and Development Activities

	Task 4.4
	
	Association for Multifamily Energy and Economic Research


Task 4.1 Technology Transfer Plan

The goal of this task is to identify appropriate means for disseminating the results of the various research projects within the UMCRM program.

The Contractor shall:

· Confer with utility multifamily new construction program managers, energy efficiency research organizations (e.g., WCEC, LBNL, Oak Ridge National Lab [ORNL], Florida Solar Energy Center [FSEC], etc.), the Energy Commission, organizations representing multifamily property developers and owners (e.g., Housing California, Northern California Non-Profit Housing, Southern California Association for Non-Profit Housing, San Diego Housing Federation, California Council for Affordable Housing), U.S. Department of Housing and Urban Development (HUD), and others to identify the most successful outreach opportunities.

· Prepare a Technology Transfer Plan and submit it to the Commission Contract Manager.  The Plan will identify appropriate outreach opportunities, which shall include, but not be limited to, the following: 

· Providing an accessible web portal for sharing information from the research projects
· Presentations at conferences
· Authoring a white paper on unique multifamily code issues
· Authoring articles for Home Energy and other magazines
· Participating in the 2014 Title 24 update planning activities,
· Coordinating with the Alternative Compliance Method (ACM) vendors on potential improvements to software
· Launch of a non-profit Association for Multifamily Energy and Economic Research
· Conduct technology transfer activities in accordance with the Technology Transfer Plan.  These activities will include presentations at appropriate venues (e.g., ACEEE Summer Study, Housing California, ASHRAE meetings, etc.), and shall be reported in the Monthly Progress Reports.  

· Participate in the Critical Project Review (CPR) and prepare a CPR Report in

accordance with Task A.2.

Deliverables:

· Technology Transfer Plan

· Website and Data Viewer
· CPR Report (no draft)
Task 4.2 Market Connection and Awareness Activities

The goal of this task is to share information regarding the program’s findings with those in a position to affect change.  Project team members will attend conferences and connect with the industry through authorship of articles and whitepapers addressing research results, lessons learned and possible application strategies.  

The Contractor shall: 

· Develop presentations and materials to communicate program findings.
· Make at least 3 presentations at key national and statewide events or meetings.
· Draft whitepaper(s) advocating activities and policies that create change.
· Publish articles in at least 3 trade publications.
Deliverables:

· Copies of Presentations and Materials (no draft)
· Copies of Articles (no draft)
· Copy(ies) of whitepaper(s) (no draft)
Task 4.3 Participation in Standards Planning and Development Activities

The goal of this task is to determine if the unique qualities found in multifamily construction justify changes in the residential standards to address the opportunities presented by these qualities.  If justified, the goal would be to assist in creating those standards to take effect in the 2014 code change cycle. 

The Contractor shall:

· Work with the Energy Commission and the statewide IOU code advocacy group to determine the appropriateness of unique requirements or a unique set of requirements for multifamily buildings. 

· Develop two or three code change proposal reports that would lead to IOU or Energy Commission sponsored CASE initiatives.
· Develop business rule sets for software development (ACM equivalent) that address the different performance qualities of high-rise versus low-rise multifamily buildings.
Deliverables:

· Multifamily Issue CASE reports (no draft)
· Report on differences in High/Low rise building models (no draft)
�  Using a hand-held detector for Low-E and Spectrally Selective coatings. LED indicating lights output Clear, High Solar Gain Low-E, and Low Solar Gain Low-E, developed by Lawrence Berkeley National Lab and on loan from PG&E’s Tool Lending Library.
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