STATE OF CALIFORNIA

GRANT REQUEST FORM (GRF)

CEC-270 (Revised 02/13) CALIFORNIA ENERGY COMMISSION

New Agreement EPC-14-066  (To be completed by CGL Office)

Division Agreement Manager: MS- |Phone

ERDD Dustin Davis 51 916-327-2223
Recipient’s Legal Name Federal ID Number
Lawrence Berkeley National Laboratory 94-2951741

Title of Project
High-Performance Integrated Window and Facade Solutions for California Buildings

Term and Start Date End Date Amount
Amount 6/30/2015 3/29/2019 $ 3,000,000

Business Meeting Information

[ | ARFVTP agreements under $75K delegated to Executive Director.
Proposed Business Meeting Date 5/13/2015 [ ] Consent X] Discussion
Business Meeting Presenter Dustin Davis Time Needed: |5 minutes
Please select one list serve. EPIC (Electric Program Investment Charge)
Agenda Item Subject and Description
LAWRENCE BERKELEY NATIONAL LABORATORY. Proposed resolution approving Agreement EPC-14-066 with
the Department of Energy's Lawrence Berkeley National Laboratory for a $3,000,000 grant to develop novel building
window and facade technologies that can be integrated into a cost-effective system that reduces HVAC and lighting
energy use while improving occupant comfort. Technology development activities include highly insulating windows,
energy recovery-based envelope ventilation systems, and dynamic daylight redirecting systems. Supporting tools,
data, and design methods will also be developed to enable widespread, reliable, cost-effective deployment
throughout California. (EPIC funding) Contact: Dustin Davis. (Staff presentation: 5 minutes)

California Environmental Quality Act (CEQA) Compliance
1. Is Agreement considered a “Project” under CEQA?
X Yes (skip to question 2) [ ] No (complete the following (PRC 21065 and 14 CCR 15378)):
Explain why Agreement is not considered a “Project”:
Agreement will not cause direct physical change in the environment or a reasonably foreseeable indirect physical
change in the environment because
2. If Agreement is considered a “Project” under CEQA:
Xl a) Agreement IS exempt. (Attach draft NOE)
[] Statutory Exemption. List PRC and/or CCR section number:
X] Categorical Exemption. List CCR section number: 14 CCR 15306
[] Common Sense Exemption. 14 CCR 15061 (b) (3)
Explain reason why Agreement is exempt under the above section:
The project will develop and test innovative windows, curtain walls, facade ventilation systems, and daylight
redirecting systems in an existing laboratory facility for purposes of gathering data to assess energy
performance. This research includes analysis of laboratory results, market and cost analysis, alternative
designs, benchmarking and life cycle cost analysis, computer simulations, and modeling. Conventional
small-scale research and testing at the existing laboratory facility will occur in passive, specifically-designed
testing rooms and buildings, and will require no modification or conversion of the facility. The purpose of this
project is to perform research to evaluate new facade systems, and to collect basic data on the performance
of those systems. This project will not result in a serious or major disturbance to an environmental resource
because it will be performed entirely at an existing facility, without requiring modification of that facility, and
will involve only testing and data collection. For these reasons, this project is categorically exempt under Cal.
Code Regs., tit. 14, sect. 15306.
[] b) Agreement IS NOT exempt. (Consult with the legal office to determine next steps.)
Check all that apply
L] Initial Study [] Environmental Impact Report
[] Negative Declaration [] Statement of Overriding Considerations
[ ] Mitigated Negative Declaration

List all subcontractors (major and minor) and equipment vendors: (attach additional sheets as necessary)
Legal Company Name: Budget
John Breshears $ 40,000
Gregory John Ward - Anyhere Software $ 60,000
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Funding Year of

Funding Source Appropriation Budget List No. Amount

EPIC 13-14 301.001A $3,000,000
$

R&D Program Area: |EERO: Buildings TOTAL: |$3,000,000
Explanation for “Other” selection |
Reimbursement Contract #: |Federal Agreement #:
Recipient’s Administrator/ Officer Recipient’s Project Manager
Name: Betsy Quayle Name: Stephen Selkowitz
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X Competitive Solicitation
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Recipient Resolution
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Exhibit A
Scope of Work

A. Task List

Task #

CPR!?

Task Name

General Project Tasks

Highly Insulating (High-R) Windows and Curtain Walls

Energy-Recovery-Based Facade Ventilation Systems

Daylight Redirecting Systems

Daylighting and Shading Optimization Methods

X Dynamic, Integrated Facades

Evaluation of Project Benefits

Technology/Knowledge Transfer Activities

OO NO|OAWIN|F

Production Readiness Plan

B. Acronym/Term List

Acronym/ | Meaning

Term

AlE architectural/ engineering

AAMA American Architectural Manufacturers Association

AW architectural window

BSDF bidirectional scattering distribution function.
Angularly resolved optical reflectance and transmission characteristics.

CAM commission agreement manager

CAO commission agreement officer

CGDB complex glazing database

COMFEN commercial fenestration simulation tool

CPR critical project review

CPU central processing unit

CPUC California Public Utilities Commission

dc direct current

DOAS dedicated outdoor air systems

DOE Department of Energy (U.S.)

EMS energy management system

FDD fault detection and diagnostics

FLEXLAB | facility for low energy experiments in buildings

ft feet

genBSDF a Radiance sub-program

GenOpt generic optimizer
An LBNL-developed tool for determining input parameters that produce an
optimal result.

goniophoto | measured characteristics of a light source

metric

HDR high dynamic range

HVAC heating, ventilation and air conditioning

IGU insulating glass units

! Please see subtask 1.3 in Part Il of the Scope of Work (General Project Tasks) for a description of
Critical Project Review (CPR) Meetings.
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Acronym/ | Meaning

Term

IR infrared

Recipient Lawrence Berkeley National Laboratory

LED light-emitting diode

LEED Leadership in Energy and Environmental Design

Low-E low-emittance

LVER local ventilation and energy recovery unit

MoWITT mobile window thermal test facility

M&V monitoring and verification

NFRC National Fenestration Rating Council

PV photovoltaic

PVC polyvinyl chloride

R&D research and development

RH relative humidity

TAC technical advisory committee

WINDOW | a simulation tool that determines the thermal and optical properties of an
assembly of glazing layers, frame, spacers, coatings, and shading attachments.

ZNE Zero net energy

. PURPOSE OF AGREEMENT, PROBLEM/SOLUTION STATEMENT, AND GOALS AND
OBJECTIVES

A.

Purpose of Agreement

The purpose of this agreement is to fund the development and performance verification of a
new generation of high-performance fagade systems and the supporting design and
management toolkits that will enable the building industry to meet challenging new energy
performance goals leading to zero net energy (ZNE) buildings by 20302 This new set of
technology solutions and tools will help create an integration platform for new and retrofit
buildings that will address not only energy issues but the critical comfort, appearance, and
business needs of the industry that will drive market acceptance.

B.

Problem

Problem/ Solution Statement

Windows and facade technologies and systems directly impact electricity use for heating;
cooling; and lighting; and can have a major effect on peak heating and cooling loads, heating,
ventilation and air conditioning (HVAC) system sizing and layout; annual energy use; and load
shape and peak demand. They can play a significant role in helping to achieve the goals set by
the California Energy Commission (Energy Commission) and California Public Utilities
Commission (CPUC) to achieve ZNE buildings by 2030 for new construction and to capture
aggressive savings in existing buildings beyond current best practice.

2 “Big Bold EnergyEfficiency Strategies”, established by the in CPUC D.07-10-032 and D.07-12-051;
California Long Term Energy Efficiency Strategic Plan, CPUC, September 2008.
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However many potentially high performance window and facade technologies and systems
have struggled to gain significant market share in the majority of buildings due in part to cost
and the complexity of providing market ready business solutions. Architects and engineers lack
the tools to confidently optimize and specify the integrated solutions. Contractors are bewildered
by the ever-changing complexity of installation and commissioning processes, and facility
managers are often not able to keep the systems operating as designed.

Solution

Attaining ZNE goals can only be achieved by making a fundamental shift from today’s ad-hoc
assemblages of static components to intelligent, responsive, integrated building facade
systems. Highly insulating (High-R) windows, solar control, daylighting, dynamic fenestration,
and natural ventilation were all identified as critical component technologies needed to achieve
very-low, ZNE performance in California commercial buildings in prior Energy Commission
research and development (R&D)%. Windows and skylights can offset most of the daytime
electric use for lighting in commercial buildings via sensors and controls with dimmable lighting.
Integrating active, dynamic window shading and daylighting, with good insulating properties and
local ventilation functions offers the promise of dramatic reductions in HYAC energy use, and
reducing peak loads.

The Recipient will develop novel “component” fenestration (openings in walls such as windows)
technologies, and then validate and demonstrate that these high-performance components can
be combined and integrated into cost-effective “facade (face of a building) systems” that can
reliably deliver on performance promises of decreased energy use, lower electric demand, and
increased comfort. Supporting tools, data, and design methods will be developed so that the
performance goals (energy,demand, comfort) leading to zero net energy (ZNE) buildings by
2030 can be reliably achieved for different buildings types in various California climates. The
combination of technologies, systems, tools and design methods will provide new technology
and system solutions supporting achievement of the state’s 2030 goals of achieving zero net
energy (ZNE) buildings.

C. Goals and Objectives of the Agreement

Agreement Goals
The goals of this Agreement are to:
o Develop new, cost-effective, scalable technology solutions for new and existing California
commercial buildings to address energy and demand challenges in California;
e Develop “dynamic facade performance” platforms on which the private sector can
develop additional solutions beyond the scope and time frame of this project;
e Provide new software tools and methodologies to facilitate rapid innovation for
manufacturers and optimized, low-risk adoption for design teams and contractors;
e Grow potential national and global window and facade technology markets for the
California building industry; and
e Provide pragmatic solutions that help achieve California’s 2030 building industry goals of
achieving zero net energy (ZNE) buildings.

® CEC PIER “High performance building facade solutions — Phase II”, Contract Number: 500-09-026.
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Ratepayer Benefits:* This Agreement will result in the ratepayer benefits of greater electricity
reliability and lower costs by creating active, adaptable, integrated solutions that are responsive
to occupant and facility operator needs (cost and comfort), as well as the needs of grid
reliability. California’s grid challenges are typically peak summer conditions, exacerbated by
peak cooling loads. Uncontrolled solar gain through windows is the largest load imposed on the
grid via buildings on hot, sunny summer days, representing 30-60% of peak cooling loads. This
project’s solutions would directly address those performance issues, and the key integration
strategies at the heart of the R&D effort will ensure that these envelope systems (the outer shell
of the building) will also contribute to meeting the state’s longer term goals for reducing
electricity use and carbon emissions. The project can potentially transform commercial
buildings not only for California but at a national level as well.

Technological Advancement and Breakthroughs:® This Agreement will lead to technological
advancement and breakthroughs to overcome barriers to the achievement of the State of
California’s statutory energy goals by using an integrated systems approach to technological
advancement. Almost all fenestration products offered on the market today address a narrow,
component-oriented set of performance goals (e.g., a U-value that meets code) with only a
limited consideration of the broader tradeoffs possible in the context of whole-building
performance. Fenestration and integrated envelope solutions developed under this project will
be designed to address crucial gaps in today’s commercially available, cost effective, code
compliant solutions by focusing on improvements in several key areas all of which reduce
energy demand and improve comfort. Those areas include thermal improvements to glazing
and frame, better management of air flow, ventilation and heat exchange in perimeter zones,
double the depth of the perimeter zone that is effectively daylighted, and active load
management in response to whole-building and energy resource performance objectives.
Extensive, in-depth testing will be conducted to better understand the performance of developed
prototypes under real world conditions prior to commercialization.

An expanded technology toolkit will be developed to address the needs of both the
manufacturing community that services the commercial building sector and the associated
architectural and engineering design community For manufacturers who want to offer optimized
systems solutions, the Recipient will explicitly address energy use, demand, and comfort
performance criteria, thereby creating a set of new optimization tools that enable a
manufacturer’s design team to rapidly cycle through the time-consuming design-test-evaluate-
redesign cycle of new product development, (e.g.10,000 design iterations in two weeks
compared to 5-10 using conventional methods). A companion set of new tools, based on the
same underlying advanced modeling algorithms, will be made available by recipient to facilitate
and support decision making and tradeoffs on facade performance (energy, demand, comfort)
throughout the design- build-operate lifecycle.

* California Public Resources Code, Section 25711.5(a) requires projects funded by the Electric Program
Investment Charge (EPIC) to result in ratepayer benefits. The California Public Utilities Commission,
which established the EPIC in 2011, defines ratepayer benefits as greater reliability, lower costs, and
increased safety (See CPUC “Phase 2” Decision 12-05-037 at page 19, May 24, 2012,
http://docs.cpuc.ca.gov/PublishedDocs/WORD_PDF/FINAL DECISION/167664.PDF).

> California Public Resources Code, Section 25711.5(a) also requires EPIC-funded projects to lead to
technological advancement and breakthroughs to overcome barriers that prevent the achievement of the
state’s statutory and energy goals.
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Agreement Objectives
The objectives of this Agreement are to:

e Develop highly insulating windows, including thermally improved framing and glazing,
with overall thermal resistance greater than 5;

o Develop perimeter ventilation systems that enable local natural ventilation, reduce
average air flow requirements by more than 50%, and enable heat recovery via air
exchange when needed,

¢ Develop dynamic daylight redirection systems that are capable of extending the daylight
perimeter zone from 15 feet to as much as 40 feet from the window;

o Create a new software toolkit and component database for manufacturers and designers
that allow rapid and accurate modeling of a class of glare-free daylight and solar control
products and systems, and

o Create a software suite and workflow to enable manufacturers to rapidly and cost
effectively generate project-specific embedded control systems for smart fagades that
reliably optimize overall performance, and a proof-of-concept fagade prototype tested in
one of LBNL's full-scale field testbed facilities (i.e., Advanced Windows Testbed,
MoWiTT, and FLEXLAB) that demonstrates the viability of these solutions.

Il. TASK 1 GENERAL PROJECT TASKS
PRODUCTS

Subtask 1.1 Products

The goal of this subtask is to establish the requirements for submitting project products (e.g.,
reports, summaries, plans, and presentation materials). Unless otherwise specified by the
Commission Agreement Manager (CAM), the Recipient must deliver products as required below
by the dates listed in the Project Schedule (Part IV). Products that require a draft version are
indicated by marking “ (draft and final)” after the product name in the “Products” section of the
task/subtask. If “(draft and final)” does not appear after the product name, only a final version of
the product is required. With respect to due dates within this Scope of Work, “days” means
working days.

The Recipient shall:

For products that require a draft version

e Submit all draft products to the CAM for review and comment in accordance with the
Project Schedule (Part V). The CAM will provide written comments to the Recipient on
the draft product within 15 days of receipt, unless otherwise specified in the task/subtask
for which the product is required.

e Submit the final product to the CAM once agreement has been reached on the draft. The
CAM will provide written approval of the final product within 15 days of receipt, unless
otherwise specified in the task/subtask for which the product is required.

¢ If the CAM determines that the final product does not sufficiently incorporate his/her
comments, submit the revised product to the CAM within 10 days of notice by the CAM,
unless the CAM specifies a longer time period.

For products that require a final version only
e  Submit the product to the CAM for approval.
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¢ If the CAM determines that the product requires revision, submit the revised product to
the CAM within 10 days of notice by the CAM, unless the CAM specifies a longer time
period.

For all products
¢ Submit all data and documents required as products in accordance with the
following Instructions for Submitting Electronic Files and Developing Software:

o Electronic File Format
Submit all data and documents required as products under this Agreement in an
electronic file format that is fully editable and compatible with the Energy
Commission’s software and Microsoft (MS)-operating computing platforms, or
with any other format approved by the CAM. Deliver an electronic copy of the full
text of any Agreement data and documents in a format specified by the CAM,
such as memory stick or CD-ROM.

The following describes the accepted formats for electronic data and documents
provided to the Energy Commission as products under this Agreement, and
establishes the software versions that will be required to review and approve all
software products:
o Data sets will be in MS Access or MS Excel file format
(version 2007 or later), or any other format approved by the CAM.
e Text documents will be in MS Word file format, version 2007 or
later.
o Documents intended for public distribution will be in PDF file format.
The Recipient must also provide the native Microsoft file format.
¢ Project management documents will be in Microsoft Project file
format, version 2007 or later.

o Software Application Development
Use the following standard Application Architecture components in compatible
versions for any software application development required by this Agreement
(e.g., databases, models, modeling tools), unless the CAM approves other
software applications such as open source programs:
e Microsoft ASP.NET framework (version 3.5 and up). Recommend
4.0.
e Microsoft Internet Information Services (11S), (version 6 and up)
Recommend 7.5.
Visual Studio.NET (version 2008 and up). Recommend 2010.
e C# Programming Language with Presentation (Ul), Business Object
and Data Layers.
e SQL (Structured Query Language).
Microsoft SQL Server 2008, Stored Procedures. Recommend 2008
R2.
e Microsoft SQL Reporting Services. Recommend 2008 R2.
o XML (external interfaces).

Any exceptions to the Electronic File Format requirements above must be approved in
writing by the CAM. The CAM will consult with the Energy Commission’s Information
Technology Services Branch to determine whether the exceptions are allowable.
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MEETINGS

Subtask 1.2 Kick-off Meeting
The goal of this subtask is to establish the lines of communication and procedures for
implementing this Agreement.

The Recipient shall:

o Attend a “Kick-off” meeting with the CAM, the Commission Agreement Officer (CAO),
and any other Energy Commission staff relevant to the Agreement. The Recipient will
bring its Project Manager and any other individuals designated by the CAM to this
meeting. The administrative and technical aspects of the Agreement will be discussed at
the meeting. Prior to the meeting, the CAM will provide an agenda to all potential
meeting participants. The meeting may take place in person or by electronic
conferencing (e.g., WebEXx), with approval of the CAM.

The administrative portion of the meeting will include discussion of the following:
¢ Terms and conditions of the Agreement;

Administrative products (subtask 1.1);

CPR meetings (subtask 1.3);

Match fund documentation (subtask 1.7);

Permit documentation (subtask 1.8);

Subcontracts (subtask 1.9); and

Any other relevant topics.

The technical portion of the meeting will include discussion of the following:
The CAM'’s expectations for accomplishing tasks described in the Scope of Work;
An updated Project Schedule;
Technical products (subtask 1.1);
Progress reports and invoices (subtask 1.5);
Final Report (subtask 1.6);
Technical Advisory Committee meetings (subtasks 1.10 and 1.11); and
Any other relevant topics.

e Provide an Updated Project Schedule, List of Match Funds, and List of Permits, as
needed to reflect any changes in the documents.

The CAM shall:
e Designate the date and location of the meeting.
e Send the Recipient a Kick-off Meeting Agenda.

Recipient Products:
e Updated Project Schedule (if applicable)
e Updated List of Match Funds (if applicable)
e Updated List of Permits (if applicable)

CAM Product:
¢ Kick-off Meeting Agenda
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Subtask 1.3 Critical Project Review (CPR) Meetings

The goal of this subtask is to determine if the project should continue to receive Energy
Commission funding, and if so whether any modifications must be made to the tasks, products,
schedule, or budget. CPR meetings provide the opportunity for frank discussions between the
Energy Commission and the Recipient. As determined by the CAM, discussions may include
project status, challenges, successes, advisory group findings and recommendations, final
report preparation, and progress on technical transfer and production readiness activities (if
applicable). Participants will include the CAM and the Recipient, and may include the CAO and
any other individuals selected by the CAM to provide support to the Energy Commission.

CPR meetings generally take place at key, predetermined points in the Agreement, as
determined by the CAM and as shown in the Task List on page 1 of this Exhibit. However, the
CAM may schedule additional CPR meetings as necessary. The budget will be reallocated to
cover the additional costs borne by the Recipient, but the overall Agreement amount will not
increase. CPR meetings generally take place at the Energy Commission, but they may take
place at another location, or may be conducted via electronic conferencing (e.g., WebEX) as
determined by the CAM.

The Recipient shall:

e Prepare a CPR Report for each CPR meeting that: (1) discusses the progress of the
Agreement toward achieving its goals and objectives; and (2) includes recommendations
and conclusions regarding continued work on the project.

e Submit the CPR Report along with any other Task Products that correspond to the
technical task for which the CPR meeting is required (i.e., if a CPR meeting is required
for Task 2, submit the Task 2 products along with the CPR Report).

e Attend the CPR meeting.

Present the CPR Report and any other required information at each CPR meeting.

The CAM shall:

e Determine the location, date, and time of each CPR meeting with the Recipient’s input.

¢ Send the Recipient a CPR Agenda and a List of Expected CPR Participants in advance
of the CPR meeting. If applicable, the agenda will include a discussion of match funding
and permits.

e Conduct and make a record of each CPR meeting. Provide the Recipient with a
Schedule for Providing a Progress Determination on continuation of the project.

¢ Determine whether to continue the project, and if so whether modifications are needed
to the tasks, schedule, products, or budget for the remainder of the Agreement. If the
CAM concludes that satisfactory progress is not being made, this conclusion will be
referred to the Deputy Director of the Energy Research and Development Division.

e Provide the Recipient with a Progress Determination on continuation of the project, in
accordance with the schedule. The Progress Determination may include a requirement
that the Recipient revise one or more products.

Recipient Products:
e CPR Report(s)
e Task Products (draft and/or final as specified in the task)

CAM Products:
e CPR Agenda
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o List of Expected CPR Participants
e Schedule for Providing a Progress Determination
e Progress Determination

Subtask 1.4 Final Meeting
The goal of this subtask is to complete the closeout of this Agreement.

The Recipient shall:
¢ Meet with Energy Commission staff to present project findings, conclusions, and
recommendations. The final meeting must be completed during the closeout of this
Agreement. This meeting will be attended by the Recipient and CAM, at a minimum. The
meeting may occur in person or by electronic conferencing (e.g., WebEx), with approval
of the CAM.

The technical and administrative aspects of Agreement closeout will be discussed at the

meeting, which may be divided into two separate meetings at the CAM’s discretion.

e The technical portion of the meeting will involve the presentation of findings,
conclusions, and recommended next steps (if any) for the Agreement. The CAM wiill
determine the appropriate meeting participants.

¢ The administrative portion of the meeting will involve a discussion with the
CAM and the CAO of the following Agreement closeout items:

o Disposition of any state-owned equipment.

¢ Need to file a Uniform Commercial Code Financing Statement (Form
UCC-1) regarding the Energy Commission’s interest in patented
technology.

e The Energy Commission’s request for specific “generated” data (not
already provided in Agreement products).

¢ Need to document the Recipient’s disclosure of “subject inventions”
developed under the Agreement.

e “Surviving” Agreement provisions such as repayment provisions and
confidential products.

e Final invoicing and release of retention.

e Prepare a Final Meeting Agreement Summary that documents any agreement made
between the Recipient and Commission staff during the meeting.

e Prepare a Schedule for Completing Agreement Closeout Activities.

e Provide All Draft and Final Written Products on a CD-ROM or USB memory stick,
organized by the tasks in the Agreement.

Products:
¢ Final Meeting Agreement Summary (if applicable)
e Schedule for Completing Agreement Closeout Activities
o All Draft and Final Written Products
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REPORTS AND INVOICES

Subtask 1.5 Progress Reports and Invoices

The goals of this subtask are to: (1) periodically verify that satisfactory and continued progress
is made towards achieving the project objectives of this Agreement; and (2) ensure that invoices
contain all required information and are submitted in the appropriate format.

The Recipient shall:
e Submit a monthly Progress Report to the CAM. Each progress report must:

e Summarize all Agreement activities conducted by the Recipient for the preceding
month, including an assessment of the ability to complete the Agreement within
the current budget and any anticipated cost overruns. See the Progress Report
Format Attachment for the recommended specifications.

e Provide a synopsis of the project progress, including accomplishments, problems,
milestones, products, schedule, fiscal status, and any evidence of progress such
as photographs.

e Submit a monthly or quarterly Invoice that follows the instructions in the “Payment of
Funds” section of the terms and conditions. In addition, each invoice must document and
verify:

¢ Energy Commission funds received by California-based entities;
¢ Energy Commission funds spent in California (if applicable); and
e Match fund expenditures.

Products:
e Progress Reports
e Invoices

Subtask 1.6 Final Report

The goal of this subtask is to prepare a comprehensive Final Report that describes the original
purpose, approach, results, and conclusions of the work performed under this Agreement. The
CAM will review and approve the Final Report, which will be due at least two months before the
Agreement end date. When creating the Final Report Outline and the Final Report, the
Recipient must use a Style Manual provided by the CAM.

Subtask 1.6.1 Final Report Outline

The Recipient shall:
e Prepare a Final Report Outline in accordance with the Style Manual provided by the
CAM.
e Submit a draft of the outline to the CAM for review and comment.
e Once agreement has been reached on the draft, submit the final outline to the CAM.
The CAM will provide written approval of the final outline within 10 days of receipt.

Recipient Products:
e Final Report Outline (draft and final)

CAM Product:
e Style Manual
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¢ Comments on Draft Final Report Outline
e Approval of Final Report Outline

Subtask 1.6.2 Final Report

The Recipient shall:

o Prepare a Final Report for this Agreement in accordance with the approved Final Report
Outline and the Style Manual provided by the CAM.

e Submit a draft of the report to the CAM for review and comment. Once agreement on the
draft report has been reached, the CAM will forward the electronic version for Energy
Commission internal approval. Once the CAM receives approval, he/she will provide
written approval to the Recipient.

e Submit one bound copy of the Final Report to the CAM.

Products:
e Final Report (draft and final)

CAM Product:
e Comments on Draft Final Report

MATCH FUNDS, PERMITS, AND SUBCONTRACTS

Subtask 1.7 Match Funds
The goal of this subtask is to ensure that the Recipient obtains any match funds planned for this
Agreement and applies them to the Agreement during the Agreement term.

While the costs to obtain and document match funds are not reimbursable under this
Agreement, the Recipient may spend match funds for this task. The Recipient may only spend
match funds during the Agreement term, either concurrently or prior to the use of Energy
Commission funds. Match funds must be identified in writing, and the Recipient must obtain any
associated commitments before incurring any costs for which the Recipient will request
reimbursement.

The Recipient shall:

e Prepare a Match Funds Status Letter that documents the match funds committed to this
Agreement. 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 this in the letter.

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

e The amount of cash match funds, their source(s) (including a contact name,
address, and telephone number), and the task(s) to which the match funds
will be applied.

e The amount of each in-kind contribution, a description of the contribution type
(e.g., property, services), the documented market or book value, the 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
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equipment or other tangible or real property, the Recipient must identify its
owner and provide a contact name, address, telephone number, and the
address where the property is located.
o A copy of a letter of commitment from an authorized representative of each
source of match funding that the funds or contributions have been secured.

o At the Kick-off meeting, discuss match funds and the impact on the project if they are
significantly reduced or not obtained as committed. If applicable, match funds will be
included as a line item in the progress reports and will be a topic at CPR meetings.

¢ Provide a Supplemental Match Funds Notification Letter to the CAM of receipt of
additional match funds.

e Provide a Match Funds Reduction Notification Letter to the CAM if existing match funds
are reduced during the course of the Agreement. Reduction of match funds may trigger
a CPR meeting.

Products:
e Match Funds Status Letter
e Supplemental Match Funds Notification Letter (if applicable)
¢ Match Funds Reduction Notification Letter (if applicable)

Subtask 1.8 Permits

The goal of this subtask 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, with the exception of costs incurred by University of California recipients.
Permits must be identified and obtained before the Recipient may incur any costs related to the
use of the permit(s) for which the Recipient will request reimbursement.

The Recipient shall:

e Prepare a Permit Status Letter that documents the permits required to conduct this
Agreement. If no permits are required at the start of this Agreement, then state this in the
letter. If permits will be required during the course of the Agreement, provide in the letter:

o Alist of the permits that identifies: (1) the type of permit; and (2) the name,
address, and telephone number of the permitting jurisdictions or lead agencies.
e The schedule the Recipient will follow in applying for and obtaining the permits.

The list of permits and the schedule for obtaining them will be discussed at the Kick-off
meeting (subtask 1.2), and a timetable for submitting the updated list, schedule, and
copies of the permits will be developed. The impact on the project 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 progress reports and will be a topic at CPR meetings.

e If during the course of the Agreement additional permits become necessary, then
provide the CAM with an Updated List of Permits (including the appropriate information
on each permit) and an Updated Schedule for Acquiring Permits.

e Send the CAM a Copy of Each Approved Permit.

e If during the course of the Agreement permits are not obtained on time or are denied,
notify the CAM within 5 days. Either of these events may trigger a CPR meeting.
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Products:
e Permit Status Letter
e Updated List of Permits (if applicable)
e Updated Schedule for Acquiring Permits (if applicable)
o Copy of each Approved Permit (if applicable)

Subtask 1.9 Subcontracts

The goals of this subtask are to: (1) procure subcontracts required to carry out the tasks under
this Agreement; and (2) ensure that the subcontracts are consistent with the terms and
conditions of this Agreement.

The Recipient shall:

e Manage and coordinate subcontractor activities in accordance with the requirements of
this Agreement.

¢ Incorporate this Agreement by reference into each subcontract.

¢ Include any required Energy Commission flow-down provisions in each subcontract, in
addition to a statement that the terms of this Agreement will prevail if they conflict with
the subcontract terms.

¢ If required by the CAM, submit a draft of each Subcontract required to conduct the work
under this Agreement.

e Submit a final copy of the executed subcontract.

¢ Notify and receive written approval from the CAM prior to adding any new
subcontractors (see the discussion of subcontractor additions in the terms and
conditions).

Products:
e Subcontracts (draft if required by the CAM)

TECHNICAL ADVISORY COMMITTEE

Subtask 1.10 Technical Advisory Committee (TAC)

The goal of this subtask is to create an advisory committee for this Agreement. The TAC should
be composed of diverse professionals. The composition will vary depending on interest,
availability, and need. TAC members will serve at the CAM'’s discretion. The purpose of the
TAC is to:

e Provide guidance in project direction. The guidance may include scope and
methodologies, timing, and coordination with other projects. The guidance may be based
on:

e Technical area expertise;
o Knowledge of market applications; or
e Linkages between the agreement work and other past, present, or future projects
(both public and private sectors) that TAC members are aware of in a particular area.
¢ Review products and provide recommendations for needed product adjustments,
refinements, or enhancements.

o Evaluate the tangible benefits of the project to the state of California, and provide
recommendations as needed to enhance the benefits.

e Provide recommendations regarding information dissemination, market pathways, or
commercialization strategies relevant to the project products.
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The TAC may be composed of qualified professionals spanning the following types of
disciplines:
e Researchers knowledgeable about the project subject matter;
o Members of trades that will apply the results of the project (e.g., designers, engineers,
architects, contractors, and trade representatives);
¢ Public interest market transformation implementers;
e Product developers relevant to the project;
U.S. Department of Energy research managers, or experts from other federal or state
agencies relevant to the project;
Public interest environmental groups;
Utility representatives;
Air district staff; and
Members of relevant technical society committees.

The Recipient shall:

e Prepare a List of Potential TAC Members that includes the names, companies, physical
and electronic addresses, and phone numbers of potential members. The list will be
discussed at the Kick-off meeting, and a schedule for recruiting members and holding
the first TAC meeting will be developed.

¢ Recruit TAC members. Ensure that each individual understands member obligations and
the TAC meeting schedule developed in subtask 1.11.

e Prepare a List of TAC Members once all TAC members have committed to serving on
the TAC.

¢ Submit Documentation of TAC Member Commitment (such as Letters of Acceptance)
from each TAC member.

Products:
e List of Potential TAC Members
e List of TAC Members
e Documentation of TAC Member Commitment

Subtask 1.11 TAC Meetings
The goal of this subtask is for the TAC to provide strategic guidance for the project by
participating in regular meetings, which may be held via teleconference.

The Recipient shall:

e Discuss the TAC meeting schedule with the CAM at the Kick-off meeting. Determine the
number and location of meetings (in-person and via teleconference) in consultation with
the CAM.

e Prepare a TAC Meeting Schedule that will be presented to the TAC members during
recruiting. Revise the schedule after the first TAC meeting to incorporate meeting
comments.

e Prepare a TAC Meeting Agenda and TAC Meeting Back-up Materials for each TAC
meeting.

¢ Organize and lead TAC meetings in accordance with the TAC Meeting Schedule.
Changes to the schedule must be pre-approved in writing by the CAM.

o Prepare TAC Meeting Summaries that include any recommended resolutions of major
TAC issues.
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Products:

¢ TAC Meeting Schedule (draft and final)
TAC Meeting Agendas (draft and final)
TAC Meeting Back-up Materials
TAC Meeting Summaries

. TECHNICAL TASKS

Products that require a draft version are indicated by marking “ (draft and final)” after the
product name in the “Products” section of the task/subtask. If “(draft and final)” does not appear
after the product name, only a final version of the product is required. Subtask 1.1 (Products)
describes the procedure for submitting products to the CAM.

TASK 2: Highly Insulating (High-R) Windows and Curtain Walls

The goal of this task is to develop highly insulating windows and curtain walls for commercial
buildings that would substantially reduce energy loss through the facade and increase occupant
comfort. They will be designed to take standard practice well beyond its current requirements in
Title 24 of the California Code of Regulations. This effort takes two parallel paths to delivering
business-viable solutions: (1) improving the thermal properties of commercial frames for curtain
walls and windows, and (2) developing more cost-effective improvements to the thermal
properties of the glazing area.

The Recipient shall:
¢ Provide a One-Page Task 2 Summary of the task for the Technical Advisory Committee

(subtask 1.11) for informational purposes that will discuss the objectives and activities to

be accomplished in this task.

e Develop an Optimized Design for a New Truss-Based Thermal Break System for

Aluminum Commercial Framing through the following activities:

0 Extend the concept design of the truss thermal break, developed under the DOE
Highly Insulated Windows project, to applications for punched opening windows and
curtain wall framing.

0 Select the optimal geometry and material for the thermal break, based on structural
finite element modeling. Work with industry partners, as appropriate, to utilize a
polymer material that is based on renewable sources, such as agricultural waste
products, and which will reduce the use of petroleum products.

0 Model energy performance and structural performance iteratively to assure
maximum increase in insulation of window framing while maintaining structural
integrity and compliance with the American Architectural Manufacturers Association’s
(AAMA) Architectural Window (AW) standard.

o Design a frame profile and crimping mechanism to support the new thermal break for
a specific window frame.

o0 Refine the thermal break design for the frame design to reduce convection heat
transfer by incorporating non-structural thin polymer fins to suppress convection heat
transfer in frame cavities.

o Design an extensible glazing stop using either aluminum or polymer material to
support a range of glazing infill thicknesses (for double and triple glazing).

0 Apply lessons learned from punched opening window frames and design thermal
break geometry for curtain wall framing.
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0 Repeat the iterative structural/energy modeling to design an optimal thermal break
for curtain wall framing, so that final frame design has maximum insulation value
while maintaining the AAMA AW rating.

0 Produce a Report on Optimized Design for a New Truss-Based Thermal Break
System for Aluminum Commercial Framing containing a discussion of the following:

= Details on each design investigated
= Results for simulated structural and thermal performance of each design
* Final frame design

Fabricate a Prototype Highly Insulating Framing System Incorporating Truss Thermal

Break and perform physical testing to assure structural performance and insulation value

through the following activities:

o Develop a crimping fabrication tool that can fasten the new thermal break to the
aluminum profiles.

o Develop a painting process that allows unexposed aluminum surfaces of the finished
frame (e.g., surfaces facing frame cavities) to be unpainted, and thus utilize the
natural low-emissivity thermo-physical property of aluminum, which substantially cuts
heat transfer by thermal radiation (i.e., about half of all heat transfer). Paint will be
applied only to exposed finish surfaces.

0 Explore incorporation of a foam filling in selected frame cavities for maximum
increase in thermal insulation.

o Integrate the new frame design with the cost-effective highly insulated glazing being
developed under this task in parallel (see below), and fabricate prototype units of
punched opening commercial window and curtain wall.

0 Measure the structural performance of new framing members and confirm modeling
predictions for deflection under a three-point load, as prescribed by the AAMA
standard, as well as crimping force necessary to hold the aluminum and polymer
parts together.

0 Measure the thermal performance of the frame only and confirm the thermal
modeling done in the previous optimization steps. Design and utilize a measurement
protocol that allows measurement of the frame thermal performance only (as
opposed to whole-product thermal performance).

0 Produce a Report on Highly Insulating Framing System Incorporating Truss Thermal
Break Prototype containing a discussion of the following:
= OQverall frame design
= Fabrication process
= Measured results for structural and thermal performance

Develop a Prototype Highly Insulating Glazing Incorporating Thin Glass Non-Structural

Glazing and Insulating Spacer through the following activities:

0 Select and fabricate thin glass that is cost-effective and does not add extra weight.

o Develop an improved insulating spacer system that accommodates thin glass which
floats in between two structural panes of glass with air layers on both sides.

o Design an automated fabrication process for sealing structural glass panes to the
spacer system and for the placement of the thin, non-structural glass between
structural glazing.

0 Model the thermal and solar-optical properties to determine the best glass coating
and its placement within the glazing system, with various air/gas fills. Develop at
least two configurations: one for cooling-dominated climates and one for heating-
dominated climates.
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0 Produce a Report on Highly Insulating Glazing Incorporating Thin Glass Non-
Structural Glazing and Insulating Spacer Prototype containing a discussion of the
following:
= Design property set for two climates (cooling and heating)
= Description of proposed insulating glass fabrication process
= Results for simulated energy performance and optimal thermal and solar optical

properties
e Fabricate Prototype Punched Opening Window, Incorporating a Highly Insulated Frame
and Advanced Glazing Design through the following activities:

o0 Construct a finished prototype framed window in two sizes (one being National
Fenestration Rating Council (NFRC) standard test size) and measure the structural
performance in a standard AAMA test chamber.

0 Measure the thermal performance of the finished prototype product in LBNL's Mobile
Window Thermal Test (MoWiTT) and Infrared (IR) Thermography research facilities,
as well as at an NFRC-accredited commercial test lab, and compare to predicted
thermal performance by WINDOW and THERM, LBNL's software tools used in
NFRC-certified simulations.

0 Produce a Report on Punched Opening Window, Incorporating a Highly Insulated
Frame and Advanced Glazing Design Prototype containing a discussion of the
following:
= Results of structural & thermal performance for the two prototype windows.
= Comparison of test lab reports vs simulations.

Products:

e One-Page Task 2 Summary

e Report on Optimized Design for a New Truss-Based Thermal Break System for
Aluminum Commercial Framing

e Report on Highly Insulating Framing System Incorporating Truss Thermal Break
Prototype

e Report on Highly Insulating Glazing Incorporating Thin Glass Non-Structural Glazing
and Insulating Spacer Prototype

e Report on Punched Opening Window, Incorporating a Highly Insulated Frame and
Advanced Glazing Design Prototype

TASK 3: Energy-Recovery-Based Facade Ventilation Systems

The goal of this task is to develop, refine, and demonstrate an autonomously packaged, Local
Ventilation and Energy Recovery (LVER) unit that can replace traditional inefficient centralized
ventilation designs with a distributed network of efficient, localized Dedicated Outside Air
Systems (DOAS). The window frame-integrated LVER unit consists of an energy recovery core
and low-power wireless sensors controlled by a “system on a chip” that minimizes energy use
and ensures proper air distribution to perimeter zones. LVER units will be distributed along the
building facade and mesh-networked with the overall HVAC control system, including carbon
dioxide sensors located in the conditioned perimeter space.

The Recipient shall:

e Provide a One-Page Task 3 Summary of the task for the Technical Advisory Committee
(subtask 1.11) for information purposes that will discuss the objectives and activities to
be accomplished in this task.

e Develop an overall design for an autonomously packaged LVER unit and its key
components through the following activities:
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o Develop an energy recovery core based on a membrane heat and moisture
exchanger that can be fit into the spatial confines of window framing in commercial
buildings. These internal designs would maximize the exposed area of the
membrane while maintaining compact external geometry.

o0 Develop a thermally broken, aluminum housing for the energy recovery core that
provides inlet and outlet pathways for the exchange of outdoor and indoor air and
that can be easily inserted into the frame for future maintenance tasks.

o Design a bypass pathway that provides direct fresh air supply (i.e., economizer
mode) when outdoor conditions are favorable (such as during transition seasons, in
the night time, etc.).

0 Incorporate temperature and moisture wireless sensors.

o Design a small photovoltaic (PV) panel integrated into the outdoor side of the LVER
housing and small rechargeable battery pack, so that there is no need for separate
building wiring.

o0 Develop control algorithms that turn the LVER on and off based on external and
internal sensor information and that enable air flow bypass when outdoor conditions
are favorable (i.e., economizer mode)

o Design a logic board that incorporates a control algorithm, communicates with
external and internal wireless sensors, and can link to a building automation system.
The logic board will fit within the LVER housing so that the final package is a fully
autonomous integrated unit.

0 Produce a Report on Overall Design for an Autonomous Packaged LVER Unit
containing a discussion of the following:
= All the design elements developed
= Functionality of the design elements

e Develop a prototype commercial window with LVER installed and verify its overall
performance, including the effectiveness of ventilation and energy recovery operating
modes and the overall sensing and communication capabilities, through the following
activities:

o0 Fabricate a thermally broken aluminum housing and incorporate PV cells and

rechargeable batteries.

Fabricate an energy recovery membrane core with engineered inlet and outlet ports.

Fabricate a logic board with built-in wireless communication.

Develop software for the control algorithm and program it into the logic board.

Assemble all component parts into the working unit

Verify proper operation of the prototype unit by measuring flow rates and energy

recovery efficiency. Verify that the unit is properly reading sensor information and
performing planned tasks.

o Complete the fabrication of a validated prototype commercial window with LVER
installed.

0 Produce a Report on Prototype Commercial Window with LVER Installed containing
a discussion of the following:
= Overall thermal properties
= Effectiveness of ventilation and energy recovery operating modes
= Overall sensing and communication capabilities

e Measure and verify performance of the LVER prototype in a building test bed through
the following activities:

0 Mount the prototype unit in a facade of LBNL's outdoor testbed facility. (FLEXLAB,

OO0OO0O0OoOo
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Operate the unit under a variety of outdoor and indoor conditions and measure
energy savings versus the baseline unit without LVER. Evaluate the effect of the
LVER unit on occupant comfort.

Document the operation and effectiveness of the LVER.

Model annual performance of LVER units in two California climates, one
representing heating and one representing cooling climate.

Produce a Report Detailing Design and Measurement Results, and Potential Savings
in Two Climates containing a discussion of the following:

= Measured energy savings

= Documentation on operation and effectiveness of LVER

= Modeled annual performance of LVER units in 2 California climates

One-Page Task 3 Summary

Report on Overall Design for an Autonomous Packaged LVER Unit

Report on Prototype Commercial Window with LVER Installed

Report Detailing Design and Measurement Results, and Potential Savings in Two
Climates

TASK 4: Daylight Redirecting Systems

The goal of this task is to develop and demonstrate proof-of-concept solutions for cost-effective,
dynamic, daylight-redirecting optical systems for both new and retrofit applications. These
systems should reduce lighting energy use in 15- to 40-foot deep sidelit perimeter zones by

25%-50%

compared to a sidelit perimeter zone that is compliant with California Code of

Regulations Title 24, Part 6 and Part 1, Ch. 10, effective July 1, 2014, while improving lighting
quality and visual comfort.

The Recipient shall:

e Provide a One-Page Task 4 Summary of the task for the Technical Advisory Committee
(subtask1.11) for information purposes that will discuss the objectives and activities to
be accomplished in this task.

¢ Develop a daylight redirecting optical design using optimization tools to select the
appropriate material(s), optical shape and configuration of the optical elements, and
most effective mode of operation. Activities include the following:

(0]

o
(o}

5/13/2015

Define market and cost constraints to solutions that will save energy in California
buildings.

Evaluate alternative optical approaches that show promise to meet these constraints.
Evaluate available sensing and actuation mechanisms that meet daylight
performance requirements.

Define “must have” and “nice to have” features for solutions that will save energy in
California buildings.

Develop prototype design concepts that redirect sunlight to the ceiling plane using
reflective or refractive optical elements that are automatically adjusted based on
outdoor solar conditions.

Make goniophotometric measurements to characterize the bidirectional scattering
distribution properties of base materials used for the optical elements, as needed.
Apply simulation tools (e.g., genBSDF, WINDOW, Radiance, GenOpt) to
computationally find optimal designs using a combination of parameterization and
genetic algorithms and based on defined performance goals and constraints (e.qg.,
minimize daytime lighting energy use, visual discomfort not to exceed a selected
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comfort level for greater than 5% of daytime occupied hours, dampen actuation with
a five-minute delay).

Develop designs iteratively in parallel with fabrication activities discussed below.
Produce a Report Highlighting Daylight Redirecting Optical Design containing a
discussion of the following:

= Market and cost constraints that guided design development

= Alternative optical approaches to meet identified constraints

= Alternative sensing and actuation mechanisms

= List of features for successful solutions

= Goniophotometric measurements of base materials

= Simulation tool results

Fabricate the daylight redirecting optical prototype for evaluating feasibility and
performance through the following activities:

(o}

Engineer and fabricate a full-scale, table-top, working, physical prototype of a

prefabricated window unit with optical elements, actuation mechanism, sensors, and

controls.

Define precision-performance-cost tradeoffs for each optical approach associated

with various methods of actuation (e.g., shape memory alloys, linear motors,

polypyrrole actuators, magnetic actuators). Determine the prototype’s cost and

physical and functional limitations and use this information to define new constraints

for the design optimization process and to tune promising designs.

Mock up promising design(s) in full scale and install in a LBNL field test facility for

evaluation under real sun and sky conditions. Implement an early stage control

solution (e.g., Raspberry Pi, off-the-shelf sensors, http interface for real-time control,

and fault diagnostics) to actuate the system in response to sensor inputs. Refine

engineering details as field testing occurs.

Produce a Report Highlighting Daylight Redirecting Optical Prototype Features

containing a discussion of the following:

= Description of overall design

= Cost tradeoffs for each optical approach associated with various methods of
actuation

= Physical and functional limitations of prototype(s)

= Evaluation of feasibility

Evaluate the performance of the prototype and commercialization strategies through the
following activities:

o

Use simulation tools to extend the field test results, benchmarking annual energy use
and visual comfort performance of select promising designs against a conventional
shading system in side-lit perimeter zones of a prototypical large office building,
which is compliant with California Code of Regulations Title 24, Part 6 and Part 1,
Ch. 10, effective July 1, 2014, for three diverse California climate zones.

Conduct a life-cycle cost analysis, identify market niche applications, and estimate
statewide impacts on California electricity use and peak demand.

Measure workplane illuminance, lighting energy use, and discomfort glare in LBNL's
outdoor testbed facility under representative conditions (e.g., south, west; solstice,
equinox; clear sunny, overcast sky). Evaluate the operational performance of the
control system.

Explore engineering details that address practical technical and market issues,
leveraging prior work conducted under the DOE-Pella Windows project and
complementary work being conducted under Task 6 of this project:
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» Develop design details for a two-zone, single-window unit for cost-effective
retrofit applications that includes the upper clerestory with daylight-redirecting
system plus a lower view window with conventional shade.

» |nvestigate options for an interior-retrofit system as an alternate to a between-
pane system for lower installation cost.

= |nvestigate structural and actuation limits for factory-built window units (<3 x 5 ft
units) and prefabricated curtainwall units (<5 x 10 ft units); address structural and
actuation limits.

= Develop details for window units that meet or exceed requirements of the
California Code of Regulations Title 24, Part 6 and Part 1, Ch. 10, effective July
1, 2014, for thermal heat transfer properties of the overall window assembly (e.g.,
between-pane shade and optical elements compatible with low-E sputtered
coatings, etc.).

= Define required system architecture for networking and communications between
the actuator, sensors, override switch, and embedded controller using open
protocols (ZigBee, Bluetooth, WiFi) to facilitate integration with other building
energy management control systems.

= Define power options (e.g., self-powered or building-integrated PV-powered
actuation and sensing) and options for low-powered sensors.

= Define controller designs that enable self-commissioning for any arbitrary fagade
orientation and facilitate troubleshooting with fault detection and diagnostic (FDD)
tools.

0 Prepare a Daylight Redirecting System Performance and Impact Report that
includes:

e A description of the prototype technology;

e A description of the methods, results, analysis of the prototypes’ energy and
visual comfort performance using simulation tools and full-scale outdoor field
tests, and life-cycle cost analysis;

e Adiscussion of statewide technical and market potential in California, based on
simulation results, measured data, and discussions with potential industry
partners.

¢ Identification of potential industry partner(s) and discussion of how fabrication
would scale to on-line manufacturing processes; estimation of mature market
cost in consultation with industry.

Products:
e One-Page Task 4 Summary
¢ Report Highlighting Daylight Redirecting Optical Design
¢ Report Highlighting Daylight Redirecting Optical Prototype Features
o Daylight Redirecting System Performance and Impact Report

TASK 5: Daylighting and Shading Optimization Methods

The goal of this task is to enable architects and engineers, facility owners, and manufacturers to
evaluate the energy performance of a wide range of daylighting/exterior shading systems that
are optically complex and currently fall outside the current modeling capabilities of state-of-the-
art tools. This energy modeling capability supports the early stages of architectural or product
design, when it is critical to conduct initial concept evaluation for energy and comfort, and
assess compliance with California Code of Regulations Title 24, Part 6 and Part 1, Ch. 10,
effective July 1, 2014. This task adds versatile and powerful new capabilities to a new version of
the Radiance daylighting tool developed under a prior Energy Commission/DOE project,
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allowing modeling of non-coplanar fenestration shading and daylighting elements using
accelerated annual energy performance analysis techniques.

The Recipient shall:

Provide a One-Page Task 5 Summary of the task for the Technical Advisory Committee
(subtask 1.11) for information purposes that will discuss the objectives and activities to
be accomplished in this task.

Build software tools to evaluate the annual energy performance, comfort, and visual
appearance of widely used, but optically complex, non-coplanar fenestration systems
using a toolkit including but not limited to the CGDB, WINDOW, Radiance, EnergyPlus,
and COMFEN. This will include the following activities:

(0}

0}
0}

Develop CGDB, WINDOW, and EnergyPlus tools to support the alpha version of a
new Radiance tool ("rfluxmtx”).°

Enable a CGDB library to accept transmission-only data from the F matrix.

Enable WINDOW to read the F matrix from the CGDB library in order to create
whole-window BSDF data. Incorporate the necessary software modifications and
needed thermal models for the full-window system (e.g., convective heat transfer for
an expanded metal mesh overhang and double-pane window).

Enable use of Radiance scheduled surface gains (window layers, rooms surfaces)
and scheduled illuminance and lighting energy use data for annual energy use
calculations in EnergyPlus. Enable use of WINDOW BSDF data for annual energy
use simulations in EnergyPlus that do not require accurate daylighting.

Document the simplifying assumptions used to model convective heat flow and
radiative heat exchange in and around the non-coplanar fenestration element and
limits of application given these simplifying assumptions.

Debug, test, and validate algorithms implemented in the Radiance software through the
following activities:

(0}

Define use cases (e.g., opaque overhang, perforated metal overhang) and model

and compare each case using conventional ray-tracing methods versus the newly

developed F matrix approach. Test and debug the software as needed.

Validate Radiance algorithms using full-scale measurements in LBNL’s outdoor

testbed facility.

= |nstall, instrument, then measure daylight illuminance distribution in test offices
with 2—-3 non-coplanar systems (e.g., fabric awning, perforated metal overhang,
fritted glass fin) and compare to the simulated results.

=  Measure luminance distributions using a high dynamic range (HDR) imaging
system and compare them to rendered false-color luminance images of the
space.

= Debug and modify software as needed to improve modeling accuracy.

Validate Radiance algorithms using full-scale measurements in FLEXLAB or

equivalent for an innovative skylight/roof lighting system.

=  Fabricate a prototype and install for field testing.

® This tool models non-coplanar fenestration elements as an “F” flux transfer matrix, which can be easily
incorporated in a three-phase matrix calculation for accelerated annual energy performance analysis. The
“F" matrix is separate from the “D” or daylight matrix, thereby decoupling the design of the exterior facade
from the surrounding site context, accelerating iterative design, and enabling virtual prototyping. (This
modeling approach is also applicable to light tracking systems involving heliostats and solar concentrator
technologies for solar hot water or photovoltaic applications, where window heat gain, solar hot water,
and PV modeling would be handled within EnergyPlus)
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= Install, instrument, then measure daylight illuminance distribution in the test
space with one experimental system and compare it to the simulated results.

=  Measure luminance distributions using an HDR imaging system and compare
them to rendered false-color luminance images of the space.

o Develop Radiance Use Case Tutorials with several use cases to facilitate use of

command-line version by third-party Radiance developers, designers, and

manufacturers including but not limited to:

= Instructions on how to create BSDF files for non-coplanar systems using
Radiance and WINDOW

= Instructions on how to run Radiance to obtain illuminance and luminance data

=  Guidance on limitations of application given assumptions of the Radiance
modeling tool

Implement, debug, and test software changes in CGDB, WINDOW, and EnergyPlus
through the following activities:

(0}

Compare outputs from new and old tools for a use case that can be modeled using

the old tools: a translucent, hemispherically diffusing overhang. Identify

discrepancies in the modeling approach or bugs in the CGDB, WINDOW, and

EnergyPlus code to address any identified bugs, then retest with several use cases

to ensure that the modifications are error free. Submit software changes for public

release.

Test workflow between software tools and implement any necessary changes to

enable automatic transference of data between tools. Test the implementation and

debug it.

Test the workflow needed to evaluate a dynamic, operable shading device (e.g.,

swing-arm awning) using the “external interface” option in EnergyPlus.

Develop and disseminate via Recipient’'s website Window/CGDB/EnergyPlus Toolkit

Tutorials with several use cases, including an operable shade, to facilitate use by

developers, designers, and end users.

= Instructions on how to input the proper thermal and convective properties of the
non-coplanar system into WINDOW and EnergyPlus

= Instructions on how to export the output file from WINDOW for use by
EnergyPlus for window heat gain calculations

= Instructions on how to model dynamic operable shading using multiple BSDF
files for the operable, non-coplanar system

=  Guidance on limitations of application given assumptions of the modeling tools

Implement, debug, and test software changes in COMFEN through the following
activities:

(o}

Define, then implement, the modifications needed to model non-coplanar shading

and daylighting systems for sidelit applications in COMFEN, including user input

screens and visualization tools.

Implement changes to the graphical user interface, incorporating the necessary

inputs needed to describe the non-coplanar system. Provide visualizations of simple

rectangular systems (e.g., overhangs, fins) in the interface.

Test the code with use cases defined by Radiance tests, and compare the results to

the Radiance output and debug COMFEN software.

Publish on Recipient’s website COMFEN Tutorials with several use cases, including

an operable shade, to facilitate use by developers, designers, and end users.

= Instructions on how to define the non-coplanar system using the COMFEN user
interface (select the BSDF, input thermal properties, etc.).

» Instructions on how to model an operable non-coplanar system.
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Prepare a Non-coplanar Fenestration Modeling Report that includes, but is not limited to,

the following:

o0 A technical description of the Radiance software tool.

0 A technical description of the methods, results, and analysis of the validation work
conducted using simulation and field test measurements.

0 A technical description of the limits of application given simplifying assumptions on
thermal modeling of the system in EnergyPlus.

Products:

e One-Page Task 5 Summary

Radiance Use Case Tutorials
Window/CGDB/EnergyPlus Toolkit Tutorials
COMFEN Tutorials

Non-coplanar Fenestration Modeling Report

TASK 6: Dynamic, Integrated Fagcades
The goal of this task is to develop smart, self-aware, context-integrated, inter-operating building
envelope systems that can optimize real-time energy performance and comfort of the intelligent

facade
include
curtain
and (4)

within the whole-building context. These dynamic, integrated facade systems could
elements developed in each of the prior four tasks: (1) highly insulating glazings and
walls, (2) naturally ventilated facade elements, (3) daylight redirecting facade elements,
optimized shading/daylighting solutions. The optimized solutions developed can later be

extended to a microgrid and utility Smart Grid context.

The Recipient shall:

5/13/2015

Provide a One-Page Task 6 Summary of the task for the Technical Advisory Committee
(subtask 1.11) for information purposes that will discuss objectives and activities to be
accomplished in this task.

Develop physics-based and reduced-order models for operable shading, daylighting,

and single-sided ventilation through the following activities:

o For applications involving real-time load management, develop and validate through
comparative model validation physics-based, models for heat transfer, daylighting,
building integrated PV, and single-sided ventilation and add them to the open source
Modelica Buildings Library.

o For applications involving forecasted load management (e.g., radiant cooling
strategies involving thermal mass over a 24-hour prediction horizon), develop
reduced-order models which are based on the above physics-based models but are
designed to be used for fast and robust control optimization.

o0 Produce a report on Models for Operable Shading, Daylighting, and Single-Sided
Ventilation including but not limited to:
= Description of the models
= Description of the assumptions and limitations of the models

Prepare a CPR Report and participate in a CPR meeting.

Develop a web-based interface to enable a manufacturer to rapidly generate control

logic code for a variety of innovative fagcade designs given simple site-specific inputs.

0 Based on above physics-based models, build a library of fenestration control
modules for operable shading, daylighting, and ventilation components that reflect
the physical, mechanical, and operational constraints of the specific class of devices
(e.g., wind limits for exterior louvers, time delays for actuating an indoor blind to
minimize occupant disturbance).
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0 Build a robust, fully-automated, pre-commercial interface and underlying optimization
engine based on the conceptual framework developed in prior Energy Commission
R&D’. This framework enables users to enter some details of their building and
window configuration through the web-based interface, then upon submittal, runs
thousands of optimizations on a cloud server and returns a lookup table and
interpolation-based controller for uploading on a low-cost embedded controller.
= Enable features that allow the end user to increase density of the lookup table

and precision of the control optimization to improve controller performance.
= Enable features that implement self-calibration of reduced-order models using
data from physics-based models or from measured data.

o Verify self-calibration by emulating, through simulation, a set of different fagade
systems to prepare system for full-scale testing.

o0 Produce a report on a Web-based Interface for Operable Shading, Daylighting, and
Single-Sided Ventilation including but not limited to:
= Description of the library of fenestration control modules
= Description of the pre-commercial interface and underlying optimization engine

¢ Design and fabricate a prototype engineered curtain wall unit that includes sensors and
embedded controller. .
o Develop a facade design for a typical large office commercial building in a hot
California climate, then select and obtain the operable fenestration components to be
used in the prototype. .
o0 Define a system specification for:
= System architecture for networking and communications with other building end
use systems and utility pricing data (e.g., OpenADR).

= Power systems for actuation, sensing, and wireless communications, including
distributed generation (e.g., building integrated photovoltaics) and storage.

= Update of the unit's lookup table and parameters by end users (e.g., installer,
facility manager) to control remotely and to report device status, fault diagnostic
data (FDD), and monitoring and verification (M&V) data to a central server.

o Fabricate the prototype engineered curtain wall. Implement the system specification.
Install the prototype curtainwall in an LBNL field test facility for evaluation under real
sun and sky conditions. Refine engineering details as field testing occurs.

0 Produce a Report Highlighting Prototype Engineered Curtain Wall Unit containing:
= Description of overall design
= Description of the physical and functional limitations of the prototype(s)

e Evaluate the performance of the prototype and commercialization strategies through the
following activities:

0 Use simulation tools to benchmark annual energy use and visual comfort
performance of the fabricated unit against a conventional shading system in side-lit
perimeter zones of a prototypical large office building that is compliant with California
Code of Regulations Title 24, Part 6 and Part 1, Ch. 10, effective July 1, 2014, in
three diverse California climate zones.

o Conduct a life-cycle cost analysis, identify market niche applications, and estimate
statewide impacts on California electricity use and peak demand.

0 Measure workplane illuminance, lighting energy use, HVAC energy use, and thermal
and visual comfort in LBNL field test facilities under representative conditions (e.qg.,
south, west; solstice, equinox; clear sunny, overcast sky). Evaluate the operational
performance of the control system.

" CEC PIER “High performance building facade solutions — Phase II”, Contract Number: 500-09-026.
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Define potential business models for commercialization (e.g., a facade assembly

manufacturer offers turnkey automated facades to owners and/or facility managers

for deep retrofits and uses a web-based interface to generate the code for a select

set of component technologies) and discuss with potential industry partner(s).

Identify potential market barriers to adoption through discussions with potential

industry partner(s), including architects, engineers, facade component

manufacturers, facade assembly manufacturers, owners, and facility managers, then

define potential engineering solutions for overcoming market barriers (e.g., fault

diagnostics and measured data reporting functions to reduce risk).

Estimate mature market cost and benefits associated with whole-building integrated

controls in consultation with industry.

Prepare a Dynamic, Integrated Facades Report that includes the following:

e A description of the overall prototype technology;

¢ A description of the methods, results, analysis of the prototypes’ energy and
visual comfort performance using simulation tools and full-scale outdoor field
tests, and life-cycle cost analysis;

e Adiscussion of statewide technical and market potential in California, based on
simulation results, measured data, and discussions with potential industry
partners.

One-Page Task 6 Summary

Models for Operable Shading, Daylighting, and Single-Sided Ventilation

CPR Report

Web-based Interface for Operable Shading, Daylighting, and Single-Sided
Ventilation

Report Highlighting Prototype Engineered Curtain Wall Unit

Dynamic, Integrated Facades Report

TASK 7: Evaluation of Project Benefits
The goal of this task is to report the benefits resulting from this project.

The Recipient shall:

Complete three Project Benefits Questionnaires that correspond to three main intervals
in the Agreement: (1) Kick-off Meeting Benefits Questionnaire; (2) Mid-term Benefits
Questionnaire; and (3) Final Meeting Benefits Questionnaire.

Provide all key assumptions used to estimate projected benefits, including targeted
market sector (e.g., population and geographic location), projected market penetration,
baseline and projected energy use and cost, operating conditions, and emission
reduction calculations. Examples of information that may be requested in the
guestionnaires include:

5/13/2015

o For Product Development Projects and Project Demonstrations:

= Published documents, including date, title, and periodical name.

» Estimated or actual energy and cost savings, and estimated statewide energy
savings once market potential has been realized. Identify all assumptions used in
the estimates.

= Greenhouse gas and criteria emissions reductions.
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Other non-energy benefits such as reliability, public safety, lower operational
cost, environmental improvement, indoor environmental quality, and societal
benefits.
Data on potential job creation, market potential, economic development, and
increased state revenue as a result of the project.
A discussion of project product downloads from websites, and publications in
technical journals.
A comparison of project expectations and performance. Discuss whether the
goals and objectives of the Agreement have been met and what improvements
are needed, if any.
Additional Information for Product Development Projects:
e Outcome of product development efforts, such copyrights and license
agreements.
e Units sold or projected to be sold in California and outside of California.
e Total annual sales or projected annual sales (in dollars) of products
developed under the Agreement.
¢ Investment dollars/follow-on private funding as a result of Energy
Commission funding.
e Patent numbers and applications, along with dates and brief descriptions.
Additional Information for Product Demonstrations:
e Outcome of demonstrations and status of technology.
e Number of similar installations.
e Jobs created/retained as a result of the Agreement.

o For Information/Tools and Other Research Studies:

Outcome of project.

Published documents, including date, title, and periodical name.

A discussion of policy development. State if the project has been cited in
government policy publications or technical journals, or has been used to inform
regulatory bodies.

The number of website downloads.

An estimate of how the project information has affected energy use and cost, or
have resulted in other non-energy benefits.

An estimate of energy and non-energy benefits.

Data on potential job creation, market potential, economic development, and
increased state revenue as a result of project.

A discussion of project product downloads from websites, and publications in
technical journals.

A comparison of project expectations and performance. Discuss whether the
goals and objectives of the Agreement have been met and what improvements
are needed, if any.

¢ Respond to CAM questions regarding responses to the questionnaires.

The Energy Commission may send the Recipient similar questionnaires after the Agreement
term ends. Responses to these questionnaires will be voluntary.

5/13/2015
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Products:
¢ Kick-off Meeting Benefits Questionnaire
o Mid-term Benefits Questionnaire
o Final Meeting Benefits Questionnaire

TASK 8: Technology/Knowledge Transfer Activities
The goal of this task is to develop a plan to make the knowledge gained, experimental results,
and lessons learned available to the public and key decision makers.

The Recipient shall:
e Prepare an Initial Fact Sheet at start of the project that describes the project. Use the
format provided by the CAM.
e Prepare a Final Project Fact Sheet at the project’s conclusion that discusses results.
Use the format provided by the CAM.
e Prepare a Technology/Knowledge Transfer Plan that includes:

0 An explanation of how the knowledge gained from the project will be made available
to the public, including the targeted market sector and potential outreach to end
users, utilities, regulatory agencies, and others.

0 A description of the intended use(s) for and users of the project results.

o0 Published documents, including date, title, and periodical name.

o0 Copies of documents, fact sheets, journal articles, press releases, and other
documents prepared for public dissemination. These documents must include the
Legal Notice required in the terms and conditions. Indicate where and when the
documents were disseminated.

0 Adiscussion of policy development. State if project has been or will be cited in
government policy publications, or used to inform regulatory bodies.

0 The number of website downloads or public requests for project results.

0 Additional areas as determined by the CAM.

¢ Conduct technology transfer activities in accordance with the Technology/Knowledge

Transfer Plan. These activities will be reported in the Progress Reports.

e When directed by the CAM, develop Presentation Materials for an Energy Commission-
sponsored conference/workshop on the results of the project.

e Prepare a Technology/Knowledge Transfer Report on technology transfer activities
conducted during the project.

Products:

e Initial Fact Sheet (draft and final)
Final Project Fact Sheet (draft and final)
Presentation Materials (draft and final)
Technology/Knowledge Transfer Plan (draft and final)
Technology/Knowledge Transfer Report (draft and final)

TASK 9 Production Readiness Plan

The goal of this task is to determine the steps that will lead to the manufacturing of technologies
developed in this project or to the commercialization of the project’s results.
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The Recipient shall:

Prepare a Production Readiness Plan. The degree of detail in the plan should be
proportional to the complexity of producing or commercializing the proposed product,
and to its state of development. As appropriate, the plan will discuss the following:

Products:

(0}

(0}

©o0oo0o

(olNe]

Critical production processes, equipment, facilities, personnel resources, and support
systems needed to produce a commercially viable product.

Internal manufacturing facilities, supplier technologies, capacity constraints imposed
by the design under consideration, design-critical elements, and the use of
hazardous or non-recyclable materials. The product manufacturing effort may include
“proof of production processes.”

The estimated cost of production.

The expected investment threshold needed to launch the commercial product.

An implementation plan to ramp up to full production.

The outcome of product development efforts, such as copyrights and license
agreements.

Patent numbers and applications, along with dates and brief descriptions.

Other areas as determined by the CAM.

Production Readiness Plan (draft and final)

IV. PROJECT SCHEDULE

Please see the attached Excel spreadsheet for the detailed schedule.

5/13/2015
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RESOLUTION NO: 15-0513

STATE OF CALIFORNIA

STATE ENERGY RESOURCES
CONSERVATION AND DEVELOPMENT COMMISSION

RESOLUTION - RE: LAWRENCE BERKELEY NATIONAL LABORATORY

RESOLVED, that the State Energy Resources Conservation and Development
Commission (Energy Commission) adopts the staff CEQA findings contained in the
Agreement Request Form; and

RESOLVED, that the Energy Commission approves Agreement EPC-14-066
with the Department of Energy's Lawrence Berkeley National Laboratory for a
$3,000,000 grant to develop novel building window and facade technologies that can be
integrated into a cost-effective system that can reduce HVAC and lighting energy use
while improving occupant comfort. Technology development activities include highly
insulating windows, energy recovery-based envelope ventilation systems, and dynamic
daylight redirecting systems; and

FURTHER BE IT RESOLVED, that the Executive Director or his/her designee
shall execute the same on behalf of the Energy Commission.

CERTIFICATION

The undersigned Secretariat to the Commission does hereby certify that the foregoing is
a full, true, and correct copy of a Resolution duly and regularly adopted at a meeting of
the California Energy Commission held on May 13, 2015.

AYE: [List of Commissioners]
NAY: [List of Commissioners]
ABSENT: [List of Commissioners]
ABSTAIN: [List of Commissioners]

Harriet Kallemeyn,
Secretariat
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