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TC 6.7 Solar and Other Renewable Energies

Co-Sponsoring TC/TG/MTG/SSPCs (List only TC/TG/MTG/SSPCs that have voted formal support)

TC  1.9 Electrical Systems

Plain English Abstract:

(Finish Last, 100 word limit)  As part of the information sharing activities for this project, RAC is interested in having a 100 word or less summary of the proposed research so that descriptions of ASHRAE research can be understood by a wider technical audience including trade magazines and on-line ASHRAE information sites.  Please include your plain English Abstract in this section.

Executive Summary:

This Solar PV Design Guide will be a broad-based ASHRAE publication tailored specifically to the HVAC and building professionals relating to the design, optimization and operation of photovoltaic systems.  Currently, there is no publication that looks comprehensively at photovoltaics (PV) from the perspective of building design professionals.  Perhaps in 20 years, every new structure will have some form of PV integrated into the façade, roof, or elsewhere on the site property.  PV can be integrated as an integral part of the building façade or fenestration, or can merely be attached to the roof, façade, or automobile parking areas.  There are interactions with HVAC load calculations that are not well understood nor taken advantage of to optimize building performance.  There are many thermal and electrical energy storage and HVAC integration opportunities that will be presented and reviewed.  Code and safety issues relating to structural, fire safety, wind loads, and electrical issues need to be more widely understood and applied.  Lastly, as the industry moves towards low energy and net-zero energy (or net-zero carbon) buildings, the application of solar PV and the relation to net energy and carbon accounting for a site will be comprehensively presented.

Applicability to the ASHRAE Research Strategic Plan:
This PV design guide for building professionals is central to ASHRAE’s Mission and Vision, Strategic Plan and its Research Strategic Plan.

It furthers ASHRAE’s vision of positioning ASHRAE as an essential knowledge resource to promote a sustainable built environment.   The proper design of PV systems is critical to providing clean, renewable electricity to buildings.

One of ASHRAE’s main goals within the Strategic Plan is to disseminate essential information and knowledge for a sustainable, high performance built environment.  This is the core purpose of this project to create and publish a PV Design Guide.  The specific goals within the ASHRAE Research Strategic Plan applicable to this RTAR are Goals 1, 2 & 3.

Goal Number 1:  Maximize the actual operational energy performance of buildings and facilities.

A properly designed PV system is required to supply the necessary renewable energy to any future NZEB.  To maximize the energy output and performance of a PV system, designers must understand the potential HVAC, peak load management, and thermal interactions.

Goal Number 2 (second part):  Progress toward Advanced Energy Design Guides (AEDG) and cost effective net zero energy buildings (NZEB).  

The first cost and lifecycle cost of PV systems are presently lower than comparable costs for solar thermal systems.  It is now more economical and efficient to use solar PV over solar thermal to heat water, and of course solar PV provides electricity for any other need in the facility.

Goal Number 3:  Support development of tools, procedures and methods suitable for designing low energy buildings.

The proposed design guide will educate and direct design and facilities professionals in the “procedures and methods suitable for designing low energy buildings”.  Without the use of solar energy, designers will be unable to reach NZEB or Plus-Energy building design goals. 

Application of Results:

State-of-the-Art (Background):

To meet NZEB goals, building designer and operations professionals must fully understand how alternative energy systems, and in particular, photovoltaic (PV) systems, can most effectively be installed and most efficiently operated.

For low energy and NZEB designs, we need to minimize carbon based energy usage.  Solar PV electricity generated at the building site is zero carbon and available globally in various amounts for all buildings.  In general, solar PV design is a well established and mature technology.  However, in the building design community, PV is often an afterthought, implemented on a completed building design by the electrical engineer or electrical contractor.  There is a need to look at building integrated PV, parking area PV, integration with energy storage (both electrical and thermal), building energy demand, as well as safety and code issues, early in an integrated design process.  

The cost of PV, and hence solar PV electricity, has been falling to parity or below that of conventional grid electricity.  At some point in the future, PV will be a common and/or required element of all buildings.  ASHRAE should provide a comprehensive HVAC, electrical and BIPV guide reference for this critical component of all NZEB facilities.

Advancement to the State-of-the-Art:
Justification and Value to ASHRAE:

Refer to the above section “Applicability to the ASHRAE Research Strategic Plan”.
Although solar PV is viewed by many in the industry as a minor, add-on component that merely supplies some amount of electricity, there are many structural, HVAC, and other interactions that are often overlooked by building design professionals not experienced with solar PV.  Some building interactions are static, while others are very dynamic requiring cross-cutting knowledge of building systems to best optimize the addition of solar PV to building, parking or the site.
There is no single repository or compendium of solar PV design information for our industry.  The Solar PV Design Guide will be a valuable reference for the ASHRAE community.

Objectives:
This project will research and collect information for compilation into a guidebook format for a comprehensive resource for PV design and operation.  The following topics will be utilized as a starting point for the guidebook contents.  The editor will further develop topics under TC6.7 supervision.

· System components:  panels, inverters, racking

· System sizing methodology

· Location, orientation and mounting

· Roofing types and racking methods

· Building integrated PV

· Parking deck and surface lot shade structures.

· Ground mount systems

· System commissioning

· Safety considerations:  grounding, fire safety, code issues

· Battery storage

· Electric heat pumps and thermal storage interactions

· Micro-grids, including PV/CHP optimization

· PV and electric to thermal coupling for electric demand management

· Roof shading effects on HVAC loads

· Thermal effects on PV panels and considerations for panel ventilation

· Carbon and source energy accounting for NZEB design

· Embedded energy content and “life cycle analysis”

Scope/Technical Approach:

A single contractor will be awarded this project to provide all research, collaboration, data gathering, authoring and editorial functions.  Subcontracting of some sections of the guide is expected, and collaboration with other ASHRAE TC’s and industry specialist should be south.
Below is an outline of the approach that will be undertaken:

1. Comprehensive literature review previous solar PV reference materials and guides

2. Identify current and emerging best practices, research and industry knowledge.

3. Look for latest understanding of interactions with solar PV and other building systems such as building envelope, modified solar HVAC loads, peak electrical demand, and strategies for optimization.

4. Interview stakeholders and industry experts

5. Solicit PV experts for authorship or assistance for specific chapters and topics

6. Coordinate with relevant industry or governmental energy agencies for support

a. NREL, National Renewable Energy Labs

b. IEEE, International Electrical Engineering 

c. SEIA, Solar Energy Industries Association

d. IEA, International Energy Agency

7. DRAFT OUTLINE

a. PV SYSTEM ELECTRICAL DESIGN

i. DC system design

1. Sizing, etc….

ii. Inverters:  micro, string, central, DC-DC optimizers

iii. Electrical peak demand control and optimization

iv. Grid interaction issues and island mode of operation

v. Battery storage

1. Demand management

vi. Dump to thermal storage or heat pumps

vii. Net Zero Energy design considerations

viii. Electrical and Fire safety 

b. PV SYSTEM STRUCTURAL DESIGN

i. PV roof mounting options:  ballasted, attached, superstructures

ii. Building integrated photovoltaics (BIPV) and BIPV/thermal systems

iii. Ventilation considerations for PV panels for proper cooling to avoid power loss

iv. Parking deck PV canopies

v. Surface parking lot PV canopies

vi. Snow load considerations

vii. Wind loads design considerations

c. PV SYSTEM HVAC DESIGN INTERACTIONS

i. Roof mounted PV effects on solar gain calculations

ii. BIPV effects on solar gain calculations

iii. PV panel with heat recovery, or PV thermal (PVT)

1. electrical efficiency loss with increasing temperature of PV

iv. PV and heat pumps (AC and DC)

v. PV and thermal energy storage

1. heat thermal storage

2. cool thermal storage

vi. PV and Combined Heat and Power (cogeneration) microgrids
d. PV SYSTEM MAINTENANCE

e. PV SYSTEM FINANCIAL AND CO2 COST & SAVINGS ESTIMATING

f. SOURCE ENERGY and CARBON ACCOUNTING FOR NZE DESIGN

g. CASE STUDIES (special examples illustrating specific features in the above topics)
i. NOTE:  (these can be interspersed within above sections)  
ii. Contractor will solicit case studies from TC6.7, ASHRAE members, and the industry for examples of selected topics.

iii. Create a ½ page or 1 page case study for each.

Deliverables/Where Results Will Be Published:

The deliverable will be an ASHRAE publication.

Draft copies of the manuscript are proposed to be delivered on the following schedule.  This is a preliminary plan that can be negotiated upon selection of best qualified contractor.

· Design Guide Outline for review

· List of additional authors, subcontractors or content providers for review

· First partial draft  for review (target 40%)

· Second partial draft for review (target 80%)

· Third partial draft for PMS review (target 90%)

· Full draft manuscript completed for reviews

Progress, Financial and Final Reports, Research or Technical Paper(s), and Data shall constitute required deliverables (“Deliverables”) under this Agreement and shall be provided as follows:

a.
Progress and Financial Reports

Progress and Financial Reports, in a form approved by the Society, shall be made to the Society through its Manager of Research and Technical Services at quarterly intervals; specifically on or before each January 1, April 1, June 10, and October 1 of the contract period.

Furthermore, the Institution’s Principal Investigator, subject to the Society’s approval, shall, during the period of performance and after the Final Report has been submitted, report in person to the sponsoring Technical Committee/Task Group (TC/TG) at the annual and winter meetings, and be available to answer such questions regarding the research as may arise.
b.
Final Report

A written report, design guide, or manual, (collectively, “Final Report”), in a form approved by the Society, shall be prepared by the Institution and submitted to the Society’s Manager of Research and Technical Services by the end of the Agreement term, containing complete details of all research carried out under this Agreement. Unless otherwise specified, six copies of the final report shall be furnished for review by the Society’s Project Monitoring Subcommittee (PMS).

Following approval by the PMS and the TC/TG, in their sole discretion, final copies of the Final Report will be furnished by the Institution as follows:

-
An executive summary in a form suitable for wide distribution to the industry and to the public.


-
Two bound copies


-
One unbound copy, printed on one side only, suitable for reproduction.


-
Two copies on CD-ROM; one in PDF format and one in Microsoft Word.

c.
Science and Technology for the Built Environment or ASHRAE Transactions Technical Paper

One or more papers shall be submitted first to the ASHRAE Manager of Research and Technical Services (MORTS) and then to the “ASHRAE Manuscript Central” website-based manuscript review system in a form and containing such information as designated by the Society suitable for publication. Papers specified as deliverables should be submitted as either Research Papers for Science and Technology for the Built Environment or Technical Paper(s) for ASHRAE Transactions.  Research papers contain generalized results of long-term archival value, whereas technical papers are appropriate for applied research of shorter-term value,  ASHRAE Conference papers are not acceptable as deliverables from ASHRAE research projects. The paper(s) shall conform to the instructions posted in “Manuscript Central” for an ASHRAE Transactions Technical or Science and Technology for the Built Environment paper. The paper title shall contain the research project number (XXXX-RP) at the end of the title in parentheses, e.g., (XXXX-RP).

Note: A research or technical paper describing the research project must be submitted after the TC has approved the Final Report. Research or technical papers may also be prepared before the project’s completion, if it is desired to disseminate interim results of the project.  Contractor shall submit any interim papers to MORTS and the PMS for review and approval before the papers are submitted to ASHRAE Manuscript Central for review. 

d.
Data

The Institution agrees to maintain true and complete books and records, including but not limited to notebooks, reports, charts, graphs, analyses, computer programs, visual representations etc., (collectively, the “Data”), generated in connection with the Services. Society representatives shall have access to all such Data for examination and review at reasonable times. The Data shall be held in strict confidence by the Institution and shall not be released to third parties without prior authorization from the Society, except as provided by GENERAL CONDITION VII, PUBLICATION. The original Data shall be kept on file by the Institution for a period of two years after receipt of the final payment and upon request the Institution will make a copy available to the Society upon the Society’s request.

e.
Project Synopsis

A written synopsis totaling approximately 100 words in length and written for a broad technical audience, which documents 1. Main findings of research project, 2. Why findings are significant, and 3. How the findings benefit ASHRAE membership and/or society in general shall be submitted to the Manager of Research and Technical Services by the end of the Agreement term for publication in ASHRAE Insights
Level of Effort:

Duration in Months:  24 months

The project anticipates approximately 45 weeks per year for two years, averaging 20 hours per week for the principal investigator as well as funds for subcontractor stipends, all spread out over a period of 24 months total.  Total budget estimate is $149,500 as shown below.  This includes a 15% contingency.

	Year 1
	
	
	
	
	

	
	weeks
	hrs / wk
	hours
	$ / hr
	

	Main editor / writer
	45
	20
	900
	$50
	$45,000

	subcontracts
	
	
	
	
	$30,000

	
	
	
	
	
	

	Year 2
	
	
	
	
	

	
	weeks
	hrs / wk
	hours
	$ / hr
	

	Main editor / writer
	45
	20
	900
	$50
	$45,000

	subcontracts
	 
	 
	 
	 
	$10,000

	Subtotal
	
	
	
	
	$130,000

	Contingency
	15%
	
	
	
	$19,500

	TOTAL
	
	
	
	
	$149,500


Proposal Evaluation Criteria:
	No.
	Proposal Review Criterion
	Weighting Factor

	
	Bidder’s understanding of the Work Statement as reveled in their proposal
	20 pts

	
	Quality and methodology proposed for conducting work
	20 pts

	
	Experience and References with Building HVAC and Energy Systems


	10 pts

	
	Experience and References with Solar PV Energy System Design on Buildings


	10 pts

	
	Experience and References with Publication Writing and/or Editing


	10 pts

	
	Experience managing a collaborative effort (technical writing or similar project)


	10 pts

	
	Experience with Building Structural and/or Architectural Design


	10 pts

	
	Experience working with ASHRAE and/or prior performance
	10 pts

	
	                                                                                                                  TOTAL
	100 pts


Project Milestones:
	No.
	Major Project Completion Milestone
	Deadline Month

	 1
	Outline created and approved by Project Monitoring Subcommittee (PMS)

	  2

	 2
	All chapters or subsections assigned to authors or subcontractors
	  4

	 3
	First partial draft for PMS for review (target 40%)

	  8

	 4

	Second partial draft for PMS review (target 80%)

	 12

	 5
	Third partial draft for PMS review (target 90%)


	 16

	 6
	Full draft manuscript completed for reviews
	 20

	 7
	Manuscript ready for Submission to ASHRAE Publications for review
	22

	 8
	Fully edited final draft completed for publication
	24
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Now that you have completed the work statement process, RAC is interested in getting your feedback and suggestions here on how we can improve the process.
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