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· HiPerBRIC Vision, Mission, Role and Value.

· Vision. HiPerBRIC will enable the transformation of the U.S. Commercial buildings sector in 20 years. 

· Mission. Save >4 Quads of energy and reduce >400 million tons of CO2 annually with targeted reduction in energy consumption of 90% in new buildings (over current baselines) and more than 50% in retrofits while simultaneously improving health, comfort, safety/security, water usage, and energy efficiency in buildings.

· Role in Energy R&D Landscape. HiPerBRIC will focus on the commercial building sector and will identify and mature systems approaches to energy reduction in full scale settings. HiPerBRIC will encompass all aspects of the systems approach with a focus on technology development, demonstration, and enabling wide-scale implementation both for retrofits in building stock and in designing new buildings.  HiPerBRIC will focus on pre-competitive R&D that is differentiated by taking an integrated systems view of building energy consumption and maturing technology with teams formed from National Laboratories, universities and industrial participants.

· Value. HiPerBRIC will create an industry-university-National Laboratory partnership where the key values to both the National R&D agenda as well as to member companies will: 

· enable technologies (hardware and software) and integrated systems that will be identified and matured to reduce risks for commercialization; 

· create a new generation of scientists and engineers trained in systems approaches to realize energy efficiency in commercial building stock; 

· create job growth through revitalizing the US commercial buildings industry that includes suppliers, architects, builders, building operators;

· create a unique user facility that will incorporate both a physical infrastructure and also a virtual presence to evaluate, validate and mature new technologies in real building systems and thereby enable commercialization, education, and training.

Grand Challenge Themes. HiPerBRIC will focus on strategic themes. The initial two themes are the challenges of 1) low carbon footprint design of commercial buildings and 2) energy efficient operation of commercial office buildings.  

      HiPerBRIC Roadmap.  HiPerBRIC research outcomes will provide implementation partners with technology and business solutions that enable designers, owners and investors to design and retrofit buildings that incrementally approach zero energy performance goals. The barriers to the first stage of improvement to 50% savings are relatively well understood and are outlined in the current R&D Roadmap leading to key milestones in 3, 5 and 8 years, as follows:

o      3 Year: Demonstrate more than 50% reduction in energy consumption with deep retrofits. Develop methods of systems design and analysis that can be scaled up.

o      5 Year: Demonstrate more than 70% reduction in energy consumption with retrofits.  Develop design approaches and integrated systems solutions for more than 80% reduction in energy consumption in new buildings.

o      8 Year: Tens of deep retrofits with > 50% reduction in energy consumption. Tens of new buildings with 90% reduction in energy consumption, deploying fully automated self-tuning continuous energy minimization and indoor environment optimizing in retrofits and new buildings.

As the detailed performance of the first set of heavily instrumented buildings are assessed in the field the roadmap will be updated with a second set of technical milestones defining the project outcomes through 2030.
· HiPerBRIC Structure.

· Research & Development: The R&D effort in HiPerBRIC will be divided into two offices (details can be found in Appendix 2).  The Grand Challenges will be addressed through projects that are aligned to these two offices.

· Energy Systems Ofﬁce. The goal of this ofﬁce is to develop enabling technologies that integrate building architecture with energy systems engineering.  The focus of this ofﬁce is to take a systems view of building performance and to develop technology that enhances or creates new interfaces between subsystems that can signiﬁcantly enhance system level performance of buildings for energy efﬁciency and water consumption.
· Building Performance Ofﬁce. The goal of this ofﬁce is to deploy system level solutions that demonstrate energy reduction. The deliverables of projects in this ofﬁce will speciﬁcally target energy reduction that is tied to the HiPerBRIC roadmap.
· Building Industry Consortium:  As an organization whose key objective is to transform the way energy is used in the commercial building sector, HiPerBRIC will rely on building industry partners to play a key role in guiding and conducting R&D and then leveraging results leading to market impacts. Consortium members are drawn from key sectors including component and systems manufacturers, software suppliers, construction managers and contractors, corporate owners and investors, facility managers, utilities and public interest groups.

· User Facility.  The user facility will have both a physical structure and virtual presence.  The physical structure will contain three types of space:

· Collaborative Space for teams of scientists, engineers, architects, economists, to interact together.  

· Component Testing Space to enable hardware development (e.g. coatings for windows, sensor modules) and testing; 

· Full-Scale Testing Space that provides framework of building where hardware (building materials, sensors, HVAC etc) and software (the Building Operating Platform) can be added and tested for energy consumption and indoor environment.  

The virtual presence will utilize an open system collaborative environment (e.g. Web2.0) to design, operate and test building components and systems remotely. The facility will allow both proprietary and nonproprietary work. 

· Implementation. This activity will engage various stakeholders in the buildings industry and focus on:

· Demonstration projects that will use the hardware and software in real building settings to achieve the milestones outlined in the roadmap. 

· Engage and facilitate education and vocational training of research and operation of commercial buildings with the technology developed in HiPerBRIC.

· Provide technical support for creating codes and standards and best practices for designing new buildings, retrofitting existing buildings, and operating buildings.

· HiPerBRIC Implementation.

· Research & Development: The R&D effort in HiPerBRIC will receive funding to: (i) conduct workshops to identify technology and research gaps and teams, (ii) conduct seed projects to advance specific enabling technologies within program offices, and (iii) conduct large projects with program offices that involve maturation of several enabling technologies integrated in a representative building environment. 

· Energy Systems Ofﬁce. Two focus areas have been identified: (a) systems engineering and (b) energy systems and indoor environment technologies. It is proposed that each of these focus areas will perform 4 seed projects and at least 1 large project every year. 
· Building Performance Ofﬁce. Two focus areas have been identified: (a) controls and dynamics and (b) decision support technologies. It is proposed that each of these focus areas will perform 4 seed projects and at least 1 large project every year.
In summary, 16 seed projects and 4 large projects are expected to be conducted by HiPerBRIC each year. The seed projects will require 2-3 full time equivalent effort level and about $600K funding annually. The large projects will involve 14-16 full time equivalent effort level and require about $4M annual funding. Combined with funding required for workshops, the R&D effort in HiPerBRIC will require nearly $25M in annual funding.

· Building Industry Consortium:  Steering and participating members will provide direct financial and in-kind support to the program, and are expected to become actively engaged in one or more projects by providing project staff, demonstration buildings, etc.  Partners will be asked to commit to funding HiPerBRIC for an initial period of 5 years, renewable thereafter. The financial and in-kind contributions will be tiered based on membership options such as outlined next. The highest tier of “founding sponsors” is expected to involve 3-5 companies, large corporations with existing R&D efforts already aligned with the research focus of the Center. Founding sponsors will be responsible to drive the focus and direction of the activities, as well as for operational issues. The next tier of “research sponsors” will involve 4-10 companies, with more limited business interests in commercial sector and more limited involvement in a smaller subset of Center activity with interests that may drive specific Center projects and field demonstrations. The last tiers of “team sponsors” and “associate sponsors” would involve clusters of companies with a shared business interest participating in the Center in the role of a “single” aggregate member and involve other stakeholders in the commercial sector (e.g. design community, financiers, and utilities) with a strong interest in the transformation to zero energy buildings envisioned.
·  User Facility.  It is anticipated that the planning for the user facility required to perform the seed projects and future large projects to follow will need a phased approach. In the early phase, to conduct the workshops and seed projects being planned, existing infrastructure (small-scale laboratories and office space) at LBL will be leveraged. Concurrently, detailed plans for a larger scale facility will be developed. The source of funding required for the new user facility and its operations has not been determined, but is anticipated to be around $15M.

· Implementation. This activity will engage various stakeholders in the buildings industry and will seek to achieve “out of scale” impact by enabling large-scale demonstrations that can be scaled up to the entire building stock. Funding levels required for this are expected to be higher than for the R&D programs and the user facility, and are anticipated to leverage public utility and other infrastructure stakeholders support (e.g. CPUC, CEC). The large-scale demonstrations required for this will leverage the 3-5 year output of HiPerBRIC.

· HiPerBRIC Output.  The result of this activity will be

· Identification of gaps in technology and policies based on demonstrations, field trials, and market assessments.

· Hardware and software technologies that can be used for retrofitting existing buildings and designing new buildings, and operating all buildings to reduce energy consumption in buildings

· Demonstrations as well as best practices and know-how for meeting the CPUC goals and AIA challenge

· A facility to help users validate and test hardware and software for performance in real building system to reduce risk and enable commercialization

· Technological support for codes, standards, and policies.

· Education and training at both research as well as vocational levels.
· Formation of new joint ventures and business models that create jobs to commercialize new technologies and thereby revitalize the buildings industry. 
· Recommended Actions.
· Name an interim Governing Board for HiPerBRIC composed of Steve Chu, Michael McQuade, Arun Majumdar and Shankar Sastry effective immediately. The Governing Board will meet monthly. The first meeting will take place via telephone in early March and physically in Berkeley in April 2008.
· Secure attendance and schedule a DOE visit by end of February 2008. The purpose of the visit is to communicate the intent to form HiPerBRIC and to initiate the process for securing funding commitments for the planned facility and cost shared research with Federal and State resourcing.

· Actively initiate recruitment of consortium members.  Contributions will be according to various degrees of participation. UTC, UC Berkeley and LBNL will have responsibility to approach and recruit at least one founding member. Target members have been identified in the building materials, IT, lighting, utilities and architecture industries, as well as at University of Illinois and UC Santa Barbara.   The state of recruitment activities will be reviewed in telecoms by early March and in April in Berkeley.

· Initiate IP agreements among UTC and LBNL and framework agreements for other members. An initial IP framework will be reviewed by the ad hoc Governing Board in April in Berkeley.

· Commit funding to joint seed projects and workshops in 2008. The expected funding required from LBNL is $500K and from UTRC is $800K in 2008. The seed project scopes, plans and deliverables will be finalized in workshops scheduled jointly by UTRC and LBNL for March 2008, with teaming arrangements and large projects presented for review to the Governing Board in April 2008 in Berkeley.

· Select lab space at LBNL and modify to meet the needs of the seed projects.  The plan to have a lab space operational by mid 2008 will be presented to the Governing Board in April in Berkeley. Plans for moving forward to secure a large scale facility will be completed by June 2008.
Appendix 1: HiPerBRIC Roadmap
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Outcome & Milestone Roadmap

3 Years (2011)

§

>50% reduction in energy consumption at the end of 3 years demonstrated in a 

Ņ

deep

Ó

 retrofit with market-averaged payback 

§

Develop methodology for scale-up with

 

energy, health, comfort, and safety in mind

§

Curriculum development tie-ins for training personnel

§

Product communication protocols

5 years (2013)

§

>70% 

reduction in energy consumption 

demonstrated in a 

Ņ

deep

Ó

 retrofit with market-averaged payback

§

>80% reduction in energy consumption demonstrated in a new building with cost of conserved carbon below onsite

new clean generation

§

Demonstrate fully automated self-tuning continuous energy minimization at test facility with designed comfort and

indoor air quality

§

Demonstrate moderate scale up

§

Develop regional market transformation programs for buildings industry

8 years (2016)

§

Tens to Hundred deep retrofit

with >50% reduction in energy

consumption with market

averaged payback

§

Tens of new buildings with 90%

reduction in energy consumption

with market averaged payback

10 years (2018)

§

>100 buildings being deep-retrofitted (>50% reduction) with

market averaged payback time

§

Deploying fully automated self-tuning continuous energy

minimization and indoor environment optimizing in retrofits and new

buildings

§

Multiple service companies offering deep-retrofit capabilities with

financing, remote monitoring, and performance guarantees

§

Scale

 

up for new buildings design and construction

 

towards

zero net energy and designed indoor

 

environment and

security with

 

market averaged payback time

§

Several dozen hardware and software products available

from private sector enabled with BOP protocols, and plug-

and-play capability

2011

NOW

2013

2016

2018

2030

AIA Challenge &

CPUC Goals

All new commercial

buildings will be zero

net energy

Technology Maturation;

Implementation in Large

Commercial Buildings;

Domestic and

International Scale up to

Thousands of Buildings


Appendix 2: The Proposed R&D Structure of HiPerBRIC

Energy Systems Ofﬁce. The intent of the energy systems ofﬁce is to develop en​abling technologies that support systems engineering applied to evaluate and improve building performance. The focus of this ofﬁce is to take a systems view of building performance and to develop technology that enhances or creates new interfaces between subsystems that can signiﬁcantly enhance system level performance of buildings for energy efﬁciency.

The project portfolio in this ofﬁce will consist of a number of technology develop​ment efforts that range from the creation of a fundamental and extendable modeling infrastructure to the development of components that significantly enhance system level building performance. The deliverables of all projects must be tied to a demonstration that shows the maturity of the technology (ie Technology Readiness Levels or an equivalent set of metrics) to address energy efﬁciency as on the HiPerBRIC roadmap, however, the emphasis of the Energy Systems Ofﬁce will be on speciﬁc enabling technology development and not system level deployment or demonstrations. Put differently the “technology maturation” will be on the interface and the technology to exploit the interface. The project plans must include the rationale of how the in​terface affects system level performance and the project must develop and mature and test the interface — not the entire system. The system level deployments would be the domain of the second program ofﬁce.

Some seed projects in the Energy Systems Ofﬁce could include focus on modeling, design processes and the IT infrastructure. 
• Multiscale heterogeneous modeling and analysis. The intent of such a seed project would be to develop a modeling and analysis infrastructure to describe the dynamics of key building subsystems. The interaction of building enve​lope, energy sinks including HVAC and lighting as well as the control functionality must be captured in such an environment. The analysis tools must include val​idation and must address uncertainty in the resulting models in forms that can be used in design and operation to effectively take design decisions. 

• Design ﬂows for multiscale heterogeneous building systems. The intent of such a seed project would be to develop methodology for design that can address the complexity of building systems as well as the collaborative nature of design. The principles of platform based design will be emphasized in constructing appropriate abstraction layers that can address complexity and also develop frameworks and tool chains to enable the construction and sharing of models between diverse participants and stakeholders.
• Building Operating Platform for Effective Sensing and Control of Building System Dynamics.  The intent of such a seed project will be to develop software architecture to enable design flows to be implemented in a rapid and error free manner. The construction of tool chains that can assist designers to fully utilize implementation platforms will be constructed and attention will be paid to the automation of such tool chains as well as the separation between the implementation platform and the specification of requirements which is essential for both updating system configurations as well as widening the ability for testing and maintenance of building management systems.
• Subsystem and component technology development for enhanced system level performance. The intent of such a seed project would be to carry out design space exploration and identify bottlenecks in system level performance at the subsystem and component level. Subsequent component development would be to reduce the bottleneck in system level performance and create and experimentally demonstrate enabling technology. 

Building Performance Office: The intent of the building performance ofﬁce is to deploy system level solutions that demonstrate system level energy reduction. The deliverables of projects in this ofﬁce should speciﬁcally target energy reduction that is tied to the HiPerBRIC roadmap.

Some examples of projects that could be run under this ofﬁce are efforts in design, control and operations. Seed projects in these areas that would be part of the portfolio of the ofﬁce would include the following.

· Supervisory controls with attention to the multiscale, large scale and heteroge​nous nature of building dynamics. The intent of such a seed project would be to develop hierarchical control systems that identify and utilize natural length and time scale dynamics of buildings. The attention to the heterogenous nature of the building systems — the inclusion of HVAC, envelope, lighting and other 

· Design of natural dynamics for low power actuated control. The intent of such a seed project will be to characterize and shape the dynamics of building systems through alterations in building geometry and materials in order to enable dramatically lower power requirements on HVAC and lighting and other components. 
· Decision support for real time energy efﬁcient building operations. The intent of such a seed project will be to characterize the necessary information on building operations to enable energy efficient operation and to design and implement robust data gathering and assimilation methodologies and tool chains to obtain and process such data.
Comments on Systems

Examples of “interfaces” and “ﬂows.” The systems approach outlined in this note and the focus on interfaces is a common approach to systems engineering but also is abstract. A few examples are included here to ground the discussion. Consider the importance of building occupancy. The current technology that utilizes occupancy information would include CO2 sensors which can be used in building management systems to affect the usage of HVAC equipment and consequently only supply heating and cooling on the occupancy levels which can significantly reduce energy consumption through so called Demand Control Ventilation. This technology, while very use​ful, does not exploit occupancy enough in a full systems sense. Consider the ability to track (with varying ﬁdelity) building occupancy levels in zones. This is information that can be used to create an interface which does not exist between building subsystems. Concretely the building access control subsystem creates the in​formation about occupancy levels and location and this can be ﬂowed to the HVAC and lighting subsystems. The new functionality of this interface is like the CO2 sensors but now could be used in a predictive sense to anticipate usage on multiple and varying time scales (daily, monthly, yearly). Enabling technology may include wireless sensors, the building operating platform, estimation and data assim​ilation techniques, agent based modeling of occupant movement, and others but the point of developing such technology could be tied to the notion of “interfaces” and the consequent enabling of differentiated system level energy efﬁciency. Consider next the importance of “waste heat.” The ﬂows of mass and energy across subsystems can be exploited for system level energy efﬁciency improvements. Such “functional integration” is a system engineering capability of design and can drive subsystem or equipment technology development in a number of different ways. The PureComfort product from UTC Power is an example of such sys​tem integration. Here the waste heat from a variety of prime movers is used to drive absorption chillers and the subsystem energy efﬁciencies of ~30% result in system level energy efﬁciencies above ~80%. Component development here could be to investigate new cycles, materials, or interconnection mechanisms but the key notion here is to focus on system level metrics and the “interface” where mass and energy ﬂows and where the value is derived.
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