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[SB self-introduction; introduction of co-chair Dave Auston]* We’ve just returning from an intensive 2-day workshop at UCSB, less than 2 weeks ago – we’re putting finishing touches on the report which came out of the workshop.*  The UC Office of the President provided funding for the local expenses and the UCSB Institute for Energy Efficiency organized and executed the event in consultation with UCOP and the Applied Research Working Group of the Carbon Neutrality Initiative. And for some background on this first research workshop (next slide)…



Why Research Is Important to the Success of 
the Carbon Neutrality Initiative : 

 
  UC is a rich intellectual resource with a wide range of research 

activity in renewable energy, energy storage, energy efficiency & 
relevant economics & policy. 

 This initiative presents a special opportunity for the 10 UC 
campuses, the 3 National Labs & the ANR to cooperate and 
collaborate . 

 Research is also an important vehicle for engaging each entity and 
motivating the faculty, students & staff to participate in the 
initiative. 

 The concept of a living laboratory is a unique vehicle for testing 
and learning about emerging technologies developed by UC and its 
many partners. 

 If successful, the initiative will have impact far beyond UC and will 
be a model for the state, the nation and the world. 
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SB:  From the research perspective, UC is uniquely positioned to rise to the 2025 Carbon Neutral challenge by drawing on the rich intellectual resources of its faculty, students and staff. If successful, this could be a model with influence that goes far beyond the university and impact the state, nation and the world.The faculty/researchers who are currently on the Council, [including myself as co-chair and the 5 other UC researchers], play a leading role.   In the interest of inclusivity, it made sense to enlarge the participation in the Council’s applicable research framework:   to hold a research workshop in order to develop a network of people (30, 40 participants systemwide) that could be trading information, best practices, that might lead to tangible wins - , for instance, UC campuses joining together to pursue an EPIC award– [california energy commission has a series of grants]
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Applied Research Workshop (cont’d)  

Organization:  The Applied Research Working Group of the UC Global 
Climate Leadership Council have developed the objectives, program, and 
helped to identify proposed participants.  

Participants:  32 leading researchers and campus sustainability officers 
from all 10 UC campuses, the three affiliated national Labs & the ANR 
plus keynote speakers & UCOP staff + UCSB.  

Sponsors:  Jointly sponsored by UCOP and the Institute for Energy 
Efficiency at UCSB. 

Report:  A written report summarizing the proposed research agenda is in 
draft and will be available within a week. 

 

  

 

SB:   Organization of Fall Workshop:   Program was developed and invitations extended with the guidance, cooperation, and participation of UCOP staff and the co-chairs of the UC Climate Leadership Council. The initial workshop is broadly inclusive; much more people than a small group.  Participants:  Ideally involve those researchers who are heads of centers and institutes for renewable energy; and are knowledgeable of the topics that are critically important to the success of this initiative (e.g., energy storage).  Discuss purpose, steps, timeframes for Fall Research Workshop and subsequent workshops:  Nominations for Participation Solicited by aiming for participation of each campus, ANR, 3 Labs.   Unique involvement combining UC Energy Managers and Researchers;  Key funders also represented, Speakers from CEC and CPUC.  [We have intentionally emphasized state leadership.]
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Applied Research Workshop Agenda  

 Address by President Napolitano (video) 

  Keynote speakers 

 Presentation of research inventory 

 Reports from UC units: Each campus, lab, & the ANR gave a brief 
summary of current status & research needs. 

 Breakout sessions:  Four intensive sessions focused on developing 
research priorities. 

 Recommendations 

 Report:  Discussion of structure and process for writing report. 

 Next steps 

 

SB: Organization of Fall Workshop:   Program to be developed and invitations to be extended with the guidance, cooperation, and participation of UCOP staff and the co-chairs of the UC Climate Leadership Council. The initial workshop would be broadly inclusive; much more people than a small group.  Participants:  Ideally involve those researchers who are heads of centers and institutes for renewable energy; should involve some of the topics that are critically important to the success of this initiative (e.g., energy storage).  Discuss purpose, steps, timeframes for Fall Research Workshop and subsequent workshops:  Nominations for Participation Solicited by aiming for participation of each campus, ANR, 3 Labs.   Unique involvement combining UC Energy Managers and Researchers;  Key funders also represented, Speakers from CEC and CPUC.  [We have intentionally emphasized state leadership.]
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 UC President Janet Napolitano 

 Commissioner Andrew McAllister, California Energy 
 Commission  

 Scott Murtishaw, Special Advisor to the President, California 
 Public Utilities Commission 

 Wendell Brase, co-chair Global Climate Leadership Council 

 

Keynote Speakers  

SB



 
 
 Obtain picture of overall research activity related to 

carbon neutrality at UC 

 Identify major sources of funding  

 Identify areas of strength  

 Identify gaps  and areas needing further strengthening 

 Access degree of collaborative activity among UC 
campuses 

  

Research Inventory - Goals  
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[SB]What does the inventory tell us?  						What does historical contracts & grants funding data reveal?  		Where are our priorities?�	 Where are the gaps and opportunities?How can collaboration opportunities be promoted and strengthened?�	How can we expand cross-campus or multidisciplinary collaborations?



 
 

 Source: UCOP Contracts and Grants database 

 Period: Five year period between April 1, 2009 and March 
31, 2014 

 Search criteria:  Key words based on the NSF’s Science 
and Engineering indicators on clean energy and pollution 
control. 

 Exclusions: Awards less than $50,000 were excluded 
from the analysis. Limited access to National Labs Data. 

 Processing: Data was cleaned and categorized according 
to the broadly defined research workshop topics, and 
sorted into relevant subcategories with input from Working 
Group members.   

  

Research Inventory - Process  
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[SB]What does the inventory tell us?  						What does historical contracts & grants funding data reveal?  		Where are our priorities?�	 Where are the gaps and opportunities?How can collaboration opportunities be promoted and strengthened?�	How can we expand cross-campus or multidisciplinary collaborations?



Research  Grants & Contracts Related to Carbon 
Neutrality  

Basic, Applied, Developmental & Other Research, Q4,FY 09 to Q3,FY13 
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Other Universities (23 awards)

Private Foundations (5 awards)

Municipal Agencies (9 awards)

Industry (32 awards)

UC (77 awards)

CA State Agencies (156 awards)

Federal Agencies (170 awards)

Total Awards ($ millions)  
 

[SB]To identify specific research strengths, gaps in our research portfolio, and areas where further investment would have the greatest impact, the Applied Research Working Group requested that the UCOP Office of Research & Graduate Studies compile an inventory of all research grants awarded to UC investigators over the past five years on topics that are relevant to the Carbon Neutrality Initiative.  UCOP staff lead Emily Rader, who is compiling the inventory, gave a progress report at the workshop summarizing some of her key findings thus far.Using the UCOP Contracts and Grants database, data on research awards supporting research on energy topics was culled for the five year period between April 1, 2009 and March 31, 2014 using a two-step query process.  A) The search criteria used key words based on the NSF’s Science and Engineering indicators on clean energy and pollution control, which were further developed in consultation with the Steering Committee, in conjunction with a PI name search. B) In order to cast a wide net and not exclude awards that involved programs such as agriculture studies on growing clean bio-stock, data was bucketed in the categories of Basic Research, Applied Research, Developmental Research, Other Research, Public Service, Other Service, and Miscellaneous.  Data was cleaned and categorized according to the broadly defined research workshop topics, and sorted into relevant subcategories with input from Steering Committee volunteers.  Awards less than $50,000 were excluded from the analysis.The resulting data set showed 826 awards from 241 sponsors, totaling $429.2 million.  The 25 top sponsors (approximately 10%) providing the greatest total amount of funding accounted for $330.1 million and 472 awards during the five year period, or roughly 77% of total funding and 57% of total award count (depicted above).  Awards were primarily from Federal ($166.6 M over 170 awards) and State ($105.9 M over 156 awards) sources.  The high number and total amount of State funding is unusual when compared to award patterns in other disciplines, and demonstrates the importance of California’s state agencies in funding clean energy sector research.
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Research Grants by Subject  

 Time Frame: Q4 09 -Q3 14 

Basic 
Research  

Applied 
Research  

Other 
Research  

Public 
Service  

Developmental 
Research  Miscellaneous  

Other 
Service  Total  

Alternatives to Natural Gas  $83,534,160 $17,002,961 $51,165   $5,254,056 $1,339,617 $138,581 $107,320,540 

Technology Development--Fuel Cells $11,148,182 $4,759,246 $51,165 $678,321 $16,636,914 

Technology Development--Other $22,231,289 $605,001 $4,334,664 $52,740 $27,223,694 

Fuel $50,154,689 $11,638,714 $241,071 $1,286,877 $138,581 $63,459,932 

Biogas from Agricultural Waste $4,075,474 $1,004,074 $5,079,548 

Biogas from Landfill $2,731,715 $1,760,383 $4,492,098 

Biomass Derived $35,356,636 $7,317,841 $92,751 $638,715 $138,581 $43,544,524 

From Solid Waste $2,632,241 $677,861 $148,320 $445,431 $3,903,853 

Nuclear Energy $5,358,623 $878,555 $202,731 $6,439,909 

Economics and Policy  $30,225,708 $19,322,565   $1,441,234 $1,283,947 $13,287,775   $65,561,229 

Information on Economics $8,304,174 $3,611,762 $122,500 $4,905,719 $16,944,155 

Life Cycle Analysis & Emissions Impacts $8,384,891 $7,012,492 $936,760 $1,649,704 $18,078,064 

Policy for Regulators/Planners $11,663,406 $3,897,855 $224,687 $2,867,001 $18,652,949 

Policy for Technical Implementation $1,873,237 $4,800,456 $1,441,234 $3,865,351 $11,980,278 

Energy Efficiency  $68,403,935 $22,974,637 $164,643   $10,720,499 $16,675,433 $753,509 $119,692,656 

Building Management Systems $3,333,152 $6,974,373 $62,000 $865,399 $2,514,859 $50,000 $13,799,783 

Building Retrofits $2,970,023 $975,051 $350,000 $275,000 $304,499 $4,874,573 

Demand Response $16,822,835 $1,011,273 $133,920 $2,249,887 $20,217,915 

New Building Designs $25,516,912 $11,639,747 $1,349,982 $9,855,286 $48,361,927 

Other $17,247,103 $95,000 $17,342,103 

Technology Improvements $2,513,910 $2,279,193 $102,643 $8,021,198 $1,780,401 $399,010 $15,096,355 

Insulation $1,364,946 $1,692,498 $199,580 $3,257,024 

Lighting $1,148,964 $586,695 $102,643 $8,021,198 $1,580,821 $399,010 $11,839,331 

Other  $17,463,468 $8,249,405 $300,000   $888,306 $2,250,167   $29,151,346 

Refrigerants $99,561 $99,561 

Sequestration $6,740,970 $230,445 $150,000 $7,121,415 

Transportation $4,309,892 $7,418,960 $300,000 $738,306 $2,250,167 $15,017,325 

Alternative Fuel Development $1,460,880 $5,398,181 $300,000 $7,159,061 

Demand Reduction $486,714 $60,000 $546,714 

Energy Efficiency Strategies $2,267,298 $340,000 $666,286 $150,000 $3,423,584 

Technology Development--EV $95,000 $1,680,779 $72,020 $2,040,167 $3,887,966 

Other $6,313,045 $600,000 $6,913,045 

Renewable Energy, including Storage and System 
Integration  $61,874,835 $30,471,904 $2,597,284 $2,000,000 $2,924,467 $7,582,765   $107,451,255 

System Improvement: Smart Grid & Integration $20,257,839 $8,714,188 $2,399,551 $4,038,943 $35,410,521 

Technology Development: Battery Storage $11,570,446 $6,255,794 $335,666 $324,998 $18,486,904 

Technology Development: Hydro $655,336 $299,970 $2,679,097 $3,634,403 

Technology Development: PV $19,253,126 $11,202,425 $2,597,284 $2,000,000 $94,250 $278,912 $32,770,479 

Technology Development: Thermal Storage $7,544,573 $1,495,209 $9,039,782 

Technology Development: Wave Energy $1,556,932 $1,556,932 

Technology Development: Wind $1,036,583 $2,504,318 $95,000 $260,815 $3,896,716 

Total  $261,502,106 $98,021,472 $3,113,092 $3,535,451 $21,071,275 $41,135,757 $892,090 $429,177,026 

SB:  The table above provides a more detailed picture of the awards by research topic.  In this case, all sponsors were included (total of 241) funding 826 awards totaling $429.2 Million.  It is noteworthy that of the 826 awards fewer than 20 were for research performed by a collaboration of two or more UC campuses.  This clearly presents an important opportunity to further leverage our research productivity by fostering greater cooperation and collaboration among the campuses and the three national labs.
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Research Grants & Contracts Related  
to Carbon Neutrality by UC Campus  

Preliminary Findings 

[SB]Caveat that the inventory is a work in progress; does not include LANL, LLNL, or UCSF.The data was categorized according to the four broadly defined research workshop topics, which were a) Energy Efficiency, accounting for 27.9% of all awards system-wide and $119.7 million across all Contract and Grant (C&G) categories; b) Renewable Energy (including Storage and System Integration), 25.0% and $107.5 million system-wide;  c) Alternatives to Natural Gas, accounting for 25.0% of all awards system-wide and $107.3 million across all C&G categories;  and d) Economics and Policy, 15.3% and $65.6 million system-wide. A category for e) Other awards (6.8% and $29.1 million system-wide) was included for transportation-, sequestration-, and refrigerant-related awards.  The campus-specific shares shows campus relative campus specialization in Alternatives to Natural Gas at UCSD and UCR; in renewables at UCI, UCLA and UCSC; in Energy Efficiency at UCB, LBNL, UCM, and UCSB; and policy/economics at UCD (not surprising, given proximity to Sacramento).



 
 $37.9 

 

$16.5 

 

$37.9 

 
$16.5 

 $4.3 

 
$4.9 

 

$11.5 

 

Alternatives to Natural Gas 
Preliminary Findings 

 

All 
Carbon 
Neutral  
Topics  
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Systemwide Berkeley Davis Irvine LBNL UCLA Merced Riverside UCSD UCSB UCSC

Agriculture  
Landfill  

Biomass  
Derived  

Solid  Waste 

Nuclear  

Fuel 
Cells  

Other  
Tech.  

        25.0%         22.2%        24.3%       24.8%      5.5%        25.7%      11.2%      39.0%         45.7%       21.5%       0.0%  
$M   107.3          31.7           12.5           6.8           2.2           13.4          0.1           8.7              26.4           5.5            0.0  

F
ue

l 
T

ec
hn

ol
og

y
 

Systemwide
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 to Natural 

Gas,  
25.0% 

SB:   At the systemwide level, research in the Alternatives to Natural Gas category is split into two main areas, with approximately 60% of UC research focused on fuel production and 40% on technology development.  Subcategories in fuel production include Agriculture, Landfill, Biomass Derived, Solid Waste, and Nuclear.  Subcategories in Technology include Fuel Cells, and Other TechnologyBerkeley, Davis, UCLA, Merced, Riverside, and UCSD research is mainly on fuel production, with primary focus on biomass-derived fuels.Irvine, LBNL, and UCSD focus primarily on technology development, prioritizing fuel cells.
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   Economics and Policy  
               Preliminary Findings 
 

All 
Carbon 
Neutral  
Topics  

22 October 2014 GCLC Applied Research 
Workshop 

13 

Information  
on Economics  

Life Cycle  
Analysis &  
Emissions  

Impacts  

Policy for  
Regulators &  

Planners  

Policy for  
Technical  

Implementation  

Systemwide Berkeley Davis Irvine LBNL UCLA Merced Riverside UCSD UCSB UCSC
       15.3%        17.3%        37.4%      15.7%       15.0%       0.5%       0.0%       8.9%           13.9%       4.5%       0.0% 
$M   65.6           24.7           19.3         4.3             5.9            0.2          0.0          2.0               8.0           1.2            0.0 

Systemwide

Economics 
and Policy,  

$15.3% 

SB:�The Economics and Policy section includes behavioral studies in the Information on Economics subcategory.  Other categories include Life Cycle and Emissions Impacts, Policy for Regulators and Planners, and Policy for Technical Implementation.  At the systemwide level, research is roughly evenly distributed across the four subcategories, and Berkeley mirrors this distribution.UCLA, Riverside, and San Diego specialize in the Information on Economics categories.Irvine, Riverside, and Santa Barbara have respective strengths in Life Cycle Analysis and Emissions Impact research.Davis, LBNL, and Santa Barbara show research strengths in the Policy for Regulators and Planners subcategory.And in the final subcategory, Policy for Technical Implementation, Davis and Irvine have respective strengths.
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        Energy Efficiency  
                Preliminary Findings 

All 
Carbon 
Neutral  
Topics  
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Building  
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            27.9%        38.6%        22.9%       15.4%       69.5%      2.6%        65.2%      7.2%          2.2%         61.6%      5.6% 
$M         119.7         55.1            11.8          4.2            27.4         1.3           0.6           1.6             1.3             15.9         0.5   

Systemwide

Energy 
Efficiency,  

27.9% 

SB:Research subcategories in the area of Energy Efficiency include Building Management Systems, Building Retrofits, Demand Response, New Building Designs, Technology Improvements (Lighting and Insulation), and Other.At the systemwide level, it’s clear that UC is highly successful in research focused on New Building Designs.Davis and Riverside have specialized in Lighting technology improvementsBerkeley, UCLA, and UCSC have prioritized New Building DesignIrvine, Merced, and UCSD show specialization in Building Management Systems.The strong prioritization of the “Other” category at UCSB is primarily due to a non-specialized Energy Frontier Research Center grant, which was not easily classified.  
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          Renewable Energy  
     Preliminary Findings 

All 
Carbon 
Neutral  
Topics  
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System  
Improvement:  
Smart Grid &  
Integration  

Battery  
Storage  

Hydro  

Photo - 
voltaic  

Thermal  
Storage  

Wave Energy  
Wind  

Systemwide Berkeley Davis Irvine LBNL UCLA Merced Riverside UCSD UCSB UCSC

          25.0%        15.3%          8.9%         37.3%        9.8%        58.3%       12.1%       22.8%         34.8%       9.9%         94.4% 
$M     107.5         21.9             4.6            10.2            3.9           30.4           0.1            5.1              20.1          2.6             8.6 
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SB:In the Renewable Energy research area, there were two primary subcategories.  The first was System Improvement: Smart Grid and Integration; the second subcategory, Technology Development, had multiple topics including Battery Storage, Hydro, Photovoltaics, Thermal Storage, Wave Energy, and Wind.Most campuses have primarily focused on Technology Development.LBNL and Merced have respective strengths in Battery StorageBerkeley and Davis are the primary campus working on Hydro researchAll campuses have at least some Photovoltaic research, with Irvine, UCLA, Riverside, UCSD, and UCSC prioritizing research in this area.UCSC has over 40% of its Renewable Energy Research focused on Thermal Storage.Over 30% of Davis’s Renewable Energy Research is in Wind.It’s interesting to note that Berkeley is the only campus that has prioritized research in the System Improvement: Smart Grid & Integration subcategory (note: this appears to be a result of awards related to Sutardja Dai Hall).
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              Other Topics  
                      Preliminary Findings 

All 
Carbon 
Neutral  
Topics  
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Other  
Projects  
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            6.8%          6.6%           6.6%        6.7%         0.3%        13.0%      11.5%      22.1%         3.3%         2.5%         0.0% 
$M       29.2           9.5              3.4            1.8            0.1            6.8           0.1           4.9              1.9            0.7             0.0 

Systemwide

Other,  
6.8% 

SB:  Other Topics consists of awards that weren’t easily categorized into one of the main Applied Research Workshop topics.Broad areas of research in this category include Transportation, Sequestration, Refrigerants, and Other Topics.  Transportation makes up just over 50% of this research systemwide, with five locations (Davis, Irvine, LBNL, Merced, Riverside) focusing primarily on transportation topics (Alternative Fuel Development, Demand Reduction, Energy Efficiency Strategies, and Technology Development: EV).Berkeley and UCSB show respective strengths in Sequestration.UCLA is the only campus that has research in Refrigerants, and approximately 80% of its research is miscellaneous, and classified as “Other Projects”.



Breakout Groups  

  

Systems  
Integration, 

Renewable Power  
& Storage 

Energy Efficiency 
Policy & 

Economics 

Alternatives 
to Natural 

Gas 
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DA:  [After a presentation by each  campus/lab/ANR of their unique challenges and opportunities to achieving carbon neutrality,Workshop participants were assigned into one of four breakout groups, each of which was charged with identifying high priority research topics in the respective areas of: Energy Efficiency; Renewable Energy, Storage and System Integration; Alternatives to Natural Gas; and Economics and Policy. The choice of these focus areas was guided by an initial assessment and set of strategies developed by the UC Climate Solutions Steering Group and described in their report published in 2011. Emphasis was on applied research topics that have a high probability of being deployed within the time scale of the Initiative. Basic research topics having a longer horizon for impact were also included to provide ongoing impact beyond the 2025 target date. Highlights of the recommendations are outlined below---a full list of recommended topics is in Appendix A.Alternatives to Natural Gas:Accelerated research in biofuels, especially biomethane.Systems integration:Research related to campus level microgrids, including the development of on-site renewable energy storage technologies.Energy Efficiency:Research on building efficiency technologies:  advanced lighting systems; smart building management systems; electrification of heating systems via advanced heat pumps. Policy, economics, behavioral dimensions:  Research on State and Federal regulatory issues, and 	individual/firm level decisions that pose impediments to carbon neutrality.



 
 

 Intelligent building management systems & controls. 

 More accurate modeling  tools 

 Data Management & Research  - Making performance 
data actionable. A central repository for energy efficiency 
data & best practices. 

 Electrification of heating by heat pumps using solar & 
other renewable electricity.  

 Behavioral research:  The inexorable human factor 

 Advanced technologies: : E.g: photochromic windows, 
advanced lighting systems, phase change insulation. 

 
  

Energy Efficiency  
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DA:  Technologies: Key technology focus areas include intelligent building management systems and controls, building electrification, efficient building systems, and management of plug loads. A range of building control solutions are needed that provide simpler data collection and organization in buildings, more actionable data, broader integration across systems, better sensing of occupant needs, greater ability to limit building services to occupant needs, and new approaches to automatically detect faults and adjust building operation. Building electrification is a priority that has been systematically under-valued as attention moves from reducing source energy use to minimizing climate impact. This requires development and evaluation of new technologies and performance verification of integrated systems across different climate conditions. Continued advances in the efficiency of building components in new construction and retrofit applications can also be deployed in a relatively short time frame. Research that identifies approaches to manage plug loads in buildings is increasingly important as practitioners are better able to aggressively manage HVAC and lighting loads. On a longer horizon, we need to capture important research opportunities to develop energy saving technologies such as electrochromic windows, phase-change insulation, advanced lighting and hybrid solar-thermal heat pumps. Behavior: Behavior can have a dominating effect on energy use in buildings, but practitioners have few systematic approaches to address the behavioral aspects of building performance. Behavioral research focus areas include responses to information feedbacks and a wide variety of efforts to establish and evaluate strategies that influence human activity and lower energy use in the built environment. Better understanding is needed of incentives that operate at the individual and organizational level, at short and long (multi-year) timescales over which organizations change. Energy efficiency is recognized as a key, low-cost strategy to mitigate climate change, but deployment is slowed by a wide range of barriers associated with transaction costs. A more systematic understanding of approaches to lowering transaction costs would help advance deep energy efficiency strategies. Integration, Modeling and Directed Deployment Efforts: Research that emphasizes integration, modeling, and addresses efficiency deployment efforts in specific building sectors is also critical to deployment of energy efficiency at scale over the next decade. Modulation of building loads through demand response at multiple timescales and development of building low-power states are critical components that require integration with emerging storage and local generation technologies. Better modeling can help estimate and manage as-operated building performance, provide operational benchmarks, and inform what-if analyses to target resources and refine retrofit strategies. Healthcare was identified as an example of a significant energy-consuming building sector within the University of California that would benefit from directed research to facilitate energy efficiency. Needs in this area include developing a better understanding of acceptable ventilation rates, how building operations contribute to health outcomes, and heat recovery from energy-intensive equipment.Data Management & Research - Making performance data actionable:  From building systems level down to individual units: consolidate data, define data elements, analyze data, integrate performance data with asset data, provide actionable data streams, understand how data can change behavior, target resource allocation, open source, encourage and leverage use of data by others, getting maximum value from public energy use disclosure.



 
  Systems integration: 

Research needed to address 
intermittency challenge, 
micro-grid stability & 
optimization. 

 Storage:  A major challenge – 
more research needed on 
batteries and alternative 
storage technologies – H2 
generation by electrolysis for 
natural gas alternative. 

 Testbed : LLNL site 300  

Renewable Energy,  
Systems Integration & Storage  
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 Solar Energy: More power 
purchase agreements & on-site 
installations (business case studies 
& regulatory research). 

 Alternatives to solar PV: Wind, 
solar thermal, concentrator solar, 
wave energy, geothermal. 

UC San Diego  self-generates 90% of campus 
energy needs through a 42 MWpeak Microgrid 

DA:[note:  Solar Energy:  As the price of solar photovoltaic arrays continues to decline, the prospect of achieving 100% renewable electricity generation appears feasible by a combination of wholesale purchases of renewable electricity and some additional on-site solar installations. A key element of this approach is the ability of the UC System to negotiate favorable terms for wholesale purchase agreements to provide power to multiple campuses. The recently announced 80 MW solar agreement with Frontier Renewables is an important step in this direction. Regulatory constraints: such as the 1 megawatt limit on credits for feed-in power; the lack of direct access to the wholesale market for 5 campuses, and other impediments pose serious challenges that require major policy revisions to accomplish the goal of 100% renewable electric power.  Policy and economic studies are needed to guide and accelerate this process. Systems Integration: As the percentage of renewable generation increases, the associated intermittency of supply and complexity of integrating renewables with other sources of power,  requires that we conduct further research on system integration of micro-grids at the campus level to address key issues such as load balancing, the need for on-site storage, overall system optimization and stability, and related aspects of smart micro-grid technology. Weather forecasting of cloud cover using both satellite imagery and local cameras merits further research as a means of anticipating solar power output for load balancing at both the campus micro-grid level and UC-wide system level The relatively high cost and slow progress of battery technology requires continued investments in both applied and basic research in electrochemical storage and alternative technologies. A novel approach to energy storage discussed at the workshop is to generate hydrogen by electrolysis using excess renewable electricity and inject it into the natural gas grid, thereby receiving credits that can be used at a later date. Alternatives to Solar Photovolataics: Although solar photovolataic arrays appear to be the most promising technology for achieving the goal of 100% renewable electric power, we recommend continued investments in alternative technologies such as concentrator solar, solar thermal, wind, wave and tide energy, geothermal and others.  Diversification avoids the risks of relying on a single technology and also aids the challenging issue of balancing supply with demand.A UC System-wide Test-bed: A unique concept was discussed at the workshop that entails the use of the 7000 acre Site 300 property located 15 miles east of the LLNL as a test-bed to develop and evaluate solar and wind technologies and associated micro-grid system integration and storage challenges. This property which is under the jurisdiction of DOE and administered by LLNL has good proximity to the grid and could present a unique opportunity to both advance research and be a focal point for collaboration among the 10 campuses and the affiliated national labs, and ultimately become a site for the generation of electrical power for distribution to the UC System. Although this is only a possibility at this time, the Working Group intends to pursue discussions with LLNL to asses the feasibility of this becoming a reality.  
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Source: Lazard’s Levelized Cost of Energy 
Analysis – Version 8.0 August 2014  
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DA:An integrated gasification combined cycle (IGCC) is a technology that uses a gasifier to turn coal and other carbon based fuels into gas—synthesis gas (syngas). It then removes impurities from the syngas before it is combusted.Microturbines are touted to become widespread in distributed power and combined heat and power applications. They are one of the most promising technologies for powering hybrid electric vehicles. They range from hand held units producing less than a kilowatt, to commercial sized systems that produce tens or hundreds of kilowatts. Basic principles of microturbine are based on micro combustion.
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Levelized Cost of Solar Electricity (PV)  

Source: Lazard’s Levelized 
Cost of Energy Analysis – 
Version 8.0 August 2014  
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65% of GHG emissions; 67% of power (10 campuses)  

 Develop alternatives such as biomethane  from municipal 
solid waste and agricultural waste (credit for capturing 
existing emissions) 

 Electrification of heating by heat pumps using solar & 
other renewable electricity.  

 Fuel cells:  Research needed to increase efficiency and 
reduce emissions, cost. 

 Demonstration project : Capture waste heat and CO2 from 
a co-gen or central heating; use it to grow algae to produces 
methane;  capture waste from algae process to power a bio-
digester; use solids from bio-digester to feed algae. 

 

Natural Gas – A Major Challenge  
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DANatural Gas – A Major Challenge: The largest source of carbon emissions at the University of California is combustion of natural gas which contributes approximately 65% of the greenhouse gas emissions for all ten campuses.  Four UC campuses have cogeneration plants that generate electricity onsite by burning natural gas.  At these facilities, energy efficiency measures that reduce electrical consumption will help reduce gas consumption but will not eliminate it and the “waste” heat is used for onsite heating and cooling.  At other campuses, natural gas is used primarily in boilers for heating and cooling.  Thus, any carbon neutrality strategy must avoid or offset these emissions through a combination of reducing the amount of natural gas burned and replacing the remainder with a carbon-neutral source.   Reducing Gas Consumption: We identified three key areas where applied research might lead to reductions in gas consumption.  First was in integration of wind or solar energy with cogeneration facilities or central heating and cooling plants.  Issues to be resolved include maintaining operating efficiencies when the cogeneration facility is turned-down, meeting emission requirements and maintaining reasonable economic efficient.  The second area was development of economically feasible technologies that use electricity instead of natural gas, such as hat pumps,  as part of the electrification of energy system with the concept that electricity has more options to develop carbon neutral sources.  Lastly, we identified the need for further research investments in alternatives such as fuel cells that might replace cogeneration facilities. An accompanying business case analysis is needed to determine the tipping point where these technologies might be further developed to achieve higher electrical output and lower thermal output and consequently make such a transition feasible. This analysis would need to be refreshed periodically as technologies, energy costs, and incentive programs change. Biomethane: The group also identified key topics for applied research related to finding a carbon-neutral source to replace natural gas.  Research on this topic is the most critical towards meeting the 2025 carbon neutrality goal.  The immediately obvious sources to replace natural gas are biogas and landfill gas.  Landfill gas is generally viewed as a source that is available to the first few institutions or companies that can develop them but with limited long-term potential in terms of both the number of sites and the fact that each landfill has a limited supply.  Hopefully, the availability will decline over time as waste reduction and recycling efforts increase.   Of more interest as both a research topic and as a longer term source for renewable alternatives to natural gas are the use of municipal solid waste (MSW) as a source to generate biogas (biomethane or hydrogen) through biodigestion.  Research questions that arose are: can source-separated MSW be a technically, economically and regulatory feasible feedstock for one of more UC biodigesters in California; and, could the campuses be catalysts in their local communities for a regional biodigester to produce energy and reduce waste.  Concomitant issues include disposal of solids and liquids especially in urban settings.  Research also is needed to identify the appropriate clean-up standards and the best technologies so that biogas and landfill gas can be placed in the national gas transmission grid.  An Interdisciplinary UC consortium: Form an interdisciplinary, multi-campus research consortium to create an integrated renewable energy demonstration project, that would, for example: capture waste heat and CO2 from a co-gen or central heating and cooling plant and use it to grow algae to produces methane;  capture waste from algae process to power a bio-digester; use solids from bio-digester to feed algae.
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 Regulatory and policy analysis : E.g., no direct access to 

wholesale electricity for 5 campuses 

 Comprehensive Supply Curve Analysis : A 
comprehensive look at technology trade-offs and 
breakpoints when technologies become viable. 

 Life Cycle Analyses:  Emphasize GHG  emissions. 

 Behavior Change and Incentives : Evaluate incentives & 
policies that encourage positive behavior re carbon 
emissions. 

Economics & Policy  
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DARegulatory and policy analysis: A range of policies and projects being considered by the University face regulatory barriers or uncertainty, which may limit the ability to meet the 2025 carbon neutrality goal. Policy analysis could evaluate the costs and benefits of alternatives and solutions to barriers that range from unfavorable rate structures to feed-in tariff rules to legacy environmental regulations and carbon credit markets.  The analysis could help prioritize the proposed changes and quantify the impacts to UC and the state more broadly of adopting more progressive policy.Comprehensive Supply Curve Analysis: In order to better understand how campuses can anticipate emerging technologies and programmatic options, a bottom-up supply curve analysis would offer a comprehensive look at technology trade-offs and breakpoints when technologies become viable.  The analysis could address a full range of options including electrification, demand response, and storage, as well as issues like price elasticities and the impact of additional renewable energy on grids and microgrids.  In essence, the analysis would help identify when the energy efficiency cost line crosses different supply cost lines, as well as better describe the different supply lines.Life Cycle Analyses: Deploy life cycle analyses widely to guide the initiative and in doing so, emphasize greenhouse gas impacts in addition to energy & water use & other environmental impacts.Behavior Change and Incentives: Recognizing that technology alone will not be sufficient to achieve the carbon neutrality goal, research would identify how best to set incentives and induce behavior change – including what specific actions would work best in different areas in UC (i.e., laboratory environments) and at different levels (e.g., individual or campus level).  The campuses could be used as test beds and controls to test different policies on each campus and develop experimental designs.



 
 

 Solicit Research funding : UCOP seed funding; CEC & 
other CA agencies; Federal agencies. 

 Develop Linkages to other Working Groups of Carbon 
Neutral Initiative: Finance, Policy, Faculty Engagement, 
etc. 

 Develop Linkages to other Initiatives: Water, Food, 
Mexico. 

 Advocates for Initiative:  Emphasize GHG  emissions. 

 Foster System -wide collaborations : funding incentives, 
test-beds, sharing data & best practices. 

 Additional Workshops : Water/Energy nexus  EERE; 
Medical Centers.; More detailed technology. 

Next Steps  
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DA:  Research funding:  We recommend that the Council of Vice Chancellors for Research of the 10 campuses promote the Initiative and urge the Federal and state agencies to provide funding for research topics relevant to carbon neutrality. To assist this process, we recommend that UCOP and each campus solicit the support of their local state and federal elected representatives.  We further recommend that UCOP take the lead by providing seed funding to both stimulate research activity in this area and to foster collaboration among the 10 campuses, the three national labs and the ANR.  We further note that enhancing the role of public-private partnership investments, and of philanthropic contributions to this initiative, will enable the UC to be more competitive both in pursuing State and Federal support for its 2025 carbon neutrality goal, and in accelerating the innovation required  for the deployment of applicable technologies by 2018.Linkages with other Working Groups of this Initiative: We need to communicate and coordinate follow-up actions with the other relevant groups of this Initiative such as those concerned with faculty and student engagement, finances, public relations, etc.Communicating News and Information about the Initiative (s): In addition to the normal promotional activities, we recommend a central website be developed and supported by UCOP as a one-stop source for information about all the UC-wide initiatives.Engaging the Campuses:  We recommend that each of the participants in this workshop act as a champion of the Initiative and coordinate activity on their respective campuses by: communicating the results of this workshop through seminars & other means; encouraging the development of climate action plans that specifically address carbon neutrality and the strategies needed to accomplish the 2025 goal; and encouraging others to participate in the initiative both as individuals and through collaborations with other units of the UC System.Foster System-wide Collaborations: The low level of current collaborative activity as indicated by the research inventory, clearly present both a challenge and an opportunity to substantially advance progress toward the carbon neutrality goal.  In addition to provide seed funding for research initiatives, we recommend that UC|OP take the lead by providing incentives for collaborations and develop a central information sharing capacity that can be used to share best practices, recent research findings, opportunities for complementary and cross-disciplinary partnerships, and many others. Additional workshops:  Additional workshops are needed to delve in greater detail into the specific topics identified in this workshop and also to develop linkages with the other Initiatives such as Food, Water, and Collaborations with Mexican Universities.  The Department of Energy has requested that UC sponsor a workshop on the water-energy nexus this winter. It was also felt that the unique challenges medical centers face merits a separate workshop.
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Questions?  
SandraBrown@ucsd.edu 

(858) 534-3526 
 

David.Auston@iee.ucsb.edu 
(805) 893-3376 

 

DA:In sum, each University of California institution, whether campus, national laboratory, medical center, or Agriculture and Natural Resources division, has a unique set of circumstances in its respective strategies and pathways to carbon neutrality. While their approaches are often individualized, owing to different circumstances and resources, there are nonetheless points of complementarity and commonality, which can be successfully leveraged in a selected number of system-wide pilot programs, as outlined in the steps above.   A system-wide research approach is needed which combines immediately applicable research with a continuous stream of relevant basic research and potentially breakthrough science.  A well-balanced approach, which provides adequate funding support and resources for each of these essential ingredients is essential for the University to realize its ambitious goal of achieving 2025 Carbon Neutrality, and for the University to serve an influential leadership role in the mitigation of global climate disruption activities.
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