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Executive Summary 
 
Regional energy planning is an essential way for local governments to plan for the energy needs 
of growing communities and develop energy efficiency strategies for managing energy demands. 
The goal of the Net Zero Davis Project was to conduct a scoping study in order to recommend a 
set of strategies that could help Davis, California prepare for a carbon free energy future. This 
white paper provides an analysis of current energy usage data and renewable energy supply 
options.  
 
Three alternate net zero definitions were considered, with net zero carbon as the best aligned 
with the city’s climate action plan. Achieving any of the optional net zero energy goals will 
require a combination of solutions from across the energy spectrum, including building energy 
efficiency, local renewable energy, and low carbon transportation strategies. 
 
The process of identifying the best portfolio of solutions for Davis resulted in a body of 
information and insight that will be valuable in more detailed integrated resource planning that 
will be needed. The expert workshops organized by the project team were essential to 
determining the issues in need of further study. The network of utility and local industry 
representatives and consultants, community activists, university faculty and researchers, private 
industry, and others who attended shared a wealth of knowledge that will inform the 
development of a net zero roadmap for Davis.  
 
Key findings in this report include: 
 
1. Extensive current use of carbon based fuels for heating and transportation present a major 

challenge to the achievement of net zero goals. Backing out natural gas from home energy 
use will take time and involve economic choices that currently tend to favor continued 
exploitation of fully amortized existing natural gas infrastructure. 
 

2. Similar considerations apply in the case of transportation. Because carbon based 
transportation accounts for the lion’s share of the City’s carbon foot print, the metrics used to 
account for transportation’s contribution need to be thoughtfully chosen. 

 
3. The terms net zero carbon and carbon neutrality, already a Davis long term goal, can be 

viewed as equivalent, depending on their respective definitions. Thus, a goal of net zero 
carbon can easily be aligned with the form of measurement in the Davis Climate Action and 
Adaptation Plan.1 

 
4. Data needed to tailor a long term net zero energy roadmap for the City of Davis is not 

currently in the City’s possession. Much of the needed building energy demand data is 
collected and archived by incumbent natural gas and electricity service providers. A similar 
data gap exists for transportation energy usage. More research into determining the largest 
and least technically and economically efficient energy uses in the City, both in the form of 
home energy use and transportation, should be pursued.

1 Emlen, B. et al. (2010). Davis Climate Action and Adaptation Plan. City of Davis, Community Development and 
Sustainability Department. June 2010. Web. 
<http://cityofdavis.org/cdd/sustainability/pdfs/2010_Davis_Climate_Action_Adaptation_Plan.pdf>. 
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EXECUTIVE SUMMARY 

 
5. Strengths for the City of Davis include a substantial bike lane infrastructure that avoids fuel 

use for transportation, an engaged community that is likely to understand and support efforts 
to reduce energy demand and invest in renewable supply, and convenient access to relevant 
energy experts in the nearby state capitol and UC Davis. 

Key recommendations include: 

1. Set Net Zero Conversion Targets for Existing Buildings  
 

2. Develop a  Neighborhood Energy Profile Program 
 

3. Launch a Water Heater Replacement Plan Substituting Solar for Electricity and Natural 
Gas 

 
4. Complete a Transportation Vehicles Miles Traveled Survey 

 
5. Prepare and Approve a Regional Bio-Energy Research and Deployment Plan 

 
6. Develop an Economic Optimization Model to Identify the Best Mix of Local Renewable 

Energy Resources for Davis 
 

7. Expand Energy Infrastructure Planning Collaboration between UC Davis and the City of 
Davis 

 
 
Project Perspective 
 
A companion document prepared by the principal investigator covers additional topics including 
a recommended approach to further planning, programming and implementation.  It specifically 
covers two topics not addressed in the white paper, i.e.: 

• the importance of matching energy demand with energy supply, especially considering 
that peak electricity demand is much greater than average demand in area like Davis that 
where summertime air conditioning demand is driven by high daytime temperatures 
driven by clear skies and high levels of solar radiation. 

• the need to recognize Yolo County’s evaluation of community choice aggregation as a 
major strategic issue, the resolution of which could decisively pace of progress in Davis 
toward achievement of both net zero and carbon neutrality goals. 
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EXECUTIVE SUMMARY 

 
Approaches Summarized: 
There are alternative ways of defining “net zero energy” that the City could use in measuring 
progress in various aspects of an overall strategy to achieve carbon neutrality. 
 

• The net zero electricity standard is defined as equating the annual demand for electricity 
generated from renewable sources. For the community, the total electricity used by all 
residential, commercial, industrial units, street lighting and other community activities 
sums up to aggregate consumption. This approach does not address the natural gas 
consumption in buildings.  In this approach, the role of the energy demand from 
transportation is restricted to that of electric vehicles.  The renewable energy generated 
can either be on site within the community or outside the community but dedicated to 
offset the electricity supplied from non-renewable sources serving the community. 
  

• The net zero energy standard could also be defined as equating all the energy utilized by 
the city as a whole, including transportation, with the amount of renewable energy 
generated to offset this consumption. Theoretically, this method compares and equates 
usage and production in terms of energy metrics, which makes it possible to compensate 
and also account for CO2 as well as other emissions. This concept would also allow the 
City of Davis to achieve a zero net energy goal that includes natural gas for heating and 
cooking by sizing the renewable energy generation to offset the energy produced through 
that fossil fuel source. In addition, all forms of vehicles are included in the net zero 
energy approach, regardless of fuel type. This approach would give the City of Davis 
more flexibility if homeowners are not able to adjust their energy consumption to fit the 
electricity-only concept.  
 

• The net zero carbon standard requires equating the amount of energy corresponding to 
the level of carbon emissions in Davis with the amount energy produced from renewable 
sources in Davis. Net zero carbon can also be thought of in terms of emissions, so that the 
level of emissions from activities in Davis is equal to the emissions that are avoided due 
to renewable energy sources. This approach is an attempt to align with the stated goal for 
the City of Davis to be carbon neutral. This approach uses the greenhouse gas inventory 
from the Climate Action Plan2 to determine which activities are the most carbon 
intensive. This standard takes into account the amount of carbon that is least cost 
effective to reduce and that amount is offset by renewable generation.  

 
 
 
 
 

2 Emlen, B. et al. (2010).  
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Background 
 
Net Zero Davis is an effort to bring together experts to guide and advise the City of Davis in 
taking steps towards reaching net zero energy at the city level. This project is designed to draw 
on the expertise of the UC Davis Energy and Transportation Centers and experience of other 
stakeholders to identify net zero deployment scenarios for the City of Davis. It is a partnership 
among the UC Davis Energy Institute’s California Renewable Energy Center, Institute of 
Transportation Studies and the UC Davis Energy Efficiency Center.  
 
The City Council adopted the Davis Climate Action and Adaption Plan (D-CAAP) in June 2010. 
Its stated goal is “…to place the community on a path to achieve the local greenhouse gas 
emission reduction targets adopted by the City Council in November 2008”.3 Key to this plan is 
to reduce greenhouse gas emissions (GHGs) significantly in an effort to help avoid catastrophic 
climate change. To that end, the City has a stated goal of carbon neutrality by 2050.  
 
The goal of this study is to look at the demand and supply profile of energy and provide the City 
of Davis with approaches and metrics to reach carbon neutrality by applying specific measures at 
the community level. Net zero energy goals are being adopted by government though leaders on 
a wide scale. U.S. military bases have adopted net zero energy goals and the state of California 
has a goal that all new commercial buildings must be net zero energy by 2030.4 
 
One of the first steps outlined in the Davis Climate Action and Adaption Plan was to “participate 
in establishment of a local non-profit to assist with energy efficiency/climate action information 
center”.5 This step was achieved through the development of the Valley Climate Action Center 
(VCAC). The Valley Climate Action Center is tasked with providing information and resources 
on local and regional initiatives designed to increase efficiency and reduce GHG emissions. The 
Valley Climate Action Center was awarded a grant from the City of Davis because of the 
significant impact it has had on reducing energy consumption in the City. This grant was funded 
through a performance award from PG&E to the City of Davis in recognition of its improvement 
in efficient energy use. The Valley Climate Action Center, in an effort to begin a broader 
collaboration between the energy research centers of University of California, Davis and the City 
of Davis, has used the grant to sponsor the Net Zero Davis Project. 

3 Emlen, B. et al. (2010).  
4 Booth, S., Barnett, J., Burmand, K., Hambrick, J., & Westby, R. (2010). Net Zero Energy Military Installations: A 
Guide to Assessment and Planning. Technical Paper NREL/TP-7A2-48876. Golden, CO: National Renewable 
Energy Lab. Web. <http://www.nrel.gov/docs/fy10osti/48876.pdf>. 
5 Emlen, B. et al. (2010). 
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BACKGROUND 

 
The net zero concept is not new to UC Davis. Recently, the University finished construction in 
the first phase of the largest planned net zero energy community in the U.S., West Village. 
Employing revolutionary Employing revolutionary energy efficiency measures and meeting the 
community’s energy demands through on-site solar power generation, West Village introduces a 
new model for environmentally responsible living. It is designed for 500 faculty and staff single-
family homes and multi-family housing for 3,000 students as well as community-building 
elements including parks, education centers, bikeways, and recreation fields.6 West Village 
Energy Initiative goals are to be achieved at no added annual cost to either its residents or the 
University’s private development partners. The Net Zero Davis project is the first step in 
utilizing West Village as a resource towards helping the City of Davis reach its goals. The 
lessons learned from the  process of building a net zero energy community, as well as the data 
and models from its buildings, will be invaluable in understanding how students and University 
faculty and staff use energy and how new buildings can achieve no surplus energy usage, at no 
excess cost to the residents. The Net Zero Davis Project used the West Village experience to 
develop three net zero approaches mentioned above. 
 
 

6 Carmel Partners, “UC Davis West Village, Realization of a Vision: Zero Net Energy Living” 
<http://www.ucdaviswestvillage.com/themes/ucdavis/corp/main/default/images/westvillage_background.pdf>. 
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Objectives and Outcomes 

 
Within the Davis Climate Action and Adaptation Plan, the first objective for the “Land Use and 
Buildings” section for 2015 is to “Achieve net zero energy use in all new buildings and homes.”7 
While this is an admirable goal, much more must be done. It is not enough to stop the growth in 
GHGs, but to reverse them by offsetting GHG producing activities. This can be achieved by 
exporting clean energy, offsetting GHGs in areas outside the City, while the City transitions to a 
carbon free economy.  
 
The City of Davis is currently in the process of developing a method to reduce its carbon 
footprint. The City is participating in a competition with other cities to see who can reduce their 
carbon emissions the fastest. This competition is called the Cool City Challenge. The first goal 
for the cities participating in the challenge is to reduce their carbon footprint by 25 percent in 
three years.8 The Net Zero Davis project supports the D-CAAP and the Cool Cities Challenge, as 
it seeks to provide the City of Davis with an energy profile assessment and offer possible 
approaches and metrics which will bring the city to net zero energy.  
 
In order to make this study as successful and useful as possible, the project team gathered experts 
and stakeholders who are essential to developing and implementing goals for the City of Davis. 
The project team held three workshops that included facilitated discussions with a goal of 
determining how to achieve net zero for the City. By utilizing experts who worked in the Davis 
area every day, the project team was able to absorb knowledge essential towards creating the 
three conceptual approaches, as well as the proposed action items to the City of Davis. 
 
This report discusses the impact of energy efficiency, transportation, and renewable energy on 
the three net zero approaches. It also provides the City of Davis with recommendations on 
further areas to study in order to reach the aggressive climate goals already in place. 
  
The following framing assumptions were made: 
 
• The energy that is consumed by the University of California, Davis was not considered part 

of the City of Davis, but future work should look at possible benefits of joint planning. The 
City is served by PG&E while the University negotiates separate rates through the Western 
Area Power Administration. It also has different energy usage profiles, which can lead each 
to pursue different economic incentives. 

 
• There will be no change in current laws, regulatory rules and standards by the time initial 

implementation steps are taken. It is difficult to predict what changes will be made and how 
they will affect energy policy and GHGs within the City of Davis. Analyzing related 
contingencies was beyond the study scope. 
 

• The interaction between the City of Davis and the Pacific Gas & Electric Company (PG&E) 
will remain unchanged. As discussed in the contextual considerations, while it is possible

7 Emlen, B. et al. (2010). 
8 Sakash, Tom. (2011). "Davis Could Show the World How to save the Environment | Davis Enterprise." Davis 
Enterprise | Yolo County's Breaking News Source. Davis Enterprise, 26 Oct. 2011. Web. 16 Dec. 2011. 
<http://www.davisenterprise.com/local-news/city/davis-could-show-the-world-how-to-save-the-environment/>. 
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OBJECTIVES AND OUTCOMES 

 
that the utility structure in the region might change in the future, it is difficult to predict what 
changes will be made and how they will affect energy policy within the City of Davis. 

  
• The current laws and near term goals will be achieved. This includes AB32, the California 

climate legislation that addresses reducing GHGs to 1990 levels by 2020. It also includes 
Renewable Portfolio Standards, legislation that requires all investor owned utilities to 
produce 33% of their generation through renewable energy. This assumption means that with 
no action, outside actors will reduce the City of Davis’s emissions to the same level as the 
rest of the state. These reductions still require significant planning and implementation, and 
therefore should not be assumed as given beyond the projections of this report. 
 

• The greenhouse gases (GHGs) discussed in this report are carbon dioxide only. While other 
GHGs contribute to climate change, each individual GHG has unique properties that are too 
specific for this report. 
 

• This report excludes emissions from agriculture, cement production, paving, as well as air 
and marine traffic because it was determined that these sources were outside the jurisdiction 
of the local Davis government. 

 
• Economic indifference is assumed, i.e. net incremental life cycle cost of financed 

improvements as experienced by the community, individually and collectively, must be zero 
or the improvements will not be implemented.
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Contextual Considerations 
 
Throughout the Net Zero Davis project, various issues became apparent that contribute to the 
ability of the City of Davis to realize its goals. These issues relate to how residents interact with 
energy and how energy resources tend to be allocated. 
 

Consumer Adoption and Behavior 
• Energy conservation vs. energy efficiency – There are two general ways to reduce energy 

consumption. They overlap and can be used in combination, i.e. using less energy and using 
more efficient products. An example of the latter is buying a more efficient light bulb. An 
example of the former is turning the lights off when not in use.  

 
o Behavioral energy choices can have a large effect on energy consumption. The Cool 

Davis Initiative emphasizes a number of these easy modifications as well as 
encouraging purchase of efficient appliances and retrofit options. However, energy 
conservation, by using energy less, can significantly impact the economics of these 
retrofit options. If a person has a low utility bill, there is less economic incentive to 
further reduce his or her demand. Studies have also found that behavioral changes can 
be less consistent over time when compared to efficiency improvements.9  

o It is unclear if the perception of Davis’s high energy awareness is due to the overall 
population or due to a small segment of Davis that is exceptionally aware. Focusing 
on reaching out to those in Davis who are not as energy aware might increase the 
percentage of people who retrofit their houses based on audit information. 

 
• Solar installations and energy efficiency can be financed as an integrated package. Solar 

system owners can have an impact on energy efficiency and energy conservation due to a 
desire to maximize the amount of energy use served by solar. 

 
• Integrating energy education in community programs would be beneficial as both 

conservation and energy efficiency gains require alteration of consumer behavior. 
 

Institutional Structures 
• This project is designed to assume that the current relationship between the City and the 

utility remains. The system of utility regulations can often prevent communities from taking 
measures to increase their energy independence. Currently, the City of Davis does not have 
direct control over where its energy generation is sourced. It is dependent on the energy 
resource mix of PG&E. 

 
• Based on current legislation, carbon reductions via cap and trade will be attributed to the 

energy service provider. Any benefits the city would receive for carbon reductions would 
accrue to PG&E. The only way that a city can recognize these benefits is through forming a 
municipal utility district, analysis of which is outside the scope of this project.

9 Attari, S. Z., M. L. DeKay, C. I. Davidson, and W. Bruine De Bruin. "From the Cover: Public Perceptions of 
Energy Consumption and Savings." Proceedings of the National Academy of Sciences 107.37 (2010): 16054-6059. 
Web. <http://www.pnas.org/content/early/2010/08/06/1001509107.full.pdf+html>. 

NET ZERO DAVIS PROJECT    DECEMBER 2011   14 
 

                                                           



CONTEXTUAL CONSIDERATIONS 

 
• Municipal Utility Districts may offer lower rates than investor owned utilities. Organizing a 

municipal utility to serve Davis could reduce energy costs in the short term, but it might also 
reduce the motivation for residents to invest in the City’s energy future. 
 

• Forming a community choice aggregation (CCA) would be another option to change the 
institutional structure.  The companion to this White Paper, i.e. Part One – Project 
Perspective, discusses community choice aggregation as a major strategic issue, the 
resolution of which could decisively affect the pace of progress toward achievement of both 
net zero and carbon neutrality goals.  Seminar series presentations by organizations involved 
in CCA implementation supported  the following additional observations: 

 
o While CCA could enable development of local renewable generation, it would not per 

se solve the issue of capturing financial benefits from other carbon reductions.  
 

o Based on the current experience of Marin Clean Energy and Sonoma County’s CCA 
initiative, it is important to realize that CCAs need a source of start-up financing 
while establishing credit-worthiness and achieving an economical scale of operations. 
Another important consideration is the need to find a wholesale purchaser of power 
while local power is developed. 

 

Larger Policy Context 
• Due to the economic climate, the political landscape is challenging for developing new 

energy technologies. There is a general distrust in increased government spending. Some 
individuals still harbor disbelief in the existence of climate change. City governments have 
limited budgets and vital services to provide, resulting in limited discretionary funding for 
energy related programs. This current situation limits the City of Davis’s ability to 
incentivize or otherwise stimulate reductions in energy consumption or carbon emissions on 
its own. 

 
• Current regulations such as the renewable portfolio standard and climate change legislation 

have created a path for California to become less dependent on fossil fuels. It is likely that 
regulations and laws will change to positively affect the development of renewable energy. 
However, attempting to predict them is not within the scope of this report.   

 
• The current incentive structures have limited funds and most incentives have an expiration 

date to accelerate development. These incentives have an impact on which types of 
renewable energy are economically feasible. Once incentives expire, some of these options 
might not be feasible until incentives return or costs are significantly reduced. 

 
• One mode of stimulating renewable generation is the purchase of renewable energy credits 

(RECs). RECs can be seen as similar to carbon credits, but with respect to energy, not 
emissions. If the City wishes to own a portion of the renewable generation in the surrounding 
region, then they must own the REC or be in direct ownership of that power plant.
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Process Design 
 

 
The Net Zero Davis project has established important networks that can be used to guide the 
project for many years to come. These relationships and the sharing of the information they 
fostered have been built to aid in the interaction between the City of Davis and UC Davis. 
The network of utility representatives, community activists, University professors, private 
industry, and others allows the City of Davis to tap into a wealth of knowledge that will help 
create the methods to implement the Davis Climate Action and Adaptation Plan. 
 
The first step to developing these approaches was to acquire city level data from PG&E. 
These data were crucial to understanding the trends of the city and the necessary scope of the 
problem. Through the process of acquiring data, the Net Zero Davis team learned about the 
type of data to which the City of Davis has access. It also has been instructive on how UC 
Davis will be able to get data from PG&E for future follow-up studies. 
 
The Net Zero Davis project organized a set of three workshops that included facilitated 
discussions over a two day period. A number of industry experts, community representatives, 
and UC Davis researchers were invited to participate. Participants of these workshops were 
asked to help define the Net Zero concept, and how it might be achieved in the City of Davis. 
The workshops were organized into three groups: energy efficiency, transportation, and 
renewable energy. Participants were asked to provide guidance on goals to set for this 
project, as well as on integrating these three topics into the Net Zero approaches created for 
the City of Davis. In addition, the workshop participants gave possible topics for further 
research to utilize the resources of the University that may prove even more useful than the 
approaches themselves. The topics discussed are outlined in the workshop summary 
(Appendix). 
 
Central to this report is to find a way to tailor these approaches and prioritize related 
recommendations to the City of Davis. The City of Davis does not expect significant 
population growth and therefore, new construction is isolated to few select regions. 
Furthermore, the workshops revealed that a significant number (51%) of Davis households 
are rentals.10 Rental properties often lag compared to other residential properties  in installing 
energy improvements due to a split incentive problem. The entity who must install the 
improvements, the landlord, does not see any direct financial impact as the renter is paying 
the electricity. The renter, in turn, has no control over the energy efficiency of the appliances 
used in the rental property. Without adequate consideration and planning throughout regional 
energy plans, these items have the potential to significantly retard city-wide progress in 
making improvements in energy consumption. 

10 "Davis, CA Housing Statistics, Occupancy and Year Built – CLRSearch." Real Estate Search Engine - 
CLRSearch. Web. <http://www.clrsearch.com/Davis_Demographics/CA/Housing-Statistics-Occupancy-and-Year-
Built>. 
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Set of Possible Solutions 

 
The Net Zero Davis project has identified three areas to explore when attempting to reach net 
zero energy -- energy efficiency, transportation, and renewable energy. The project team agreed 
early on that energy efficiency and transportation should be grouped as emission-reducing 
strategies, while renewable energy should be viewed as offsetting the current energy mix of the 
utility supplying energy to the City of Davis.  
 
Energy efficiency and transportation strategies both aim to reduce the amount of energy 
necessary to complete the task, while renewable energy produces effectively net carbon-free 
energy. Not all renewable energy is carbon free. They may, however, be low carbon or carbon 
neutral on a net basis. Some argue that energy savings through reducing energy consumption via 
electricity or transportation tend to be more cost-effective than installing renewable energy. 
However, economic viability of particular solutions depends on where the improvements occur 
on a community’s energy supply curve. It will be best to conduct detailed economic analysis to 
avoid reliance on such over-generalizations. 
 
By reducing the amount of energy or carbon the City of Davis consumes, the City is no longer 
required to install as much renewable energy. While all options for reducing emissions are 
pursued, cost effective local renewable generation should be developed in tandem. Local 
renewable generation offsets the emissions from PG&E’s power mix, which includes fossil fuels. 
Renewable energy can act as a buffer for emission targets as well as stimulate the economy. If 
the renewable energy production eventually grows larger than the needs of the City of Davis, it 
can produce income for the region by exporting energy to surrounding counties. 
 
• Energy Efficiency: A relatively opportune means of reducing greenhouse gas emissions is 

reducing the amount of energy needed by buildings. In a settled community like the City of 
Davis, particular focus will be on retrofitting existing buildings to make them more energy 
efficient. To inform proper planning, it may be useful to lay out comparative economics to 
show how energy efficiency and renewable energy measures combine to create a long term 
cost effective solution. 

 
• Transportation: The transportation sector becomes important to consider when designing a 

net-zero energy or carbon goal because vehicles account for a large part of the total energy 
consumption and carbon emissions.  Accommodation of the transportation sector and 
solutions for reducing these emissions are imperative.    

 
• Renewable Energy: The electric and thermal production sectors can offset carbon emissions 

greatly. There are many low energy use technologies that can be employed on a residential 
and commercial building basis as well as distributed and utility-scale renewable energy 
facilities. Under current regulations a city cannot purchase and distribute electricity to its 
populations without forming a municipal utility or becoming a community choice aggregator. 
Other solutions would require state-level legislative action in order to ensure ownership of 
the electricity and the renewable energy credits produced. 
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SET OF POSSIBLE SOLUTIONS 

Residential
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Residential Electricity

Residential Natural Gas

Non-Residential
Electricity
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City of Davis Energy Profile 
Energy usage of the buildings in the City of Davis is split between residential and non-residential 
properties. 

 

Figure 1:  City of Davis Energy Use based on Property Type: 2005-2010 

From 2005-2010, 66 percent of electricity and natural gas is used by the City’s approximately to 
40,000 households. Of this, 24 percent is attributed to electricity and 42 percent is attributed 
natural gas consumption. In the non-residential sectors, 34 percent of electricity and natural gas 
is used by the City’s approximately 2,500 businesses.11 
 
Figure 2 below shoes that carbon emissions from energy within the City of Davis are divided 
between 29% residential electricity, 35% residential natural gas, 24% non-residential electricity 
and 12% non-residential natural gas.12  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: City of Davis Carbon Emissions from Energy 

11 PG&E Data: courtesy of Nichoel Farris, November, 2011 
12 PG&E Data: courtesy of Nichoel Farris, November, 2011 

66% 

34% 

Source: PG&E 

Source: PG&E 
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Energy Efficiency  

Climate Action Plan Goals 
Energy Section: 2015 Objective 1: Reduce total energy use in Davis by 5% from 2010 levels.13 
 
Reducing greenhouse gas emissions poses enormous challenges on a global level. Energy 
efficiency can be a cost-effective means of reducing greenhouse gas emissions by reducing the 
amount of energy needed by buildings. By making products and services that use energy more 
efficient, less energy is needed to run those products and services. This is the difference between 
energy efficiency and energy conservation. Energy conservation suggests that residents should 
use their energy services less, whereas energy efficiency suggests people use the services to their 
comfort, but use products that require less energy.  
 
Demand side energy efficient solutions tend to be categorized into four areas: lighting, heating 
and cooling, insulation, and appliances. (See Appendix A)  
 

Figure 3: 2010 Housing Statistics, Year Built for Davis, CA 
 

In a settled community like the City of Davis, particular focus must be on retrofitting 
households. 42.4% of households in Davis, CA were built before the 1978 Title 24 building 
codes which required energy efficiency measures.14   
 
The potential economic savings of energy efficiency for existing buildings in electricity and 
natural gas use can be up to 24 percent and 14 percent by 2016, respectively.15 In a city like 
Davis, CA, where significant energy efficiency measures have occurred, it is unclear to what 
degree these potential savings have been achieved.  
 

13 Emlen, B. et al. (2010).  
14 "Davis, CA Housing Statistics, Occupancy and Year Built - CLRSearch." 
15 California Energy Efficiency Potential Study, Volume 1. KEMA, Itron, RLW Analytics, Architectural Energy 
Corp. Prepared for Pacific Gas and Electric Company, San Francisco, CA. May 2006, CAMAC Study ID: 
PGE0211.01. 
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Vital to achieving maximum energy reductions are energy audits. An energy audit is a service in 
which an energy professional surveys the building to determine areas in need of improvement. 
The professional collects data on the heat loss, duct leakage, and infiltration of air. He will also 
assess the installed equipment and the utility bill to determine how the consumer’s behavior 
affects his energy use. As part of this audit, the professional will provide an estimate of the 
energy saving potential in the household. This estimation is often the basis for making retrofit 
decisions as they can be translated into dollars saved on utility bills. Therefore, if the city could 
find a way to track audits, it could be used a leading indicator of retrofits.  

The first action an energy auditor takes when they begin an audit is to attempt to benchmark the 
building to similar buildings in terms of size and climate zone (the City of Davis is in Climate 
Zone 12). The Home Energy Rating System (HERS) is the benchmarking of a household against 
a standard new home.  A new trend in the energy sector is to make the ratings of buildings public 
information.16 A new law in California, AB 1103, requires that all commercial buildings 
benchmark their energy use at the time of an entire commercial building’s sale, lease, or 
financing. This law enables other parties in a real estate transaction to see the energy 
benchmarking data before purchasing the asset. Implementation of this law is expected to begin 
July 2012.17 
 
For this study, the project team did not specifically look at public buildings within the City of 
Davis due to its relatively small contribution to energy demand and the data available. There are 
many ways in which the City of Davis can lead by example for the residents. This topic will be 
discussed further in the recommendations. Public resources that are most energy intensive, water 
and wastewater treatment plants, were also not assessed due to the scope of the study. However, 
it would be useful for further study to see if older plants could be made more efficient. 
 
 
 
 

16 "HERS Index - What Is a Home Energy Rating? | RESNET." RESNET | Make Your Home More Energy Efficient: 
Find Home Energy Raters, Auditors, & Contractors. Web. <http://www.resnet.us/home-energy-ratings>. 
17 "Getting Ready for AB 1103." California Center for Sustainable Energy. Web. 
<http://energycenter.org/index.php/news-a-media/latest-news/2137-getting-ready-for-ab-1103/>. 
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Transportation 
 
Climate Action Plan Goals 

Mobility Section: 2015 Objective 1: Reduce Davis per household daily vehicle miles 
traveled by 10% from 2010 levels.18 

 
The concept of net zero energy has traditionally been applied at the building scale and only 
recently has expanded to neighborhoods and communities.19At this larger scale, the 
transportation sector becomes important to consider when designing a net zero energy or carbon 
goal because vehicles account for a large part of the total energy consumption and carbon 
emissions.20 Accommodation of the transportation sector and solutions for reducing these 
emissions are imperative to this study. Greenhouse gas (GHG) emissions from the transportation 
sector are a product of the mobility of the consumer and the surrounding infrastructure.  The 
existence of different modes of transport, urban design, complementary infrastructure and fossil 
fuel costs are all factors that influence user behavior and choices.  
 

Vehicle Miles Traveled 
The primary metric for evaluating energy consumption and emissions from the transportation 
sector is vehicle miles traveled (VMT). In the context of net zero electricity, net zero energy and 
net zero carbon, many strategies for achieving these goals are based on reducing VMT. Besides 
reducing VMT, the other strategy for lowering energy consumption in the transportation sector is 
to improve the efficiency of vehicle fleet in terms of miles per gallon (mpg) or an equivalent 
metric. In this section, electric vehicles are also given special attention due to their unique 
interactions with both VMT and electricity demand. It is important to consider all classes of 
vehicles. Even if VMT were to increase, GHG emissions could decline if a different mix of 
vehicles were used. For example, fuel cell vehicles may capture market share in some segments, 
as may natural gas fueled vehicles. These vehicles would reduce emissions due to using fuels 
with a lesser pollution content. 
 
The primary strategy for reducing energy consumption in the transportation sector is to reduce 
the distance traveled by vehicles. The metric for this distance is VMT, which can be calculated 
for an individual vehicle or a large number of vehicles in a particular area. VMT can be 
converted to fuel consumption by using the fuel economy of the vehicle and is therefore directly 
related to energy consumption and emissions. Reducing VMT is a strategy that will impact any 
of the net zero energy approaches, albeit in slightly different ways. For the case of net zero 
electricity, electric vehicles are the only relevant vehicles and so reducing VMT is equivalent to 
reducing electricity load. In the cases of net zero energy and net zero carbon, reducing VMT 
directly reduces fuel consumption and emissions respectively. 
 
 
 
 
 
 

18 Emlen, B. et al. (2010). 
19 Carlisle, N., Geet, O., & Pless. S. (2009). 
20 Bailey, Linda, Patricia L. Mokhtarian, and Andrew Little. The Broader Connection between Public 
Transportation, Energy Conservation and Greenhouse Gas Reduction” Rep. Fairfax, VA: ICF International, 2008. 
Print. 
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There are several options to consider when attempting to reduce VMT. One approach is to 
encourage the use of other forms of transportation besides personal vehicles. This “mode 
switching” can include increased use of bicycles, public transportation, and/or walking. Mode 
switching can be encouraged by either improving the convenience of alternative modes of 
transportation or making the use of personal vehicles less convenient.21  Improved convenience 
of alternative transportation may include improving infrastructure (e.g. bicycle paths, sidewalks, 
etc.) or providing better information regarding bus schedules and stations.  
 
Ways to discourage driving could include raising the cost of parking in downtown areas or 
reducing parking availability.22 In addition to mode switching, reductions in VMT could also be 
achieved by introducing a car-sharing program or encouraging citizens to carpool. Lastly, fleet 
vehicles that are owned by the city are another potential target for achieving reductions in 
VMT.23 
 
Interestingly, the way in which VMT is calculated can have an impact on the possible strategies 
that are employed to reduce it. One way in which VMT can be calculated for Davis is to estimate 
the amount of miles that are driven within the city limits. Using this methodology, the emissions 
and energy consumption of all trips that happen in Davis are counted, no matter where they 
began or finished. Another way to estimate VMT is to calculate it for only the vehicles that 
“live” in Davis. Under this methodology, emissions and energy consumption from vehicles that 
are only passing through the area are ignored, while all of emissions and energy consumption 
from resident vehicles are counted toward the totals of the city. Because vehicles that reside 
outside Davis are likely to be outside the jurisdiction of the local Davis government, it may make 
more sense to focus on the VMT of those vehicles that do reside within the city.  
 

Emerging Vehicles 
In recent years, the emergence of electric vehicles and their variations have facilitated the 
prospect of low direct or indirect consumption of fossil fuels. With rapidly developing 
technology and improved efficiency, the market penetration of these vehicles is on a rise. In 
comparison to gas-powered vehicles, the tailpipe emissions of these vehicles are much lower for 
some to none for others. This makes them an attractive option to replace the gas-powered 
vehicles. 
 
Consumer choices affect the adoption rates of these vehicles. To accelerate these adoption rates, 
incentives within the city limits weighing in on day-to-day activities can be effectively used. 
Strategies such as preferential parking for electric vehicles in busy hours of the day in various 
locations of the city and infrastructure for charging these vehicles would promote the use of such 
vehicles. However, the increase in number of electric vehicles would lead to increased 
consumption in electricity, which if generated from a non-renewable source would still have a 
carbon footprint.  
 
 

21 Replogle, Michael. Integrating Pedestrian And Bicycle Factors Into Regional Transportation Planning Models: 
Summary Of The State-of-The Art And Suggested Steps Forward. Rep. Washington, D.C.: Environmental Defense 
Fund, 1995. Print. 
22 Deakin, E, and G. Harvey. Research Note 98-1: Topic = Use of Transportation Pricing Strategies for Reducing 
Emissions. June 1998. Can Transportation Pricing Strategies Be Used for Reducing Emissions? California EPA, 
Sacramento. 
23 Jones, C. (2008). City of Davis Greenhouse Gas Inventory Report. City of Davis, Public Works Department. May 
2008. Web. <http://lawrenceks.org/climate_protection/system/files/davis_ca.pdf>. 
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Few studies have investigated adoption rates of electric vehicles based on various social, political 
and economic developmental scenarios. The complexity of the influencing factors, results in 
various different scenarios. One such study presented State-wide growth projections three such 
scenarios – Low, Medium & High by considering varied market penetration rates.24 The 
projected numbers from this study for the medium scenario in California are stated below: 

Medium Market Share (% of new vehicles sales) Market Penetration (%  new vehicles in service) 
Year 2015 2020 2025 2030 2015 2020 2025 2030 
% 4.0 9.1 15.4 21.7 1.0 3.3 7.3 12.4 

 

Figure 4: Electric Vehicle Penetration Rates 

Utilities such as PG&E, SCE and SDG&E have estimated the adoption density of Electric 
Vehicles up to the year 2020 which is illustrated in the bar chart below.25 The adoption rate for 
the City of Davis is estimated from these numbers to be about 1000-3700 cars by 2020.26  

Source: California Public Utilities Commission 
 

Figure 5: Electric Vehicle Penetration Rates by Investor Owned Utility 
 
Another approach to encourage change in user travel habits is to plan the upcoming projects in 
the city to meet consumer needs such that the necessary services like grocery stores and such are 
within walking or biking distances of most households. Inclusions of vehicle free pedestrian 
zones in the more active areas of the city or variants of this strategy such as pedestrian and public 
transit zone only would be likely to result in a more involved effort from the community as well.  
 
 

24Duvall, M. et al. (2011). Transportation Electrification: A Technology Overview. EPRI. July 2011. Web. 
<http://www.smartgridinformation.info/pdf/4525_doc_1.pdf>. 
25 Langton, Adam. (2011): Electric Vehicle Adoption as a Municipal Emission Reduction Strategy. California Public 
Utilities Commission. Net Zero Davis: Transportation Workshop, Davis, CA. November 18. 2011. 
26 Ibid. 

Source: California Public Utilities Commission 
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The city could benefit more from building on the already existing infrastructure to promote usage 
of bicycles. With the flat topography and temperate climate to its advantage, Davis is already one 
of the leading bicycle friendly cities in the United States. Increasing safety of bikes as well as 
bikers, providing rental bikes, public bike stations, increasing bike lanes and having bike training 
workshops are a few ways to encourage more bikers to take the road. ‘Cool Davis Initiative’ has 
been involved in outreach programs, educating the society of more sustainable living. The ‘Cool 
Cities’ is another such initiative. Collaborating with such programs would accelerate the rate of 
community engagement.  
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Renewable Energy 
 

Climate Action Plan Goals  
Energy Section: 2015 Objective 2: Produce 5% of the total electricity used in Davis from 
renewable on-site and/or local sources.27  

 
Due to the scope of this study, the Net Zero Davis project is only examining the resources that 
have the potential to scale substantially within a 100-mile radius of the City of Davis. By 
expanding the resource pool geographically, the City of Davis would still be encouraging local 
energy production, but be able to take advantage of more renewable energy resources than if the 
City were constrained by their jurisdictional boundaries   Expanding the City’s options to a 100-
mile radius allows for a diverse energy portfolio that can better match the City’s electrical 
demand.  That is to say, if the City were to pursue only aolar PV, a daytime resource, it would 
not be able to meet the demand at night without energy storage or supply from the grid.   
 
To get a proper assessment of the renewable potential in the region, the project team used the 
EPA’s GIS software overlay.28  
 
Wind Power Wind Power Density at 50 

meters of 0-200 w/m2 
Wind Resource Potential: 
Poor 

Utility Solar kWh/m2/day of 5.38 Utility Solar Resource 
Potential: Very Good 

Non-Grid Solar kWh/m2/day of 5.54 Non-Grid Solar Resource 
Potential: Very Good 

 
Current Capacity 

To assess the energy supply potential outside of the boundaries of Yolo County, the project team 
determined current renewable energy capacity for utility scale wind, geothermal, and biomass.  
 
Resource Location Capacity Consumption (annual) 
Wind Altamont Pass 

(Alameda County) 
576MW29 1.1 TWh 

 Shiloh Wind Farm 
(Solano County) 

300MW+100MW in 
development30 

1.18 TWh+345 GWh 
in development 

Geothermal The Geysers (Sonoma 
County) 

1,122 MW31 5 TWh 

Biomass Multiple 115 MW32 -- 

27 Emlen, B. et al. (2010). 
28 "RE-Powering America’s Land | US EPA." US Environmental Protection Agency. Web. 
<http://www.epa.gov/oswercpa/>. 
29  "Altamont Pass, California." Encyclopedia of Earth. Web. 
<http://www.eoearth.org/article/Altamont_Pass,_California>. 
30 "EnXco Signs PPA for Shiloh III Wind Farm | Renewbl.com." Renewable Energy News – Global & Regional – 
Renewbl.com. Renewabl, 5 Oct. 2010. Web. <http://www.renewbl.com/2010/10/05/enxco-signs-ppa-for-shiloh-iii-
wind-farm.html>. 
31 “General Plan 2020 Draft Environmental Impact Report, section 4.12-Energy.” Sonoma County Permit and 
Resource Management. Web. <www.sonoma-county.org/prmd/docs/eir/gp2020deir/sec4-12.pdf>. 
32 Center for Transportation Analysis. “Current Biomass Power Plants.” Biomass Energy Data Book: Edition 4. Oak 
Ridge National Laboratory. Web. <Cta.ornl.gov/bedb/biopower/Current_Biomass_Power_Plants.xls>. 
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Fully analyzing the total potential for utility scale power is beyond the scope of this report. 
However, this brief overview indicates that there are the resources available and more detailed 
study is recommended. A consideration when looking at the potential use of these resources is 
that the city must own the rights to the electricity generated in order to distribute the electricity to 
its residents or to take credit for related GHG benefits. Currently, the City of Davis can only 
purchase electricity for use in city facilities and buildings. Otherwise, it can only own the rights 
of the electricity by becoming a competitor to a utility or by purchasing RECs, as discussed 
earlier (pg. 16). In current law and regulation, there are significant barriers to city action to 
influence how electricity is generated for use and distribution within its boundaries. 
 

Local Resources 
The focus of this study is to discuss technologies that have the ability to grow within the Davis 
region today without a change in economics or regulatory structures. If economic factors or 
regulatory structures change, the viability of other mix of generation is likely to occur. Beyond 
utility scale renewable energy generation, there are options that can be pursued within the City of 
Davis such as solar thermal hot water and geothermal heat pumps.  Below is a brief description 
and discussion of each of these resources and how they might fit into a Net Zero Davis plan.   
 

Solar Thermal Water Heaters 
Solar thermal systems are typically installed on rooftops and utilize a working fluid that is heated 
by the sun and then run through a heat exchanger that heats domestic hot water.  This in turn 
displaces natural gas or electricity that would otherwise be used to heat the domestic hot water. 
Solar thermal water heaters use roof space efficiently. There installation costs are significant, but 
typically affordable, especially for larger buildings and new homes. According to the California 
Solar Initiative (CSI), solar hot water systems can lower the hot water portion of energy bills by 
50% to 80%.33 This option should be considered a primary renewable energy option to reducing 
GHGs because of their high return-on-investment (ROI) and quick payback period. 
 

Geothermal Heat Pumps34 
Geothermal heat pumps take advantage of the thermal mass of the Earth. In Davis, where 
summer cooling is required, exterior daytime temperatures generally are above 80 degrees 
Fahrenheit. Where winter heating is required, exterior temperatures generally are below 50 
degrees Fahrenheit. The ground temperature at a 1 meter depth in Davis remains between 55 and 
58 degrees F year round, and between 64 and 68 degrees F at 3 meters.35 This intermediate 
temperature between the summer highs and winter lows makes the ground an excellent potential 
heat sink in the summer and a heat source in the winter.  
 
The basic configuration of these systems is generally a vertical loop or horizontal loop 
system. The vertical features boreholes are a few hundred feet deep, while the horizontal loop 

33"Energy Savers: The Economics of a Solar Water Heater." EERE: Energy Savers Home Page. Department of 
Energy. Web. <http://www.energysavers.gov/your_home/water_heating/index.cfm/mytopic=12860>. 
34 Otherwise and more correctly identified as ground source or water source heat pumps, “geothermal” heat 
pumps are compressor based heating and cooling systems that use the ground as well as the air as their heat sink 
or source.  This can lead to dramatically less electricity usage but typically no actual use of the underground 
thermal gradients are used to directly extract renewable energy from the earth’s crust.  Ground -source heat 
pumps and geothermal energy systems both rely on subsurface temperature information and subsurface heat 
pathways to exchange energy with the soil and ground water, but their purpose is essentially energy efficiency, 
and they are more properly compared with other energy efficiency options than with other “geothermal” options.  
35Weather Station Data Export Page: Department of Land, Air and Water Resources, University of California, 
Davis. Web. <http://atm.ucdavis.edu:5000/datadl/index>. 
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system is generally 10 feet deep or less. These loops continuously circulate a working fluid 
between a heat pump inside the building and the Earth.   
 
Geothermal heat pumps can work with retrofitted conventional HVAC systems. If sized 
properly, they can replace the conventional HVAC system entirely. The California Geothermal 
Energy Collaborative is currently working on a return on investment study for these systems 
throughout the 16 climate zones in California and will have specific numbers available in early 
2012. General ROI estimates for these systems range between 5 and 12 years depending on the 
energy needs of the building as well as heating and cooling costs of the area. 

 
Solar PV 

Solar photovoltaic panels are well-established technologies that convert solar radiation into 
electricity.  Today, solar PV totals over 7 MW within the zip codes of 95616 and 95618 
surrounding Davis, according to the California Solar Initiative website.36 While rooftop Solar PV 
is often the first technology that comes to mind when discussing renewable energy, it suffers still 
from high installed costs.  Further, the City of Davis has a unique situation in that many of the 
environmentally minded citizens have been proactive in planting trees. While trees are beneficial 
to carbon reductions and can reduce the need for air conditioning in the summer, they prevent 
many rooftops from having a viable solar resource. There is still an opportunity for solar PV on 
some rooftops as well as a more centralized approach such as a solar farm.   
 
To address this issue, Davis has been moving forward with a solution through an expansion of 
the existing PVUSA site in the City of Davis. Through CleanPath, the PVUSA expansion will 
bring clean PV power to the City of Davis. This development will make use of the site’s existing 
land, and with additional land within Davis city limits, will produce 15 MW. At present, the 
PVUSA site produces less than 1 MW.37 Presently CleanPath is supporting new legislation to 
allow additional energy from the proposed PVUSA expansion. In the 2011-2012 session, 
California Senate Bill 843 allows individuals to purchase a portion of a development that can 
then sell its generation to a utility without needing to become an independent power producer.38  
 

Wind 
While the local wind resource in Davis as constrained by the city boundaries is not economically 
feasible, there is wind capacity within a 100 mile area.  Further study is needed to confirm that 
coupling regional wind resources with local or regional solar can result in a better match to 
Davis’s daily, weekly, and seasonal demand profiles.  
 

Geothermal Electric 
The City of Davis is located very close to the largest complex of geothermal plants in the world.  
The Geysers currently produces nearly 1,000 MW net of electricity.  This high temperature 
geothermal resource is still productive, and surrounding lower temperature resources may be 
among the least cost utility-scale renewable resources within the previously defined 100 mile 
radius of Davis. Geothermal plants can operate at a high capacity factor.  Capacity factors are 
important if the City of Davis were to procure and be dependent on the intermittent resources of 
wind and solar. Other advantages include that fact that because the resource is well 

36 "Geographical Statistics." Go Solar California. California Solar Intiative. Web. 
<http://www.californiasolarstatistics.ca.gov/reports/locale_stats/>. 
37 Buczynski, Beth. "Shareable: Blazing A Trail For Community-Based Clean Energy." Shareable: Sharing by 
Design. Shareable, 9 Dec. 2011. Web. 16 Dec. 2011. <http://www.shareable.net/blog/blazing-a-trail-for-community-
based-clean-energy>. 

38 Price, Tom. (CleanPath). 2011. Private  communication with Alex Pineda. Dec 15.  
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characterized, there are experienced operators in the area that are already looking at building new 
plants.  

 
 

Biomass 
As stated earlier, there are biomass power plants with 115 MW of available capacity within a 
100 mile radius. This total does not including SMUD’s territory, which uses 1,156 GWh of 
biomass.39 However, the only plant in Yolo County is Woodland Biomass Power Plant, which 
has a capacity of 25 MW.40 Yolo County has high amounts of agricultural and urban waste 
residue, in a range of 600,000 dry tons per year usable for power generation. Economic 
exploitation of this diverse resource requires multiple technical solutions resulting in a range of 
economic performance. This indicates a potential to grow biomass power plant capacity to 
82MW now, with the potential to grow to 107MW by 2017.41  

 
Biogas 

Biogas can be produced through a number of sources. As waste decomposes in the landfill, a by-
product methane-containing gas is produced. The gas is captured and can be used to produce 
electricity or offset natural gas use. Currently, Yolo County has a capacity of 2.5 MW from this 
resource.42 
 
Biogas can also be produced from wastewater treatment plants. SMUD currently receives 56 
GWh of electricity from wastewater treatment biogas.43 The City of Davis and Yolo County both 
have the potential to use local resources to determine whether both the new wastewater treatment 
plant and older plants could take advantage of anaerobic digestion to offset their energy needs. 
An additional source of biogas is animal manure. Anaerobic digestion of manure results in the 
production of a methane-containing biogas similar to landfill gas. SMUD currently is developing 
a number of dairy digesters, which total 2 GWh of electricity.44  
 
Another source of biogas can be food waste. SMUD found that the technical potential for biogas 
in the 50-mile radius around Sacramento is capable of supporting approximately 15 MW of 
generating capactiy.45 In another study, SMUD found that including the following counties: 
Sacramento, Sutter, Solano, Yolo, Placer, San Joaquin, Amador, and El Dorado, there is a 
potential for 12 MW in food waste and 6 MW in greases.46 A researcher from UC Davis, Dr. 
Ruihong Zhang, is developing a pilot anaerobic phased solids (APS) digester system to turn this 
food waste into energy. In partnership with On-site Power Systems and Clean World Partners, 
the APS-Digester developed at UC Davis is a multiple reactor, two-phased, sequenced, batch fed 

39Tiangco, Valentino. (2011). “Municipal Utility Food Industry BioEnergy Projects.” SMUD. . UC Davis 
Conference Center, Davis, CA. April 5-6, 2011. Web. <http://biomass.ucdavis.edu/files/events/2011-cbc-
forum/2011-cbc-forum-tiagnco-bioenergy.pdf>. 
40 Center for Transportation Analysis. “Current Biomass Power Plants.” 
41 Williams, Robert. (2008) “An Assessment of Biomass Resources in California, 2007.” California Biomass 
Collaborative. Prepared for California Energy Commission. March 2008. 
<http://biomass.ucdavis.edu/files/reports/2008-cbc-resource-assessment.pdf>. 
42"Yolo County : Full-Scale Bioreactor." Yolo County : Planning and Public Works. Web. 
<http://www.yolocounty.org/index.aspx?page=438>. 
43 Tiangco (2011). 
44 Ibid. 
45 Tiangco (2011). 
46 Ibid. 
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solids digester capable of producing a fairly constant biogas production rate. The pilot plant is 
designed to deliver about 22 kW (528 kWh per day) of electric energy to the grid.47 

47 Konwinski, D., et al. (2008). Anaerobic Phased Solids Digester Pilot Demonstration Project. Onsite Power 
Systems. Prepared for California Energy Commission. August 2008. Web. 
<http://www.onsitepowersystems.com/files/UCDavisBiogasEnergyPlantConstuctionReport-08.pdf>. 
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 Approaches under Development 
 
To assist in setting tangible goals for the future, frameworks need to be established to clearly 
outline the probable strategies to be used. Various frameworks were designed and considered 
during the period of the study. Three approaches, namely Net Zero Electricity, Net Zero Energy 
and Net Zero Carbon, were chosen. These approaches are discussed below. They were designed 
to categorize and account for various modes of energy expenditures.  These approaches also 
attempt to encapsulate the advantages and disadvantages of considering different modules as 
baseline data.  
 

Approach #1 
Net Zero Electricity 

 
One method to delineate the system for a net zero study is to consider only the consequences of 
direct expenditures of electricity. The net zero electricity approach requires equating the 
consumption of electricity with the amount of electricity generated from renewable sources. For 
the community, the total electricity used by all residential, commercial, industrial units, street 
lighting and other community activities sums up to aggregate consumption. This approach 
focuses only on consumption in buildings with electricity.  In this approach, the role of the 
energy consumption from transportation is restricted to that of electric vehicles.  The renewable 
energy generated can either be on site within the community or at another source to offset the 
electricity generated by non-renewable sources. 
 
Net zero electricity is the most common version of net zero at the building scale. A net zero 
building is a residential or commercial building with greatly reduced energy needs through 
efficiency gains such that the balance of energy needs can be supplied with renewable 
technologies.48 Electricity is the easiest energy form that can be included in a net zero plan 
because renewable energy production can be sized to the building on site. West Village utilized 
this definition to reach net zero due to concerns of the ability to eliminate the use of natural gas 
in their single family homes. West Village Carmel Partners had reservations about whether they 
can replace natural gas with electricity and/or biogas for cooking and some forms of heating. 
While it is possible the residents of the City of Davis could be more supportive of biogas 
replacement, there remain sourcing issues and overall consumer adoption concerns. The net zero 
electricity approach was created to focus on the electricity that can be directly offset by 
renewable energy production. 
 

Methods of Data Collection 
The concept of zero net electricity is dependent upon knowing the overall electricity 
consumption so that renewable energy production can be sized appropriately. Local data must be 
collected to achieve this knowledge, as well as determine the cost effectiveness of energy 
efficiency and energy production measures.  As these data becomes more localized, the usage 
statistics can be expected to diverge from national or state averages. PG&E aggregates user data 
in various formats such as zip codes and neighborhoods, which would be beneficial for the 
purposes of designing a net zero electricity strategy. Data in these different formats can be 
obtained from PG&E. A Community Choice Aggregator Information Request can also be a 

48 Deru, M., Pless, S., & Torcellini, P. (2006). Zero Energy Buildings: A Critical Look at the Definition. Preprint. 
Conference Paper NREL/CP-550-39833. Golden, CO: National Renewable Energy Lab 
<http://www.nrel.gov/docs/fy06osti/39833.pdf>. 
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method to acquire the necessary data from PG&E. These data are more detailed but are costly. 
The link to acquire this information release is in the recommendation section – see table of 
contents.  

Prioritization 
When deciding how to prioritize energy measures, it is helpful to see how the state mandates 
investor owned utilities to address their energy needs. Since 2003, utilities have had a loading 
order, which instructs them to seek all cost-effective energy efficiency and demand response 
measures before attempting any new construction of power plants. In addition, before 
constructing clean and efficient natural gas-fired power plants, utilities are required to develop 
cost effective renewable energy generation sources.49 
  
To develop a residential loading order for retrofits, the City of Davis should prioritize those cost 
effective energy efficiency actions that will significantly reduce energy consumption. An 
additional consideration should be the measures which have high synergies with other measures 
to increase potential savings. Furthermore, a vital consideration of any measure is how it extends 
the life of the building. Typically, the first consideration for improving building efficiency 
should be creating a tighter envelope. Insulation and better sealing of the building envelope can 
provide immediate benefits to the housing asset as well as to the quality of life for the resident.  
Design attention to achieving a desirable exchange of outdoor and indoor air is needed to achieve 
maximum benefits. 
 
After heat loss is addressed, heat pumps and water heaters can make significant reductions to 
heating, ventilation and air conditioning (HVAC) costs. Air Source Heat Pumps were used in 
West Village to eliminate the need for natural gas for most heating.50 Once HVAC efficiencies 
are addressed, improvements to windows can reduce both heat loss and the amount of heat gain 
through the reflectiveness of the window. Windows can reduce energy consumption by 15%.51 
After these measures have been pursued, improvements in lighting should be examined. Finally, 
replacing old appliances with Energy Star appliances should be investigated. 
 

Evaluating Effectiveness 
Rooftop solar, solar thermal water heaters and geothermal heat pumps can be economically 
competitive with other demand side solutions when renovation or transaction costs are 
considered.52 Therefore, at each step of the loading order, an analysis must be done to determine 
if energy production is more cost effective compared to demand reductions. Non-economic 
factors such as health effects from indoor environmental quality could also be considered. 
 
The possibility of avoided costs related to decreased energy consumption can lead to reduced 
upfront costs for renewable energy due to decreased size of necessary production capacity. If 
efficiency measures can be scaled appropriately, then this concept can apply at the city level as 
well. The prioritization presented above should not be taken as a rigid requirement, but rather as 

49 "California Electricity Statistics & Data." California Energy Almanac Home Page. Web. 
<http://energyalmanac.ca.gov/electricity/index.html>. 
50 Dakin, B. and Hoeschele, M. (2010). Zero Energy Communities: UC Davis’ West Village Community. Web. 
<http://eec.ucdavis.edu/ACEEE/2010/data/papers/2276.pdf>. 
51 "How to Save Energy With Double-Pane Windows | National Geographic." Green Living | National Geographic. 
Web. <http://greenliving.nationalgeographic.com/save-energy-doublepane-windows-2189.html>. 
52 "Study Finds Solar More Cost Effective than Retrofits : Clean Energy Authority." Solar Energy | Solar Power | 
Solar News - Clean Energy Authority. Web.   
<http://www.cleanenergyauthority.com/solar-energy-news/cseia-report-111610/>.  
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a guideline for determining which measures should be marketed or incentivized. Each house has 
unique characteristics that affect its energy consumption and each degrades differently over time.  
 
While many of these options do not aid in reducing electricity, they substantially lessen the 
amount of natural gas use to make the resident as close to all-electric as possible. An attempt to 
offset the remaining natural gas use will be achieved through the net zero energy approach. 
 

Emerging Vehicles 
The contribution of the transportation sector in the net zero electricity approach would be limited 
to the load impressed on the grid by electric vehicles. At present, the number of existing electric 
vehicles in the city is negligible and in the context of this discussion can be safely discounted. 
The adoption rates of these vehicles will be affected by intricate factors such as advancement in 
the efficiency of the vehicles, widespread existence of charging infrastructure, consumer 
behavior, and legislative policies. The growth in consumer adoption of these vehicles would be 
beneficial in reducing the carbon footprints of emissions only if the electricity used to charge 
them is generated from a renewable source.  For this approach however, these vehicles will result 
in an increased amount of electricity to be offset by renewable energy.  
 

Renewable Energy Optimization 
Renewable energy plants using local resources can by definition be located near energy uses and 
thus reduce energy losses related to long transmission distances. Renewable plants located 
farther away can also be located to avoid unnecessary losses. Using geographical information 
system (GIS) mapping, locations of high renewable energy potential can be determined and 
located near existing energy infrastructure. These tools can also help with the evaluation and 
implementation of district heating. Importantly, factors such as land ownership, permit 
jurisdictions, and land use regulations can also be integrated into the model.53 
 
Through the use of resource mapping and modeling tools, it will be possible to better understand 
the renewable resource availability in and around Davis. Abatement cost curves can be 
developed, and the mix of renewable energy sources with the lowest levelized cost of energy can 
be roughly identified. These cost curves can be used as a key metric for consideration in the 
context of other factors such as job creation; technical and economic risk; annual economic 
output; source energy savings; and aggregate environmental impacts.54 
 

Notes 
An issue with the net zero electricity concept is that the renewable energy might not match the 
energy load on a daily or even monthly basis. Therefore, the net zero electricity concept will 
apply on an annualized basis. The net zero electricity approach is the simplest of the net zero 
approaches in terms of being able to accurately measure consumption and properly sizing 
renewable energy generation. In this respect, it is logical to extend the concept of net zero 
electricity from individual buildings to communities and cities. Simplifying the problem in this 
manner, however, fails to account for natural gas and fossil fuel-based transportation, which are 
significant contributors to the overall emissions inventory of a particular area. The discussions of 

53 Sonoma County RESCO, Project Update, April 2010. Web. <http://cal-ires.ucdavis.edu/files/research/2010-04-
project-overview_sonoma-county.pdf>. 
54 Zoellick, Jim, and Luke Scheidler. (2011). Humboldt RESCO Modeling Tools: Resource Optimization and 
Economic Impacts. Schatz Energy Research Center, Humboldt State University. RESCO Experts Symposium, UC 
Davis, Davis, CA. February 22, 2011. Web. <http://cal-ires.ucdavis.edu/files/events/2011-resco-
symposium/zoellick-jim_cal-ires-resco-humboldt.pdf>. 
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net zero energy and net zero carbon that follow attempt to minimize these drawbacks by taking a 
more comprehensive view of a city’s energy profile.  
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Approach #2 

Net Zero Energy 

The concept of net zero energy has been generally elucidated as a system in which the amount of 
energy consumed is equivalent to the amount of energy generated on or off-site by renewable 
sources. As with net zero electricity, this concept originated within the domain of buildings. This 
section extends the concept to the city level and proposes the inclusion of natural gas and the 
energy employed in the transportation sector in addition to the other forms of energy consumed.  

At the city level, a net zero energy approach could be defined as equating all the energy utilized 
by the city as a whole, including transportation, with the amount of renewable energy generated 
to offset this consumption. Theoretically, this method compares and equates usage and 
production in terms of energy metrics, which makes it possible to compensate and also account 
for CO2 as well as other emissions. This concept would also allow the City of Davis to achieve a 
zero net energy goal that includes natural gas for heating and cooking by sizing the renewable 
energy generation to offset the energy produced through that fossil fuel source. In addition, all 
forms of vehicles are included in the net zero energy approach, regardless of fuel type. This 
approach would give the City of Davis a more comprehensive accounting method for energy by 
including transportation and natural gas. 

Methods of Data Collection 
To assess the goals required in the net zero energy approach, multiple datasets may be needed. 
Each of the sub-segments of total energy usage has various factors influencing the net 
consumption of energy. Apart from existing infrastructure and options, consumer behavior and 
choices have a large impact on the consumption of energy. Data describing total energy 
consumption by zip code (including natural gas) can be obtained from PG&E. To gain an 
enhanced perception of energy consumption for residential and commercial purposes in the 
region end-user data representing communities across the city is important.  
 
Transportation is a major contributor to energy consumption that is included in a net zero energy 
approach, but not a net zero electricity approach (except for electric vehicles). Unlike household 
energy consumption, data for energy use in the transportation sector is difficult to obtain. Apart 
from electric vehicle and alternative fuel trends, consumer preference data associated with travel 
mode selection, factors affecting purchases of high efficiency or low efficiency vehicles should 
be obtained from household surveys. These data can be synthesized not only for obtaining the 
current rate of emissions but also can be used to formulate and implement strategies to target the 
most cost-effective solution at a localized scale. One key metric in transportation is vehicle miles 
traveled (VMT). Estimating VMT at the local level can be done using surveys, transportation 
models, or odometer readings (see appendix for further discussion)    
 

Prioritization 
Due to the measurement challenges associated with net zero energy, collecting accurate data at 
the local level that can be used to assess action options is a top priority. As with the net zero 
electricity approach, energy efficiency measures will be an important first step toward pursuing 
net zero energy. Additional efficiency measures related to the use of natural gas and 
transportation become very important in this approach. Apart from a few of the prioritization 
measures mentioned in the previous section, the consideration of every individual household as a 
consumer unit and devising strategies to reduce the energy consumption at that level can be 
fruitful for this approach.  
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Prioritizing transportation requires calculating VMT. Calculating VMT at the local level is a 
challenging task due to the difficulty in knowing where to assign emissions from moving 
vehicles.  There are several approaches that can be used to estimate VMT.  The approach of the 
Davis GHG inventory was to use Federal Highway Transportation Administration (FHTA) data 
on local road usage combined with a 3rd party transportation model to estimate VMT.55  This 
strategy attempts to account for all driving that happens in Davis, regardless of where a vehicle 
permanently resides.  An alternative approach is to estimate VMT using odometer readings.  
Tracking vehicles that live in a particular area over time allows for simple subtraction of 
odometer readings to estimate how far a vehicle has traveled during a particular time.56  
Currently, the smog check program in CA records the odometer reading during every smog test.  
In contrast to methods involving travel models, the odometer reading approach to VMT accounts 
for all of the driving done by vehicles that permanently reside in a community, regardless of 
where they travel.   

 

 
Figure 6:  Breakdown of 2006 Davis emissions by fuel source 

Notes 
The net zero energy approach accounts for every activity involving the consumption of energy. It 
allows for the possibility to aggregate the utility bill and transportation fuel costs into an easy to 
understand “Energy Budget”.  Approaching net zero energy at the household level may be useful 
from a measurement perspective.  The energy budget of every household comprises of the 
energy consumed for heating, cooling, cooking, lighting, powering appliances and gadgets, 
energy required for waste disposal and fossil fuel consumption required to operate vehicles. 
Increases in efficiency in each one of these facets could lead to a significant reduction in the 
consumption of energy.  
 
Knowledge about household preferences and behavior regarding all these consumption factors 
could be used to create an educative portal (in the form of brochures, websites, etc…) which will 
assist users in making more informed choices about efficient technology. These ideas can be 
aggregated into an easy to understand energy budget for each household. 

55 Jones, C. (2008). 
56 See the Appendix for more details on calculating VMT using odometer readings. 

Source: Jones, C. (2008). 
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Approach #3 

Net Zero Carbon 
 
Another way in which the concept of net zero energy can be defined at the city level is by 
considering the emissions that result from the consumption of fossil fuels. In this approach, a net 
zero emissions community can be defined as a community that generates as much emissions-free 
renewable energy as it uses from emissions-producing energy sources annually.57 Emissions are 
produced in the community (or city) by energy use and waste generation.  In a typical 
community, the primary sources of emissions are residential and commercial buildings, motor 
vehicles, and waste that end up in landfills.  In the net-zero carbon approach, emissions are 
assigned to electricity use at the end user even though the fossil fuels used to generate the 
electricity are burned at power plants that may not be within the city limits. For the purposes of 
this paper, the report will consider only CO2 emissions so that the approach can be described as 
net zero carbon. In a net zero approach, renewables are counted as emissions offsets based on 
how much electricity they produce. 
 
The goal of net zero carbon requires equating the amount of energy corresponding to the level of 
carbon emissions in Davis with the amount energy produced from renewable sources in Davis. 
Net-zero carbon can also be thought of in terms of emissions, so that the level of emissions from 
activities in Davis is equal to the emissions that are avoided due to renewable energy sources. As 
with the net zero electricity and net zero energy approaches, it is not the absolute level of 
emissions that is relevant, but rather the requirement that there be enough renewable energy 
generation to “offset” whatever level of emissions exists (see Figure 7). A unique aspect of a net 
zero carbon strategy is that it is directly influenced by AB-32, which requires CO2 emissions for 
the state of California to be at 1990 levels by the year 2020.58  As this report assumes that the 
AB-32 goal is achieved, any further reductions in emissions from efficiency improvements or 
transportation would be in addition to whatever measures are taken to satisfy AB-32. The 
framework depicted in Figure 7 can be similarly applied to the approaches of net zero electricity 
and net zero energy. Because the city of Davis has already enacted a climate plan based on CO2 
emissions, discussion of the projections will be mostly in the context of net zero carbon. For 
assumptions made to build these projections, please see ‘Project Assumptions’. 
 

 

 

 

 

 

 

 

 

57 Carlisle, N., Geet, O., & Pless. S. (2009). 
58 California, State of, Legislative Counsel. (2006). Assembly Bill No. 32, Chapter 488, Statutes of 2006. 
<http://www.leginfo.ca.gov/pub/05-06/bill/asm/ab_0001-0050/ab_32_bill_20060927_chaptered.pdf>. 
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Figure 7:  Net Zero Carbon Projections for the city of Davis 

In Figure 7 line that begins at 0 in 1990 traces the increase in renewable energy generation that 
has occurred to date. The rate further additions until 2020 will determine what percentage of the 
renewable energy needed to achieve 100% net zero carbon has actually been installed assuming 
the Davis is able to reduce its carbon emissions through energy efficiency measured by about 
100 metric tons, i.e. well below 1990 levels in any case. This projection provides both emission 
reductions and avoided emissions through renewable energy. The point at which these two 
variables converge is net zero carbon. 
 
Based on the projections, it is clear that reaching the Davis climate goals and/or a net zero energy 
goal will require substantial improvements in energy efficiency, decarbonization of the 
transportation sector and investments in renewable energy generation. If the goals are to be met, 
planning must begin now for how to most effectively implement these significant changes. 
Tapping into the energy expertise at the University of California, Davis and considering and 
applying lessons learned from West Village, the City of Davis is well positioned to become a 
leader in local energy planning. 
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Method of Data Collection 

A critical step toward pursuing a net zero carbon energy strategy is to be able to quantify the 
emissions that are produced from the various sources in the community.  These greenhouse gas 
(GHG) inventories provide valuable information regarding the largest contributors to emissions 
and thus possible targets for reducing emissions.  Fortunately for the city of Davis, a GHG 
inventory was conducted in 2008 that established a baseline level of emissions in 1990 and also 
forecasted emissions for the year 2015.59 This inventory excludes any emissions from 
agriculture, cement production, paving, and air and marine traffic because it was determined that 
these sources were outside the jurisdiction of the local Davis government.  All local government 
emissions from municipal owned building, vehicle fleets, streetlights, transit systems and waste 
streams are included in the inventory.    
 
From the Davis GHG inventory (see Figure 8), it is clear that the two primary sectors that must 
be considered for a net zero carbon approach are buildings (residential and commercial) and 
transportation.  The breakdown of emissions from specific sources can be seen in Figure 6.  
Within the buildings sector, emissions are split roughly evenly between electricity and natural 
gas.  Within transportation, emissions come predominantly from gasoline. 

 

Figure 8:  Breakdown of 2006 Davis emissions by sector 

In order to effectively address the buildings sector, local data is needed in order to identify areas 
of higher energy use.  The source of this data is PG&E, which has electricity and natural gas data 
at the city-level as well as neighborhood (zip+2) level, which facilitates design of targeted 
programs.  The energy efficiency strategies discussed in the net zero electricity approach are also 
relevant for the net zero carbon approach, with the only difference being that electricity savings 
must be converted into carbon savings by using the appropriate emissions factor for PG&E. 

In the transportation sector, the metric of interest for monitoring emissions (in lieu of more direct 
measures is vehicle miles traveled (VMT). See net zero energy (pg. 37). 

59 Jones, C. (2008). 

Source: Jones, C. (2008). 
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Prioritization 

There are many potential strategies for reducing carbon emissions, many of which have been 
discussed in the net zero electricity and net zero energy approaches.  Due to the limited resources 
of any local/city government, strategies should be prioritized according to a metric such as $/ton 
CO2 reduced that reflects the estimated cost-effectiveness of each particular strategy.  Making 
such estimations is beyond the scope of this study, but data gathering and monitoring should be 
conducted with this type of analysis in mind.  

 
Notes 

The net zero carbon approach is beneficial to the City of Davis as it aligns with the Davis 
Climate Action and Adaption Plan, which currently measures in carbon and already has a 
baseline due to the GHG inventory. This approach also accounts for most of the energy 
consumption without a model as complex as ‘Net Zero Energy’. However, there is currently no 
set way to account for carbon emissions. Furthermore, it is difficult to determine prioritization 
without a cost for GHG abatement for each reduction measure.
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Additional Findings 
Concurrent to the significant findings of the study, some underlying and complex end-user issues 
dominate the success of implementation of strategies. These problems are a combination of 
socio-demographic and economic factors that come into play. Thus, community engagement is 
imperative to the reaching goals.  
 

Energy Efficiency 
Efficiency in the consumption of energy correlates to reduction in the production of renewable 
required in offsetting the emissions from the consumed energy. Energy efficiency is considered 
to be a cost-effective investment to reduce GHGs.60 Energy efficiency as discussed previously 
can be achieved in different ways.  The city can advance towards this solution by acquiring heat 
maps and target the most energy consuming neighborhoods. Interactive and educative sessions 
for the benefit of the community could be held. A labeling and ranking program could help 
denominate different neighborhoods and their efficiency status.  A voluntary retrofitting protocol 
for various rankings could be developed or suggested as required.  
 
The decision to implement these efficiency measures is that of the end-user. These decisions are 
a blend of psychological factors such as values, attitudes and contextual factors such as available 
choices, economic incentives, social norms, technologies and infrastructure.61 Promoting 
community involvement and formulating policies to influence positive behavior should be 
considered as important steps in gaining community support.  
 

GHG Reduction in Transportation 
As discussed previously, user preference in modes of travel governs the dynamics of the existing 
vehicle agglomeration.  One of the foremost steps in tackling this problem is to incline users to 
make more sustainable choices. Various different strategies, some of which are discussed further 
can be implemented to encourage users to make such choices. Transit oriented future 
development of the city is one such strategy. Research has indicated reduced automobile travel is 
correlated to transit availability independent of transit use.62 Mixed use urban planning is another 
developmental strategy that can be employed by the city. Pricing strategies such as congestion 
pricing or a fuel tax would be generating revenue directed towards transit development or other 
GHG reduction. However, the drawback of implementing pricing strategies is the resistance they 
are likely to encounter because of being perceived as an imposition in the form of taxes.63 Such 
policies should be implemented in tandem with other incentives

60 Lloyd, Alan. Technologies and Policies to Consider for Reducing Greenhouse Gas Emissions in California. Rep. 
ETAAC, 2008. Print. 
61 Wilson, Charlie, and Hadi Dowlatabadi. Models of Decision Making and Residential Energy Use. 2008. Annual 
Review of Environment and Resources, DOI 10.1146/annurev.energy.32.053006.141137 
62 Bailey, Linda, Patricia L. Mokhtarian, and Andrew Little. (2008). 
63Deakin, E, and G. Harvey. (1998). 
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Conclusions 
While attempting to find a way for the City of Davis to utilize net zero energy concepts to 
achieve its climate goals, the project team has determined a number of considerations and 
strategies the City of Davis can use when developing a regional energy plan. 

1. Extensive current use of carbon based fuels for heating and transportation present a major 
challenge to the achievement of net zero goals. Backing out natural gas from home energy use 
will take time and involve economic choices that currently tend to favor continued exploitation 
fully amortized existing natural gas infrastructure. 
 
2. Similar considerations apply in the case of transportation. Because carbon based transportation 
accounts for the lion’s share of the City’s carbon foot print, the metrics used to account for 
transportation’s contribution need to be thoughtfully chosen.  
 
3. The terms net zero carbon and carbon neutrality (already a Davis long term goal) can be 
viewed as equivalent, depending on their respective definitions. Thus a goal of net zero carbon 
can easily be aligned with the form of measurement in the Davis Climate Action and Adaptation 
Plan. 
 
4. Data needed to tailor a long term net zero energy roadmap for the City of Davis is not 
currently in the City’s possession. Much of the needed building energy demand data is collected 
and archived by incumbent natural gas and electricity service providers. A similar data gap exists 
for transportation energy usage. More research into determining the largest and least technically 
and economically efficient energy uses in the City, both in the form of home energy use and 
transportation, should be pursued. 
 
5. Strengths for the City of Davis include a substantial bike lane infrastructure that avoids fuel 
use for transportation, an engaged community that is likely understand and support efforts to 
reduce energy demand and invest in renewable supply, and convenient access to relevant energy 
experts in the nearby state capitol and UC Davis. 
 
Based on all relevant information, and expert commentary, the strategies that will be most 
effective for the City to reach carbon reductions will be closely linked with current strengths and 
already built infrastructure. By utilizing strengths, the City can seize opportunities on those items 
that can be achieved in the near term while developing the capacity for things that are going to 
take a long time. Strengths for the City of Davis include expansive bike lane infrastructure, an 
engaged community, and access to important stakeholders through UC Davis.  

Essential to reaching long term goals include disaggregating each climate plan objective into 
measureable actions. One method is to develop a net zero implementation plan to address energy 
efficiency, renewable energy, and transportation targets. Concurrently, the implementation plan 
can determine the percentage of energy supply that can be achieved through local supply or 
through imports from the surrounding region, including reviewing options to get access to those 
imports.
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Recommendations 
 

1. CCA Information Release 
From outside sources, it has been determined that the information provided by the CCA 
information request can be an order of magnitude better than any other data source provided by 
the utility. The information release can be reviewed from this URL: 
http://www.pge.com/tariffs/tm2/pdf/ELEC_SCHEDS_E-CCAINFO.pdf 
 
These data can help with sourcing renewable energy near substations and energy loads. The 
project team suggests the City of Davis consider paying for these data even before a 
determination has been made regarding a Community Choice Aggregation model for Yolo 
County. An assessment of which information could be most useful for the City’s goals is 
suggested before any investment is made.  
 

2. Data Sharing Plan with the University 
Essential to any further study or interaction between UC Davis and the City of Davis is a 
streamlined process for data collection between PG&E and UC Davis. PG&E is obligated to 
provide all data to the City of Davis, and requires the City be the entity to supply data to outside 
groups. There is a web portal that allows the City of Davis to procure its utility data. By using 
the web portal to procure data, the City of Davis is able to cut out the initial data request and 
provide information to UC Davis directly. Further investigation should be made to determine the 
viability of providing UC Davis researchers with access to the web portal or what type of Non-
Disclosure Agreements are required for viewing the utility data directly without the expressed 
consent of the City of Davis. 
 

3. Expand Net Zero Goal for Existing Buildings 
The City of Davis should expand its net zero building goal to address retrofits.  Net zero is 
especially powerful in an existing building context, because it requires focused attention on 
measurements of efficiency gains at a building level as well as at the city level. It also provides 
opportunity for packaging solar and efficiency together for financing purposes, which will be 
increasingly important in communities like Davis, where rental property owners will be more 
focused on business reasons to take pro-active steps than other property owners. 
 

4. Neighborhood Profile Program 
The neighborhood profile program is an audit program that is designed to target underserved 
neighborhoods which have higher energy consumption due to a lack of participation in current 
energy efficiency programs. The importance of these programs is that they gain economies of 
scale by addressing houses of similar design which can be addressed through prescriptive 
methods. Even without prescriptive methods, providing contractors with significant amount of 
work will allow costs for audits and retrofits to drop per unit. Furthermore, there are communal 
benefits to having meetings and getting to know neighbors and what home improvements are 
occurring in their neighborhood. This strategy has been developed as part of the whole 
neighborhood approach (WNA). The WNA is a pilot program as part of the Energy 
Upgrade California program. Six WNA pilots are currently occurring in City of San Jose, 
City/County of San Francisco, County of San Diego, Sacramento Municipal Utility District, and 
the County of Los Angeles. Sonoma County is using GIS maps, called “hot spot maps,” from 
PG&E to determine areas with targeted characteristics.64

64 Cone, C. (2010). Energy Upgrade in Sonoma County E-News, October 2010. Climate Protection Campaign. Web. 
<http://www.sctainfo.org/pdf/energy_upgrade_enewsletter_201010.pdf> 

NET ZERO DAVIS PROJECT    DECEMBER 2011   42 
 

                                                           

http://www.pge.com/tariffs/tm2/pdf/ELEC_SCHEDS_E-CCAINFO.pdf


RECOMMENDATIONS 

For the City of Davis, important criteria could include percent of homeownership, percent of 
single-family housing, average building age and average size in square feet for the 
neighborhood. An additional important step to building a neighborhood profile program is to 
have an independent third-party administrator to prevent contractors from over-pricing their 
services.  The reduction of fear a resident has about over-pricing can result in more audits and 
higher percentage of audits that result in retrofits.  

5. Dynamic Lighting for Government Retrofits 
The City of Davis should consider requiring LED retrofits in government buildings and the 
installation of bi-level or other dynamic lighting mechanisms where these solutions are 
determined to be competitive on a life cycle cost basis. 
  

6. Solar Water Heater Replacement Plan 
The City of Davis should require solar thermal water heaters to replace domestic water heaters in 
order to reach >60% of water heating demand within one year.  The City should disseminate 
information about state solar water heating incentives, especially those for commercial and 
multi-family buildings, because they are exceptionally attractive in the context of solar tax 
credits and other provisions.  Finally, the City should expand its service infrastructure to include 
employees trained and experienced in the installation and maintenance of solar equipment. 
 

7. Transportation Survey 
Developing accurate data at the sub-city level is another step that will be important, particularly 
for addressing the transportation sector.  This could be accomplished through neighborhood 
travel surveys or specific programs designed to measure traffic.  Data will be vital for evaluating 
the carbon savings that can be expected for any energy saving measure.  Progress achieving a 
near term carbon-based goal will entail reducing VMT overall and increasing low carbon VMT 
as well, and so efforts should be made to identify strategies that target transit choices and 
behavior.  
 
City transportation surveys may be a valuable option for obtaining neighborhood travel data such 
as VMT and transportation behavior.  Repeated surveys that gather simple information such as 
common destinations and number of vehicles in the household can provide useful information.  
The Institute for Transportation Studies at UC Davis conducts a campus travel survey every year 
that may be useful for the city to investigate. 
 

8. Regional Bio-Energy Research and Deployment Plan 
The City of Davis and UC Davis should explore possible mutual interests in bio-energy research 
and deployment in support of net zero goals, leveraging anaerobic digestion and thermo-
chemical gasification solutions being developed by UC Davis for West Village. Related 
opportunities include the ability to optimize the economic and environmental management of 
urban and agricultural waste streams from Davis and surrounding feedstock source areas. 
 

9. Continue collaborative efforts to expand PVUSA 
The City of Davis should consider regional wind resources in connection with solar garden 
implementation and related legislation.  An evolving mix of solar and wind resources will 
provide a more balanced and better match to city demand profiles and therefore can save future 
utility charges related to supply and demand mismatch.  Further analysis should be conducted to 
determine what, if any, role wind energy will have a role in an economically optimum resource 
mix as solar incentives expire or are reduced and/or as Davis’s solar supply curve turns upward. 
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10. Effect of Subsidies on City Decisions 

The City of Davis should conduct an analysis of the benefits to constructing a large scale solar 
farm before the federal investment tax credit expires in 2016. Additional considerations should 
include the level of incentives for rooftops and other distributed generation compared to the 
incentives for centralized production. 
 

11. Optimization Model for Renewable Energy 
A model for optimizing Davis’s local renewable energy mix will be needed. The model created 
by Humboldt State University for planning and scenario analysis was reviewed. The project team 
believes this or comparable model could be enabled for use at the city level for higher density 
and suburban areas. Such models could provide the City with a real plan to provide a breakdown 
of what can be done over a certain period of time in various supply and demand categories. 
 

12. Further Collaboration between the University and the City of Davis 
The UC Davis West Village experience has not yet been fully mined for applications to Davis’s 
net zero related programs. UC Davis can assist the City based on its West Village experience if 
the City is able to support related technology transfer. In any event grant funding should be 
sought to enable major technical and economic questions related to the above recommendations 
to be addressed in a timely way by independent and qualified non-commercial organizations. 

For example, UC Davis could assist the city by conducting further workshops around the above 
recommendations and could help secure private sector and utility input for the development of 
requests for related qualifications and commercial offerings. (The California PV industry will 
certainly respond with some community level offerings, and some other renewable energy 
players may as well.) Follow-on work could also address how other communities might achieve 
their Net Zero goals, focusing on common community considerations rather than any that are 
specific to the City of Davis.
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Appendix A: 
Energy efficiency solutions tend to be categorized into four areas: lighting, heating and cooling, 
insulation, and appliances. 

Lighting Efficiency 
Lighting can represent as much as 25% of a home’s electricity bill65. By replacing older 
technologies like incandescent bulbs with compact fluorescent lights (CFL) and light emitting 
diodes (LED), residents can receive the same amount (but not necessarily the same quality) of 
light for a lower carbon footprint. Lighting replacements with CFLs and LEDs involve high 
upfront costs.  Studies have shown that these upfront costs are more than paid for with energy 
savings over the lifetime of the bulb. LEDs produce a tenth of the carbon emissions of the 
incandescent and half of a CFL using the country’s average energy mix.66  
 
In addition to light technology changes, an important evolution in lighting is the use of sensors to 
determine if an occupant is nearby. Bi-level lighting for street lights and parking areas, where a 
light will remain at half output until turn on full when an occupant is detected, results in an 
overall savings of 30-75%.67 
 

Heating and Cooling Efficiency 
Heating, ventilation, and air conditioning (HVAC) can consume up to 50% of the combined 
energy bill (electricity and natural gas) in an average residence.68 Substantial wasted energy 
occurs in the HVAC system due to leaks and old equipment. On average, 20% of air that moves 
through a heating and cooling system is lost due to leaks.69 Maintaining ducts is a simple way to 
improve energy efficiency. This measure is not pursued by many homeowners. In addition, 
HVAC systems tend to be used past their suggested life expectancy. Older equipment is 
inherently inefficient. Modern HVAC systems use up to 40% less energy than older systems.70 
 
 
 

65 "Lighting Efficiency Information." California Energy Commission Home Page. California Energy Commission. 
Web. <http://www.energy.ca.gov/efficiency/lighting/>. 
66 "Comparison Chart LED Lights vs. Incandescent Light Bulbs vs. CFLs." www.designrecycleinc.com. Design 
Recycle Inc. Web. <http://www.designrecycleinc.com/led%20comp%20chart.html>. 
67 Bi-level Street and Parking Area Luminaires. California Polytechnic State University. San Luis Obispo ,CA. 
http://cltc.ucdavis.edu/images/documents/case_studies/PIER_CALPOLY_Bilevel_Street_Parking_Luminaires.pdf. 
68  "Heat & Cool Efficiently : ENERGY STAR." Home : ENERGY STAR. Web. 
<http://www.energystar.gov/index.cfm?c=heat_cool.pr_hvac>. 
69 "Duct Sealing : ENERGY STAR." Home : ENERGY STAR. Web. 
<http://www.energystar.gov/index.cfm?c=home_improvement.hm_improvement_ducts>. 
70 "Flex Your Power - Commercial Energy Saving Tips." Flex Your Power - California Energy Efficiency and 
Conservation. Web. <http://fypower.org/com/tools/energy_tips_results.html?tips=hvac>.   
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Building Envelop Efficiency 

Control of outdoor air infiltration can result in reducing heating costs by 15% to 45%.71 
Controlling air flows is important, not only because drafts are uncomfortable, but also because 
air leaks carry both moisture and energy. Added moisture also lowers energy efficiency. Drafts 
cause resident to raise thermostat levels higher than necessary. 
 
 “Sealing the building envelope” and ensuring adequate insulation can have significant energy 
savings over time. The savings are primarily dependent on the location of the building, the type 
of insulation, and proper installation and sealing of doors and windows. Public welfare benefits 
flow from proper building insulation.  
 
A study by Harvard University School of Public Health found that appropriate design, 
installation, and/or retrofit reduced the instances of respiratory and cardiovascular ailments 
typically associated with air pollution.72 Furthermore, they found that if the 46 million existing 
single-family homes in the United States that have inadequate insulation were retrofitted with 
additional insulation, the benefits to the country would include 240 fewer premature deaths, 
6,500 fewer asthma attacks and 110,000 fewer restricted activity days per year.73 Insulation and 
control of air exchange can also extend the life expectancy of the housing asset itself. In wooden 
homes, less moisture means less rotting, resulting in a higher quality housing stock.  
 

Appliances Efficiency 
Appliance efficiency has been a staple of California’s energy policy. California's Appliance 
Efficiency Regulations, established in 1976, responded to a legislative mandate to reduce 
California's energy consumption.74 Replacing appliances with newer more efficient appliances is 
a primary way for consumers to make energy smart decisions. ENERGY STAR is a federal 
government program used to help consumers identify the most energy efficient appliances. 
ENERGY STAR has saved consumers 18 billion dollars in utility bills and saved the GHG 
emissions of 33 million cars in 2010 alone.75  
 
Some energy efficiency applications complement others. Insulating the building, for example, 
retains any heat inside the building or in summer months limits heat transfer into the building. 
Measures that pay for themselves over time, like re-insulating the house, can still be the least 
likely for people to adopt due to the need for significant renovation.  
 
In new construction, energy reductions can be best achieved through constructing a building 
differently. There are numerous green building codes for new buildings that have proven that 
changing the orientation or materials can have substantial energy savings. 
 

71 Arkansas Department of Economic Development -- Energy Unit. Home Series: Insulation. Iowa Energy Center. 
Web. <http://www.nlrelectric.com/energy/pdfs/Home_Series-Insulation.pdf>. 
72 “Proper Levels of Insulation Contribute to Public Health” North American Insulation Manufacturers Association. 
Web. <http://www.naima.org/insulation-knowledge-base/public-health-benefits/proper-levels-of-insulation-
contribute-to-public-health.html>. 
73 “The Public Health Benefits of Insulation Retrofits in Existing Buidlings in the United States” North American 
Insulation Manufacturers Association. Web <http://www.naima.org/insulation-resources/health-safety/the-public-
health-benefits-of-insulation-retrofits-in-existing-housing-in-the-united-states-rp061.html>. 
74 "California's Appliance Efficiency Program." California Energy Commission. Web. 
<http://www.energy.ca.gov/appliances/>. 
75 "About ENERGY STAR." Home : ENERGY STAR. Web. 
<http://www.energystar.gov/index.cfm?c=about.ab_index>. 
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Passive Solar Retrofits 
Measures like shading your windows properly in the summer and winter months, called passive 
solar retrofits and can lead to both improvements in comfort and energy savings. Passive solar 
retrofits incorporate some of the building practices of passive solar design in new buildings. 
Instead of designing a new building, passive solar retrofits are designed for an existing building. 
Movable insulating devices like thermal shades, shutters, or curtains, for example, reduce heat 
loss through the glazing at night and during heavily overcast periods.76 Shading the window area 
with an overhang, awning or deciduous trees can help prevent excessive summer heat gain. One 
example of this type of retrofit is a Trombé wall.77 A Trombé wall uses dense materials to 
absorption of the incoming solar radiation to store heat for long periods. The thermal mass is 
most effective when placed directly in the sun's path. Adding glazing to the front of the south 
wall will trap incoming solar radiation, charging the wall with heat. An insulating curtain drawn 
at night in the space between the glazing and the wall will help control heat loss from a Trombe 
Wall. Homes with an open design encourage natural air movement. A fan or blower can usually 
improve air circulation around room dividers or between rooms. Before undertaking any retrofit, 
check local ordinances and codes, and-if necessary-obtain a building permit. The City of Davis 
General Plan suggests focusing on the area of passive solar in Policy Energy 1.1 area f, where it 
states “Provide incentives for retrofitting existing homes and businesses for improved energy 
efficiency.”78  

VMT Methodology: 
An alternative method to travel models for calculating VMT is to use actual odometer readings 
from vehicles.  The basic idea of this methodology is to obtain the odometer reading for a vehicle 
over a long period of time and infer how far the vehicle traveled (VMT) in any particular year 
based off of those data points.  The state of CA provides a unique opportunity to use this 
methodology because of the BAR smog check program that records the odometer reading of a 
vehicle every time that it is tested.79 
 
This methodology is used by Salon, Cook and Williams (forthcoming) and applied to all 
currently registered vehicles in CA in the year 2005.  To calculate VMT, two dates (and 
corresponding odometer readings) are selected for each vehicle; one as close to 1/1/05 as 
possible and the other as close to 12/31/05 as possible.  The difference between the odometer 
readings is calculated and converted to miles per day using the amount of time between the two 
dates.  Finally, miles per day are multiplied by 365 to obtain VMT for that vehicle in 2005.   

Several assumptions and rules are made in this methodology.  First, smog check observations 
must be at least 9 months apart in order to make the VMT calculation.  This is intended to 
eliminate any bias that may result from seasonal driving habits.  Secondly, VMT is assumed to 
be uniformly distributed between the two dates that are used.   

76 North Carolina Solar Center “Passive Solar Retrofit For North Carolina Homes.” 
 < http://ncsc.ncsu.edu/wp-content/uploads/01retrof.pdf> 
77The Natural Handyman – Home Repair Articles “Residential and Solar Heating Retrofits 
<http://www.naturalhandyman.com/iip/infenergysavers/erec/erec2.html> 
78 City of Davis – “ Davis General Plan Adopted May 2001, Amended through Jan 2007 
<http://cityofdavis.org/pb/gp/> 
79 Department of Consumer Affairs “Bureau of Automotive Repair- Smog Check" <http://www.bar.ca.gov/>   
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Framing Assumptions: 
o Timing 

1. “near zero” by 2030 
2. “net zero” by 2040 

o Adapt West Village “reduce/produce” philosophy as expanded in NREL reports. 
o Evaluate applicability of NREL net zero concept and intermediate milestones to Davis: 

1. Drive energy usage down through money saving investments in efficiency, etc. 
2. Accelerate substitution of low carbon (renewable) energy for energy from carbon 

based fuels 
o No change in current laws, regulatory rules and standards  
o Business as usual relationship with PG&E through 2020. 
o Goals in current legislation are met, e.g. AB 32 and related statewide goals, e.g. 33% 

renewable electricity by 2020 
o Economic indifference, i.e. net incremental life cycle cost of financed improvements as 

experienced by the  community, individually and collectively, is zero 
 

Definitions: 
If we apply the most general definition of zero-energy to the concept of community, a net-zero 
energy community is “one that has greatly reduced energy needs though efficiency gains such 
that the balance of energy for vehicles, thermal, and electrical energy within the community is 
met by renewable energy.  
 
The energy performance of a net-zero community can be accounted for in several ways. The 
definitions listed below are based on those by Torcellini (2006).  
 
• Net-Zero Site Energy: As much renewable energy is produced in the community for buildings 
and infrastructure as is needed by buildings and infrastructure in a year when accounted for at the 
site. For transportation, site energy needs would be based on a calculated or measured vehicle 
miles traveled by community occupants regardless of whether they filled up their gas tank in the 
community or outside the boundary. As stated earlier, the definition allows for fuel switching so 
excess renewable electricity generation can offset various fossil fuel use.  
 
• Net-Zero Source Energy: A source ZEB produces at least as much energy as it uses in a year 
when accounted for at the source. Source energy refers to the primary energy used to generate 
and deliver the energy to the site. To calculate a building’s total source energy, imported and 
exported energy is multiplied by the appropriate site-to-source conversion multipliers based on 
the utility’s source energy type. For transportation fuel, source energy would include a multiplier 
to account for the energy required to transport the fuel to the fueling station.  
 
• Net-Zero Energy Costs: In a cost ZEB, the amount of money the utility pays the building 
owners and the community (for renewable energy generated on all residential and community 
buildings and infrastructure) for the energy the building exports to the grid is at least equal to the 
amount the owner pays the utility for the energy services and energy used over the year. If you 
include transportation, the cost of the fossil-based fuels is offset by fuel generated from 
renewable sources.  
 

NET ZERO DAVIS PROJECT    DECEMBER 2011   48 
 



APPENDICES 
 

 
 
• Net-Zero Energy Emissions: A net-zero emissions community produces and uses at least as 
much emissions-free renewable energy as it uses from emissions-producing energy sources  
annually. Carbon, NOx, and SOx are common emissions that ZEBs and transportation powered 
by renewable energy offset. To calculate a building’s and transportation (based on assumed or 
actual VMT) total emissions, imported and exported energy is multiplied by the appropriate 
emission multipliers based on the utility’s emissions and on-site generation emissions (if there 
are any). 
 
Definition of a Net Zero Community:  http://www.nrel.gov/docs/fy10osti/46065.pdf 

 Net-Zero Energy Buildings: A Classification System Based on Renewable Energy Supply 
Options http://www.nrel.gov/docs/fy10osti/44586.pdf 

Net Zero Energy Military Installations: A Guide to Assessment and Planning:  
http://www.nrel.gov/docs/fy10osti/48876.pdf 

A Renewable Energy Community: Key Elements:  
http://www.nrel.gov/applying_technologies/state_local_activities/pdfs/re_community.pdf 

A Guide to Community Solar:  http://www.nrel.gov/docs/fy11osti/49930.pdf
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Projection Assumptions: 
• All projections will be in the form of GHG emissions to simplify between electricity, natural 

gas, and transportation fuels. 
• In order to map out potential paths to net zero goals, a baseline scenario must be established.  

For the purposes of this study, a baseline year of 1990 was chosen to match with the Davis 
climate plan as well as the state of California’s climate baseline.   

• From this baseline year, projections were made out to 2020 based on the goals in the climate 
action plan and AB 32.  To create net zero projections, it was assumed that the Davis climate 
goals would be met in 2020. Net zero goals are then established for the year 2020 and 
expressed as a percentage of 2020 emissions/energy use.  The level of renewables needed at 
each goal is assumed to grow at a constant rate from the current amount of renewable 
capacity.  It is also assumed that all installed renewable capacity displaces grid electricity 
from PG&E.  

• It is important to highlight the aggressive nature of the Davis climate goals relative to the 
state level goals set by AB 32.  In the near term, AB 32 specifies that by 2020 the state will 
return to 1990 level emissions, however, the Davis plan aims to reach 28% below 1990 
emissions levels by 2020.  Embedding a net zero goal within the Davis climate goals will 
require substantial investments in renewable energy production within the next decade.
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Statement of Work: 

Period of Performance:  Effective Date – 11/1/2011 

Title:  Davis Net Zero Scoping and Scenario Analysis 

Purpose:   

The purpose of the analysis is to draw on the expertise of the UC Davis Energy Institute efficiency and 
renewable energy centers and other California communities to identify and evaluate a minimum of three 
(alternative) net zero deployment scenarios for Davis in order to recommend a scope for a follow on 
effort that the City of Davis could propose for state or Federal cost sharing.  

Background: 

Davis has the opportunity to learn from the UC Davis West Village Energy Initiative (WVEI).  WVEI is 
developing a net zero village on the UCD campus.  However, the challenges and opportunities for net 
zero in a settled community context are different in almost every critical aspect, because of fundamental 
financing and deployment infrastructure differences, to say nothing of deployment scale and incumbent 
utility relationships.   

The UC Davis Energy Institute efficiency and renewable energy centers are supporting WVEI and have 
capacity to support a scoping and scenario analysis for the Valley Climate Action Council.  The approach 
would be to draw on their expertise but also on the experience of other communities in California and 
elsewhere that are targeting renewable energy secure communities.   

Possible alternative net zero scenarios that Davis could target include: 

• An “all electric” strategy scenario would identify the most aggressive economically feasible 
deployment of energy efficiency measures plus renewable energy supply from within city 
boundaries while electrifying transportation to the maximum economically feasible extent.   

• A “net zero carbon” scenario would identify the economically optimum mix of renewable 
resources and energy intensity reduction strategies to eliminate use of carbon based fuels 
entirely in all sectors.   

• A “net zero balance of energy payments” scenario would generate renewable energy for export to 
off-set limited use of natural gas for optimum economic performance of the electricity supply mix, 
solar heating and combined heat and power.   
 

Task 1:  Framing and Scenarios 

Purpose of task: The purpose of this task is to propose framing assumptions, assess resources and 
energy demand, develop a reference case and alternative scenarios, evaluate the scenarios and 
document related data and assumptions.   

Subtask 1.1 Propose framing assumptions and review with sponsor 

Energy policy, technology, economic and finance assumptions will be proposed and reviewed with the 
sponsor, based on review of prior initiatives of the City, Yolo County and UC Davis 
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Subtask 1.2 Assess Davis renewable resources and current and future energy demand, including 
transportation energy use 

Resource assessment will include status of solar deployment in and accessible to Davis and reference to 
data and analysis generated in support of the West Village Energy Initiative RESCO Project.  Demand 
assessment will include review of publicly available data and reference to the spreadsheet models 
developed in support of RESCO projects funded by the Energy Commission.  Transportation assessment 
will draw on the capacity of the Institute for Transportation Studies at UC Davis. 

Subtask 1.3 Develop a business as usual energy development reference case and three alternative 
scenarios 

A reference case will be developed for comparison with net zero scenarios.  It will assume business as 
usual over the next ten years. Three alternative scenarios will also be developed as exemplified by those 
outlined in the above background section. 

Subtask 1.4 Prepare a white paper that presents and evaluates the net zero scenarios and documents 
related data and assumptions. 

A white paper will be developed in consultation with UC Davis Energy Institute staff for use by the VCAC 
board and relevant City of Davis stakeholders.  It will include scope recommendations for a follow on 
effort that the City of Davis could propose for state or Federal cost sharing. The white paper will be 
reviewed UC Davis Energy Center Directors and co-authored appropriately. 

Task 1 deliverables: 

Subtask 1.1  

• Memorandum – Summary of framing assumptions and scenarios for VCAC Board approval 
Subtask 1.2  

• Memorandum – Summary of Energy Resources and Demand Workshop 
Subtask 1.3  

• Memorandum – Summary of Net Zero Scenarios Workshop 
Subtask 1.4 

• White Paper – Net Zero Scenarios for the City of Davis 
 

Task 1 schedule:  

The work under this Task will commence in September, 2011 and will conclude by the end of December, 
2011. Deliverables are due according to the Summary Table above.  
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Task # Tasks Deliverables 
Task 1: Framing and Scenarios 
1.1 Propose framing 

assumptions and review 
with sponsor 

Summary of framing 
assumptions and 
scenarios for VCAC 
board approval 

1.2 Assess Davis renewable 
resources and current and 
future energy demand, 
including transportation 
energy use. 

Summary of Energy 
Resources and 
Demand Workshop 

1.3 
 

Develop a business as 
usual reference case 
scenario and three 
alternative scenarios   

Summary of Scenarios 
Workshop  

1.4 
 

Prepare a white paper 
that presents and 
evaluates net zero 
scenarios and documents 
related data and 
assumptions 

Davis Net Zero White 
Paper reviewed and co-
authored by UC Davis 
Energy Center 
Directors 
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Net Zero Davis 
The City of Davis has a long history of sustainability. It is often referred to as “The Bicycle Capital of 
America.” This community was the first to build dedicated bike lanes after World War II. The City of 
Davis consistently has worked to reduce its impact on the planet and create a safer place for its 
residents. This history makes the City of Davis the ideal location for pushing boundaries to achieve 
a more sustainable future. 
 
UC Davis, sponsored by the Valley Climate Action Center, is finalizing a three-month scoping study 
on how to steer the City of Davis toward a Net Zero Energy future. This study is a partnership 
between the UC Davis Energy Institute, Cal-IRES, the California Renewable Energy Collaborative, 
and the Energy Efficiency Center. The City of Davis has established a climate action plan that states 
a goal of carbon neutrality by 2050. The goal of the scoping study is to look at the energy profile of 
the city and provide the City of Davis with approaches and metrics to use to obtain its climate goals.  
Below is a brief overview of how this study was organized. 
 

Approaches 
Net Zero Electricity– This approach focuses the attention to the energy use of the Davis residents. It 
measures any electricity (kilowatt hours) that is used on buildings. Net Zero Electricity means any 
electricity used by a building will be offset by renewable generation either on the building or within 
(100 mile radius) the surrounding region. 
 
Net Zero Energy-  This approach takes into account any energy used by a household, including 
transportation and assumes that it will be offset by renewable generation either on the building or 
within (100 mile radius) the surrounding region. The addition of fossil fuel use that has not been 
replaced by electricity, such as personal transportation and natural gas use is taken into account 
with this approach. 
 
Net Zero Carbon – The City of Davis has a stated goal of carbon neutrality. This approach uses the 
greenhouse gas inventory from the Climate Action Plan to determine which activities are the most 
carbon intensive. This approach takes into account the amount of carbon that is difficult to reduce 
and is offset by renewable generation under similar restrictions. 
 

Assumptions 
Since 2050 is a long ways away, a few assumptions were made: 
 
• Current laws and goals will be achieved (California Climate Legislation, Renewable Portfolio 

Standards, etc...) 
• Business as usual relationship with utilities through 2020. 
• No extra costs to the residents that will not be returned back in savings over time. 
 
This study will be discussing the impact of energy efficiency, transportation, and renewable 
energy on the three approaches. It also will provide the City of Davis with recommendations 
on further areas to study in order to reach the lofty climate goals already in place. We look 
forward to receiving your input as we move forward. All residents of the City of Davis have a 
stake in making the Climate Action Plan a success. We hope to provide a first step towards 
utilizing the resources of UC Davis to make that plan a reality. 
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Workshop Highlights 
A Net Zero project at this magnitude has not yet been attempted by a settled community like the 
City of Davis. In order to make this study as successful as possible, we reached out to experts and 
stakeholders who are essential to reaching these goals.  We held three facilitated discussions to 
determine how to achieve a goal like net zero for the City of Davis.  Below are common themes that 
resulted from these discussions.  
It is very important to define your goals: 

• How much energy does the City of Davis have to save or create to reach net zero goals?  This 
question could be a good way to set targets. 

o The City of Davis has a Climate Action Plan in place and this project should match 
the goals in that plan. 

• There must be aggressive long-term goals and achievable short-term and intermediate-term 
goals. 

• In what order should these goals be accomplished? – prioritization 
• Create a strategic plan for local renewable energy development and use. 
• Who is the best person in the community to manage these goals? 

In order to know the important and most effective uses of resources, much more data is 
necessary. 

• How does the City of Davis compare to the rest of California in energy use and renewable 
energy? 

• Pinpoint high energy-use spots or neighborhoods and manage those first. 
• Compile a complete stock of building types (commercial and residential) with typical 

energy-use loads. 
• Transportation should be considered as a portion of the energy budget 

o It is important that detailed data is collected or obtained regarding vehicles in Davis. 
Educate the community. 

• How to read your energy bill and what it means with regards to overall energy 
consumption. 

• Focus attention on people who are not well-versed in energy terms so they can learn what 
they can do to make an impact. 

Think outside the box to come up with ways to achieve these goals. 
• The City of Davis could change the way they interact with utilities in order to have more 

active involvement in energy supply and delivery. 
• Use applications on smart phones to track energy use. 
• Change tax policies to incentivize lower energy use on a city level. 

 
Workshop Participants (Thank you!) 
 
Bruce Baccei, SMUD; Gerald Braun, Cal-IRES; David Brown, SolarCity; Turkan Aktas, UC Davis; Mark Braly, 
VCAC; Elise Brown, CGEC; Matt Cheney, CleanPath; Dang Dang, CleanPath; Chris Granger, Cool Davis Initiative; 
Ronnie Holland, UC Davis Energy Institute; Pradnya Khimsara, UC Davis; Jon Cook, UC Davis; Brian Goldman, UC 
Davis; Bryan Jenkins, UC Davis; Mark Jenner, CA Biomass Collaborative; Martha Krebs, UC Davis; Lynne Nittler, 
Cool Davis Initiative; Mitch Sears, City of Davis; Case VanDam, UC Davis; Ruxandra Vidu, UC Davis; Gene Wilson, 
VCAC; Jim Zoellick, Humboldt County; Brain Abbanat, City of Davis; Nico Bowencamp, CA Fuel Cell Partnership; 
Eric Cahill, Adaptiv Consulting LLC; Bob Clarke ,City of Davis; Rachel Hartsough, City of Davis; Ken Hiatt, Dev. 
City of Davis; Bill Knox, ARB; Joe Krovoza, Mayor, City of Davis; Geoff Straw, Unitrans, Anthony Palmere, 
Unitrans; Steve Tracy, Davis Bicycles!, Christal Waters, Davis Bicycles;, Steven Wheeler, UC Davis; Bill Dakin, 
Davis Energy Group; Karen Eggerman, Cal-IRES; Nichoel Farris, PG&E; Ben Finkelor, UC Davis EEC; Jeff Gleeson, 
PG&E; Greg Mahoney, City of Davis; John Markley, UC Davis WCEC; Kris Matulich, PG&E; Michael Siminovitch, 
CLTC; Ned Spang, CWEE; Peter Turnbull, PG&E 
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