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Government. While this document is believed to contain correct information, neither the
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University of California. :



an

PLANNING FOR AN ENERGY CONSERVING SOCIETY:

THE DAVIS EXPERIENCE

Edward L. Vine
Division of Environmental Studies
University of California
Davis, California 95616

Prepared for:
Distributed Cnergy Systems- Study Group

Lawrence Berkeley Labhoratory
Berkeley, California 94720

February 1979

LBID-165



o»

III.

IV.

VI.

TABLE OF CONTENTS

Page
Preface . i
Introduction. . . . . ¢« v . . 0 0 Lt e e e e e e e e e e e e ii
The Davis Community . . . . . & + « v v & o v v v v e e e e e 1
Development of the Davis Energy Conservation
Building Code . . . . . . ¢ & v v ¢ i e e e e e e e e e e e e e 3

Implementation of the Davis Energy Conservation
Building Code . . . . . « . v v v o o 00 e e e e e e e e e e 24

Development of the Davis Energy Conservation
Planning Policies . . . . . . . . . . o . . . 0000000 . 34

Implementation of the Davis. Energy Conservation
Planning Policies . . . . . . . . . « v v i e v e e e e e e e . A7

The Impact of Proposition 13. . . . . . . . . . « « « o « « . <. 50

ConclusSion. . . . v v v v v v v e e e e e e e e e e e e e e 53
Figure 1: Davis Monthly Temperatures:

Averages and Means . . . . . . . . . . o 0 0 .. 64
Figure 2: Annual Customer Gas Consumption in the

Residential Sector . . . . . . . . . ..« « . . . . . 65
Figure 3: Annual Customer Electrical Conéumption in the

Residential Sector . . . . . . . . . . . « . . . .. 66
Table 1: Energy Consumption in the City of Davis . . . . . . . . 67
Table 2:  Primary Energy Use in Davis . . . . . . . . . . . . . . 71
Table 3: Residential Energy Consumption: Local, State

and Federal (1975). . . .« .« +« « « « o v v v v v e e 72
Table 4: Mean Average Daily Solar Radiation for Davis

(by month). . . . . . . . 000 o e 73
Table 5: Building Permits Issued in Davis. . . . . . . . . . . . 74
Table 6: Electrical Energy Use in the Davis Household. . . . . . 75
Table 7: Energy Use in the Average Davis Household . . . . . . . 76

Appendix A: The Housing Development Priority Program . . . . . . 77

Appendix B: The Davis Energy Conservation Building Code. . . . . 80

Appendix C: Village Homes. . . . . . . . « . « . « « « .« .« . . . 101

Appendix D: Davis Interviews . . . . . . . < . . . .« . . . . .. 105

References. . + ¢ « v v v v « ¢ o v o « . e e e e . o« . . . 108



b

&

PREFACE

The Distributed Energy Systemé Study Group is currently cohducting a
study on the opportunities and obétacles in planning for an energy conserv-
ing séciety in California. One of the‘Group's.tasks is to analyze the
influence of local planning policies on the use of energy conservation
measures and renewable energy sourCeé in local communities. After compara-
tive evaluation of findings from five different localities in California--
the cities of Davis, Pélm Springs, and Los Ahgeles, and the counties of
San Diego and Santa Clara--recommendations will be suggested for possible
methods local governments can adopt to successfully reduce the amount of
energy consumed in their jurisdictions. This report concerns the Davis
planning system, and the work was funded by the U.S. Department of Energy
under Contract W-7405-ENG-48. ) |



INTRODUCTION

| : - . BN

. o - ‘
”10(a1 governments are Ldedlly ‘suited to assumc_dn 1mportant ro]e in
the 1mp1cmentat10n of energy “conservation moasures (Rancer 19777

1

. i : :
”Davis_ha' done more for energy Lonserthlon than any other cJTy 1n;
the nation." (Wall Street Journal, 1078) '

¢

3 .

Many citieq and countie‘ in. the Un1t d States have the potentxdl of
“reducing the amount of onergy Lon%umed in thclr JUT]SdICtlonS by medns‘
of voluntary and mandatory - methodb Local governmcntq can . become
involved in energy maite1 in thrcc bd€1c wqys (Creeﬂberg, ”977).

I

1. ‘In-house eifo1ts. Attempts are made to merove ‘the folCleﬂLy

of current and tufnre energy use w1th1n the Clty or Lounty
admlnlstratxon .ocal .government pronrams mxobt 1ne1ude build-

1ng management vehlcle,pollcles and’ equipment purchase criteria. .

2. Dbirect influence on_ the communityi Local government's Tegula-

tory  and pcrmlttlng powcrs (e 8., ordlndnger.dnd hnlldlng code
changes) are. utlllzed to make resldentlal and non- resi-

dentla] structurcs more energy effJCJent . R _ .

3. Indirect influence on the community. ~ ‘Public outreach and edﬁca~j

tion programs are conducted ro d1ssem1nate Jnformatlon on rho
energy Ltuatlon and . on energy tcchnoloples as a means of increas-
" ing popular support.for—gqvernmental programs and for voluntary

energy conserving'behayior; B i ' | -
However, it has bheen found 1n California, for example, that only a‘
few communities have taken advantaﬂe of the blgnjflcanr opportunltles for
cncrgy\sav1ngs (Greenberg, 1977). Most local government dCthltJeS have
focused on "in-house efforts", public education programs and 1ong—term
sutides (e.g., describing:the preéent energy picture and énticipating
futufe energy needs;'costs and sourcequf-supplies), Some communities

“have established "energy. committees!" to study the possible roles and

»

U
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actions available to their_government, while a few localities have

lobbied at the state and fédearl levels to procure needed funds and/

or to support various energy conservation legislation. All but a hand-
ful of local governments have avoided the use ofumahdatory energy conser-
vation programs, and, not coincidentally, only a few communities have been
able to reduce their consumﬁtionvof energy.

The City of Davis, Caiifornia, has conducted energy programs in the'
three areas mentioned above since ‘the early 1970's. In addition to an
extensive public education program, the City adopted an energy conserva-
tion building ordinance (one.of the first in the countfy) and key planning
policieé to try to reduce energy consumption in new residential and non-
residential structures as well as in the City's circulation system. The
energy conservation building code was based on climate analysis and utilized
a minimum building performance standard which could be met by following
certain passive solar design guidelines. The planning policies contained
selected design standards to make planned unit developments and the City's
circulation systems more energy efficient, After initial opposition from
the building community, both the code and the planning policies have achieved
wide popular support in the community. As a result of a combinafion_of
public policies and priVafe initiative, household energy consumption has
been dramatically reduced. Specifically, household gas consumptioﬁ in the
residential sector decreased 21 percent from 1973 to 1977 while household
electrical cohsumption in the residential sector decreased 13 percént over
the same time period (Table 1). The City of Davis hopes to reduce its
overall energy use by 50 percent in a ten year period (1976-1986) by imple-
menting its policies (including a proposed retrbfitiordinance for upgrading
the thermal performance_of existing houses) and by encouraging greéter
voluntary energy cbnserving behavior in the community. |

This report examines the development and impiementation.of the'énergy
conservation building code and selected energy planning policies of the City
of Davis. The historical analysis focuses on the problems that occurred
as these energy issues were raised and studies how they were resolved by
members of the Davis community during the_policy'formulation and policy

implementation stages. This report does not attempt to describe all the

-iii-



nlann1n0 p011c1es that- the Clty of Davis has enacted wthh deal e1ther
directly or 1nd1rect1y w1th eneroy conservation. Only those p011c1c>
which generated criticism and/or oppos1t10n within the Lommunxty are
examined in detail. Those policies which were adopted and 1mp1emented
without much ”noiée” are briefly mentioned and may be examined in greatei
depth in a later paper o _ o

It is 1nportant to empha51ze that this investigation is prlmarlly
concerned with pollcy 1mp1ementat10n not p011cy impact, as descrlbed
in the following definition: . pollcy Jmplementatlon encompasses those
. actions by publlc and. prlvate 1nd1v1duals (or groups) that affect rhe
achievement of ob1ect1ves set forth in prior pollcy dec1SJons” (Van Meter
and Van Horn, 1Q7§) In this study, the 1mp1ementat10n phase took»place
after the energy'conservation building code was adepted andiafter the
energy planning policies were included in the D651gn Review process of
. planned_un1t developments.  This study examines ''proximate effects" (e.g.
the bnilders' aceeptance of the energy code) whereas an impact study examines
"ultimate effects" (e.g., the observed consequences of the energy code on
the community's energy consumption or on the rate of buiiding development
in Davis)(Van.Meter and- Van Horn, 1975). Policy_jmpaet analysis is
intimately %elated-to.policy implementation, but,'except.for e few brief.
passageévin this paper, it is not the focus of this study. '

The methodology gtilized in this study consisted of collecying'data
from the,following'sourceéz popular and academic ﬁournal% books,vnews—
papers, administrative documents (e g. general plan and zonlnp regu]atlons)
and reports publlshed by private consultantb In addltlon interviews were
conducted among 27 ‘individudls who part1c1pdted directly or 1nd1rect1y, in

the City's energy plannlng system. These people included energy consultants,

‘members of the City Council and Planning Commission, staff and 6€ficials of

the Public Works Department, the Planning Division and the Building Inspec-
tion Division, the City Attorney, the City Manager, hankers, builders,
architects, developers, and academians (Appendik D). An earlief version
of this report was reviewed by 15 of the 27 interviewees nnd by;two energy

consultants, and many of their comments have been incorporated in this

-iv-
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revision. In most cases the comments were very helpful in clarifying
specific statements and correcting errérs in the réport."The opinions,
findings, and conclusions in this feport, hoWever, are those of the author
and do not necessarily'reflect the views of any of the interviewees or
reviewers. »

The construction of'the Davis experience relies heavily on the infor-
mation collected during these interviews. The following notation is
utilized in this report to refer to these interviews (I: Reese). "Iv
refers to an interviewvand ""Reese" is the person who was interviewed.

Appendix D contains the list of persons interviewed in this pfoject, their

~ occupation, and the location and date of the interview. It is important to

note that reference to an interview does not necessarily mean that the
interviewee supports the referenced statement. The notation merely

indicates that the source for that statement is from that interview.

-y~
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I. THE DAVIS COMMUNITY

A. Location

The City of Davis is located in the Northern Central Valley of
California,>approximate1y 15 miles west of Sacramento and about 70
miles east of San Francisco., Its latitude is 38 minutes and 32 de-
grees north and ité longitude is 46 minutes and 121 degrees west.
The City is about six and three-quarter square miles in size and its
elevation is 60 feet. It is primarily built on, and surrounded by,
prime farm land (Class 1 Yolo sandy loam soils), one of California's
most valuable resources that is currently being subjected to urban

encroachment and environmental degradation (Reganold and Singer, 1978).

B. Climate

Davis' climate is characterized as temperate Méditerranean (Fig-
ure 1) (Hammond et al. 1977) Winter days are cool: average temper-
atures are around 4§ F (2 819 heating Degree Days) .and seldom colder
than 25°F. The usual winter pattern is 3. days of clouds and rain foi-
lowed by 3 days of sunny skies. Sun shines 44% of the daylight hours
in the wihtef. Rainfall averages 18 incheé-per year, most of this
occuring during the winter; the range in_precipitation from dry years
to wet years is 4.7 inches to 36 inches. | _

Summer days are hot and dry; daily maximums ‘are commonly around
909F (1,063 cooling Degree Days), sometimes reaching‘lOSoF and over.
Rainfall during the summer months is almost zero. During the summer,
sea breezes from the south (via the Carquinez Straits).reach Davis,
typically, in the‘late afternoon or early evening, cooling the area
to an average summer'highttime low.of 53°F, Dry northerly winds and

wet southerly w1nds alternate during the months between fall and sp-

ring. Mean average da11y solar radiation during the year is 431 lang-

leys per day with considerable variation between summer and winter
months (Table 4). 1In sum, Davis' climate presents both a heating and

cooling problem for energy planners, designers and builders.



C. Socio—Economic Profile O

Dav1s is a predominately white middle class communlty of 36,500
vpeople with few extremes at either end of - the ecnomlc scale. rhe median |
- income for the entire planning area in 1975 was,¢1],382, ‘with medians

in indivi‘du__a‘l‘planni'ng areas ranging from -$19-55"2 to $6,362 (City of
VDavis; 1973j The cccupational structure of Davis has the follow1n ‘ )
| composition; 53 percent are profe551onals (espe01a1]y in the. educatlonal
field), . lO percent are - 1n managerlal occupat1ons -20 'percent in clerlcal
positions and sales work 8 percent are craftspersons or operatives, and
9 percent are service workers. or 1aborers (City of Davis, 1973),‘fThe
median age in the Clty is 23 years. ' ‘ .

Davis ‘is prlmarlly a resldentlal communlty w1th a. small central-

ized commerc1al downtown area and a. few 11ght 1ndustrles located in. its -

periphery. New re51dent1a1 constructlon is 1arge1y conducted by 7-8
building companles and a number of smaller contractors The Un1ver51ty
of California is the largest source of employment in the C1ty ‘More than

half of the city's adult residents are 1nvolved wlth the U.C.D, campps:as

students,'faculty.or staff. As of September 1978, U.C. Davis enrollment”f'

was 17,511 (U.C. Davis, Reglstrars Off1ce personal‘communlcation),. As .
of June 1978 total U.C. Davis staff was 12 994 3,690 academic, 9 .l304
other (U C. -DaV1s Personnel Offlce personal communication) A large
proportJon of re51dents also work for the- State of Callfornla or. related’

employment in the Sacramento area

. Energy Proflle

- Most of the prlmary energy use in Dav1s is accounted for in- the:
res1dent1a1 sector: (56 percent) wh11e the 1ndustr1a1 (21 percent) and _
commerc1a1 (22 percent) sectors account for most of the remalnlng eneroy
(Table 2) It is not- surpr151ng ‘that one half of the energy. used - 1n
the re51dent1a1 sector is natural gas s1nce 99 percent of ex1st1ng

Dav1s ‘homes use gas heat (Sedway/CooLe 1978a) Flectrlcal enerpy in

the re51dent1a1 sector is pr1mar11y used for air condltlonlng (31 nercent)

s and refrlgeratlon (14 percent)(Table 6) Re51dent1a1 consumptlon

Y]
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of natural gas and electricity has declined during the last seven
years of record (1970-1977) ‘in an uneven direction (Figures 2 and

3, Table 1). Use of natural ga;_and electricity in the commercial
and industrial sectors has decreased, too (Table 1). Although Davis'
energy consumption is relatively small compared to California and
the rest of‘the country {(Table 3}, an explanation of the dramatic
reductions in energy use is of significant interest for communities

throughout the nation.

E. Community Concerns

During the early 1960's, the University of California eXpanded
its Davis campus, resulting in.rapid population growth in the Davis
area. A projected populatioﬁ of 90,000 people by 1990 (as project-
ed in the old Davis General Plan) caused many cifizens to become very
concerned about the future of their community. Increasing population
was leading to rapid gréwth of residential construction on prime agri-
cultural land: 1land valuable~f0r local consumption, the State economy,
visual aesthetics and open space (Reganold and Singer, 1978)} (See
Table 5 for the rate of construction in the Davis area over the 1ést
eight years). As environmental concern increased during the late
1960's and early.1970'5, interested residents aﬁd students, as well
as a concerned city government, began to take positive steps toward

solving the problems that were confronting the area.
II. DEVELOPMENT OF THE'DAVIS‘ENERGY CONSERVATION BUILDING CODE

A. Student Groups and the Energy Conservation Ordinance Project

During the early 1970's, concerned students. at the University of
California at Davis formed small research groups to share their ideas
with people of similar énvironmental‘interests and to try to take posi-

tive action against the environmental deterioration that was afflicting

_their community. In 1971 about a dozen students formed the Greater

Davis Research Group (also known as the Davis Planning Research Group)
to discuss planning and environmental issues in general and specific
issues such as energy, population growth and land use and growth con-

trols (I: Bainbridge, Hammond).

3.



_ “The major concern of thls research group was - the growth of Davis.
The problems of growth were. seen in the gradual loss of Dav1s' small
" town character (an amenlty that had attracted- ‘many people to move to
this- communlty) and in the rapid dlsappearance of valuable ‘agricultu-
ral lands to development The group's desire, to prevent the loss of
- prime agrlcultural soils was shown ‘in their haltlng a. proposed suh—
d1v151on for: two months whlle_debate was carried on w1th1n the c1ty
- government on the appropriateness of unlimited grthh.,_Thevresearch'
group made presentations=ar0und the'city on the prohlems-of.growth-
and tried to explain to people the "larger scheme of things“ with“
‘respecthto environmental concerns and planning;f Their actions were
primarily responsible for forcing the Gity'of Davis to-extensively
review the General Plan (I: Black, Hammond) '
The Greater Davis- Research’ Group was very 1nterested 1n 1mp1e—.u

menting their ideas and concerns in the real world. In. the Spring
of 1972 Bob Black (former Pre51dent of the- student body at U.C. Davis
and member of the research group),formed avcoalltlon and ran foer1ty
Council on a platform‘that'was based on‘the positions posited by the
Greater Davis Research Group The coalltlon s v1ctory in the March
"election enabled them 'to take maJorlty p051t10ns on key. 1ssues in the
five member City Council, thus drastically changlng-thevdevelopment— '
. oriented persPective that,had'been a dominant*forCe in cityrgovern-
ment‘for most of Davisl ‘history. Thus; the two major objectives of
;the Greater Davis Research Group-—to get Bob Black's coalltlon elected
to the City’ Counc11 and to get ‘the City Counc1l to review the old _
General Plan—-were achleved As a result, the research group dlsband—
ed shortly after the c1ty electlon, and its members turned to other

acthltleS

v '

During its brief lifetime, the'Greater Davis Research Group investi-
gated what energy research had been. conducted in the local area and dis-
covered the follow1ng (l) Professors Rlchard Cramer (an archltect) and

Loren’ Neubauer (an englneer) of the U. C Dav1s campus had conducted a

number of . experlments 1n the late 1950'5 and early 1960's in Davis and in

other _parts of California on the effects of m1croc11mat1c factors on

-4
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housing design and performance. Their research was aimed at determining
the best design for the envelope of buildings with a minimal use of
energy while providing reasonable temperatures during the year. Their
results were published in a number of academic journals (e.g., Neubauer
and Cramer, 1956 and-1968;’Cramer and Neubauer, 1959 and 19613 but were
not used by builders, designers or planners. (2) Energy use in the Davis
area was found to be very high; consumption of electrical energy per
household in Davis was 150 percent above the state average

(Hammond et. al., 1974). = And (3) the City of Davis had the

potential for taking constructive action to reduce the consumption of
energy in the community, but had not done so. Based on these concerns,
several former members of the Greater Davis Research Group decided to
continue their involvement in energy issues and formed, with other con-
cerned individuals; the Low Energy Research Group in January 1973 (I:

Hammond) .

Shortly after the formation of the Low Energy Research Group, Jon
Hammond (previous founder of the Greater Davis Research Group, member
of the Low Energy Research Group and graduate student at U.C. Davis) de-
cided that an energy conservation building code for the City of Davis
might reduce the amount of energy consumed in the area's buildings.
Hammond wanted to use the municipal building code as the mechanism for
mandating energy conservation in the community in order to work within
an exisfing and publicly accepted process. Under state law, each lo-
cal government could adopt its own provisions (usually involving mini-
mal alterations) in the Uniform Building Code as adopted by Califor-
nia according to local conditions (e.g., climate and topography) (I:
Owen). These provisions would then be submitted to the State for ap-
proval, and the State may accept the lecal government's changes if it

can be documented that they are related to unique local conditions.

With the strong encouragement of Bob Black (who was now a member
of the City Council), Hammond wrote a graht pfoposal which was submit-
ted by the Low Energy Research Group to the Council for the Advanced
Study of the Environment (CASE,a U.C. Davis research institute funded
by the Rockefeller Foundatien) and to the Davis City Council (as part

of a general plan action program) in the Spring of 1973. The proposal,

-5



drafted‘oy?Bill Kopber'fa-member of the Low Energy Use Group) and
‘Hammond, was ‘entitled the "Energy Conservation Ordlnance PrOJect”
and included the -idea of a proposed bu11d1ng ordinance. The princi-
pal investigators for thls proposed study were Hammond, Marshail . 't ¥
Hunt (member of. the Low Energy Research Gloup and a craduate student |
at U C. Dav1s), and Professors Cramer qnd Neubauer o S ' ' b
The proposed research was not 1ntended to be. merely an "academlc
exerc1se" in examining how bu11d1ngs use energy (I: Hammond) Hammond
was’ 1nterested in determlnlng how Davis builldings could be Jmproved to
use. energy more efficiently. Moreover,,he wanted ”the=phrlosophy of
community and political'action” to be ihtegréted”intoﬂthe projectt(I:
Hammond). - Research results were to be sensible and understandable to
the general publie, as‘well as 'to COmmunity leaders, so that.they
woold comprehend.the work and sopport the ideas.and policies developed
in the project. v ‘ o
The City Cooncii, With Slack's Strong encooragement, agreed toA _
fund the_propoeal only if- Hammond received additional fuhds from the -
CASE Institute. In May 1973, CASE funded the project for $15,000..
Shortly thereafter the C1ty of DaV1s_contr1buted an additional $5 000
During the next 18_months;iHemmohd and Hunt used the $20,000 to support
“themselves, -conduct research and pay for the servicee of Cramer and

‘Neubauer. - : ‘ S . ; -

B. ~ Research Investigations

During the Summer of 1973 and the Winter of 1973- 74 Marshall Hunt
'w1th the assistance of Professor Neubauer conducted research on exist-
ing homes' and apartment complexes in Davis’ to detcrmlne how orientation
and arch1tectura1 de51gn features of dwelllngs (e g ,.shadlng of - w1ndows\
affected gas and electrrc consumption. . They were able,to demonstrate in

apartments that:

‘"In;the7summer; the second floor rooms avergged 12°¢ (520F)



warmer than those on the ground floor, and north-south exposures
were much cooler than east-west. The coolest units were north-
south facing on the ground floor, reaching a maximum of 24°C
(75°F), perfectly comfortable in hot summer weather. The hottest
apartments were those facing east-west on the top floor. The
results of the temperature tests were perfectly paralleled by

the actual electrical use of the apartments.

"In the winter, the south facing apartments performed signifi-
cantly better than those facing north, east, and west. On several
occasions, south facing apartments had high temperatures in the
80's F on sunny winter days, with a maximum of 87°F. During sey-
eral days the high temperatures were 24°F above ambient, and 17°F
above apartments with north, east or west exposure. These high
temperatures occurred in selected vacant apartments with solar
exposures that were far from ideal. By comparison, a specially
constructed research room with nearly ideal south window exposure
registered an interior maximum temperature 48°F above the maximum
ambient." (Hammond et. al., 1977).

Less clear results were found'for single family detached houses than
for apartments. However, it was demonstrated that houses with lots of
shade trees in the area used less electricity for cooling per square foot
than other dwellings. In addition, houses with the best insulation weré
clearly more energy efficient in both summer and winter. In sum, this
research demonstrated that there were vast discrepancies in the thermal
performanée of buildings constructed in Davis and that good thermal per-
formance in buildings could be provided by proper orientation and shading

of windows.

During this time period, Bill Kopper was hired by the consultants to
éénduct research on household management practices and appliance usage
which would reduce energy consumption. Analysis of data collected from
78 household interviews and from gas and electric bills showed that
electric consumption was positively correlated with the number of child-
ren in the household, the hours of television watched, and the number of
washloads per week (Hammond et., al., 1974). Electric
consuhption inlthe household was also highly related to the ownership of
appliances. Data collected from the survey was used to compile é profile
of electrical energy use in the average Davis household (Table 6), which
was later updated to show the composite energy use in Davis households

(Table 7). The findings clearly demonstrated that the largest energy uses

~7-



could be eliminated without great inconvenience if these specific
actions were imﬁiemented. The §E£§§egy examlned six subject areas:

(1) household ‘energy consumption in Dav1s, {(2) building performance

in Davis; (3) ways to improve existing buildings; (4) proposed build-
ing standards; (5) neighborhood pianning for energy conservarlon, and
 (6) solar heating and coollng in Davis. All of these areas were almed
primérily at the individual or‘personal level, although the neighbor-:

" hood planning section could best be handled by citngovernment,

The'§ections on household energy consumption and on building peffof—
mance were based on Kopper's survey of Davis households and Hunt aﬁd New-
bauer's research on existihg apaftments and houses in Davis, respectively.
The first section also contained telébhone survey data on.people's willing-
ness to give up certain household appliances It was found that. those
appliances which used the most electricity (e. g , air conditioners, refrig-
erators, freezers and clothes dryers) were least likely to be sacrificed.
Accordingly, the Strategy included suggestions for selecting and using ma-

jor home appliances that would result in saving energy. . -

The section on the 1mp10vement of ex1st1ng homes featured standard
energy conservation measures (e.g. '1nsu1dt10n shadlng and use. of llght
colors on exterlor ‘surfaces) which the homeowncr could Jn%tall 1n his
dwelllng. The con%ultants also suggested ways the homeowner could adopt

to conserve energy in the daily operation of his or her structure.

The section 6nvsoiar heating and coéling was aimed at both gxisting
and new residences. The Strategy showed how a conventional house could
evolve into a solar-heated house simply by incorporating passive solar
features (e.g., large'south—fécing windows) and ‘later installing active.
solar collectors. When compared with the average'Davis'house beiné built
at that time, calculations showed that these hoﬁses wouldvusebapproxima—-
tely 90 percent less.energy for heating and no energy for coolihg, whiie

maintaining the room temperature between 60°F to 80°F during the year.
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for the household occurred in heating and cooling residences and in
transportation. Hence, these results supported the proposed building
code's basic direction--making residential structures more energy ef-
ficent--and the planning policies that were being developed by Hammond
and other individuals-—making the City's circulation systems more energy

efficient.

In January 1974, Hammond, Hunt, Cramer and Neubauer published a
preliminary report on the status of their efforts and submitted the re-
port to the Davis Planning Commission. The progress report psychologi-
cally and politically benefitted their research program, as they were
able to show convincing data on energy use in buildings that had never
been seen before' (I: Hammond, Hunt). puring the Spring of 1974, Hammond
and Hunt visited Steve Baer and Zomeworks in Albuquerque, New Mexico.
Baer was one of the few people with practical experience in designing
and constructing passive solar homes at that time. After obtaiﬁing
some ''real world" experience in the Southwest, Hammond and Hunt returned

to Davis to prepare the final research report.

C. Strategy for Energy Conservation and the Proposed'Building Code.

In August 1974, Hammond, Hunt, Cramer and Neubauer published A

Strategy for Energy,Cdnservation: Proposed Energy Conservation and

Utilization Ordinance for the City of Davis, California (hereafter

referred to as the Strategy). The purpose of this report was:

""...to examine some aspects of how houses and neighbor-

hoods in Davis operate, how they consume energy, how

they can be made to consume less, and how they can be

made more self-sufficient so that they can serve their

inhabitants bgtter.” (Hammond et. al., 1974).
The report encouraged people to make very simple and specific imp'rove—i
ments in their homes to save energy without relying on any new techno-
logical breakthroughs and without incurring any significant expenses
(and possible leading to some savings for the consumer). ‘The consul-
tants predicted that 50 percent of the energy consumed by space heat-

ing and cooling and 50 percent of that used by household applianées
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Various solar ‘water . heat1ng systems and solar heated, swimming pool

. systems were also, examlned in this sectlon.r; ¢

‘The section on neighborhood planning for energy conservation con-
tained plannlng policies aimed at: fac111tat1ng the 1mp1ementat10n of
the proposed ordinance,’ 1mprov;ng,the.energy eff1c1ency‘of the City's
circulation systems, and encouraging_the use of.alternatrve_modes'of

transportation.' An analysis of these policies is presented later in

this report.

The section on proposed building standards contained the ba51c

framework for the future energy conservation building code the key-

stone of ‘the ‘energy planning process 1n7Dav1s.' In de51gn1ng the .stand-

ards, the conSultants'considered the following»criteria to make sure
that the code would be pract1ca1 complement? 'the ex1st1ng bulldlng

_'code, and encourage innovation (hammond et. al., 1977)

1. The code would be flexible and easily- understood

2. Performance standards rather than prescrlptlve regula—
.t1ons would be used as a basis- for the code.

3. Compliance must be p0551b1e u51ng standard bu11d1ng
technologies. '

4, Thevcode must reduce energy use éignificantly. C .

The research team also wanted to avoid raising construction costs

‘significantly. Although there was no mandate in the code .that its pro-

visions had to be cost- effectlve, the consultants reallzed that cost
was a sensitive issue and might be used agaunst the proposed code if
- compliance with the code were to result 1n large f1nanc1a1 outlays

(1. Cramer Maeda)

The proposed ordinance was a“"performance code". It was based on

the thermal performance of a house in the Davis climate onuspecific

"design days" (August 21 for summer and December 21 for winter) when l,L

heat gain and heat loss calculationsvwere'to be made by the designert

lej
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These design day calculations examined the total heat balance of a
building over a 24fh9uf period to determine the energy needs of a build-
ing. Since these calguiatidﬁs focused oniy on the direct use of solar
energy (i.e., radiant enérgy), the numbers served only as approxima-
tions to the building's actual thermal performance. Other microclima-
tic factors (e.g., infiltration and internal heat gain), which were
excluded in.the proposed standards, would have to be included in
accurately sizing proposed sblar heating and cooling systems (Hammond
et. al., 1974). | - |

In accordance with the concept of designing a building with
climate, the proposed standards emphasized the following passive

solar design features:

1. Orientation of building in a north-south direction (south
was defined as 165° - 195°).
2. Control of the amount and orientation of glazing:
~a. overall window aréé waé to be 1imited to 12.5% of the
floor area for singlé-pane glass; but window area ﬁquld
be greatly increased by using doublerane glass, ther-
mal drapeé, shutters or by using properly shaHéd south -
facing windows, all under the general concept of 4
earned glazing; _ v o
b. shading of glazing was required (e.g., overhangs, awn-
ings, arbors or deciduous trees); o
. ¢. encouragement of windows and-overhangs on south side of
building. o ‘
3. Use of thermal mass for heat storage. _
4. Use of light colors on exterior surfaces (i.e., roofé and walls).
5. Insulation (R-11 insulation for wood frame walls and R-19
_ for roofs). | ' ‘
6. Provision for natural cross-ventilation and requirements for

the shading, location and energy efficiency of air conditioners.

These passive features were aimed at attacking both the winter heating and

summer cooling. problems. in the Davis area for new residential construction.
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Two alternatlve pathways were developed to insure .maximum design
flexibility i in. complylng with: the thermal performance standardsaof the
proposed code. - Path I, the prescriptive approach; dellneated a set of
rules and allowabieptradeoffs-whlchgnlf‘followed, would result in - com-
pliance with the permissible heat_loss per square foot on the winter
design day, .and heat gain per Squere-foot'on the'summer design-day.
Designers and builders were required only to show~that'their'windows_
met the minimum shading reqoirementpand that they had complied with the

rules and minimum criteria. They did not have to make detailed calcula-
~tions on-heat gain nor. on heat loss. Path I, the "cookbook recipe me-

thod", was expected to cover 90 percent of . future res1dent1a1 construc-
tion, espec1a11y tract homes (i.e., houses that were mass- de51gned and

‘mass-produced).

Path II, thevperformance_approach, was more_complicated than the:
first approach and was developed especiailyvfor-bqilders of custom homes
in order to encourage inndvative solutions‘invadapting'buildings to the
local climate. Designers and'buiiders were required to present their
heat loss and heat ga1n calculatlons to establlsh that the proposed.
building met the minimum performance requirements of the code Heat loss
and heat gain standards could be v1olated if the de51gner could show that
the proposed de51gn used less energy than a de51gn 1n conformance to the

standards

‘Both approeches could be nsedvas design tools for those builders
who wanted to go beyond the codefs standards (see below). The perfor-
mance standards would be enforcediby the City Building Inspection Divi-
sion of the Community Development Department and would also be important
in the deliberations of .the Design Review Commission and other municipel
‘departments which had discretionary powers over the external appearance
and building shell of buildings. R o .

- As mentioned'previously,vthe'proposed standards covered only new
residential construction andvemphasiied only passive solar_design fea-

tures. The consultants had decided earlier that the proposed ordinance



would not include non-residential (e.g., commercial and industrial)
buildings, existing residences and municipal buildings and would not
emphasize active solar systems for the following technical, economic,

social and political reasons:

1. Non-residential buildings: Davis is primarily a residential

community with very little industrial and commercial activity.
Accordingly, the proposed standards were aimed at one of the
'largest energy uses in the area, residential use. - Furthermore,
since there was a wide variety of:tyPes of non-residential .
buildings as well as a dlver51ty of uses performed in such
buildings, each bu11d1ng would have to be treated as unique.
The complex calculations required for each bu11d1ng were too
time coﬁsuming endAexpensive to do, and they necessitated a
certain amount of technical expertiee that was not available
to. the consultants at that time (I: Bainbridge, Kopper, Maeda,
McGregor). bv |

In addition, economic ahalysis for non-residential build-
ings would be very difficult to conduct in comﬁarison with the
simple cost,calculetions performed,oﬁ new residential buildings
(which were based primarily on initial costs rather than life-
cycle costs) (I: Hunt). Flnally, although dramatlc energy sav-
ings could be made in the non- re51dent1a1 sector and be visible
to a large number of people, it would be_very difficult for
owners of non-residential buildings to suppoft energy conserva-
tion measures when energy represented only a small fraction of
the total costs involved in constructing, operafing and méin—

taining these buildings (I: Bainbridge, Maeda).

2. Existing buildings: There was an urgent need to work on new resi-

denital construction, rather than existing homes, since new houses
_end apartments usually involved the installation.of large air con-
ditioning systems, the highest users of electricity (Table 6),
while many of the older homes in Davis worked well enough without
air conditioning (I: Bainbridge, Hunt). Retrofitting was also

perceived to be a more difficult process than building a home
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properly in the first place (I: McGregor). In addition, it would be

very difficult'tofcﬁLCUIatemthe;Cost-effectiveness;of retrofﬁtiipg o

existing homes due to their immense variety ‘(I: Maeda). :In fact, for

some homes, certain elements of retrofitting would not be cost-

effectiVe (I: Maeda). - ' IR S

Another problem With.CXiStinfTéSidGnCeSﬂWﬂS the issue of "equal
treatment'': were.exietihO‘buildings with different energy efficiencies
to be tredted d}fferently or 51nllar1y? (I: Hunt). ©In addition, too
many people would he aftected by a p011cy aimed dt existing homes (I
Hammond , Streng) It was assumed that the greater number of peop]e
affected by a pollcy, the- less: chance that the’ pollcy would he adopted.
Hence by limiting the nroposed ordlnance to new re51dcnt1d] developments,
the group of c1t1venq most llkely to partlclpate in the C1Ly Counc1l
hearings on the code wou]d be . future home ounerq “However, due to the

high costs of part1c1pat10n‘(e g trave111nq from-other oarte of Calif-

‘ornia and the U.S. to autend the neetlnos), their 1nvolvement in the

development of 'the code would be very: limiteéd (Olqon, 1968)

Also, a mechanism already ex1bted for enforc1ng new conqtruct1on to

~comply w1th the code's requ1rementq the bu11d]ng permlt proccss A d1f—

ferent mechanlsm would have to be establlshed for enforc1ng the code for
existing homes: Einally,- it was hoped that by concentrat1na flrst on new
residential constructlon the rlght atmosphere would be created for app]ylng
the code to ex1st1ng homes at a later time (i. e., ‘the "incremental appxoach”)
(1: Hammond McGregor); (The City ot bavis is currently developing a retro-

fit ordinance for'eXietlng_dwelllpgs See below. )

MUnicipalvBuildingS Fhe proposed standards d1d not 1nc1ude City of Davis

buildings’because few C1ty bu]ldlﬁgs were bexno built in the area, and City

bu11d1ng% would be costly to retroflt (I H1mmond Mcbregor) However,

'Clty bulldlngs were not immune to energy conselvat1on crlt]ques The des1gn

-for a proposed new Civic Center was attacked for its: neglecb of energy con-

servation features. The proposal was subseqently defeated by the Davis
electorate on a bond measure, as a resulr of this . crlthue and its cost

(1: Bainbridge, Craner Hunt Streng)

"14f



4, Active Solar Systems: Passive solar energy systems were simple,

low cost uses of solar energy which could be tailor-made to Daﬁis'
microclimate. At the time of the development of the code, only a
few active solar systems were available on the market and these
required technicatl expertise, skill; and capital to install and
operate (I: Hunt). Also, active systems were not expected to be
cost effective (except possibly for hot water heating), while
large energy savings were associated with passive solar systems
(I: Hammond, Kopper). Finally, conventional building practices
and uses were permittéd by the passive approach so that local
builders and designers could eésily construct such systems without

extra cost (I: Hammond).

Thus, the proposedvbﬁilding standards were<aimed at new residential con-
- struction, using the building as a passive solar collector, because this was
the most technically, economically, socially and politically feasible strategy

to pursue.

D. The Building Community's Response

In the Fall of 1974; the Strategy was presented to the City Planning
Commission, the Design Review Commission, and the City Council. These govern-
mental bodies approved'the concept of the Work, and the City Council encouraged
the consultants to work with the Building Boafd of Appeals, a group of lay and
professional people who sefved as a forum for builders to appeal Building
Inspection Division decisiohs on bdilding code enforcement, and also to review
changes in the Uniform Building Code as adopted. Its members were appointed
by the City Council and usuélly included engineérs, architects, developers,
builders and the Fire Chief. The City Council deferred review to the Board
because. it had the necessary expeftise to analyze the propoﬁed ordinance: the
members of the Board were technically:oriented and were familiar with the

existing building code:(I: Black, Whitcombé).
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The Building Board of Appeals conducted hearingslénq,mgetjngs over a
six month period (1974-;975)‘t0Vmakebrecohmendations'for changes in the pfoQ
posed ordinance énd to design an-actyal ordinance. The Board was the first ‘
forum for the building industry and other individuals to expre$S‘thcir skepti-
cism and/or opposition;to the proposed ordinance, It appeared-that most Davis

builders were unhappy with the ordinance for some of the following reasons:

1. The’propo;ed code represénted anothér layér of coﬁtrols and
regulatxons on an-interest group that already perceived it-
self as beng overreguldted by env1ronmen111 and growth conrrol
regulations (1,-btreng).. Impendlng leglslatlon exacerbated -the
sitﬁétion ' I1'Februafy'1075 rhe State of California's s s energy
conservation rebularlons for new req1dent1a1 construct1on went
into effecr and in July 197% the City of Davis adoptcd the
Hous1ng Development Priority Progrdm which ' attempfed to control
the number -and type of re51dcnt1a1 developments constructod in
the area (Appendlx A). In add]TJOH builders were already hard:
pressed due to rhe fact that the bu1ld1ng ‘boom in the area had.
occurred a few years ear11er (Tgble 3) (1: Hunt). IQ sum,.most
builderé did'not‘wanfjto have ény;more governmental infringement
on their livelihdod (1: Black,vcofbett, Cramef,:Figuéan,.Kopper;

- Lumbrazo, Maxwell, Neubauer).

2. The builders expectedzthat.the;changéstpade to comply with the
code would be costly, both in tjme and honey.(I: Black, Browérd{
Corbett, Figueroa, Hunt, Leber;»Lumbrazo, MaxWell,;Neubauer).
Consequently, it was feared that ﬁhe'price of housing-would
increase, further dampenlng the housing market and d11v1ng

- builders out of Davis (1 Leber).

3. The mandated’requirementé would restrict the desigh_freedom of the
builder and afchitecf, thereby leading to uhattractive'housing,
both internally.and externally (I: Broward, Corbett, Hunt).' It

a
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was argued that custom housing, in particular, with its vast
window area for scenic views, would.be hurt the most by the

proposed ordinance (I: Neubauer).

4, The proposed energy conserving measures would not be as effective
as the consultants expected, especially for those measures that
were ''behavior dependent" (e.g., manually operated shade screens)

(I: Black, Broward, Hunt).

5. There was no real need for an energy conservation building code
because there was no serious energy problem and because State
legislation on state energy conservation. standards appeared
imminent, thereby obviating the need for a local code (I: Corbett,

Cramer,»Lumbrézo).

Moreover, many builders were afraid of change, and were unsure of what was
going to happen to them if the code were to bé passed (I: Bertero, Hornbeek,
Maeda, Maxwell, Neubauer). Most of the builders had little knowledge of
passive solar design, nor did they know the actual content of the code when
the hearings were first conducted in front of the Building Board of Appeals
(I: Hunt).

Builders' involvement and knowledge of the code gradually increased as
it became evident that State energy conservation regulations appeared to be
close at hand and some type of energy conservation code was going to- be
adopted by'tﬁe Davis City Council. Accordingly, their interest peaked near
the time of adoption of .the code (I: Figueroa, Hammond, Madea). At the same
time, their frustration and anger increased as they felt slighted for the per-
ceived lack of input into the development of the che (I: Roe, Streng,
Whitcombé). Several builders repeatedly tried to get together with the
consultants to negotiate on the proposed ordinance and speed up the process
of getting an energy code adopted, but the builders were unsuccessful in their
attempts (If Stréng). As a result, several buildérs felt the code was 'crammed

down their throats"-(i:‘Whitcombe).
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Additionally, a sense of distrust developed'betWGen some mehbers of
the‘building community and the consultants who had prepared the erdinance
(I: Streng). Several builders did not tfust Hammond and Hunt because of
their youth; lack of experience in building conventijonal homes, and their
different value systems and lifestyles (I: Maxwell). Consequently, a num-
ber of_builders felt the consultants to be relatively insensitive to the
demands of others as evidenced in the consultants' persistent refusal to
modify'the proposed standards (I: Roe, Streng).

The consultants were wary of the builders and other_individuaIS'whol
wanted to weaken the proposed:erdinance. Hammond and Hunt were willing to
make some'compromises;on the code, but they were determined that the_intent'
and effectiveness of the code should not be substantially reduced (I: Black,
Hammond, Owen). Hence, the.tonsultaﬁts did nof agree to any compromises until
the City Council's public héarings on. the proposed ordinance. '

As the debates continued, the builders began to examine the code more
closely and offered specific changes on the design aspects of the code as a
basis for compromise (I: Black, Hammond, Hunt, Kopper, Leber, Maeda,

McGregor, Whitcombe):

1. Roof color standards were too restrictive; darkeffcelors should
be permitted. | |
2. 'Unshaded'giazing was too small.
3. Easier calculations were needed for determining: the amount of
earned and unearned glazing. | _ '
4. Since the code would be difficult to implement:
a. it should not:go into effect immediately; a.phasingbin of
the code over a period of four years would be preferable;
b. vthere.should be a wéiting,period from the time of adoption
to the time of implementation of the code so .that builders
could adjust their designs accordingly; v
c. already approved lots should be exempted fromvthe code (i.e.,
there was a need for a ”grandfather clause" fof'old‘lots);
d. ‘the code should be implemented on a voluntary basis rather

than on a mandatory basis.

-18-



The builders also felt'that the code was too complex and confusing and wduld
be very difficult to implement. (I: Roe; Streng).. They wanted to start with

a simple code which, if necessary, could be amended and made more restrictive
during annual reviews of the code (I: Streng). They also believed that they
would be better able to comply with a more restrictive code in the future
when certain energy conservation products (e.g., double-glazing and better
window shades) were more available and 1éss expensive (I: Streng). '

The builders yearned for both simplicity and flexibility, two mutually
contradictory objectives (I: Hammond, Hunt, Maeda) . Attempts to make the code
simpler (e.g., by offering general categories or rules to follow) would inevit-
ably result in a more standardized and rigid code. On the other hand, pro-
viding concessions to individuals on specific building items (i.e., making the
code more flexible to the wishes of the builders) would eventually result in
a more complicated and confusing'code. In sum, tradeoffs had to be made between
simplicity and flexibility, thereby leading'to continual dissension and dis-
cussion between builders and consultants. | ‘

All but one builder in the Davis area opposed the code for the reasons
mentioned previously. The lone builder strongly supporting the proposed,
standards was Mike Corbett, former member of the Greater Davis Research Group,
who had built conventional homes in the Sacramento and Davis areas. At the
time the code was being developed, Corbett was constructing seven houses in
Davis that incorporated the same features as proposed in the code, - without
any extra cost and using standard building technologies. Corbett, working
independently of, but parallel with the consultants, gave credibility to the
conceptual framework of the code (I: Black, Hunt). Of equal impoftance,
Corbett's support prevented the formation of a united front among the local
builders whose influence had been diminished by the elections of 1972 when
> development- orlented interests lost the majorlty voice of the City Council

(I: Black, Hunt).

E. Opponents and Supporters of Code

Builders were not alone in their opposition to the proposed code. There

were a few citizens who were concerned about additional government regulation.
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Also, several~afchitects questioned‘tne policy of encouraging all new resi-
dences to be'oriented in one direction (I: Hornbeek);- Theybfeared'that all
*the hones would appear the sane, and,thereforq be aesfhetieally displeasing.

" The City's Building Inspection Division (of, the Community DeVeIopment Depart-
ment), statfed by 6 full-time employees (some with engineering backgrounds),

vo1ced concern over the extra effort and trquble‘that would be: involved in
their implementation of the proposed code, especially with no expected in-
crease in staff (I: Kopper, Maxwell). Furthermore, Building officials were
dismayed by some' technical errors discovered in a review of the propoecd
standards and, therefore, were reluctant in supporting such a'code (I: Maxwell)
Among the supporters of the code were many citizens and local environ-

mental groups whose existence and general support-were known but who did not

do any actual lobbying fer the code (I: Black, Kopper, Maeda). Their political

support was not activated because the City Council had already shown that they.
were in favor of an energy conservat1on ordinance (I: Black, Hunt). While :
some members of the City Counc11 were concerned about too much govornmental
infringement on private rights, all the members were philosophically behind
the idea of energy conservation (I: Hammond, Hunt, Koppef,vLeber, lumbrazo,
V'Maeda, Maxwell).  Bob Black, the chief proponent of the code on the Council,
was seen by the other members esvthe_”energy expert" whose édVicerwas to be
<er10usly heeded (I Black, Neubauer). After he‘wes elected to the City
~Council, Black had invited- John Hammond and Mike Corbett to appear before the
DeSién‘Rev1ew Commission to offer suggestions on how builders could make their
buildings more energy effieient. Later, Black told .the buiiding eommunity
that the Cityiceuncil was,going to suppoft some type of energy conservation
ordinance, and any COmpromiées on the proposed standards would have to be
negotiated with the consultants rather than with the City.Council (I: B]ack);
.He was defermined not to make any political tradeoffs that would seriously
weaken the code, and this attitude was shared by at least two other members '
of the Council, |

The City Planning Commission, the City Attorney, and the Design Review

Commission also expressed their support for the proposed ordinance (I: Corbett,

Hunt). The City Plann1ng Division (of the Community Development Department),

on the othér hand, was somewhat supportive of the code, but most of the staff
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remained primarily uncertain and neutral to the proposed ordinance (I: Corbett,
Figueroa, Hunt, Kopper). This department was concerned about the development
of a practical and easily utilized ordinance and, therefore, were very sensi-
tive to the objections of those individuéls opposed to the code (I: McGregor).
In addition, the staff was not experienced in the use of building codes

except as they related to traditional public health and safety aspects of

structures (I: Hunt, McGregor).

iF. The Consultants' Educational Strategy and the Search for Funds

After the Stategy for Energy Conservation was published, Hunt and

Hammond received more money from the CASE Institute and $11,000 from the
City of Davis (via the Janis Foundation) to continue their work on the
energy conservation ordinance. Realizing that social factors were as equally
important as physical design features in promoting energy efficient housing,
the research team made a concerted effort to educate the members of the Davis
community (I: Hammond, Hunt). In addition to making presentations before the
City Planning Commission, the Design Review Commission,.the BuildingbBoérd of
Appeals and the City Council, Hunt and Hammond spoke at service clubs, classes
and various community groups and organizations (e.g., the Chamber of Commerce
and the League of Women Voters) which they perceived as having political
influence in the community. They explained their research findings and the
purpose and content of the proposed code. Not coincidentally, Hunt became
a member of the City Planning Commission in Novemberv1974. His appointment
was encouraged by Bob Black and other members of the City Council for his
expertise in energy matters (I: Black).

During late 1974 and early 1975, Hammond and Black made sevgral trips
to Washington, D.C. in an attempt to secure grants from federal agencies
such as the Energy Research and Development Administration, the Federal
Energy Administration, the National Science Foundation, and the House Com-
mittee on Science and Technology. After being turned down by these agencies,

Hunt and Hammond, with the assistance of the City Manager, submitted a grant

from the City of Davis to the U.S. Housing and Urban Development Department
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v(H;U.D.). H.U.D. had recently créated an Innovative Projects Program for

local governments under Title I of the Hdusing and Community Development

Act of 1974'(P.Lc 93;383)‘ In early Fall 1975, the City of Davis received

an H.U.D; grant 6f $86,000, one of 17 approvals out of'400 applicanté (1:
Black); The funds were allocated to the research team who,. with the assistance
of City.staff and officials, used the money for completing, adopting and
~impl‘ementihg“the energy ordinance and energyfpianning poiicies, and for

designing two homes which utilized passive solar deéigns.

G. The City Council Hearings

During the Summer and'Fall of 1975, intense negotiating.and bargaining
on the provisions of the piopoééd ordinance and resolution were conducted =
among the consultants, builders,'the City Attorney,vthé Building'Board of
Appeals, the Building Inspecfion Divisibn énd the Planning Division of the
Community Development Departméntf The Building Board of Appeals had issued
a set of recommendations on . the proposed ordinanée that the builders could
live with: e.g., the Bodrd Had recommended that the amount of unshaded
glazing in a house be the equivalent bf‘S%‘of-the'floorvarea, and that a
glazing constant of 40 square feet in single—pane glazing be added for homes
(I: Streng). When the City Council's hearings on the proposed ordinance
started, debate became more acrimonious as proponents of the recommendations
of the Building Board of Appeals argued with supporters of the recommendatlon%
of the consultants (I: Streng). ,

Partly on the basis of the objections of builders and partly on the need
to make the code more practical, changes were made in the consultants' ori-
ginal proposal by the City Council, as described below (I: Black, Hammond, |
Hunt, deper; Leber, Maeda, McGregQr, Owen, Streng, Whitcombe);

lﬁ ""Grandfathering'". Homes wﬁiéh were to be built on lots already
' approved 'in a tentiative subdivision map prior to Septcmber 1,
1974 were to be exempt from the code. This provision was
included for those individuals who had complalned the loudest

during the publlc meetings.



2. Delay Period. The ordinance was to become effective 90 days

after the time of adoption in order to (a) conduct workshops

on the code, (b) develop forms and a workbook on implementing

the code, and (c) give builders time to change the orientation

of lots that had been previously approved by the City. As a
result of this compromise, there was a rush to get plans épproved

before January 1 when the code became effective.

3. South Orientation. The definition of south was expanded to

include 157.5° to 202.5°, thereby giving more flexibility to

the placement of residence.

4, Exterior Color. Darker colors could be permitted on outside

walls and -on roofs for some types of buildings if additional
insulation was provided. No wall colors were required for

apartments. These changes were made for aesthetic purposes.

5. Amount of Glazing. A glazing constant of 20 square feet in

single-pane glazing and 28 square feet in double-pane glazing
was added for homes. This increase in allowable window area
primarily benefitted smaller homes (e.g., 900 square feet)
which had small amounts of unearned glazing when based on
percentage of floor area (which was 12.5% for éingle—pane and
17.5% for double-pane) and, therefore, had a difficult time

placing windows in the correct areas.

6. Unshaded Glazing. The amount of unshaded glazing was increased

for apartments from 0.5% to 1.5% of the floor area, and for
homes from 0.5% to 3% of the leor area. This was true for south

- facing élass'as well as east and west facing glass.

The first two changes were inéorporated in Ordinances 784 and 787, which

contained (1) a statement of the energy problem, (2) description of local
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climate conditions (in-order to escape state preemption), (3) summary of
’ research findings, (4) minimum performance standards for summer and winter,
‘(5) part1a1 exemptlons and- variances, and (6) an appeal process (see Appen-
dix B). The next four, modlflcatlons were included in Resolution 1833 which
1mp1emented the ordlnances and contained methods for calculating building
performance: the Path I and Path II approaches similar to the paths
A described in the Strategy, but with several changes and exceptlons (see
-Appendlx B). Thus, despite- belng left out in the early development of the
proposed standards, the bu11d1ng community played an integral part in
d651gn1ng the flnal ordinance and resolution. .
Many participants felt that the changes made the code more lenient

by weakening the performance characteristics of the original proposal

(I: Black, Hammond, Hunt, Kopper, Maeda). Others saw thejcompromises as’
'necessary "political tradeoffs" that "rewarded" the boilding community for
their extensive participation in the political process (1: Black. Maeda).
The builders believed that the weakening of the code made it p0551b1e to
build better homes w1th the existing technology at that time (I: Streng)
- After obtaining the building community's support through the bargaining

process, the City Council unanimously adopted the code on October 15, 1975,
I11. IMPLEMENTATION OF THE DAVIS ENERGY CONSERVATION BUTLDING CODE

A. The Workshops and the Workbook

In the Fall of 1975, -Jon Hammond, who had recently formed a consultingv
firm called Living Systems, started to use the H.U.D. grant money to imple-
ment the Davis ehergy conservation ordlnance. These funds were used for
E starting up Living Systems (e.g., hiring staff, developing forms, and con-.
vsultihg with individuals). The money‘aiso played an important,role in
getting the_code‘adopted: prior to adoption of‘the_ordinance,‘the consul-
tants declared to the opposition that they had the funds for implementing
~ the code so that the Cityvof_Davié would not have to incur any financial

burden in_ the implementation process (e.g., permit fees) (I: Hunt).
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After the energy conservation ordinance was adopted in October, there
was no written material a?ailable on the code other~than the code itself.
Hence, the first need was fér an "outreach program" to educate the building
community and City staff about the meaning and content of the ordinance and
resolution, During the 90 day period followiﬁg adoption of the code,
Living Systems and the City of Davis conducted several workshops, funded
by the H.,U.D. grant, in which participants were provided information about
design with climate and the basic principles behind the code, led through
the code step-by-step, explained the "rules of thumb", and taught how to
fill out the appropriate forms. The workshops were 'manageable'" (approx-
imately 50 people), and the participants included builders, designers,
architects, real estate people, City building and planning officials,
students, press, interested citizens, and vendors of energy conservation
- devices. ' |

There were varied interpretations of the value of these workshops.

As a training tool, several individuals felt them to be 'worthless'" as,

in many cases, the people who actually filled out building forms did not
attend the workshops (I: Bainbridge). 1Instead, the owners of building
companies attended and turned some of the meetings into "political forums",
once again testing the performance and expertise of the consultants (I: Hunt).
. Thus, the meetings were considered to be less effective than anticipated,
since the information was not getting out to the people who really needed it
(I: Bainbridge, Maeda). On the other hand, it was argued that it was very
important that the ‘owners of the building firms came to the workshops since
the people who filled out the forms were not likely to remain in those
positions as long and had less influence over others (I: Hammond). More-
over, the owners felt that it was their duty to attend these meetings to

try to reduce the practical problems of complying with the code (I: Streng).

Many other people felt the workshops to be very helpful because they:
(1) pinpointed specific problem areas in the ordinance and resolution that
had to be clarified (e.g., the shading of glazing); (2) aided in refining
implementation techniques for both the builidng inspector and the bui1ding

community (e.g., developing forms that were similar to those previously in
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use and. were understandable, generatlng a format for a workbook and test-_‘

~ing- bu11ders' de51gns for conformance with the code), (3) further educated
the" bu11d1ng off1c1als who were in charge of 1mp1ement1ng and enforclng the
code, and (4) fac111tated communlcatlon among all the part1c1pants in Dav1s'
_energy plannlng system.

The Energy Conservation Bulldlng Code WOrkbook prepared 301ntly by

-

- Living Systems and the City’ of DaV1s, and - prov1ded for in the H u.D. grant

proposal was completed after many rev151ons 1n July 1976, six months after
the code had been- in effect. The WOrkbook conta:ned examples of houses and

how the Path I and Path 11 methods c0u1d be handled with dlfferent des1gn
constraints. It also 1nc1uded examples of completed forms, tables of R
values of different materlals, a l1st of roof1ng materials and the1r color
value»and other. information de51gned to help bullders, archltects developers
and future homeowners. The Workbook was unquest1onab1y of 1mmense value for
these- people as well as for the ‘'staff of the bu11d1ng 1nspect10n and plannlng
d1v151ons (I Leber, Maxwell, McGregor) ~Prior to the publlshlng of the |
Workbook,- the mechanics of complylng w1th the code were hammered out among
building offlclals, consultants and bu11ders. If a workbook had not been '

prepared, a cont1nu1ng sem1nar series would have been necessary (I Leber).

B. The Costs. of Implementatlon

During the flrst six months after the energy conservatlon code became
effective (January 1976 to July 1976), there was some confus1on over the
‘”compleX1ty" of the performance calculatlons, over which lots were to. be
exempted under the code, and over what was generally requlred of bullders
and designers (I' HOrnbeek) Durlng this tran51t10n perlod ‘there was a
delay in proce551ng bu11d1ng plans because of the additional dutles placed
on the Bulldlng Inspectlon D1v1s1on w1thout a concomltant increase in bulld-_ .
ing 1nspect10n staff or budget While a res1dent1a1 plan checker was added

~to the Division’ (whose cost was pa1d by plan checkfees) time was needed

to educate. the bu11d1ng 1nspector .on theicode as well as to tra1n field

~people in the enforcement of the code surlng constructlon perlods (e.g.,
- to make sure that double- pane glass was- be1ng 1nsta11ed 1nstead of single-
pane glass)(I Leber Lumbrazo) '
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The plan check for energy conservation features was fully integrated
into the total plan check process,ithereby simplifying the administration
of the code. Initially, the Buiiding Inspection Division spent a great
deal of time and effort on cheeking plans, inoluding the crush of permits
which had been hastily submitted just prior to the effective date of the
code in order to be exempted from the code. Once the plan check proceés
stabilized, time spent on reviewing a plan ranged from anvaverage of 30
minutes- (for the less compiek designs) to Zihours (for the more eonplex
' designs) with most plans falling on the low end of the range (Rancer 1977).
In sum, the entire process of developing the ordlnance and resolution, the
implementation tools and the publlc education program took about one year
and cost the Clty $20,000 in consultant's fees (via H.U.D. money) and
considerable staff time (Rancer, 1972) (1: Hunt) | A

There have been a variety of costs (e.g., dlrect and 1nd1rect monetary
and non-monetary) to the bullder and designer assoc1ated with the imple-
mentation of the code. ThlS mo st frequent complalnt mentioned by those
interviewed in this project was that an appllcant for a bu11d1ng permlt ;
needed to spend more time on paperwork (I: Broward Hornbeek) Lumbrazo, |
Maxwell Roe). It was stated that the appllcant needed to acquire more
1nformat10n to comply w1th the code than prev1ously, especially for per-
forming calculations, bu11d1ng scale models and completing forms (I: Hornbeek,
Maxwell). One builder mentioned that he spent approx1mate1y 40 minutes per
house on calculations and paperwork (I: Bertero) Another builder stated
that one-half of his time was spent on "unproductive paperwork" (I: Streng).
And a third builder declared that one-third of his company's '"principal
time' was spent on paperwork (i.e., one partner spent all his time .on
paperwork) (I: Roe). It is important to note that "paperwork" involved
compliance with other City,vState.and Federal regulations, in addition to
the energy conservation code. The amount of paperwork directly attributed
to the energy conservation code decreased as the builders became more
experienced in bu11d1ng under the code (I Broward).

Initially, plan check fees varied accordingly, from no charge for the

prescriptive path (Path 1) without exceptions to $25 for the performance
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path (Path 11). As a result 6f the passage of Proposition 13 in June 1978,
the City of Davis decided td vaise plah check fees for both resideitial

and nonreSidential'buildings- Path I plan check fee wis raised to §30.00,
Path II plan check fee was ralsed by $50 00 and nonres1dent1a1 plan checks’
were charged $30 OO per hour. ) o e

’ ) One of the central arguments used by the bullders aga1nst the code was,
that the proposed'ordlnance wouldvresult in a significant increase in the _
cost of housing. This objection was:proven'invalid' as.evidenced byvrecent
COnstruction invthe-DayiS‘area Average cost in new r951dent1a1 constructlon
as a result of the code was approx1mate1y $250 per house (not 1nc1ud1ng the
_cost of insulation, a major expense which was also.required by the State)
with a range from $50 to $1 000 per house depending'on'its orientationv the '
type of house, the’ number and type of encrgy conservatlon features. installed

in the bu11d1ng and the competence of the developer (Dav1s Energy Conservation

Report P- 114 I: Ba1nbr1dge Broward Kopper ‘Lumbrazo, Maeda Maxwell)
Housés oriented east west requ1red con51derab1e shade screening while those
bu11d1ngs orlented north south met the code [ performance criteria with
little or no modlflcatlons and therefore minor costs (I Maxwell)

The most substantlal cost 1ncreases occurred for custom hou51ng rather '
than tract hou51ng custom homes could be built w1th exten51ve g]a21ng if
double-pane glass was used and prov1s1ons were: made for shadlng (e g, oyer—
.hangs shade screens,.and trelllses), thus, 1ncre351ng the cost-of compliance'
with the code. In addition custOm bu11ders felt the reduced amount of ‘
glass. needed to comply w1th the code negatlvely affected the "llveablllty"
of the house-—a nonmonetary cost (I Streng); _Nevertheless, the added
monetary costs due to the code were.relativeiy'minOr when compared to the
'dtotal expense of custOm'hOusing (1 Hornbeek) -

“While many bullders in Davis have constructed homes based pr1mar11y on‘
pa551ve solar des1gn features, resultlng in mlnor costs ‘a few bu11ders
have installed active solar systems for space heatlng, -cooling and hot water
systems and have 1ncreased the amount of 1nsu1at10n in walls. and celllngs
Accordlngly, this varlatlon in bu11d1ng de51gn has led to a greater increase

in hou51ng ‘costs. These dlrect‘costsvdo not take into accountvthevexpected
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savings in energy costs over the lifetime of the building. The extra
initial costs could be. recouped in.one to two years if, for example,
utility costs are reduced $5-$10 per month.

“The cost of compliance with the energy conservation code was not a
major factor in Davis because many of the featuree of the ordinance were
easiiy implemented with existing construction technology and because many
builders had already incorporated these features in their buildings prior
to the code's adoption (I: Bertero, Broward, Hammond, Roe). For example,
insulation had already been required by the State, slab floors had been
used by some builders since Jénuary 1975 and earlier as part of Federal
‘Housing Authority requirements, overhangs had been used by some builders
as early as 1964, and several builders had already reduced window area fo
minimize heat loss (for small homes and custom housing) (I: Broward, Streng).
The glazing requirement. was.burdenSeme at first. Proper housing orienta-
tion and shade screeﬁing were the most common design changes affecting the
building industry, and both "innovations' were easily met by builders and
designers early in the planning process (I: Bertero, Broward).

All but two builders have followed the prescriptive approach (I: Hunt).
Most builders felt that using fixed standards on materials and design re-
sulted. in quick compliance with the code and, therefore, aveided the
relatively more laborious and difficult performance path (I: Streng). This
 was especially true for builders of tract housing. vThe few individuals who

- chose the performance method were custom builders with complicated designs.

'C.  The Effectiveness of the Code L

' It is very difficult to measure the true effectiveness of the\Davis

' energy eonservation code, since. many variables other than the code itself
affect energy consumption.'vHousehold,natural gas and electrical consumption
in Davis' residential sector have decreased dramatically; a 21% reduction
for natural gas from 1973 to 1977 and a 13% reduction for electricity over
the same time period (Tablevl; Figures 2 and 3).. Two factors possibly
accounting for this reduction areg (lj the code itself and tZi the energy

conServing behavior of Davis residents. While there is no data available
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on ‘the amount of energy saved in Davis as a result of the code, there is

an abundant supply of personal opinions from homeowners and builders One

i buildervin Davis, who had been origlnally opposed to the code, experimented

mithvdifferent housing orientations and monitored the temperatures of his
ngouildings. He recorded substantial ‘differences between indoor and outdoor

’ ftemperafures when uSing the passive features of the code and orientating
his houses correctly. 'In addition to confirming the consultants'expecta—
tions, this builder has become an erdent supporter of the code. Several

“builders have stated that they expect a 50%-60% savings on heating and
cooling costs compared to the typical DaVis home (I: Broward, Corbett, '
Hammond) . ' - '

It is imporfant to note that the.eXpected energyvsavings,could also
occur to a large degree‘asga‘resuit'of_other programs in Davisf—for example,
the applicetion of'Statejenergy conservation regulations (especiaily_insu—b
'1ation standardsj, and the City's own energy planning policies (especially
proper lot orientation)(see Section IV)—Qwhich are independent of the code.
Furthermore, houses built under the code represent a small percentage_of

" the totalvhousingvstock:- 1,294 single'fémily nomes and 655 multiple‘housing
units have been built as of October 31, 1978. . These 1,949 housing units
represent only 14% of the. total housing stock in Davis (13;633;units)(Davis
Building Inspection Division: personal communicationf Hence, one must

- seach’ for other variables to account for the 51gn1f1cant reduction of energy
:use in the Davis community.

The energy conserv1ng behavior of Davis re51dents was mentloned by
several 1nd1v1duals as being an 1mportant factor in reduc1ng energy use in
Davis (I: Cramer, Hammond, Kopper, Reese and’ Streng) The Davis community
is nenerally young and well-educated, two demographlc varlables reportedly
related to conservation behav1or (Curtln '1976; Olsen, 1977), Perhaps_of
greater importance was the extensive public_education program deveioped by
the City of Davis to teach residents how their homes operated and to urge
them,to'initiate conservétion measures in the household (Hammond, et. 51.,
1977) The program emphasized more efficient use of . househoid appliances;
and encouraged homeowners to retrofit their homes with insulation, weather-

stripping, and shading devices (Kopper, et. al., 1976a, 1976b) In addition
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to the publishing of a retrofit manual, several Davis homes were evaluated
by the City for their heat gaih and heat loss and the cost-benefits of
different retrofit techniques. | _

The City also disseminated information about energy conservation to
the public through three editions of an eight page tabloid newspaper

called the Energy Conservation News. .The paper included topics on energy

conservation in the home, stories on bicycling and low energy transporta-
~tion, information on how to retrofit a home, gardening and water conser-
vation, and other related stories. In sum, an extensive public education
program attempted to influence energy consumption in all Davis households,
and the program's effectiveness was undoubtedly reflected iﬁ the energy
figures cited previously.

It is possible that the reduction in energy use in the Davis area
was more a result of favorable weather conditions tﬁan of the factors
described above. Altheugh there is no published data avai]able, the number
of heating and cooling degree days has not significantly changed singe 1970
(Bruce Maede, Da&is Alternative Technology Associates, personal communication).
Moreovef, household electrical use in Vacaville and Woodland--nearby communi-
ties experiencing similar weather conditions--have increased 5% and 3.9%
overall, respectively, between 1973-1976 while Davis' household electrical
use declined by 8% during the same time period (Hammond, et. al., 1977).
Hence, it appears that weather conditioné were not a significant variable
affecting energy consumption in the Davis community.

It is clear that a systematic and comprehensive evaluation of the
Davis energy conservation building code is needed to determine the code's
contribution to the Davis energy situation. The City of Davis has recently
received a grant of $4,000 from the California Energy Commission to conduct
a study of the code's performance; this study will begin 1n eariy 1979. 1t
is also'important to determine how Davis residents are conserving energy in
the household as a result of the public education efforts over the last
several years because their behavior may be the most significant variable

~affecting the reduction of energy consumption in Davis.

D. The Building Community's Response

Although some builders and architects are still opposed to the code for

socio-political reasons (e.g., governmental infringement on private rights),
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During the 1mp1ementat10n period, the consultants conducted research
‘on various components of bu11d1ngs to determine if thepr1nc1p1es of the code
‘were. correct in practlce ‘as well as theory (Hammond et. al., ”
1977) - Studies ‘on’ heat transferance from w1ndows and walls to the 1nter10r
of a house demonstrated the effectlveness of south- fac1ng glazlng in heatlng
"homes. - Experiments on roof color and roof materlal proved that almost all
Vrooflng materlals had 51m11ar thermal properties except for cedar shakes .
which performed substantlally better. And experlments on the thermal proper—'
ties of cement blocks and water storage concrete slabs conflrmed the validity
of allowing. additional g1a21ng on the south side of a dwelllng to.- capture and
store W1nter sunlight. . The results from these experlments confirmed many of

the pa551ve ‘solar features recommended by the consultants and further destroyed

anyvremalnlng technlcal obJectlons_by‘those‘opposed to the code. .

E. The Future of the Dav1s Code

Since the energy conservatlon bu11d1ng code is being 1mp1emented w1thout
too much trouble there were few suggestions for changlng the content of thev
ordlnance and resolution. Although some people felt that the code could be
simpler (1 e., easier to apply while ma1nta1n1ng 1ts effectlveness) and/or _
tougher, most individuals felt that ‘the code should be 1eft alone for a wh11e
since any future thermal 1mprovements in the code may not be p011t1ca11y via-
ble (I.,Corbett, Maeda). However there were several recommendatlons for
improving ‘the educational process'(I Hunt Maeda) (1) h1r1ng of an ong01ng
energy worker “and establlshlng a local energy center as a source of 1nforma-
Atlon (partlcularly for new builders and prospectlve property owners), (2) re-
vision of the Workbook and (3)° hlgher standards for bu11d1ng 1nspectors ‘who
must deal with new State and local energy regulatlons. ’

- The future of the Dav1s energy conservatlon building code is in doubt
because of recently enacted State energy conservatlon standards for new.
.re51dentlal and nonre51dent;a1 buildings (effectlve,quly 1, 1978, California.
Energy Commission, 1978) The Davis'code is'considered by many builders'in
the Davis area to be cheaper and more f1ex1ble than the State regulatlons,

but just as energy efficient because the 1ocal ordinance does not ‘require
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double-pane glass (which is expensive and is required in new residential
constructién by the State in regions over 3500 heating degree days) but

does require proper site orientation and'shading (which are not required

by the State)(California Energy Commission, 1978b)(I: Bainbridge, Hunt,
Maeda). A double-pane glazing requirement had been proposed by the consul-
tants pfior to the development of the proposed Davis ordinance but had been
withdrawn because the glazing was too éxpensiﬁe, notvreadily available and
would be politically unfeasible as a mandatory requirement (I: Cramer),.

The adopted ordinance did give credit to those people who used double-pane‘
glazing (e.g., 17.5% of the floor area of units could be used for glazing

if it was'double—pane in contrast to 12.5% for single-pane). It is uncertain
whether the Davis code is a "stroﬁger" or '"'better" (i.e., save more energy
with less cost) ordinance than the new State regulations. One local energy
consultant asserts, based on a preliminary analysis, that the Davis code is
stronger, primarily due to its iow unesrned glazing base (Bruce Maeda,

Davis Alternative Technology Associates, personal éommunication). Presently,
the City Attorney is advising the City to continue enforcing its own code for
new residential buildings until the State can prove that their regulations are
more cost-effective and energy-effective than Davis' ordinance (I: Owen).

The City of Davis is-currently in the process of reviewing a retrofit
ordinance for makihg existing homes more energy efficient by requiring some
level of energy efficiency to be demonstrated by the seller at resale. In
May 1977, the City received a grant of $10,000 from the California Energy
Commission: which was matched with $10,000 from the City in order to hire a
Bay Area consulting firm to analyze proposed energy conservation technologies
(e.g., shading, Screening, landscaping, and insulation) that would be incor-
porated into a retrofit ordinance. As of late 1978 the consultants had completed
their report (Sedway/Cooke, 1978a, 1978b) and had drafted a proposed ordi-
nance. The City is currently reviewing the proposed ordinance and will be
conducting public hearingsvon the ordinance in early 1979.

Prior to July 1, 1978 (when the new State energy conservation regulations
became efféctive), the City had gone beyond its formal mandate and had applied
many of tﬁe features of the energy conservation codé and the planning policies

to nonresidential buildings (e.g., commercial and industrial buildings) through



the Design Review process (I: Lumbrazo McGregor) : For example .new‘car
dealershlps were requlred to change the amount of glazing, asphalt, and land—'
Ascaplng in and around thelr bu11d1ngs., Also, owners of a nat10na1 "fast
_food" franchlse were .forced to modify their outdoor seatlng arrangements
landscaplng, parking lot shading ‘and the amount and orientation of glazlng
Since July 1, 1978, the Clty has trled to enforce the new State regulatlons -
for nonre51dent1a1 buildings. However, due to a lack of.technlcal.expertlse‘r_
in the Building Inspectlon DlviSion’ the complexity and.ambiguity of:the regu-

lations, - and-a poor State educational program on explaining the standards to.

‘v'.local building off1c1als the City has decided to 3ubm1t nonre51dentlal

o appllcatlons to the:State‘Hou51ng.and Community Development Department forl

plan review (I: Maxwell).

IV. DEVELOPMENT OF THE DAVIS ENERGY CONSERVATION PLANNING POLICIES

The history of the energy conservatlon plannlng p011c1es in Dav1s closely

paralleled the hlstory of the energy conservation building ordinance. Although

- the energy code was perceived by:the consultants-to:be'the center .of all energy -

issues in the Davis area, the energy planning p011c1es were con51dered by both
consultants and C1ty staff and officials to be very 1mportant in fac111tat1ng
‘the implementation of the new building code encouraglng the use of ‘energy
conservatlon features in the nonre51dent1a1 sector and’ in the C1ty s c1rcula—
tion: system, and-in supportlng the use of alternatlve modes of transportatlon
{e.g.; wa1k1ng and b1cyc11ng)(1 Bainbridge, Hammond) After brlefly exam-
~ining the hlstory of energy plannlng in the City of Dav1s several energy '
planning policies are.analyzed in detail in this sectlon and problems of
1mp1ement1ng these policies are discussed in the next sectlon. _
: In 1971 the Greater Davis Research: Group, which had recelved strong
vpubllc support for. their p051t10ns on the protection of agr1cu1tura1 lands
and other env1ronmenta1 1ssues requested the Dav1s City Counc11 to Tevise
the: old DaV1s General Plan (I Black, Hammond) The Plan was wrltten 1n
1958, slightly rev1sed -in 1961 :and 1969 and was.in need of complete. overhaul
(i' Ba1nbr1dge Black) In the Fall of 1971 the>City initiated the procese ;
of rev151on which evolved into the wr1t1ng of a completely new General Plan.

'The City Council app01nted a 110 member Cltlzens ReV1ew Commlttee wh1ch was.

i}
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then divided into ten subcommittees to research the various topics to be
covered in the Plan (e.g., open space, conservation, community design;
development and redevelopment, housing, circulation, land use, recreation,
parks and street trees). Each citizen subcommittee had eleven citizens and
one technical staff person; In addition to their research, all the subcom-
mittee members and a random sample of Davis residents were surveyed to obtain
their attitudes on various subjects, including the issue of whether Davis'
future population should be 45,000 to 50,000 people (instead of 90,000) by
1990. The subcommittees, the Plannihg Commission, the Planning Division (of
the Community Development Department) and the City Council extensively
reviewed several drafts of the new General Plan over a period of approximately
thirty months. The new General Plan was adopted by the City Council in 1973

and has undergone annual review and updating since that time, with additional
| plan elements being incorporated as they were adopted.

None of the ten subcommittees were directly concerned with energy issues
per se. A high energy consciousness did not appear in the City of Davis until
after the Arab oil embargo of 1973; by this time. all the citizen subcommittees
had been selected. The Public Services, Facilities and Conservation Subcom-
mittee did look at certain general environmental issues, some of which had
significant implications for energy use (e.g., increased use of bike paths,
public transit, and water conservation). Most importantly, as the General
Plan has been reviéwed over the years, it has incorporated several energy
policies as a result of the extensive discussion over the energy conservation
code and the energy conservation policies. Hence, the revised General Plan
presently contains a Conservation Element which deals with the conservation
of water, soil, climate, biological, mineral and cultural resources, non-
renewable materials and energy (City of Davis, 1973). The
energy conservation policies encourage energy efficient buildings, tree shad-
ing, the use of less pavement and the use of modes of transportation other
than automobiles and trucks. Similarly, the Circulation-Transportation
Element encourages the use of bicycles and public transit (City of Davis,
1973).

-35.



'Several energy conservation planning policies first anpéared in the

1Strategy for Energy Conservatlon (1974) and were later reflned and 1nte-

vgrated w1th other p011c1es in Planning for Energy Conservatlon (1976) " “The

consultants developed many of these pollc1es at the same ‘time’ the proposed
building code was being developed so that the code and policieeAcould,be inte-

grated with one another to effectively reduce energy consunptidn'in the Davis

'__area. Staff and offlcals of varlous city departments have taken a very: actJve

role in 1nf1uenc1ng the form and effectlveness of these pOllCleS (both posr- _
vt1vely and negatlvely) and have developed p011c1es on their own 1n1t1at1ve.'

_ The C1ty of Davis enforces its plann1ng pol1C1es prlnc1pa11y through
the rev1ew of planned unit developments ‘rather ‘than through conventlonal

zoning regulatlonsp(l. McGregor). The govermmental" bodies involved in the

revieW‘process‘include the City Planning-Division,rthe City{Planning‘CommiSsion;'

‘the Design‘Reyiew Commiséion the City Counoil, and representatiVes'of other
city departments. Consequently, proposed plannlng p011c1es ‘can be adopted
either through an ordrnance_or through formal, or 1nformally agreed upon,
‘policies'used'in the deVelOpmentdreview prooess. Th1s dlstlnctnon will be
noted 1n the follow1ng discussion on the proposed energy plannlng pol1c1es h

which utlllzes the framework developed in ‘the Davis Energy Conservatlon Report

'-(1977)(hereafter referred to as the Dav1s Report)

A. Land Use Policies

‘1. Lot orientation and size
-2, Building setback margins

3. Fence setbacks N
" 4. Street width

5. Solar rights
_g6. Landscaping commeroial areas

7. Shad1ng parking lots o

S.dUse of alternative parking lot materlals B
-9, Clothesllnes ' ‘ |
- 10. Swimming pools
11, Home occupations -
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B. Reduction of Energy Used for Transportation
1. Pedestrian circulation
2. Further support for bicycling facilities

3. Energy conservation and the City vehicle fleet

A. Land Use Pclicies

1. Lot Orientation and Size

Proper lot orientation (i.e., lots oriented to face south) is designed
td facilitate the implementation of the energy conservation building code.
By requiring lots to face south (i.é., requiring streets to run generally
east-west), heating loads are met and cooling loads are reduced at no extra

cost (Davis Report, 1977). Although not an ordinance, this policy was used

in the review of planned unit developments prior to the code's eventual
adoption: developers were not able to receive tentative map approval for
their proposed developments uniess the Planning Commission approved the lot
orientation (I: Lumbrazo, Streng). Consequently, more than 90% of all new
lots in Davis are oriented north-south; the remaining east-west lots are
made wider so that homes can be oriented properly, although smaller lots

are allowed in planned unit developments (Davis Report, 1977 )(I: Bainbridge).

Although no formal policy has been adopted, the City has tried to reduce
the minimum size of lots in order to take advantage of the following benefits:
(1) discouragement of sprawled development so that travel time, distance and
energy use are reduced; and (2) profection of prime agricultural land and open
spece_resulting in better use of land and better landscape maintenance (e.g.,

|
less maintenance for the property owner) (Davis Report, 1977). The City has

allowed as little as 3,000 square feet for lots for attached dwelling units

and 4,500 square feet for lots for sihgle family detached units (I: McGregor).

2. Building Setback Margins

The City has allowed greater flexibility in house placement so that
property owners can take advantage of solar energy. By minimizing side yards

on one side (e.g., 3 foot interior and 15 foot street side years), front



1
H N

, aesthet1c reasons or because they.do'not belieye there is anhenergy prohlem,
.there is no longer any strong oppos1t10n by the building communlty to the
code (I Balnbrldge Hunt McGregor, Reese) Reasons for the generally sup- .
portive atmosphere by builders and de51gners 1nclude the follow1ng (I
Broward Hunt Lumbrazo Maeda McGregor, Owen,,Reese) (1) the code re—
'sulted in energy sav1ngs and lower ut111ty blllS while malnta1n1ng comfor-”
table room_temperatures (2) ‘energy conservatlon can be . used as a marketlng
'tool to sell homeS' (3) the procedures for comp1y1ng with-the code presented
no'major problems;. (4) the. builder's pr1nc1pal obJectlons (e.g. the expected"
. increase in the. cost of housing and the 1neffect1veness of the code) were
proven-false, (5) ‘the code generated a great deal” of favorable pub11C1ty.
and it wouldvhave:been fOolhardybtovcontinueIOppOSing the code"and (6)
the builders had other concerns to contend with (e.g., the HOuSlng Develop—
ment Prlorlty Program Appendlx A). Consequently, although there are pro-
visions 1n the code for appllcants to appeal adverse de0151ons - no apneals
have been made, nor have any changes been made 1n,the.ord1nance or resolution.
In a related issue on a‘proposed energy ordinance in Sacramento County,
Sacramento bu11ders requested an opinion from the Office of the Attorney '
General concernlng the issue of State preemption over local governments in
vmandatlng,energy conservation standards . The Attorney General's ‘opinion

(61 OPS Cal. Atty. Gen. 118) stated that local ‘government energy codes- were

'requ1red to be reviewed by the Callfornla hnergy Comm1531on to make sure that
the local code ‘saved at least as much energy as "the Stdte energy - conservatlon
‘regulatlons The Dav1s energy code was submitted to the Callfornla Energy
'Comm1551on to determine if this reqnlrement was fulfllled ‘but: the State has
not responded at the time of this writing. L

The members of the bu11d1ng communlty have made positive contributions
to the’ energy conservation  field in Davis and in nearby comnun1t1es During
the period when oacramento County conducted hearlngs on a proposed energy
~ ordinance (de51gned by L1v1ng>Systems) several Dav1s bu11ders travelled to
_ Sacramento to advocate the adoption of ‘the proposed bu1ld1ng code _emphasrzf.
ing- both its energy sav1ng and commerc1a1 auvantages Moreover 1n Davis '
v'vsome bu11ders ‘have "gone far beyond the code" by 1nstalllng more sophlst1cated*

:pa551ve solar systems,.actlve solar systems and addltlonal energy conservat1on
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features for a variety of reasons (I: Hammond, Hunt, Kopper, Lumbrazo, Roe,

Streng, Whitcombe): -

1.

A State tax credit for solar energy systems provides an incentive

for builders to install active and passive solar syétems (for

. space heating and/or cooling and heating hot water). (Recent

State energy legislation--AB3623--allows builders to claim the

credit themselves or to pass the credit to the homeowners).

Energy conservation features are very economical and can be

marketed for their practicality, status and economy (e.g.,

reduced utility costs) espedially when the State tax credit

is taken into account in conjunction with solar systems.

Solar homes have good publicity value, and they bring people
out to a subdivision so that other homes can be sold. (How-
ever, one bdilder noted that this reason may be advantageous
only for less competitive builders because he doesn't have enough

houses to meet current demand.)

There is a consumer demand for solar homes and for energy
conservation in general. (In fact, some people move to Davis

for energy conservation reasons alone.)

By installing solar systems and more energy conservation features,
builders receive "brownie points" in their attempts to obtain
housing allocations through the City's Housing Development Priority

Program (Appendix A).
Some builders sincerely believe that energy conservation is
essential and see the code as one step on the path to an energy

conserving society.

Many builders take pride in building quality homes, and quality

now includes how much energy is required by the home.
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- yards (e.g., 15 feet), back yards (e.g., 5- feet), and the d1stance of garagesr*
from. 51dewalks (e.g., 20 feet), the Flty also expects to save more open space
-fout51de the Clty, encourage better lot ut111zat10n‘(e g., by creat1ng more
'usable land in front or back yards and e11m1nat1ng or reduc1ng side yards:
Wthh are seldom ut111zed), st1mulate more hou31ng variety, and reduce

»development costs (Davis: Report 1977) " In add1t10n, zeTo yard setbacks

are allowed in planned unit developments to encourage commonwall constructlon
wh1ch reduces heat load and heat loss ‘These concepts are. used by the C1ty

‘in planned unit development designs .(1: McGregor)

3 Fence Setbacks

Slmllar to the: precedlng 1deas .the deregulation'of fence setbhacks isb
aimed at encouraglng the full use of south faclng windows. Fences, walls '
and hedges are permltted to be as ‘high as six feet in ‘rear yard interior
side yard and front yard (within a flfteen foot. setback) and can be located
-closer to the street in order to prevent shadlng of south glass wh1le main-
talnlng prlvacy at the same t1me in some instances. The C1ty Council is now

con51der1ng further deregulatlon of fences (I: Lumbrazo)

4, Street Width

" Tn the Strategy for Energy Conservation; the consultants recommended

‘lower minimum standards for the following types of Davis streets:

1. cul- de ~sacs. (the least travelled re51dent1al streets)
,~-ex1st1ng Davis standard: 28 foot minimum curb to curb
——proposed standard 25 foot max1mum curb to curb or 20 foot

wide w1th ”park1ng bays" (i. e., no street,parklng)_

2. "local streets"
--existing Davis standard: 34 foot m1n1mun curb to curb
--proposed Standard: 28 foot max1mum curb to curb or 20 foot

: W1de with "parklng bays"
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3. "neighborhood collectors"
--existing Davis standard: -52 foot minimum

--proposed standard: 38 foot maximum

The benefits of narrower streets are (Davis Report, 1677): (1) lower

- development costs (e.g., perhaps és much as $1,000 per lot); (2) higher

value for lots due to'reduced flow of automobile traffic; (3) better »
utilization of land (e.g., the space that is saved could be used for parks,
greenbelts, and paths for pedestrians and bikes); (4) the encouragement of
energy conserving transportation practices while discouraging unﬁecéssary
automobile use; and (5) the saving of energy. Research has shown that
neighborhoods with narrow shaded streets can be 10 degrees cooler in the summer
than neighborhoods with wide unshaded streets so that less electricity is
needed for cooling in the household {Myrup, 1972).

The City has reduced the widths of minor arterials, local streets and
cul-de-sacs through the review process of planned uﬁit developments, although
not to the extent recomménded by the consultants. The City implements their

policy by using the General Plan's street width standards as guidelines for

developers of subdivisions and planned unit developménts_(I:.Pelz). For

example, one developer-haé built 20 foot private streets (curb to curb) with
no on-street parking (but with neighborhood parking bays), while the standard
in the General Plan for cul—de—saés is 28 feet (curb:to curb) with parking on
both sides of the street (I: Corbett, Pelz). : B

5. Solar Rights

. The consultants developed a guarantee of '"solar rights" in new resi-
dentialAdeVelopments in order to provide protection for solar home owners
(Hammond, et. al., 1974). The proposed ordinance required every developer to
include a deed restriction describing the allowable height and shape of
an "enVeIope zone'" for structures and evergreen vegetation. It was deéigned
to minimize the shading of adjacent properties during winter. The shading
patterns cast by the envélope on December 21 from 10:00 a.m. to 2:00 p.m.
as well as those of surrounding properties were to be written in an easement

or covenant to be included with the property deeds.
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The City did not adopt this poliCy, either formally or informally, -

because the use of an ”envelope zone' was not percelved to be necessary.

. The Clty hopes to stay away from thls compllcated and controver51a1 area

by allow1ng ex1st1ng mechanisms to solve the- problems: (I: Leber Lumbrazo
McGregor). The City ant1c1pates that prlvate parties will be: able to resolve
any solar access prohlems for exlstlng hpmes through prlvate contracts,
-easements or covenants It is poss1ble that solar obstructlons on existing
homes could be prevented through the Hou51ng Resale Inspect1on Ordinance
"(Nol 820) which is: des1gned to; prohlblt unauthorlzed constructlon and 1s
enforced by pre-sale 1nspect10ns (I,;Leber). - Shading problems for new
residential developments can7bevprevented:durino the Design Review process
and the Environmental Impact Review process where shadlng 1mpacts of - planned
unit developments are evaluated (I Ba1nbr1oge F1gueroa Jumbra;o).' It is
also p0551ble that by using bu11d1ng heightvregulqtions either lot-by lot
or street by street, many of the shading problems can be avoided (I: Maeda).

" Recently. enacted State solar leglslatlon in the solar rights field: has
affirmed some of Davis' current,po11c1esv but will force Dav1s to hccome
more actively. involvedlin’the protection of an. 1nd1V1dual's ‘solar access.
A.B. 3250 prohibits local governments from pass1ng ordinances. whlch restrlct
or prohibit solar use. The b111 allows localltles to requlre solar ease—
ments as a condltlon of approval for tentat1ve subd1v151on maps. The maps
shall also prov1de to the. extent fea51b1e for lots which w1ll enhance the
‘use of pass1ve de51gn features in bu11d1ngs Codes, covenants and restr1c—
trons in subd1v1s1ons which prohlblt or restrict solar are proh1b1ted For"
the‘indiVidual it permits agreements between neighbors for receiving sun-
light, w1th any costs applled to the State solar tax credlt

| A.B. 2321 proh1b1ts after January 1, 1970 any tree or shrub to he
,placed or grown after the 1nsta11at10n of a solar collector on another s
property so as to cast a shadow over 10% of that collector between 10: 00,
a.m. and 2:00 p.m, Vegetatlon planted pr1or to the installation of the Sys-
tem would be exempt The Act does allow any city counc11 or county Board

of Superv1sors to vote themselves out of the prOV1s1ons of this: 1eg151at10n
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6. Landscaping Commercial Areas

"The City of Davis has adopted landscaping regulations for commercial

’ areas'to'try to reduce the energy used for space heating and cooling of
building$ and to improve the comfort of pedestrian ana bicyclists outdoors
(Ordinance'No. 920). The developer of a commercial area must submit a land-
scape plan and elevation for review By the Design Review Commiésion that
would show ekpected_growth and shading patternsvof propoéed trees (particu-
larly,long-lived, deciduous trees) as they'woﬁld appear in ten years after
the completion of the project. The landscape plén and elevation are to be
used in determining whether the landscaping will cover a minimum of ten
percent of the site. 1In addition, the inclusion of drought-resistant plant-

ings is encouraged wherever feasible.

7. Shading Parking Lots

Similar to the above policy, the City reqhires:that 50% of paved park-
ing lots (e.g., shopping'areas or school yards) must be_shaded'with tree
canopies within 15 Years of the issuance of a building permit (Ordinance
No. 920). It is hoped that this. policy will reduce the urban heat effect,
thereby encouraging the use of walking and bicycling and the reduction ofv

automobile use and auto air conditioners,

8. Use of Alternative Parking Lot Materials

Asphaltic and cement surfaces increasé heat loads, runoff, flood peak
and speed of peak. Although no formal policy has been adopted, the City is
examining fhe uses of alternative materials (e.g., turf block, brick,
cobbles, gravel and decomposed granite) which can reduce rﬁnoff and micro-
~climate impact of off¥s£reét pafking areas. These ideas are looked at in

the Design Review process (I: Bainbridge, Lumbrazo).

9. Clotheslines

Since clofhes drying is a large user of electricity in the househdld
(Table 4), the City has adopted an ordinance éncograging the use of clothes-
lines (Ordinance No. 876). The ordiﬁance makes it unlawful to establish

any private covenant or restriction that prohibits the use of clotheslines
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Cin residential Zones. . In add1t10n all new ‘multi- family, developments

v

(e.g., apartment houses) are required to prov1de clothesllnes clothes

racks or 51m11ar fac111t1es to dry clothes us1ng the sun.

10. Sw1mm1ng Pools

Sw1mm1ng pool: heaters: are the largest energy consumlng app11ance wh1ch
may be 1nsta11ed in a household Slnce swimming pool heaters use great
amounts of natural gas or electr1c1ty, and since solar heating systems for
swimming pools are proven and life- cycle costs are lower than for other '
systems, ‘the consultants and plannlng staff proposed. that all sw1mm1ng pool
heating systems be proh1b1ted unless they used solar energy as the only heat
source (Bainbridge and Hammond, 1976). The City of Davis backed
away from this proposal for lack of support,‘and the Clty s Planning D11ector
called this policy arena "our biggest dlsaster” (I McGregor) The City
deferred a decision on this pollcy to the State Pub11c Utilities Commission
which, in the face of strong opposition by pool users and pool bu11ders
. backed down from requiring the mandatory use of solar energy for heatlng
swimming pools (I: McGregor). The Public Ut111t1es Comm1s51on has establlshed
higher rates for large 0asiusers thereby hoping to create a large enough
.disincentive for pool owners to sw1tch from natural gas to solar energy |
_(Cal1forn1a Public Utilities Comm1931on, 1977) S

The - C1ty ‘of Davis 1s currently prop051ng a retrof1t ordlnance for-
existing homes, and it is poss1b1e that. credit would be: glven for solar
heating of sw;mmlng pools in thlS proposed ordinance. It is interesting
to note that the consultants. preparlng the retroflt ordinance evaluated
swimming pool covers to be more cost-effective than active solar systems
for malntalnlng temperatures in sw1mm1ng pools Howeyer the’use of pool-
covers is dependent:-on the behav1or of pool owners-so that their effectlve-

ness might be diminished (Sedway/Cooke 1978a).

11. Home Occupations

To reduce the amount of energy used in commut1n°, the City encourages

the w1dest use of homes for working and small businesses. Ordinance No. 875
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permits the conduct of business in residential districts subject to several
criteria (e.g., only one non-familial employee can be employed and no more
than 25% of the area of one flnor'of the residence COuld be used for the
busineés).» Hence, this policy not only encourages people not to drive to
work, but also allows neighborhood customers to bike to the place of busi- -
ness and allows the property owner to save on heatlng costs (e.g., only

one structure has to heated 1nstead of two).

B. Reduction of Energy Used for Transportatlon

1. Pedestrian Clrculatlon

Since over half of the energy used in Davis is used for transportation
(Table 5), and since automobiles are very energy inefficient, Davis' trans-
portation policies are designéd to encourage the use of alternative modes--
particularly, bicycling, walking and public transit (e.g., Unitrans). By
providing better pedéétrién facilities such as fountnins, sidewalk shading,
restrooms, maps and better signs, the City has favored and continues to
encourage nalking in itsndowntown area and in the rest of the community.
This policy is encouraged on an informal basis by review comnittees such

as the Design Review Commission and the Planning Commission.

2. Further Support for Bicycling Facilities

The City has been concerned with bicycle pblicies'since 1965-1966 when
bikes became a very important issue in the City election. Davis was the
first city in California to develop a network of bike routes and bike lanes
throughout fhe City. There are about 50,000 bicycles in Davis and an.
estimated 10,000 are ridden most days; a recent survey has found that there
is an average of two bicfcles per adult in Davis (U.C. Davis; 1978). More-
than 50% of Davis residents use bicycles as -the preferred mode of local
tiansportation. Accordingly,'consultants and City staff and officials have
put.a_lot of effort into developing a comprehensive bicycle policy aimed at

improving the safety, convenience and comfort of bicycling.
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- The consultants had‘propoeed~the_followiﬁg bicycle'ﬁolieies (Davis
Report, 1977): - (1) restricting trash placement‘ih the ‘street te:thevday
of trash pick-up; (2) constructlon of an 1mproved bicycle route from Davis
to Sacramento, (3) City maintenance of bikeways;j (4) provision and better
, placementfof more blcycle paths and racks, and (5) .the shadlng and pro-
tection of bike paths. The proposed bikeway to Sacramentovhas not been -
bullt, but 1subelng'studied by the_Califofnia Departmeut of Traﬁsportatiqu
(I: McGregor). The City has pushed fbr‘moie_Bikeﬁfacks-ahd.forrthe location
of more bike lanes on collectof streets to‘encourage'peeple to use bikes, to
make bicycling safer and to reduce trdvelllng time for blcycllsts The
City has also denled drive-around, service for .a national restaurant and for
banks since they tend .to encourage.automoblle.use which is contrary to the
City's goals. . -In sum; with.Wide-pepular'support for bicyc1ing, the City is -

continuing to encourage the policies outlined above.

3. Energy Conservation and the City Vehlcle Fleet

Policies were proposed by the consultants to reduce the life- cycle

. energy costs of City vehlcles,-(Balnbrldge.and-Hammond,_1976).

Gy informal policy, the: City haélswitched'te'smallet more eﬁergy-efficiént |
vehlcles for pollce admlnlstratlve and ut111ty functions (I: Balnbrldge,'
Pelz, Reese). This transportatlon pollcy supplements the City's support
for*energy efficient public transportation as ev1deneed in the Unitrans and
the Regional Transit bus system. | -

It is of interest to note that the- Clty has been .trying to change the T
amount and type of llghtlng used ‘along its streets (I: Pelz). ngh pressure
sedium vapor lighting is being installed by develppers“and the local utlllty
.cempany (Pacific'Gas and Electric Coﬁpany)'althougb-financial couStraints'on
the C1ty has limited the number of conversions ‘that can be “made. Davis
. is also replac1ng f1xtures w1th sodlum vapor 11ght1n0 when ‘they burn out

(I: McGregor)
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V. Implementation of the Davis Energy Conservation Planning Policies

Many of the energy conservation planhing policies adopted by the City
of Davis, either as an ordinance or as an informal policy, have been imple-
mented without huch controversy or opposition. There are several reasons
for the almost unanimous acceptance of the planning policies: (1) most of
the policies can be implehented with existing construction technology and/
or with existing building practices; (2) none of the problems that did arise
appeared to be insurmountable; (3) in many cases, the policies reduced
development costs; (4) many of the individuals affected by these policies
felt the City was motivated by good design and-was\not making an unnecessary
intrusion into one's private life; and (5) the struggle over the energy
conservation building code resulted in a more aware citizenry, thereby.
creating an atmosphere condhcive to further energy conservation efforts
(I: Hornbeek, Peli, Streng). Consequently, this section will only examine
,thosé planning policieé which have‘been the subject of criticism during
their implementatioh. o ' ' '

" It is important to note that banking institutions did not play a
significant role in the Davis energy pianning system. Banks have not

changed their lendingvpolicies'for energy conservation and solar improvements
ias a result of the energy conservation building code and energy planning
policies (I: Armstrong, Hardy). Some banks have offered or are offering
loans at reduced interest rates (e.g., 1/4 of 1%) for home improvements for
solar and energy conservation systems. Whén appfoving these loans there is
little concern over the marketability or function of the improvements (I:
:Armétrong). However, appraisal of homes may be reduced if a particular
active solar system has a poor reputation (I: Armstrong). Furthermore, a

" guarantee is needed for those active solar systems without backup heating
systems (I: Hardy). There has been little demand fof these loans, and no
great demand is anticipated. -Mosf requests for loans have been for new
construction rather than for existing homes (I: Armstrong). However)‘with the
slowing down of growth in the community, there has been léss demand for new
houses, resulting in an'abuhdance of empty houses, the most in thirty years
(I: Hardy). ' o -
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rzThe banking inspitUtiohs*are'beginning to’re-exémine their traditional
" lending practices to recognize :that iowered‘otility costs per month can -
allow a higher percentage of income to be diverted to moctgage payments.
Thus, more persons may be able to purchase home’s Jf such homes can be built

to have lower energy costs (I McGregor).

1. Lot Orlentatlon and Size

There was.no opp051tlon to maX1m121nc the use of north- south oriented
lots. Developers discovered that if a_lot was oriented properly, it was '
very easy ‘to comply With:the proVisioﬁs of the energy ‘conservation bu11d1no
ordinance (I: Broward Corbett Hammond, btreng) The-trend towards mini-
mizing lot’ size ‘was seen as an -effective way in- reduc1np the cost of housing
so there was no’ firm opposition to -this pollcy, too.. However, some people
~ had reservations about the continued implementation:of this policy. - Some

custom house buiiders and owners disliked this policy because'they wanted
more open space around_theirvhooses—(lz Broward). - .Some other boilders felt
that this policy, as well as some other “small scale" policies, would affect
the "liveability" of the residential neighbofhoodS'(If'Hornbeek).' For-
example,’areas ﬁight become too crowded too noisy, and affect one's privacy
-(I' Hornbeek, Roe). -+ In effect, these individuals were concerned about the
”quallty of life' and questloned whether energy concerns ‘should receive hlgher
priority than other concerns "(1: Hornbeek, Maeda). . The thy-s'Plannlng’
Director was concerned about the~foture5problems of this-poliCyﬁas~it'fe1ated to
families wishiﬁg to expand the size .of their house'(l: McGregor) . Before
1945, most households éxpanded their house by "addinngnU (e.g., building
another room). "Duringvthe next thirty years, hobséhdldsfexpanded by buyiﬁg
larger homes when interest rates and houéing‘costs were low. - Since 1975,
households have expanded by returning to the earlier method of:expansion--
"adding on''--as construction’costs haQeVskyrocketed{ ‘Hence, with a policy

of reducing the minimom'sizelofvloté,'the Plahniné Director expects that it~
will be very difficult for households to '"add-on". - The only other feasible
alternative wouid be to convert existing spaces (e.g., garages and ssheds)

to living spaces or to construct-more two-story houses (I: McGregor, Roe).
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The Planning Director fears that in three to five years, when most conver-
sions will have been built, the real impacts of the minimum lot size policy
will be felt.

2. Building and Fence Setbacks

The setback policiesvaffecting buildings and fences received favorable
support from builders_andfthe Planning Division.étaff, -Some builders, how-
ever, have expressed concern about very marrow side yards (e.g., 3 feet)
being non-functional (i.e., yards are too ‘small to use), and one builder has
decided to discontinue the constructlon of commonwalls due to noise problems
{(I: Hornbeek, Corbett). Also, some 1nd1v1duals felt that long rows of fences
along the street would be aesthetically displeasing (If Streng). The Public
Works Direetor'noted that houses located on the back of property lines from
the street resulted in ex;fa.costs for the.proviSidn'of utilities and for
the construction‘of”loné driveways to aftached’garages (I: Pelz). On the
other hand, those houses 1OCated’clbser'to the street reduced costs'forvthe
proVision of utilities and for the construction of,drivewaYs. Also, mini-
mizing the lengths of-drivewafs reduced the_amount of heat reflected from the
surface (I: Streng). A final issue concerned visibility_at intersections
(e.g., the safety of'bike'riders when entering streets from bike paths when
fences along the edge of'streets‘hide the pathS‘from automobile'drivers)
However, the Public Works Director noted that none of these problems were -

insurmountable, Just dlfferent ones (I Pelz).

3. Street Width

Perhaps the most.eontroversial planning'poliey.was the one concerning
narrower streets. Although the City Council and the City Planning Commis-
sion supported this pol1cy, the . dlrectors of the Public Works Department
and the Planning Division of the Communlty ‘Development Department as well
as the Fire Chief and Police Chief were firmly opposed to this policy,
especially "very narrow" streets (e g., 20 foot wide streets without on-
street parking). Their obJect1ons to this pol1cy weére that it was hazardous

for children walking and playing in the streets as cars passed by
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" (since there were no sidewalks), and it WOuld,ﬁake it difficult to manuever
vemergency'equipment (e.g., fire trueks)(I"Bertero' Rroward Hammohd: Hunt,

’ Kopper’ Maeda, McGregor, Pelz Roej It was argued that there was a need.

for more off-street parklng ‘when very narrow streets were used in conjunctlon
with the elimination of on-street parking. - The construction of this additional
parking area would,- therefore, offset any energy and monetary benefite of
reduced street Width. The perceived advantéges»of this poliey'temain a_sburce

of contention among the parties involved and continues to affect. the relation-

ships between innovative developers'and,city'government (I: Corbett, McGregor)[

4. Landscaplng | e I ‘

Policies affecting the landscap1ng of commerC1a] areas and parklng lots
were favored by mostvpeople,valthough there was some cohcérn over.increased
maintenance costs and some confusion over which trees were to be used- (I:
‘Broward, Maeda). Although the developer was te,pay for the.plantihg and
maintenance of‘the_landscape,fithas felt the'arought:tolerant plantings
would resuit in lower maintenance ‘costs (I: Lumbrazo); | |

: Vis THE IMPACT OF PROPOSITION 13

~ Although the City of,DQV1s,u1n general, has not experienced any 51gn1f1-
‘cant problems:in implementing these energy planning policies, the City will
have a much more difficult time .in'initiating new pioneering efforts in thei;
energy sector. as a fesult of a measure'recently?voted:upoﬁ by the California
eleetorate.:_IntJune 1978, -California voters passed Proposition lS,;the State
Tax Reform Initiative, which was. aimed at reducing the 1eCa1'property.tax.
Consequently, - local governments,.who depend on.thejpfoperty_tax for prQViding
key services (e.g., fire and police protection, child care, park and street
maintenanee and administfativeFfunctions),wererseverely affected by this
public measure, . ' S S 'f; i 3 R

Proposition 13 has had. a. 51gn1f1cant impact. on the C1ty of Davis,
where voters opposed- the measure, 4,391 supporting and-9,491 opp051ng .
Proposition 13 (City Manager's foice,,personal'communicétion). The Planning

Division lost 10% of theif work force when one-half of one Associate Planner
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position was eliminéted (I: Lumbrazo). The Division also lost their.funding
for public education programs on energy'issueé ($20;000'per year), and they
no 1ongef have money to trévél or to purchase documénts and suppiies (I:
Lumbrazo, McGregoi). Furfhermore, the reduced planhing staff is faced with
a rising number of programs resulting in a '"tremendous workload'". As a result,
there are no more energy information programs, and it now takes longer to
complete studies (I: Reése).' Mo#t of the energy Qork (including the proposed
retrofit ordinance for‘existing houses) had already been accomplished by the
time Proposition 13 had passed (I: McGregor). S

Other City prograns were 5150 affected by Proposition 13. Although
there were no p051t10ns eliminated in the Building Inspection D1v1s1on fees
- for plan review increased by approx1mately $1,000 (1: Reese). This increase
occurred because the City could no longer subsidize the plan fees {including
processing and oveérhead costs and a building tax)(I: Hunt, Reese). The
Public Works Department'losf 8 people out 6fv64‘staff people for a 12% reduc-
tion (I: Pelz). Thesé people weré’primarily inVolved in street maintenance
(e.g., weed control and patching of streéts). Moreovér, 7-8 additional |
individuals left the Dépaftmeht voluntarily on account of the negative views
of ”pub11c service" that surrounded the passage of Prop051t10n 13 (1I: Pelz).
In addition to the 30 p051tions eliminated in all of the city administration,
the City of Davis no longer has the ability to issue general obligation
bonds (I: Reese). Consequently, the City's construction tax was increased
to recover costs for projects, and capital imﬁrovemeht programs were severely
reduced (I: McGregor, Reese). Housing costs_have'ihéreased apprdximately '
$2,000 to $3,000 in the wake of.Proposition 13's impact on City services
(e.g., this includes increases in utility_fees, building permit, rezoning
fee, and construction tax)(I Reese). v |

It is still too early to tell the rcal impact of Proposition 13 on the
City of Davis and on the;hou51ng industry in general. The City is expecting
$600,000 from the State surplus this year, but has no idea how much the City
will be able to recéivevin the coming years (I: R¢e$ej; The City does know

that it will have to "do more with less". The impact of Proposition 13 on
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other California communities may be more -severe than it was for the City
of Davis because the City had begun reducing positions, programs and costs
of programs approximately two .years before the passage of the Propositibn_

& . - b -

. (I: Lumbrazo).
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~ CONCLUSION

", ..the people of Davis have broken the myth that the energy
problem is far beyond our control and can be handled only by
far-away men of'great power'and expertise." ~(Hunt and
Bainbridge, 1978). |

A. Significant Factors in the DaV1s Experlence

The City of Davis has successfully adopted and 1mplemented an energy
conservation building code and_several significant energy plannlng policies
whose principles can be applied to other communities in the United States,
This report has eXamined those factors that played an important role in the
success of Davis' programs (emphasizing the deve]opment and 1mp]ementat10n

of the bulldlng code), and their significance is brlefly summarized below.

The institutional settlng of the Davis communlty helped determine the
outcome of p011c1es and the1r Jmplementdtlon. The general citizenry of the
Davis community was liberal and ‘highly educated, and they took pride in sup-

'porting environmental'iSSueS, innovation and eXperimentation (I: Figueroa,
Johnston, Hopper, McGregor, Whltcombe) Many Davis fésidents were tolerant
of unorthodox behav1or and were used to change (I: Cramer). | They often felt
themselves to be "ploneers" who favored publlc action, and, once committed-
to good ideas, would part1c1pate in community activities (e.g., revising the
old General Plan) (I: Leber, Roe) When Davis reeidehts were confronted
with the Jmpacts of the "energy Cr1§15" and were shown a possible solution

| to amellorat1ng these impacts, they strongly supnorted governmental programs
(e.g., the energy codc and planning policies).

The University of California at Davis played:an instrumental role in

. helping develop this "community ethos' which placed‘great value in experi-

mentation and innovation (I' Black, Cramer, Roe). Also, the University was

a source. of technical expertlse and .creative research and was a meeting

place for several 1nd1v1duals who later became deeply involved in Davis'’

”energy activities (I: Figueroa, Reese) .



The leadershlp of the C1ty of Dav1s, partlcularly the City Countll
.played a very important- role in affectlng the C1ty s energy plannlng pol—

“icies (I% Flgueroa Hammond Hunt Kopper Leber, Maeda, McGregor, Reese,’

- Whitcombe) : Dur1ng the late 1960's, the C1ty Council adopted plannlng pol-

v ‘1c1es on b1cyc11ng, street landscaplng and recycl1ng wh1ch reflected the
:grow1ng conservation con5010usness of the City. Durlng the early 1970's, ol

‘the City Counc11 relnforced thelr commltment to the protectlon of the en-

fpgv1ronment and to greater publlc part1c1pat1on in governmenta] affanrs by

appointing a citizen's committee tovrewr1te.the old General Plan. And
during the mid-1976's; theiCity Council again_demOnstrated-this"commitment‘
by supporting an energy conservation building"codef'energy.plannjng?policiesd
and a pub11c educat1on program on: energy Although other local governmental
“agenC1es (e g., the Plannlng Commlslon the De51gn Rev1ew Commission ‘and

~ the Communlty Development Department) supported these programs ~final approv-

-:» al rested w1th the C1ty Counc11

The City's Communlty Development Department played an. actlve and 1mpor~‘
'tant role in work1ng with the consultants and the bu1ld1ng commun1ty on ’
'developlng and 1mplement1ng the energy code and plann1ng pol1c1es.j As 1mple5
mentors of these energy measures, the Buald1ng and Plannlng D1V1s1ons had
the resources and Skllls to work out the technical and admlnlstratlve prob-
lems 1nherent in the plannlng process. . L ",, _

- There are “other factors in Dav1s'_1nstltut10na1 env1ronment whose in-

' _fluence on Dav1s' energy. plann1ng system is more d1ff1cult to measure the' '
City's exten51ve regulatory programs and . the bu11d1ng commun1ty Durlng the
Cearly 1970's, the C1ty of Dav1s was 1nvolved in attempts to control growth

‘through land use and bu11d1ng controls. ThlS gave. the City 11m1ted but

: effectlve control over the new hou51ng market and prOV1ded a "regulated .

: env1ronment“ 1n which one more re ulatlon such as the ener bu11d1n code
’

: ’would ‘only result 1n an ”1ncremental" effect compared to a communlty w1th

v few regulat1ons over, communlty development Furthermore real estate

~ interests in Dav1s were relatlvely few and not very powerful -while environ-
'-mental 1nterests were relatlvely 1nf1uent1a1 (1: Black, Leber) The buildé
ing communlty s 1nfluence was 11m1ted and bullders had 1ess pol1t1cal power

-than in other- communltles (I Reese Streng)
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The perserverence of John Hammond'and Marshall Hunt was fundamental
in ensuring the passage of the energy cohservation code and energy planning
policies (I: Bainbridge, Black, Cramer, Johnston, Kopper, Leber, Maeda).

. In collaboration with City staff, they developed a building code that was
based on logical principles and hard facts,'practical, cost-effective and
implementable., With the aid of a strong public education effort which
increased public awareness and helped persuade the community to support an
energy conservation prbgram, Hammond and [lunt were able to get the code and
policies adopted. Finally, their strategy of integrating the planning poli-
cies with the building code facilitated the implementation of these programs
without much trouble, ' ‘

Professors Cramer and Neubéuer'also played a vital part as members of
the consulting team., Their research in the late 1950"s and early 1960's
was very helpful invcoﬁvincing the City that there was an energy problem in
Davis. Their data base also helped direct the feséarch on existing build-
ings in Davis which was conducted in the 1970's (I: Hammond, Hunt)., Equally
important was the stamp .of legitimacy they gave to Hammond and Hunt-who were
both young and inexperienced (I: Black, Figueroa, Hunt, Kopper, Reese).
Professor Cramer, as Head of the u.cC. Davis Academic Senate and Professor
Neubauer, as Professor Emeritus of Agricultural Engineering, wére respected
members of the community, and their reputation and skill.made the entire
research project more credible. | | _

The use of technical information by the consultanté.played an important
role in affecting the adoption of the energy ordinance. The consultants'
research on existing buildings in Davis provided evidence that the proposed
code would be effective and was not a "pie-in-the-sky" scheme; so that build-
ers and governmental officials became less suspicidus and -less antagonistic
(1: Black, Hammond, Lumbrazo). In addition, the proposed passive solar tech-
nology was simple, understandable, economical and implementable; so that the
consultant's demands wefe not seen as "unreasonable" (I: Cramer, Hunt, Maeda).
In sum, the use of 'low technology" and the research on existing houses and

apartmentsxmade the whole process "very believeable" to the Building Inspection
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D1v1s1on the Clty Council and the. bu11d1ng community, and they also gave
.greater support to the proponents of the code (1I: Cramer, Maxwell)

_ Factors outs1de the DaV1s commun1ty s1gn1f1cant1y affected the fate of
‘the proposed code‘and.plannlng pol1c1es namely, new State regulatlons
Federal financial assistance and the natlonal energy 51tuatlon. At the timeb
of adoptlon of the energy ordinance, Davis bullders,were faced" w1th the‘fol—
'low1ng situation, If the C1ty-d1d not paSs a local. energy conServation -
bu1ld1ng ord1nance, then the bu11d1ng communlty would have to make sure that
‘their plans were in conformance w1th the ncw State energy conservatxon stan-
‘dards of February 1975, Hence, builders would have to negotiate- for any
changes in ‘building de51gn at the State level rather than at the local levell
where bu11d1ng off1C1als personally knew the bu11ders and were percelved to
'rbe more amenable to barga1n1ng. Fu?thermore,lthe new State regulatlons_re-
quired the -same amount_of insulation,(the only*absolutencost-increase item)
as required by'the proposed Davis code 'Consequently, the Davis'code would
not lead to any 51gn1f1cant ¢ost increases compared to the State standards
thereby negatlng a potentlally effect:ve economic argument agalnst the code.
Thus, with the threat of State intervention and with 51m11ar 1nsulat10n requlre—
ments, the State regulations helpod force Davis bu11ders to supnort a local
code.» _ e , o ‘
Financial 3551stance from' the Federal government played a v1ta1 role in
helplng the consultants cont1nue the1r work on the energy code and plannlng
pol1c1es. ‘The grant from the Hou51ng and Urban Development Aoency enabled
: Hammond and ‘Hunt to contlnue work on the prOJect for a few more years and to
do more research. (1: Hunt) Also “the possess1on ‘of these funds demonstrated
to the Dav1s communlty that money was avarlable for 1mp1ement1ng the building
code and planning polches, thereby re11ev1ng the City from paylng the costs
of 1mplementat1on (T: Hunt). _ , ' '

F1nally, the national energy 51tuat10n affected the outcome of the
5,build1ng code and plannlng policies. The Arab oil embargo of 1973 fol-
'lowed by the gasollne crisis and- hlgher energy costs, forced everyone 1n
DaV1s to become more concerned about energy in general and hlgher ut111ty

blllS in partlcular (1 Black, Macda). The hlgh energy conscrousness that
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developed in Davis duriﬁg the early 1970's provided a receptive.envirohment
for city government to take public action as state and national governments
remained paralyzed in their attempts to correct the situation. In sum, the
"timing was right” for the City of Davis to take the initiative and adopt

important energy planning measures.

B. Innovation in Davis

Most empirical research on innovation has focused on the patterns of
diffusion or. the spread of innovations among individuals, publié and private
organizations, and cultural communities (Bingham, 1977; Crain, 1966; Gray, .
1973; Katz, Hamilton and Levin, 1963; Mendez, 1968; Rosenbaum, 1977; and
Walker, 1969). This investigation, on the other hand, has focused on one
community in order to examine more closely those independent variables asso-
ciated with the adoptibﬁ of innovation. Mofeover, this research has placed
particular emphasis on the social structure of the community and on the
attitudes and values of the key participants‘in the Davis energy planning
system as well as of the commhnity itself. The fiﬁdings from this study
clearly confirm one of the central ideas reported in the literature on in-
novation: the importancé of the "compatibility'" or "fit" between the culture
of a group and the elements of a proposed innovation (Katz, Hamilton, and
Levin, 1963; Mendez, 1968),

' The energy conservation building code and the energy planning policies
in Davis developed out of the environmental concerns of the late 1960's and
early 1970's, Promotihg'the use of renewable sources of energy and greater
efficiency in the use of nonrenewable sources of energy was a 'natural"
strategy for attempting to balance the energy supply-demand equation while
minimizing the impact on the environment. Hammond and Hunt, proponents of the
"environmental ethic'", received political support for their activities from
the majority of the City Council and from the general public.who shared their
ideology. This support was necessary in overcoming the objections of the
building commﬁnity and the reluctance and inertia of local government so

that an energy code and energy planning policies could be adopted.



The selction of an "actionforiented" energy strategy aimed:at reducing
‘energy consumption‘in the shortaterm future‘was‘very important in getting
energy innovations adopted by the community The'consultants and local -
government could have developed an energy plan prepared an energy element
for the General Plan or established an energy committee to evalute the energy '
problems of»Davls.b The adoptlon of an energy conservatlon bu11d1ng code and |
energy planning policies, combined w1th ‘a strong publlc educatlon program,
were measures that would ensure:immediate action on the energy problemSv
confronting-the City of Davis. Political support‘of key decisionbmakers )
and,the.community,‘earlyvreCanition of a local energy problem, ava1lab111ty
of technical expertise, and the provision of an adequate data base, were suf-
vficient.conditions for the selection of this‘strategy.- o

The adoption of energy'innovations in the Davis community entailed both’
structural and behavioral changes in 1oca1 government Structu1al change
was reflected in the adoptlon of the energy code and energy plannlng ordlnances.
dIn'partlcular, the energy code was a pJece of leglslatlon that had clear and
consistent. pollcy standards, necessary to enforce the- 1ntent of the code._
Aside from this leglslatlon there was very little structural change in local
government in adoptlng the 1nnovat10ns no new organ1zat10ns created no
51gn1f1cant budgetary changes, nor major personnel transfers.  In sum, the
prov151ons of the'code-and p011c1es were principally 1mp1emented w1th1n
existing. governmental structure.v | | o ' -

_ Behavioral change was the major type of change that occurred as a reSult

of the adoptlon of the energy conservation building-code and energy.plannlng
policies, . Members of the building‘and planning professlons-were required‘to
1nc1ude energy concerns w1th the1r ‘traditional: concerns (e.g., publ1c safety,
cost, aesthetlcs) 1n de51gn1ng, constructing and developlng r651dent1al and dg
non-residential bulldlngs,and streets. . Values-and attrtudes were,re-exam1nedvr
.to determine the priority of energy conCerns in relationship to the individualls
and community's value structure. While most people lnjgovernment and in the
building community have.accepted the importance of energy conerns'in the
.shaping of the Davis communlty, ‘there are several 1nd1v1duals who St]ll

questlon the 1mportance of energy over other lifestyle concerns..
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In summary, the Davis experience has shown that energy conservation
and alternative energy technologies can be adopted and implemented by local
governments without significant expense and difficulty. Strong political
support of these innovative technologies was‘essential for overcoming the
active opposition and inertia of members of the community. Thus, if local
governments wish to develop and implement their own energy policies, exist-~
ing resources should be devoted towards obtaining support for these poiicies
from key decision makers (e.g., City Councils, Boards of Supervisors) and
from the general public (e.g., through a strong public education program).
Without this support, energy studies and policies of local governments will
not have any effect on the reduction of energy consumption in their com-

munities.

C. Advantages and Disadvantages of Local DevelopmentAof Energy Policies

The ''Davis Experience' has demonstrated that local communities which

‘are aware of the energy situation, willing to support innovative ideas and
xpublic measures to carry them out, and which have the leadership and téch-
‘nical expertise (both inside and outside local government) to adopt and
implement those measures, are able to take the necessafy steps to try to .
?reduce local energy consumption. However, Davis' efforts occurred at a
‘time when both state and federal governments lacked comprehensive energy
.policies for solving the ”ehergy crisis'. Presentiy, both governmental
levels have established 4 multitude of energy policies for increasing con-
ventional and alternative sources of energy and for decreasing the consump-
tion of energy. Consequently, communities that have not developed any.
_energy policies must ask whether they should attempt to develop their own
energy -conservation building ordinance and energy planning policies, or |
"instead, rely solely on enforcing those policies deVeloped at the state and
~ federal levels. ' |
' There are many reasons why local governments should seek to develop
i their own policies. First, by'adopting their own policies, local govern-

~ments are able to maintain their local autonomy and local control in the’
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.face of 1ncrea51ng state and federal 1ntervent10n at the local level. ASecond
since it 1s usually easier to obtaln the close 1nteract10n and 1nv01vement of
_people at the 1oca1 level (1nc1ud1ngvthe 1nc1v1duals who-wrote and who are in
charge'ef implementing policies), local governments may have an easier time
in enforc1ng their 1oca11y developed pollcles ‘ Accordlngly, local ordinances
are seen as being.more respon51ve to the needs of the communlty, in contrast
to State pollcles that are. commonly developed w1thout local 1nv01vement
Third, since State energy conservation standards are app11ed to broad geo-
graphic regions in the State based on the number of heating degree days‘ '
(California Energy Commission, 1978a), there 1s a need for local governments
to formulate energy conservatlon codes and p011c1es that reflect local top—
bography, local mlcrocllmate and local values 1n order to achieve good hou51ng
~design that saves energy and which may be more restrlctlve than the State's
" general standards Hence local ordlnances prov1de the flex1b111ty that can
v.meet the different heatlng and coollng needs of different geographlcal areas
(e.g., the desert or the mountalns) as well- as ‘the diverse communlty needs
‘whlch affect the quality of the code. F1na11y, by adopting an energy con-
servatlon building code and energy plannlng p011C1es, local governments can’
' use these efforts as a foundation for continuing their involvement in the
development of 1ocal.energy.sources.(e;g., hiomass and. wind energy)itoifqrther
- reduce their dependénce»on-outside sources of energy and save money in the
long run. o ’ o -

On the other hand there are certain dlsadvantages in the development
of local codes and ordinances. Therevls a need for a 51gn1f1cant amount of -
technical expertlse (by local staff or outsidehconsultants) to deVelep'a
sound energy conservation building ordlnance and - energy planning p011c1es
Also, local governments must possess an ‘educated bu11d1ng inspector as well
as other city personnel such as planners engineers and technicians who are
willing to learn and 1mp1ement new technologles The development andfimple-
mentation process may also requlre a S1gn1f1cant amount of fundlno which 1oca1
governments presently 1ack Federal or state governments could assume an
important role in the local energy arena by prov1d1ng funds to local communities

for the development of their own codes and policies or by tallorlng State and
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Federal regulations to regional differences. Dependence on the Federal
government, however, may lead to a different set of problems for local
governments. Consequently, despite the advantages mentioned previously,

. local governments in California may wish to rely on enforcing Stafe regula-
tions and policies rather than generating their own programs.

In Davis' expefience, the community received State and natienal renown
for the development of their energy measures but no monetary fewards for
reducing.residential; cemmercial and industrial energy conSumption.v However,
local governments can receive both symbolic and monetary rewards for their |
efforts in reducing energy consumption and promoting the use of renewable
sources of energy by establishing their own municipal utility company. This
strategy not only leads to greater local autonomy but also provides an in-
centive for local governments to increase their efforts in the energy conser-
vation field. These incentives could also be provided by independent utility
companies (e.g., Pacific Gas and Electric, and San Diego.Gas'and Electric)
which could adjust utility rates for communifies which conserve energy and/
or utilize renewable sources of energy. However, this option may not be
practical for utility companies if the reduced rates lead to a decrease in
net revenues, so that the creation of municipal ntility companies may be a-

more likely option.

D. Future Areas of Investigation

The Distributed Energy Systems Study Group is planning to conduct its
next investigation of the influence of local planning policies on the use of
energy‘conservation measures and renewable energy . sources in San Diego County.
This region offers a more complex governméntal system in respect to the great—
er number»of key decision makers and interest gfoupsi The County has been
involved in the energy field for a number of years. ‘The Board of Superviéors
has recently voted to require solar water heating systems for new homes built
in unincorporated areas as of October 1, 1979, and this policy would be
extended to all new residential constuction in 1980.

The study of the ''Davis Experience'" has generetedeseveral research is-

sues which should be investigated to achieve a better understanding of the
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‘opportun1t1es and obstacles in plann1ng for ‘an energy conserv1ng soc1ety in

Callfornla o

"1. Davis Issues

v

A. Retroflt Ordlnance the C1ty of Dav1s will be conductlng publlcv
"hearlngs thlS year on a proposed retrof1t ord1nance to 1mprove the
'thermal performance of ex1st1ng dwelllng unlts : An analy51s of" the
':development and 1mp1ementat10n of thlS proposed ordlnance would

complement the f1nd1ngs of this report

B. Impact Analys1s of JaVlS Energy Code a comprehen51ve quantl—.

tative evaluation of homes bullt under the energy code is needed
1to'determ1ne how much energy is saved compared to: (a) Dav1s homes o
bu11t prlor to the code, and (b) homes built 1n nearby communltles
" under the new State energy conservatlon regulatlons In addition
‘to quant1tat1ve measurement of dwelllng un1ts a behav1ora1 study
is needed to examlne the energy conserv1ng behav1or of Dav1s

re51dents compared to res1dents of other communltles

2. - Building Code Case Studies

A. County of‘SacramentO'. the Sacramento County Board of Superv1sors.

"defeated a proposed energy conservation bu1ld1ng code that was

‘l developed by the ‘same consultants who developed Davis' code ~“An
‘ana1y51s of the re51stance to proposed 1nnovat1on will be very
helpful in understandlng the d1ffu51on of innovation in dlffgrent

cultural contexts.

B. The.City of’Indio: Indio adopted an energy conservation-building'

code that was. very similar to Davis' code. An analy51s of the
development and 1mplementat10n of this code would be an excellent

[N

comparlson t}O this ..report.
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3.

State Issues

State Energy Conservation Standards: the California Energy Com-

mission's energy conservation regulations became effective July 1,
1978. An analysis of the development and implementation of these
vregulations, with an emphasis on the mechanisms used to resolve
local-State differences, will provide.a'better understanding of
the advantages and disadvantages of the development of energy

policies by local government.

Solar Access Legislation: the State of California has recently
passed two pieces of legislation (AB 2321 and AB 3250) which

encourage local governments to protect an individual's solar ‘
rights. A survey of local governments is needed to determine to
what extent they are complying with the new legislation and what

problems remain for protecting solar access.

Role of Utiljgy Companies: ut111ty companies have been 1ncrea81ng

thelr 1nvolvement in the energy conservation and solar energy fields

durlng the last several years. Specific issues that need to be

investigated include: (i) an analysis of incentive programs utility
companies are conducting for encouraging local governments to save
energy; (ii) an examination of thé»problems utility companies have
encountered in:leasing energy conservation equipment; and (iii) an
evaluatlon of municipal utility companJeQ' efforts to save energy
to determine if they are saving more energy ‘than local governments

that do not own utllltles
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YEAR
1970
1971

1972

1973

1975
1976
1977

YEAR
1970

1972
1973

1974 .

1975
1976
1977

TABLE 1

Energy Consumption in the City -of Davisl

I. NATURAL GAS CONSUMPTION

A. Annual Gas Sales (in thousands of cubic feet (Mcf))

RESIDENTIAL?
668,142
788,125
843,724
876,693
883,418
1,017,941
934,608
870,328

B. Annual Number

COMMERCIAL
181,781
208,929 .
227,049
229,943 -
230,685
246,813
189,539
159,670

of Gas Customers

RESIDENTIAL?
6,339
6,832
7,716
8,361
9,165
9,652

10,069

10 550

COMMERCIAL

368
376
383.
383

INDUSTRIAL

306,756
403,671
340,552
366,823
535,015
625,628
439,409

437,489

INDUSTRIAL

5

(S TN B4

[#2]

[#3]

r

TOTAL3

1,172,035
1,419,044
1,426,998
1,488,871
1,662,274

~ 1,904,953

1,576,114
1,477,578

Tora®
6,712
7,212
8,102
8,747
9,546

10,038

10,459

10,9472
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 TABLE 1 (continued)

- C. Annual Customer Gas Consumption (Mcf/custbméf)

YEAR ~ RESIDENTIAL’

COMMERCIAL - INDUSTRIAL TOTAL®

1970 . R 105 ) : » o doa o 61,352 - 17s
-ﬂ1§71 SRR o 115’;;' o sse '-'.86;734_5-,' 197
‘,1972 - j REET 592 T 113,517' . 176
‘1973:; -A_f  B o 105; - 600 V,; o _122;2?4 | .  _ 170
w074 96\.1. : el L s, . - f174 
Cowers 105 | L 645 _'. R 208,543- o 190

. 1976. | . 93 . _t_ g9 - ue,a70 9151

1977 . s2 . a0 - 145,8%0 135

» ' v



~ TABLE 1 (continued)
I1. ELECTRICAL CONSUMPTION

A. Annual Electric Sales (in kilowatthours (kwh)})

-69~

YEAR RESIDENTIAL? LIGHT AND POWER"* TOTAL °

1970 47,660,967 38,513,281 88,873,419
1971 55,105,204 41,511,231 99,454,844
1972 62,947,528 45,980,310 111,878,098
1973 70,213,751 47,660,043 120,718,827
1974 72,270,871 46,660,043 121,637,322
1975 75,841,868 50,136, 337 129,228,894
1976 79,727,622 49,606,192 132,964,416
1977 78,869,361 47,354,213 129,917,328

B. Annual Number of Electrical Customefs

YEAR RESIDENTIAL? LIGHT AND POWER* ' TOTAL °
1970 7,228 506 7,772

1971 7,797 511 8,349

1972 8,792 533 9,370

1973 9,619 - 550 110,216

1974 10,630 553 11,252

1975 11,247 567 11,862

1976 11,689 640 12,391

1977 12,480 645 13,185
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TABLE 1 (cohtinued)

C. Annual CuStomer'Eleqtr}eaI Consumption,(Kwh/customer)'

2 o o 4 . 5

YEAR RESIDENTIAL © . LIGHT AND POWER® TOTAL
1970 | 6,594 o | 76,164 . 11,435
1971 = _,'_ o 7,067 o - o 81;275 S B 11,913
972 el 7,150 I 86,308 o 11,940
1973 7,300 S see69 v>11)817‘
U174 6,799 s 10,830
to7s - oe7da sz 10,894
Cvere 6821 ) - - 77,540 . 10,731
1977' lvl.t o . 6;320 e 73,399 T | 9,853

- SOURCE: Economics and Statistics Dept; Pac1f1c Gas & Electrlc Company, San Franc1sco CA

1Thls data is for the 1ncorporated ‘area of the Clty of Dav1s

2Thls sector includes 1nd1v1dual metered and master metered’ dwe111ng ‘units. C
Some large apartment buildings are not included in thlS sector but are rncluded in, the 1ndustr1a1
sector 51nce they are charged industrial rates. : f

SNatural -gds totals include re51dent1a1, commerc1a1, 1ndustr1a1 sectors as well as other sectors
not: llsted in. thlS tdble o

4L1ght and power 'is an approx1mat10n for 1ndustr1a1 and conﬁumer sectors, however other sectors
are. 1nc1uded in this column. ~ :

551ectr1ca1 totals include residential and light and power sectors as well as other sectors not llsted
1n thls table (e.g.,. agr1cu1tura1 power and street 11ght1ng)



Primary Energy Use in Davis

TABLE 2

(Per Cent Primary Usage*)

Gas Electrical Gas § Electrical
Residential 129.92 . 25.88- | 55.80
Industrial 18. 49 2.16 20.65
Commercial 7.25 15.14 22.39
Street Lighting .65 .65
Agricultural Power .17 .17
Subtotal ‘55.66 44.00 99.66

- 'SOURCE: Davis Energy Conservation Report, by Jon Hammond; Bill Kopper,

Gloria McGregor,

p. 3.

Living Systems and the City of Davis (1977),

N » :
~ Does not include losses incurred in electrical generation.
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" TABLE 3
Re51dent1a1 Energy Consumpt1on Local State S
| --‘and Natlonal (1975) |

NATURAL Lo ) - ELECTRICITY*
 GAS B ' '
 (Billions of Cﬁbic Féet) . (Billibﬁs of Kilowatt hours)
Davis. .  f : E \7 1.02 ' o | ._"_ ‘ 076
. |california | - 63140 4338
|United States | . 4824.12 . ~ 586.15

- SOURCE: For California and United States: Federal Energy Data System:

. Statistical Summary February; 1978 (U.S. Department of Energy,
Energy Information Administration, . D1v151on of Consumptlon Data
Studles, Washlngton D c.)

For Davis Data: Economics and Statlstlcs Department Pac1f1c
~and Gas Electric Company,  San Franc1sco Calif.

* .
Electricity purchasedh
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TABLE 4

‘Mean Average Daily Solar Radiation for Davis (By Montﬁ)1
' (in langleys per day)

JANUARY ’ 173

FEBRUARY , ‘ 243
MARCH ' | . 386
APRIL - 524
MAY 629
JUNE | | 685
JULY 688
AUGUST ' 616
SEPTEMBER , 501
OCTOBER a7
NOVEMBER . 220
DECEMBER - 155
ANNUAL : 431

SOURCE: California Department of Water Resources, California
Sunshine--Solar Radiation Data (Bulletin 187,
- August 1978; Sacramento, California).

1These meaﬁ figures represent data collected from
1957 to 1976.
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~ TABLE 5
'Building Permits»ISsued In Davis! :
(in dwelling units)

CALENDAR ~ SINGLE-FAMILY > - SINGLE-FAMILY - .~ MULTIPLE = COMMERCIAL = ' TOTAL DWELLING
YEAR DETACHED _  ATTACHED . - DUPLEX _ FAMILY _ _ BUILDINGS TOTALS _ UNIT VALUATION

1970 - 176 SR o 1 2 402 R : fdszo_'

71 369 PR o 6 76 oun

72 a2 s s e i N TI

1973 . 395 oo R T 662 1199 y $17,591,340
;974f_, o wm s e s s 5,857,000 -
1975 o - 167 1' 97 S 44 b;f sz ) 360 9,812;000s
"i93%“'-‘ L 237 s | h'. 18 .»,v 513 i_'_}' e ,_éos , f, 18,190;900f

1977 . 36 . 209 . 18 120  .(20) . - T713. - 20,889,000

- SOURCE: City of Davis,,Bdilding_Inspection'D{viéion;

These numbers represent the number of dwe111ng unlts that have recelved a perm1t to bu11d they approx1mate the .
. number of dwe]11ng un1ts actually bu11t

2From 1970 to 1972 1o records were kept for the separat1on of types of slngle fam11y homes Hence, these numbers
include attached as ‘well as detached s1ngle famlly homes. : . - :



- TABLE 6

Electrical Energy Use in the Average Davis Household

PERCENTAGE OF ELECTRICAL ENERGY

CATEGORY | . USED IN HOUSEHOLD
Air conditioning | - - - 31%
Refrigerator | ‘ 14%
Freezer ' 7%
Lights 7%
Clothes dryer 6%
Television 6%
Range 6%
Dishwasher 4%
Miscellaneous v L 19%

TOTAL 100%

SOURCE: A Strategy for Energy ConSefvation, by Jon Hammond,
Marshall Hunt, Richard Cramer and Loren Neubauer (1974),
p. 3. ‘ ]
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TABLE 7

‘Energy:Use in. the Average Davis'Houséhold‘_

" CATEGORY
Automobile
'Space'heating and cooling =

nghts, clothes dryer,'
telev151on and other- appllances

'.'Refrlgerator, freezer

vHot ‘water

TOTAL

PERCENTAGE OF ENERGY .

USE 1IN HOUSEHOLD

REN

o
o

Ju
o

100%

SOURCE: . Davis EnérngConservation Report, by. Jon Hammoﬁd,ﬂ
' Bill Kopper, Gloria McGregor, Living Systems and '

the City of Davis (1977), p

76-
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APPENDIX A

TheéHousing Development'Priority Brogram

The implementation of the energy conservationxbuilding code and the.
energy planning policies were components of an extensive regulatory pro-
gram that'was being enforced by the City of Davis. Perhaps»the most im-
portant regulatory program affecting thevbuilding community during the mid-
1970's was .the Housing Development Priority'Program (Ordinance No. 765) that
had been adopted on'July 9, 1975 and became effective August 9, 1975. The
objectives of this program were to provide: (l)vorderly reeidential develop-
ment toimeet the;noeds of the -community; (2) proteotion'of adjacent‘prime
;agricultural land; (3) hou51ng and services for the student body, faculty
-and employees of the Unlver91ty of . Callfornla at. Dav1s (4) adequate hous-
1ng»for persons of low, moderate or fixed 1ncomesfyand (5) eﬁvironmentally
sound'development patterne. The members of the C%iy Planﬁing Co@mission
served as membersvofJa Housing Development:Review Board which impiemented
this growth management plan affecting both- 51ng]e-fam11y homes and mu1t1plc-

famlly developments.

~An Annual Needs Survey wes developed to determine the need for housing

in .Davis. The Survey coﬁpared the existing housing stock in the planning
areas of the City with the need for new housing stock, and set.an annual
needs number, encompaséed'within an overall three year needs number. The _
- first year needs number was deflnlte and definite approval to build followed.

The second and third year needs numbers were tentatlve and tentatlve approval -
‘followed The Needs Surveys 1dent1f1ed the numbers of low, moderate and hlgh
income 51ng1e and mu1t1p1e family housing units needed in each of the plan-
ning areas of Dav1s ThlS identification was necessary for ach1ev1ng the
goal of a 51m11ar mix in types of housing avallable across the c1ty S0
that property values and social 1nteract10ns would be malntalned wherever

one lived in the City.
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'Upon:the completion of the AnnualfNeeQS’Survey, all of the proposed'f

: planned unit developments:were rated by_the HOUSing Development*Reviewi |
Board.on the'basis of ten criteria,-in orderaof‘theirfimportanCe: _inter-

nal growth needs, economic mix, low and moderate-income'housing,;environ—_
‘mental impact,iavailability of'public services and facilities, ‘compactness,
design diversity;:economic,impact,_feaslbility;and'competition'[ReSOIUtion- .
No..1604,vAmplification,of.Houslng Development Priority Criteria).; It should -
be noted that energy conservation was worth'ZS%'of‘the pointigiven in'the'
enV1ronmental 1mpact category On the{basis‘of these.ratings the Board'
determlned whlch prOJects were, e11g1b1e for approval based upon the number
‘and types of residential units allowed. The number of approvals are deter- f'
-mined on the basis of (l) the General Plan (2) the number of un1ts approved
and actually constructed in prlor years (3) avallablllty of ut111t1es and

: public services, (4) the‘goals purposes and obJectlves of the Housing
-Development’Priority Program; and (5) ‘the Annual Needs Survey._,

The 51gn1f1cance of this program 1s that - the.Hou51ng Development Prior-
v1ty Program glves the C1ty a great deal of control over the type and de51gn _
" of constructlon which occurs in Davis, thereby strengthenlng the C1ty s |
_power over the building communlty Furthermore,'the Plann1ng Commlss1on .

'.and the City Council .give po1nts to developers ‘who ut111ze 1nnovat1ve energy

conservatlon features in ratlng their prOJects (I Hunt Streng) Consequent- _

ly, builders who go beyond the prov151ons of the energy code have a better

-‘vchance of rece1v1ng housing. allocatlons than those bu11ders who are not-as

*innovative (I: Corbett)i Also, bullders whO'do_not-comply with the energy

.code 'do not have any chance of obtaining houSing allocations.
The bu11d1ng communlty has -been . very upset about thlS program for a

number of reasons (I: Kopper, Roe Streng, Whitcombe). Builders. argue that

‘regulatlng the supply of ‘housing has led'to an artifical'housing shortage
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in the Davis area, ‘thereby raising the price of housing (I: Streng).
Since the City also requlres builders to prov1de some homes in their
planned unit developmento for low income people, their margin of pro-
fit is reduced, and builders are forced to ‘build more expensive cus-
tom homes rather than inexpensiVe tract homes in order to maintain a
profitable business. Consequently, several builders have been for»
ced to leave the Davis- community to develop in other areas where

they can make more money (I: Whltcombe)

Some individuals have pointed out some weaknésses in the builders'
complaints about the Housing Allecation Program; There are 600 to 800
houses that have been allocated but have not heen built in Davis, and
there is an abundance of empty homes in the Davis area, the most in
thirty years; thus, there is no.housing shortage (I: Hardy). Also,
the dramatic increase in housing cests is more prebably due to rising
costs 1n energy, materlals and labor rather than due to regulatory

programs per se.
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R ORDINANCE NoO. 784
R AN ORDINANCE ESTABL!S"INC EHFRFY rG\SFPVATION PERFORMANCE
SIANDAQDS FOR RESINENTIAL CONSTRUCTION WITHIN T"E
. CITY OF DAVIS

: g THE CITY COUNCIL OF THE CITY OF DAVIS DOES HEREBY ORDAIN AS
FOLLOWS: ' : . .

/Scctton 1. Flndings.

- A, The people of the State of California ‘fdce the likelihood
of 8 wajor energy shortfall and the certainty of rapidly rislug encrgy
custs uwue tc uncertaintics apout present and future supplier of ratural
445, and the inability of powerplant cunstruction to keep pace with the .
rising derand for electricity. Energy demand for the heating and coeling
ot residential structures has been rising faster than demand in other -
sectors and rising household eneriy bills are becoming an inLreasing ’
econcuic burden for lower aﬂd middle income ' familics.

8. The SLate of California has adopted an energy and noxse
lnsulitlon standard under the provisions of the Calilfcruia Admimistrative
(l(L, Ticle 25, thapter I, Subchiapter ‘1, Article 5. This standard will
‘malte can irporcant centribution to inprovlng housing in the State, but

'd'c to tue unlque chavactevlstics of the Davis climate, the State
-|r;~.l1;)oﬁs are deered to be inadcquate for . use 'in the Ctty of Davis.

. C. }a1y y»ars of research 1/ at the University of Caltfornil .
- at Davis have estaull;hed the following facts.

(A) An expgrxnencal room with large’ wfndows facing west
oo r-gula'ly schicved tenperdtures in excess of 140°F during the swmer in
CD Davis. The preblem of vaihaded windows is inadequately dealt with in
the State code, Consequently, dwellings which will overheat to such. en
~exicnt that théy are unfit for human habitation ray be built under the
State stanJard. . .

1/ See Research Bibliography,

2/ R, D. Cramer and L. HhANéubuuer, "Solar Radiant Cains Througa ~
D\~rkll”n‘l Glass Exposura', American Scoiety of Heating,
“Refrigeration and Alr Conditiuﬂing Engineers, 1958; presentsd at -

- Lake Piacid, New Yurk, June 22 29 19J9 ASHRAL Traw>act10ns (1959),
\ol 65, ho. 59, P A99 .

L-AT
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Appendix B

5/ Jonathen Himond, Hivshall Kunt, Richard Ccamer and Loren heubauer,

Co (2) It hdas been found in erperimcntul structures ln Davla
that solar heat .gatus frou properly orxcnceg windows -can significantly
reduce the need for hecating in the winter. 2/ This factor Ls not
credited in the State code, )

-(3) 1t has bheen found that the thermal capaclty or heat
storage ahiliry of the buildlng ftself can help c7 ameliorate daily
temperature extremcs of borh sunmer and winter. This Iactor is not
accounted for in the Stute code, :

D. From 1973 to 1975 the City of Davis commissioned a stud
wblch corroberated the experimental vesults descrvibed above by extens{vely
studying the performance of actual buiidings in Dayis, Boih the thermal
perfornunce and actual enargy use were examined. 2, It was found that:’

(1) Some dwellings becahe dangerously hot (100-1!0 F) in
the summer due to direct solar heat gains through large east nr west
facing windows, while {dentical dwellxng> with north:or. south facing

‘windows r;xalned comfortably cool (75-80°F) and ‘theréfore, used substan-.

tially less energy for cooling.

(2) Duelllng units with south windows exposed to winter
sun were significantly waimer during the winter. (over LO°F warmer on cold,
sunny days) end used significantly less encrgy for- heating than dwglllng

.units with vtndous (acxng other dxrecttons. .

(3) Some dwelllng units with vindows on only one side had’
no through ventilation ‘and would not cool at night even on cecol, windy,

summer eveniugs, thereby requiring exp;nex\e cooling system- opoxatxon.

E. As part of the above mcntionrd study, the Davis cliuate was
examined in light of the needs ior energy rcnservation and the following
findings were nade.

(1) Tne davtime maximum temperatuxe durirg July, ‘the

‘hottest month of the year, averages 95°F; nowever, the nighttime minimim

avervages 55.3°F. These- nighttime lows: are caused by thermally induced

sva breezes originating over. the Pacific Ocean which flow into portions

of the Lcntral valley thxough the Carquinez Straits. (7] These local

3 L. W, Neutaucr, "Shapes and Orientations of Houses for Natural =

.Couling", Transacticns of the Amerfican Society of dsricultural
En ginaura, VoI, IJ, ua. T, ep. 125, 127, 178 ‘;9725

4/ R. D. Craser and Loren W, Neubauer, "Thermal Effccts of Floor
Construction’, ASHRAR Jourral (Jaﬂuar), 1961), six pages.,

A Sirategy fur ‘re“fv (onﬁerVaonn (197w).

Q/ Univercity of Caleornia Ag.xcullure Extenulon Servlce, The Climate
of Yolo County (A9’l) :
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climstic facters w2re found to all but eliminate need for sumvertime
air conditioning in residential builcings ni the following conditions are
mat: .

(a)  The windows are protected from direct solar
radiation; C

(b) The walls, flcors and cuillngs are'adequately

Ansulated;

(c) Adeqjuate thermal s:orage capaclty is prnvided
within the structure; and

. (d) Cross-venttlatlon for summer nighttime cooling
is provided,

(2) Durinz Januury, the coldest vinter month, -the average
24-hour outside terperature is-43.3°F. 2/ On the average, Davis recelves
sun for flity-six percent {56L) of thre Tire possible during the flve
winter monchs. 1The frequency and duration of winter sunshine is such
that- the need to heat residential buiidings ls substantially - reduced lf
the {oilowing conditions are met: .

. {(a) The vallt, ficors and celling- are ldequately
{nsulated;

b)  Adequate souch faclng glass exposed to the
wincer sun is provloed and

{e) - Adcq_ate thercal storage caaacity is provlded
within the lnsulated Sniil of the structure.

F.  Vie to the PUOIe stated factors, it ‘has been {ound that:

(1) Conuiuerab\y better minimun peclormance levels ‘can be
required {n Davis then provided for bv the State code without unduly
ees?r(ctlng dcs‘gns and ralsing costs, or r»"ultlng new technologles.,-

) {2) . The present Srate code alinws the construction of
yildires that will be unfit for hursn hahitation in the event of the
errurtion in fas or ciectrival senice dluxng one of the freqguently
rrin het er celd weathor evels.
3 rely addsess the heat loss and heat gain
(vﬂax"rh(xnn< of glazinz and glaziry ‘crientation, dees not aueauately
desl with the Davis cjinatic conditions,

ion in the real cost of housing
i thermal performance hy lowering
at coses of xruro*lnh the

(N rforsiderable
can be ﬂ.dlfv‘ﬂ in o :

wiih

{en, the

-a arvage iv offset Ly the resultanr savings
vice T rorl ey heating and ‘cr cooling egquipmeat requl'ed
for a thermaliy effic 0"! s.ru~c.re.

-3-
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Trerefore, the present State code; i

Secticun 2, Definitions.

The fellowing words and phirases shall have the meanings
respectively ascribed to thew by this section:

A. ™inter Lesign Day" shall refer to a day upon which ft
shall be ossured, tor parposcs of structural heat loss calculations,
that all of the following climateclogical cendicions exist:

{1} The sun's path and resultant anples of dir@ut sun-
light shall be those which occur on Decesher 21 of each year st
latitude 38° 32' Korth. These anzles can be approximated by using

lacitude 40°* lorth data. (See Table 1.)

(2) - The sun's intensity through glazfoy shall be :
calculated for December 21 of each year at latitude 38° 32' Korth; thin
can be approximated by using latituds 40° Nerth data, .(See Table l.)

(3) The 24-hour average outside temperature is 45°F,

(4) For the sake of oetern‘ning the external air film
coefficient, the wind speec shall be assured to be 15.0 m.p.h. in .
accordance with ASHRAE pro"edures.

B. "Summer Design Day™, as used lu this ordinance, shall
refer to a day upon which it shall be assuned, {or purposes of
structural heat gain calculations, that ali of the foijowing climato-
logical conditions exist: C o

(1) The sun's path and resultant angles of dlrect
svnlight shall be those which occur on Suzust 21 ef -each yeac at
latitude 337 32°' North, These angles can be approximated by ucing
latitude 40° Narth (See Table 1,) ~

(2) 7The sun's intensity throv;h rlazing shall be
calculated for August 21 of eacn vear at jatitude 38° 32' Norch; this
can be approximated by using latitude é9° North data. (Sce Table i.)

{3) - The cutside temperatures on Auhust 21 sball be
assu&cd to. be, at each hour, Pscific Standard Time, as 1ollovs.

_‘_I'_lpu. A. M, - Iemp, °F . Tioe p, M. Teup, °F
1:00 66 1:00 . 93
2:90 - ' ' 6% 2:00 : - 99
3:09 61 3:00 100 -
4:00 . 60 4:00 99
5:00 59 5:00 98
6:00 59 6:G0 : 95"
7:00 67 7:00 91
8:00 72 3:00 87
6D 78 900 !
10:00 82 10:00 7
11:00 7 11:00 73
i2:00 91 12:00 68

e
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- (4) For the sake of determining the exterior air film
coetficient, the wind speed shall be 15 m.p.h. in -accordance with
AL HRAE Drocedures.
: C. "Floor Area' shall refer to the total habitable area of &
daelling wnit (expressed in squire feet) which is within the exterior
fdce of the insulated- shell of the structure and which is heated or cooled,

‘ v Sectlon 3. Minimm Performance Standards Adopted.

The City of Davis hereby adopts minimum standards for the
thercal performance of buildings to be constructed within the City of
"Davis, .In order to achfeve maximum thermal performance, the performance
statidurds have been carefully adjusted to the special problems and

- opportunities of the Davis climate.. These standards shal! apply. to all

‘residential structures destgnated Group H and Group 1 in the Uniforn
Butldtng Codc. to .

o A, Uinter Performance Standard. - For a winter performance
standard the Total Luays leat Loss per square foot of floor area during
the winter design day shall be as follows: For single- famxly, detached
‘structures ‘designated U.B.C. Group I, see Table 2; for mulzipic -
dwellinzs, U.8.C. Group H, the Total ‘Days -Heat Loss shall not exceed

one hundred twenty (120) BTU s per square foot of floor area. Conmonwall
Group 1l .structures shall meet Croup H standards. The tesolution
csLAbllshlng methiods of compliance with the performance standards will
allow for numericzlly increasing the perrissible standard on the basis

of surface arcas in common in order to equitably deal uith the variabillty
unluh occurs in chis class of dhelltng units,

8. qu\er Per formance Standard., Fox 8 sumror per formance
standard, ‘the Total Days heat Gailn per square foot of flnor.area during
the Sumxer Desigrisbay shall be as -follows: For single-ramily, detached
structures, U.B.C. Group 1, see Table 2; for mulriple dwellings
U.B.C. Group H; the Total Days Heat Cain shkall not exceed forty (40)
BTU's per square foot of flour area,  Commonwdll Group I structures
shall meet CGroup H standards. The resolution establishing methods of

compliance with the perforrance standards will ‘aliow for numerlcally

fhvredasing the permissible standard on the basis of surface areas in-
cormen in order to equitably deal uith the var!abxlity which occurs in
thiy class of dwellxn; unies,

Section 6 zthods of Compliance with Performance Standards
to’ b; EstabTished Ly P solutxon

.
- standard methods for calculating the perfortance of a proposed

._atruhture to deterwine conpliance with the stnndards of ‘this ordinance
‘shall -be adopted by rcsoluclon of the City Council. :

Scction 5 Auﬂlntstration “and Enforccment.l .

A, The provxsions of this ordinance and the resolution estab-

llshln"the methods of coaplliance shall be admlnxstered by the Building
Offlclnl -of the Cicy of Davls.

S o -5-
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- °292,.5° and 067,5° true (N67.5
* (S67.5°W and S67.5°E), shall be exempt from glazing shading requirements

B. Ko building permtt shall be issued by the Buildlng
Official for any new stiucture subject.to this ordinancé unless such
struccture is found to be fn compliince with the wintér and summer
performance standards Helcby establ‘shed. .

Section 6. Part1a1 Exenption,

Structures designated U.B.C, Croup I to be built on lots :
which are unimproved with structures and for which a tentative subdlvl-
sion map has been approved prior to September 1, 1974, shall be exempt
from glazing shading requirements adopted by resolution pursuant to
Section 4 of this ordinance. To ‘the extent that the exemption from
glazing shading requirements causes a structure to exceed the performance
standards established by Section 3 of this ordinance, . such lncremental
excess shall be permitted, - :

Partial Exemption.'

- Sectlon 7

Structures designated U.B.C. Group 1 to be built on lota which
are unimproved with structures and for which a tentative subdivision map -
has been approved prior to January 1, 1976, but after September 1, 1974,
and which lots front upon a porLton of street having an axis between
°W and N67,5°E) and 247.5' and 112.5° true

adopted by resolution pursuant to Section & of this ordinance. To the
extent that the exemption from glazing shading requirements causes a
structure to exceed the performance standards established by Section 3
of this ordinance, such incremental excess shall be permltted

Section 8. Variances._ . S -

A, Purpose. The purpose of a variance la to allow variatlou :
from the strict application of the- requirements of this ordinance and
implementing resolutions where, by reason of the exceptional narrowness,
shallowness or unusual shape of a spécific plece of property, or other

.extraordinary situation or condition of such piece of ‘property, or of

the use or the development of property immediately adjoining the -
property in question, the -literal enforcement of the requirements of
this ordinance would involve practical difficulties or would cause undue
hardship unnecessary to carry out the spirit and purpose of this

...ordinance, In most cases, the varlance shall only relate to the allow-

able area of unshaded glazing permlssible under the resoluttons

lmplemencing this ordinance.

B. Anglication. Application for a variance shall ‘be. made by

‘the property owner or the Board of Building Appeals or the Community

Development Director on a form prescribed by the City, and shall be

accompaniied by a fee as prescribed by resolution adopted pursuant to
City Code Section 29-12.1,-no part of which shall be refundable. No
fee shall be charged if the variance is initiated by tlie Board of

-building Appeals or the Community Development Director.

»
"

-6-



fSS‘v

v-Al

Fev vart.

C. Mops .‘nnl D
denonstratﬂ that

the subject ¢

qulrod Lo F.
. '\lv to R section whig
iy —exisbing LHtaie

Maps and 1tawtn;s s
rt {crth

FRUASY
tions and scal 5, and
other data oo i . LA it wiler Lo oo [T . . o f
variance. . : i the Ruildin; [REERS ¢

. appeal tu ail p e b T
CThe Eoard of Toibding Appe Ay of pul-lic heariuy to

the following coauitiens are founu:
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G. or
grant a variance
. thie Bea.d of
1 he sublect to
‘the Board «f

. . : H. Review of the Decision. The decisien
(1) That auy variance granted shall be subject: to such . - Bullding Appcals’to grant or deny tne appiication
ccnditions as will assure that the adjustment thereby autheorized ehnll - appeal in accordance with the resolutton estatiish
noct constitute a grant of special privilege fnconsistent wich the . Bullding Appeals,

lioitations upon other similariy sitaated proprrtxcs which were developed

under the limitations of tnlq Ordxhanct.

(2) That because of special circuistances opn.lcable
to the qubject property, the Strict application -of this ordinance is
found to deprive subject property of privileges cnjoved by other similar
droperties which were developed under the limitations of this ordinance.

) (3) Thatr the authorizing of such variance will not be | L -
of sunstantial detrim~nt to adjacent property, and will not mntnrtallv
fimpair the purposes of this ordlnance or the public intuvest,

(%) That the condition or situation of the uub)cct
property or the intcaded use of the property for which the variance is
gought {8 not s zeneral or recurreunt in nature as to make rcasonable
or_precticable the foimailation o( a genctal regulation tor such

cenditions or situaticns.

{5) That there are not availablc reasonab le allernnt‘ve.
comstruction methods uhich will briag the proposed structure into
compliance with the pericrmance standaris of this ordinance.

E. Grounds 1rr Grancing--€xarnles. The ;o)lowxng types of
physical or topeiraphical Tactors ar exampies of eonditions which may
justiiy the grant o{ a variance {rom the glazing shading reguirements

/s

to be established by resolution as provided by Section 4 of Lhis
ordinance: C : i -

(1), Overriding oif-site view considerations wnich are
determined to add appreciable incremental value to the subject proporey,

hi- (2) Minimum size lots with fixed and adverse orientation . .
probiens B : ; . ‘ o .

(3) Adverse lot orientation dictated by strect or vtxli(y

irprovenents or similar physical -}imitations wihere such limitations are
in existence prior to the adoption of this ordinauce,

-7- . ’ . ‘ . ) -a-



"Section 9. Appeals,

P _Any person aggrieved by a determination of the Building
Officisl In the application .of this ordinance may appeal such determina-
tion to the City of Davis Board of Bullding Appeals. Such appcal shall
be {n wiiting and shall be fited with the Bullding Orficial within

fifteen (15) duys of the determination appealed, All apprals shall be

accérpanted by payment of a fee In the amount set forth in the Cley! s
LcnnAnva Development fee schedule,

. Upon the flllng of an appral _thc Buildlng offlcial shall
'provlde vritten notlce of che filing of the appeal ton. all pecsens .
intarested in the matter and shall cause notice of. publlc hearing to be
px:kish;d in 4 newspaper of general circulacion. .

In conqidcrdt.on of an appeal, the Board of Huiluin& Appeals
shall have authority to determine the suitability of alteinate materials
ané metheds of construction and to provide for reasonsbie interpretation
of the pruvisions of this ordinance and implementing resoclutions,
provided, however, that no alternate material nor method of construction

. shall be approved which results in a reduction in the performance
- standards ebtabllshcd by tth ordinance for both Summer and winter .

constions.
i The declslon of the Board of Building Appenls shall be suo%ect
\to appesl In accordance with the resolution establishing the Board o

L. le1n5 Appeals.

TaBLE 2 1/

DETACHED GROUP I DWELLING UNIT
THERMAL STANDARDS

Floor Avea Winter Heat Loss Sumuer Heat Calnm’

.ft. BTUs/{sq,ft.][da LgTUs[[sq.ft.j[day])
500 363 s
1000 . - 239
1500 . 208
2600 - 192
2500 182
3000 176 .
NOTE: Direct 1nterpolacion ahall be used for flo r‘areas

no: shown.

.oettlon 10. Tables.'
: o - TABLE 1 .
-
R Toble 4.... Solor Posntmn and Intensity; Solar Heat Gonn Fodon‘ for 40 Dog Nonh loMudo v
R .
= . Solar | Solar Poiition Direct Normal | " Solor Meat Gain Fodon. !'uh/lq it 5?’0' -
. Date Time Irrodiati - g " y - Time -
T AM. | A - Azimuth subjsatt | N | Ne | B | s | s | sw | w | nw 3R
) : i ” - - — - = prres————
Tg 2l [ & | 1.9 T35 80| 12 t7 87 8 5 T 8
. o1 | els 90.0 * 191 17 138 191 133 1|18 15 | a3 22 | 3
: 8 |-307 7909 238 L) 126 | 218 180 o 22 22 22 iz | 4 -
.9 41.8 819 . 250 28 52 197 196 | 20 | 28 | 28 | 174 3
summer 10 | o512 s2.1 2n 32 w | 149 ] 187 ] ns | 34 12 3 213 | 2
‘ : 11 593 21 27 A 3 81 fose |0 | 82 3 H mo| 1
12 | g2 0 . s 33 3 5 : 3 : Bt R0
. RN . P:1Y Tay Yoiils YEY TNy ] B8 | bel |47 zag“"lu 1LY 948 ] .
~ : TeEl T8 s3I 331.0 i 7 7 3 I iy ] 7 7 X |
e . 9 14.0 e 217 9. | 10 ] 13s | 308 | 18 12 ’ 9 | 2 y .
winter 10, | 201 2304, 261 14 14 |13 | 22 | 20l 831 1 PR I A |
: 1 4250 | 18y 279 16 16 86 | 217 | 242} 120 18 16 | 103 1 .
12 25.6 0.0 284 17 17| ae | 112 b 253 | a7e 18. 17| 113 13
; - BilY Tay on 43 oS L 2 e e e v 5 L L E t
. ' ) " v s s 3 '3 ¥t | BOR. fe-P.N..

® Total solar beat gaius for DS, (] in.) sheet glass. Bued oos m\md_uﬂec('anc‘ of 0.20 and values m Tables 1 and 0..

: 1;7’,as wvicdan Soct;ty of Heacing,
ir »unul“anxna Ingiacers.

-9

by are not ¢t yoed mder
HE : Y SO cn\.t
cousi at\an 1n ‘the real perxcx1urge of « building and Lust be
estimated when sizlng heating and cocling devices Wiether corven-

or soidr. However, for th2 presont purp.se they ﬂfg too
: _Le te he standardized
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Section 11, Conflicting Ordinances Eepen}ed.

All ordinances or portion< of vrdinances which confiict with
the provisiens of this ordinance are, to the extent of such cenfiict,
'hrreby repealed.

Section 12. Effective Date.

_ This ordinance shall become effeciive on and after the
ninetieth (9Cth) day following its adeption. .

PASSED AND ADOPTED by the City Council of the City of Davis
on this 15tn day of October _ , 1975, by the following vote:

AYES : Councilmen Black, Holdstock, Stevens, Tomssi, Mayor Toulos.
SOES :  lione. ' ’
ABSENT:  fone.

ATTEST:

.-nos..\no L. REESE
_ City Clerk -

ell-~
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ORDIRANCE ®O. _ 737

bbFTn‘m R L, 1y7a

THE CITY COUNCIL OF THE CITY OF DAVIS DOES HEREBY
ORDAIN AS FOL LOWS'

: SECTICN 1, Section 6 of Ordinance No, 78& is hereby
lmended to provide as folicws:

Section 6, Partial Exerotion.

Structures desigunated U.B.C. Group I to be built con

“lots vhich. are unimproved with structures and for whieh 2
' tentative subdivision map has been apnproved prior to Sepgetber 1,

1974, shall be exempt from requirencnts adopted by resolution
pursuant to Section & of this ordinance. To the extcnt that the
exemption from requirements causcs a structure t0 vxceed the
performance standards established by Section 3 of this ordinaace,
such i{ncremental excess shall be permitted. .

SECTION 2. .This ordinance shall becone effective
concurrently with Ordinance No. 764.

" PASSED AND ADOPTED by tHe City Council of the Citv of
Davls on this . 5th day of Movenmber 1975, by the folliow-
ing voze: .

AYES" ; Councilmen Black, Holdstock, Steveus, Tdﬁisi, Mayor Pnulos.

JOAN G, ?GuLOS Q

Mayor-

NOES : Noae.
ABSENT: None.

HUWARD L, soodE
City Clerk
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: RE:OIUTION No. _ 1833 , SERIFS 1975

RESOLU?IOV ADU?T[HJ PROCEDURES FGR CO%PLIAhCF WITH 1HL ENERCY
CONSERVATION PERFOKMANCE STANDARDS FOR RESIDENTIAL
CONSTRUCTION WITHIN THE CITY OF DAVIS

WHEREAS, the City of Davis has, by ordinance, established
certain eénergy conservation performance standards for new tesxdencldl
cun:tructxon within the City of Davis; and. } ] .

HHEREAS the ordinance whlch ealablishes energy conservation
performan.e standards provides that standard methods for- detérmining
compliance of proposed buxldlngs shall be established by resolution,

NOW, THEKEFORE, BE IT RESOLVED by the Ciry Councll of the Clty
of Davis as follows::

- Section 1. Applicatlon.

Compllnnce with the enerzy conservation performante standards

-.establlshcd by the City of Davis shall be determined by refexence to’

_the provisions of this rt>olutlou and any .mendmencs thercto.

.

‘passese of heat, . The units of Geassurement are:

Sect!ﬂn 2 reflnltlons.

. For pur"oses of this resolution and’ the energy conservation
performance standirds ordinance of the City, the following words and -

~ phrasues shall have the meanlngs respectively aSCtLbed ta thein by lhll

sectlon

A. R Va‘ues. (.= +"R) - Thermal Reslstante (R) ‘{5 the ..
measure of the resistance of a material or buildtng component .to the
(llours) - (Degreés
Fahrenheit) (Square Feet)/BTU. The resisvance value (R) of wmass-type
{nsul.tions shall not include any value for reflective. faclng (NOTE:
For reflective foil insulation, use ASIR/'E procedurés only, Calculate

both the winter and Suﬁrer conpostte resistance leUL and use whichever )

1s less. )

. 3. Corbo;ite The rmal Reslstance'(kc) is the ‘sun: of each of
the resiscance values ol the pacts of an asserbly of materials which
together form an externai skin eluwent of the structure., For exasple,
& cormonly used wall is one which has an {nterior alr f£ilm, one-half
(1/2) inch thick plaster board, thrie and one-half (3-1/2) inches bact
fntuiazion, stucco, aid finaliy, an exterior air fflm, all.of which

huve R values uhxth are added tobether to - der1~e the R; value for- the .

uall .elec.ent,

C. Orztﬁrat.ow{ The compass dlrections are deSLgnAted as ;

follows vhen the attaczcd tables are used:

North ' 337.8° - 022.5°-
Northeasc 022.5° < 057.5°

fl?:v‘

l;A*v

Day for cach square foot of surface area are considered to

" of tnsulation materials may be counted,

‘East ; 067.5° - 112,5°
Southeast - 112,5° - 157.5°
South ©- - 157.5° - 202.5°
Southwest 202,5° - 247.5°
West ) 247.5°% - 292.5°
Northwest - - 292,5° - 337.5°

Exterior Surface Area. The area for each dwelling unit of

walls, ceilinhs, suspended tToors, glazing, doors, etc. enclesing
_coqdltioned spaces and exposed to ambient climatic conditlons‘

' E. Heavy Exterior Building,Elements. The walls ‘suspended
floors ‘and/or ceillngs which contaln-a heat storage capacitg of 30 BTU's/
e heavy -
Only those materials located on the interior side
{An eight {8] inc¢h thick light-
weipght concrete block wall vith exterlor 1nsulacxon sllgntly exceedr-
these requtrements ) . -

(see definition K),.

F.7 Color.  Surfaces with a Munsell lightness value uE 6. 0
to 10 0 are to be considered light in color. Sutfaces wirth a Munsell

. lightness value of 9.0 to 10.0 are to be considered very. light in zelor,

Unpainted wood surfaces are to be considered light in color.- 1he .
Building Inspector shall prepare two (2) representative cullections of
materials and surface covering materials, one with Munsell lightness
values greater than 6 and one of materiais with Munsell lxghtncss values
greater than 9, These Lollectlons shall be-available for :nspectlon by
the publtc. . : .

C. Glazing._ ‘A1l vertical horlzontal and tilted tcanslu- )

-;'cent ‘of transparent cxterior building elements shall be considered
. glazing with a thermal resistance and daylight transmittance as .
-specified by the manufacturer-or as calculated by AShRAE methods or

- other rellable .references.or. procedures...-t R

H.‘ Shading - Coefflcient.v The ratio of the solar heat galn
through a shading-glazing cystem to that of an unshaded single- pane of.

,double strength wxndow glass under the same set condxtions.'?_

"I.. Hour's ‘Solar Heat Gain. The amount of encrgy transmltted

“through an area of glazing orliented to' a particular dxrection ln one

(L) hour. The followxng formuLa is"used: for calculntlon° ",
" HSHG = (sc) (sucr) ) - '
' Uhere~

.

HSHC =" Solar Heat Gain through the glazln° for ‘one (1)
o hour (BTU' s/hour)

Y +

.8C = Shading Coeffictient.

S N e
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SHCF « Solar Heat Gain Factor for the hour frem
artached Table 1. (BTU's/squarce {cnt of glazing)
using Decewber 21 for winter and August 21 for
surmer,

A = Area in square feet of glazing exposed to the sun
(square feet),

J. Solar Heat Gain Factor. The number of BTU's of :olar
energy transmictted throuin cone (1) square foot of clear 1/8-inch glass
in one (!) kour. This is determined by using the attached (sble | which
applies to 40° hor:th latitude and the eight (B) compass ortencgtxons
(see definition C),

K. Heat Storasze Capacity., The mass.located inside the .
fnsulated shell of the structure tﬁat fluxes through a terpevature cycle
each day in summer and winter, absorbingz heat during overheated periods
and storing i for release curina underheated pericds. Heat- storage
capaclty shall be estimated by the following procedure: =

HS = (WM) (SH) (AT)
Where: .
HS = Heat Storage Capacity (BRTU's/Day)
WM = The welght of the materials (1ts.) inside the
. insulated shell of the building to-a depth
yielding a resistance of R-1, except in the

case of slab flnore where onl) tHe slab ftself
is credited.

. —16 S!-

SH = Specific Heat of thosc materi als (BTU s/[1b. )
’ [de rce FJ)

AT = Tesperature flux; 5°F will be the maximum
allcwabie for calcuiation purposes,. except
that liert weight frame construction will be
allowved to flux 10°F. (In corder to determine
the h~at or ccld avaflable four storage; sece
Fath i, Section 5.)

- This total stored heat may be :u“tracted frem the day’® s
hcat locs or zain te yield the adjusted Total Dav's Heat less or Total
Dav's Heat Gain, Mass located in exterior =leseonts to which the
truivalent Temperature Differential Methed (D.7T.0.) is applied to
calculate sinnrer heat gain shall not be inciuded in the sunmer heat
siorage capacity credit.

L. Ficor Area. "Total habitabie area of a dweiling unit

(expressed in squarz toet) wnizh is within the erzerior face of the
lr<‘laled shell of tne struccure and winich is neated or ¢ooled,

d > ’\v‘“cpi. Tra falls Jied ave uscful and

-
¥
n

Handbock_cf Fundamentals 1072 American Society
o divat tug, k(xrlhvrdllnb and Alr
Conditioning Enblnoeru, Inc. (ASHRAE), N. Y.,
N. Y., 1972,

Architectural Giraphic Standards, Charles G. Ramsey
alurﬂnxofT' . STerper, John Wiley & Sons, lnc..
N, Y., N. Y., Sixth Ldltlon 1970.

Desipn with Clin1te. Victor Olgvay, Princeton

University Press, PrlnLeton New Jersey,
1963.

Concepts in Thermal Comfort, David Epan, Tulane.
liniversity, School ol Architecture,
New Orleans, Luulsiana, 1972.

Thermal’ nocxbn of Buildings, Tyler Stuart Rogers,
John Wiley & Sons, Inc., N. Y., N Y., 1964,

Sun Sun_Angle Calculator, Libbey-Owens-Ford Company,
T Toledo, Ohic, _T975. .

.Enczpy Pesipn Manual for Residential Buildings,
. . State of CaliTornia] Depariaent of housing
» and Community DL\P]UDT"HC Division of-
) Codes and Standards, Sacramento, Callfornla,
1975,

Section 3. .Stéﬁdard Methods of Bﬁiidingrrerformancc

A. There are hercby adopted two (2) altornativv standard
ecthods of determining compliznce with the City of Davis energy
censervation perforimance standards. The two (2) altermative crand1rd
methods shail be referred to as Path I and Path I1 approaches.

B. ‘Structures u(ilizxng either Path I or Path 11 shnl‘ comply
with the following:

*

[¢3) lnflltlatinn. All <w1nglng “doors - and windows opening
te the exterior.or . To unconditioned arsas such as garages shall be fully
weatherstripped, gasxoted or otherwise treated to limit infiltration,
ail vaculactured windows and sliding plass doors shall meet the air
1~txltratxon standards of the 1972 American Hatioenal Standards Institute
(413402, Al2L.3 and AL34.4), when tested in 1&fordnncp witih ASTM E 283-73
with a jpressure dxfferential of 1.57 lbs./ft.~ and =shall be certified
and lahbeled.

(2) leose Fill Insulaticn. - When blown or poured type
ivose fill insulation s used in Ut ces, the sinpe nf the roof
s-3ll be rot les: than 2-1/2 feet $u 12 t add rhere shiail be at least
“ooinches of elear headrorm at the roof 1 .
cellngd as the distance fron the t(op of the

CUUdear headroom” is
)P'Kt“ chord of the truss
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~mayv pe erpleyed to demonstrace o

L or cellinv joists to the underside of the roof shuathlng.) when Lav;
"wvents are installed, adeguate baftling of the vent opuning shall be
. previded to deflect the incowming air above the surface of the mterial

and shall be installed at the soffit on a 45-degree angle. Baffles

“shall be in place at the time of fraring {nipection. Whien loose [ill

insulation 1s proposed, the R valuc of the -material required to meet

~these ‘regulations shal\ be shown on lhe ‘building plans or calculation

shect,

(3) Pi Insulaticn, , All steam and stnnm'condensate

"veturn piping and al Lonlxnuou>§s ciceulating domestic or heatling hot .

vat.r piping which is located In sttics, garages, crawl spaces, under-
gltu\d ot unheated spaces other than 1e'u‘gn floors or in Lnterlox walle
st all be tnsulated to provide a mani-uy huaL loss of 50 BTU/hr, per
lincar foot for piping up to and including 2-inch and 100 BTU/hr, per

Ainear foot for larper sizes. Piping {nstalled at depth of 30 inches
T O compl(es with these ntanuards.

/’Se(:lon 4, . Pith 1 (Pleblr gtlve Hethod).

: Bulldings meeting all of the following criterla will fulfiill
the requived energy conservation aspects of this code with no overall
r.xxonnanue ‘calculations required.

Calculutlons using the anplicable m;thods oucllned in Path II
pilance of alternatives to any
particular scction of Path I, T\LrnJl trade-offs betweun sections’ of .

“Fati I must be done by using Path 11 .or by referring tc approved

theroal: (rade offs tatle developed by the Building In;pector.

- A.' Walls., All exterior walls’ (excluding wlndovs and doora) }
shall use R-117batt fnsulation betircen studs,. Group W structures must -

'HAJ; light colored wills or shaded walls, Fifteen percent (15%) of the, .

wail area mdy be dark colored-to allow for trim and color. accents.
(bronp 1 struciures have no wall coter requlrement )

: Excentlons'_ T S '_ 7 . .L

(l) All exterfor walls shall achieve a composlte

-resl;tance value (Rt) of 10.52 1f the insulation is not penetrated by )
tiaaing, end Rt of 12.50 {f the-insulattéa is pznetrated by the framing:

or furring, (Caltfornia A“zinistrative Code, lxtle 25, Chapter 1,

. 'Subchapter 1, Articie 5, 3ugtlu1 l»v~(a] )

() ileavy vJ!ls U‘Lh exCertor insulation not 'enétrate&
by furring .or frasing sfall bave on RC of 7,36, and Rt of 8, 5 1f the
insulation {8 penetcrated by furring or framing.

(]) CrOup B structures with dark colored walls- shall

.lnarease thcir applicavle KL rn«xlxt «nts by twenty percent (ZOA)

.
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- B, Roof/Ceilin"= Ceilin:/attics. All roof/ceilinbs and
ceillng/a[tics st use Insvlatlon achlevirg a minimum resistance of
R-19 for the, fnsulation itself. Group H ‘occupancies having roof . . .
surfaces unshaded on August 21, at 8:00.a, m., 12:00 noon, or 4:00 p. m.,
shall be no darker than NHo, 6 on the Munsell color chart, . Unshaded .
roof areas on Group I. occupancies shall bz no darker than No. 4 on

" “the Munsell color chart. -Roofs having unshaded areas and color darker

than No. 6 or No. 4 respectively must increase the total insulation to
yield R25 for the insulation {tself,

Excegtiohﬁ'

) Al roof/c;lllngs dnd/or celling/atclcs sectlono
shall cchieve a composite resistance value (Rt) of 16,67 if the insula-
tion 1s not penetrated by framine or furring and Rt of 20,0 1f the
tnsulsation is pcnetxateu by the framing or furring., (California ’

‘Adwinistrative Code, Title 25, Chapter 1, Subchapter 1, Article 5,

Section 1094{c].) Blown insulatfon (loose fill type) shall be consldered
to be penetrated by the franing, R

(2) - The voof/cefling dnd/or ceiling/attlc sncttons oi the
dwelllng unit as a whole may be insulated to values greater and/or less
than reaquired in (1) above 1f the resulting heat loss equals or is less
than thiat which . wouid occur L the values reauired in: (1) above were
met, or if the thennal reslstance values of the ceiling areas satisfy
the folloulng equation: } . = .

1/Re requited = (Area A/Total’ Area)(l/Rt achleved)
‘#(Area B/Total Aren)(l/Rt achleved)
+...+(Area N/Total Atea)(l/kt achleved)

(3) In Group H occupancieu roof/ceilings or ceillngl

T attics located beneath dark colored.roofs shall achieve composite

resistance values (Rt) 30%. greater than the values fn- (1) and (2) above,

. 4. .e.; Rt = 21.67 and Rc = 26,00 respectively., In Group I occupancies,
* roof/ceilings or cexlinilattlcs located beneath roofs that are darker

‘than Munsell Color No shall achieve composite resistance values (Rt)

J0% greater than the values tn (1) and (2) above, 1, €., Rt = 21. 61 and

Rt = ’6 00 respectlvely.

-t Floors. Suspended floors over a vencilatcd crawl space or
other unheated space shall have insulation with e minionm resxatance of

R- 11 Concrete slabs on grade reoulxe no lnsulatlon.

' Excegtlons- )

(1) Suspended floors over an unheated space shall achieve

‘8- CompnsltevreS\Stance value (Rc) of 10.52 i£f the tnsulation is nct

peaetrated by” frantng, and Rt of 12.50 if the insulation {is penetrated

~hy framing,

- (2) Heavy suspendcd floors with exterior -insulation shall
auhtcve 8 compostCe resistance value (Rt) cf 7.36 for insulation not ’

- 6
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penetrated by freming members, and Rt of 8.75 for {nsulation penetrated
by fraoing renders.

D.
glazing (-“
area.

: ancics, extevior sinsle-pene
@mav not excsed 1J-172% of the tloor
may not exceed 17-1/2% of the
ﬁuciling let s fqur ; oup 1 accupancics, a glazing constant
of 20 scurre feet in singic-pane Llanxnh and 23 scuare feet in double-
panz glaring may be added to the percentage figures allowed above,

Exceptions:

(1) A combination of single and double-pane glazing may be
used so lonpg as the area of the single plus the avea of the double
glazing divided bv 1.4 is not gpreater than 12-1/2% (plus 20 scguare feet
for Group 1 occupancies) of the dwclling uvnit's floer area.

(2) A combination of single and/or double pane- glazing
wlth interlor shutters nay be used to increase the al lowed g1171ng
provided that:

(1) The interior shutters are of a permanent
construction and installed so that they are operavle, and tight fitting
or wcatherstripped so that a secal {r created,

(i1) The areas in each treatment do not exceed
those allowed by the following procedure.

GC + (FA)(:LZS) = Areag + (Areap)(.64) + (Areagp,.)/Rt

Where:

GC « Glazing constant (scuare feet) raken at 20 square
feet in Group T and zero in Group Il occupancies,

FA o= Floor Arza (square feet).

hreag = Area in single-paue glazing (equaxe feet).

Areap = Area In double-pane glazing (sauare feet).

Areashu£ -;Aréa in interior shuttered glazing (square feet).

Rt = The composite resistance of the shutter- glazing
systeowns,

{3) vwhen the arca of glazing allowed by application of
(1) or () 1s exceeded, the excess areca wili be considered justificd if
ell the fellowing conditions are met:

(1) Cla7iﬁ' must be south facing, If {t is rounted

other than vertically, ft must be tilted at lcast 3¢ up from the
horizontal to face south.

.7-
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(i1) It must be cice coeflicient

nunerically greater thian or g al o i Ptsebf,)
Cii3) Tt omedt owves o o Dol bt ean frees 1060
a. m. to 2:00 p. m. (. 5. i. .

(iv) ¥

the bullding must coniain

of

S Pedng Justificed]
STSLerans capacity ) ivaient to

750 BiU's/May, located i the insulated sl the struactare,
not covered with insulation waterials such as carpet vielding an RU ¢
1.0 or greater. The {ollowing will allow a quicx method for calculaticn
of mass needed for each square foot of exempted giazing:

bl of

59 Squarc feet of Interior stud ert{t\nn wall
(2" x 4"s -~ 16" o.c. with 1/2" gypsum two sidee).

117 Square feet of exterfor stud wall or ceiling
(2" x 4"s - 16" o.c. s:Ath 172" gvpsum inside,
insulation, and various external Lreatmonts).

21 Square feet of 8-inch lightwelpht concrete
block masonry exterior wall insulated externajly,
cores filled for structural support only,

15 Square feet of concrete stab {loor provided with
a2 steel trowel finish, expeosed apgregate, tile
{vinyl, asbestcs, or cvxawir), terraro, or
harthOQ pargque not greater than 1/2- 1nch thick,

{NOTE: Lightweight stud frame walls arce assumcd to
flux: 10°F; heavy walls are assumed to flux 3°F. Sce
Definitions E and K.)

E. Glazing Shading.

(1) All glazing which is not oriented to the nerth rust
be shaded to protect it fram direct scelar radiation for the heurs of
8:00 a. m., 12:90 noon, and 4:00 p. m. (P.S.T.). Auvgust 21. Glazinp
facing SE or SW must also be checked for shading at '10:00 a. m. for 3¢
and 2:00.p. m. for SW in addition tn the standard three hours. tor
each check hour the area of glazing not shaded is calculated and
accumulated., In Group H occupancies the total accumnlated amount of
unshaded glacing may not exceed 1.5% of the dwelling unit's fleoor area.
In Group 1 oceupancies the total accumulated amount of unshaded glass mav
not exceed 3% of the dwelling unit's floor area, Shading shall be
demonstrated to the satisfaction of the Buiidiag Inapection Division eof
the Comaunity Development Jepartment, Drawings showina sbadews cast by
shading systems, or scale nudels suitable for use in the selar-ranper
setup by the Building Inspection Division, oy the use of approved sh:te
screen systems may be ewpioyed (o doronstrate cospliance.  Tinted,
metalized, or frosted giass shall not be considvered salf-shading.

(2) Interfor mounted shutters wmecting the following
specifivations may be utilized to meet the shading regquirements:

1) The exterior orirnted side must be very ldgnt in
color (Mumsell of 9.0 or greater) and flat.

-B-
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"corply wvith el(her of the following:

‘ .- (1) The shutters must be tlght fleting or all.
cracks or edgea in the ‘system tmst be weather stripped to create a
seal,

(111) The shutterl’munt be opague.

(iv) A composite resistance value of Rt = 1,0 for.

:the shutters’ must be achieved.

(3) Exterfor mounted shading systems meeting the followlng
optgl(lcallons may be utilized co meet the shading requirenents:

o (1)  They shall be of permanent malerlals and
construction, A perwanent frare wlth sheathing having a life expectance
of five years miniumim must be provided and gusranteed by the butlder.

) (¥i) .For the recuired d;sxbn hour, the shnuxng device
must be capable of {utercepting 100% of the direct beam solar radiation;
or provide a minimum shading coefficient of 0.2 or less. If the shading
si>tem at a desigih hour does not perform to these .standards, then the
purtion of the glazing which {s left exposed is to be culculated and.
au;.d to the accusnilated unuhaded glazing tu(dl

(4) Other types of shadlng sychms are allowed if they

© . (1) All on-site and off- site obstructions to the

sun, providing 83% attenvation of the direct solar beam, may be
cunsidered as-external shading devives and may be accounted for in the
$givee T >hadlnb calculations. (NuTE: If during the life of the structure
the off-site obstructions to the sun used to achieve shading standards
corpliance are modiffed or re:oved, then the structure may be found teo

be 1n violation of the Code¢ if othcr compensating obstructxons to the

sun or shadlng devices ‘have not Leen deployed.)

(i11) A shadxng syscen may be. temporary, provided.
that t¢ l> designgu and constructed to funttlon to the standards above
aud butlt to last uneil {ts function is repiaced by plantings., Plan
and ejevation drawings must show expected plant configuration end -
saciurately state.the nimber of years required for the projected planc
grosth.  Final occupancy perolts shall not be issued until the
specified plants are in place,

T

F. Ventilat{ion for Surmer Nicht Time Coollng Where design

‘of the dwelling unlt Is such that openable windows may only be provided

along one elevation, mechanical cross ventilation must be installed to
provide 15 air changes per hcur ducted to the exterfor.

v Section 5. Path 11 (Performance Method),

: BJxld\n5> regulated by the Residential Edergy Conservatlon
Code that do nct meet the criterfa of Path I must be calculated by a
registered architect, engineer, building designer, or other qualified
persan to show that the proposed building will not exceed the standards
set forth in Section 3 of Ordinance No. : . The required calcu-
lation schedule 15 outlined below.  (NOTE: More precise calculations
may be submitted using ASHRAE or other comprehensxve methods provided
that the same design days are used.) .

Comcarwatl U, B.C. Group 1 dhellxng unics may increase the
permlsslble thermal standards for Heat Loss or: Heat Galn usxng the
£ollov1ng equation: .

TS = TS + ('X‘SI - TSH) (1 - SAC/(l 5][FA])

Hhere. : o ] B 'ﬂ L

TS = The Thermal Standard which 1s app‘icable to the
: dwelling unit (BTU's/[sq. ft.]{Day])

) TSH' = The Thermal Standard for Croup H structures
: (3TU's/{sq. ft.} [Day];

TS. -'The Thermal Standard for a detached Group 1 dvelling
- L unit of the same floor area (BTU's/[sq. ft. ](Day])

SAC' = The Surface Area in Cormron with other dwelling units
such as cellings, walls, and floor (square feet)

FA = The dwelling unit's Floor Area_(squarg_feet)

-10-
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A. VWinter Calculaticns,

(1) 1ne Total Dav's lieat Lcss shall not excesl o'«
standards set in the Residential Encrgy Censervatien Ordinance, section 3.

(2) Winter heat loss calculations snzil be pased on the
following formwula:

TDHL = (DHL - SHGC)/(FA)

wWhere:

;DHL = Total Day's Heat Loss (BTU's/[sq. ft.][Day])
DHL = Day's Hecat Loss (BTU's/Day)

SHGC = Solar Heat Gain Credit (BTU's/Day)

FA. = Floor Area of dwelling unit (sq. ft.)

{(3) The Design Day “for sun angle considerattons is
Decerber 21 at latitude 40°H or 38° 32' N. 'ihe oulside daily temperature
averaze fur December and January 1s 453°F, yxeldxng a 2)°F difference
between the inside (£8°F) and the outs\oe (45°F) avevage daily
tenperatures. The nurber of degrce hours in the desijgu dav is the
temperature difference tines 24 hours or 552 for Davis, This figure is
used as describted in Paragraph (4)(i) below. (NOTE: This design,
outdour conditicn, is not intended te be for equipment sizing, but
rather {s neant to serve the purpose of performance design for enerpy
conservation by move closely predicting the long term average conditions
and -energy use of the structure. Fquipment sizing will require additional
standar: peak load calculations.)

(4) Calculation of Duy's Heat Loss (DHL): Winter heat
loss {s determined by the composite resistance (Rt) of the exterior
building surface to heat transfer to the outside air from the heated
intericr spaces.

DHL = HL + SHL
Where:
DHL = Day's Heat Loss (BTU's/Day)

HL = Heat Loss from outside surface eiements
(except slab) (BTU's/Day)

SHL = Slab on grade Heat Loss (BTU's/Day)
(1) The heat loss for all surfaces (except slabs on

grade) facing the outside air or unheated espaces may be determined by
the following formula:

-11-
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HL = (Alfktl) (552) + (Az/Ptz) {(552)
+ ...+ (An/Rl“) (552)
Wnere:

HL = Heat Less from exterior sunface element
except & slab on grade (Fil''s/bay)

A = Arca of the exterior surface element
(sq. ft.)

Rt. = The element's composite thermal resistance
(lhovirs] ([Deg. F) [sq. ft.}/BTU)

552 = Dav1= Desisn Day Depree Hours
(lbeg. F] (hnurs]/Day)

All exterior elements {(walls, coilings, doors end
suspended floors) which are exposed to unhcatced enclo.:d or partially
enclcsed spaces shall be calculated as if they arc exposed to outside
conditions, or the temperature difference may be altered according to
accepted ASHRAE procedures for surfaces adjacent to unhwted spaces.

{1i) Concrete slab floors on grade lose heat in
direct relation to the pcrxweter dimension in linear feet. The following
forwula applies:

SHL = (F) (P) (552)
where:
SHL = Reat loss from Slab (BTU's/Day)

3 = The thermal conductivity of the edye
of the slab with F = 0.81 (BTU/ [foot]
[hour] [Deg. F]) where ne insulation is
used and F = 0.55 where slab is
insulated with edge irsulaticn of R = 4.5
minimum, 1The insulation shall come
within cone inch of the top of the slab and
extend sixteen i{nches below grade.

P = Perimeter dimension (fcct)

552 = Davis Design Day Degree Hours ([Dng. F
(hourSI/lD1yl)

(5) Calculation of Selar Heat Gain Credit (CH(Cl Direct
use of solar energy 1s dupendent on tne Day's Solar Heal Gain (DSHG)
through the glazing, the Heat Stoaage (1S) characteristics of the
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building, end the Solar CAL“Jtig vartable (5CV). 1he followlng steps
ate Lo te foliowed to calculate the SHGZ:

(1) calculate the Day's Solar Heat Cain (DSHG)
ailing up the Solar Heat Gain for each daylight hour of Decenber. 21
deafgn day for each square foot of glazling receiving sun,

DSHG = (HSUCL + HSHCZ + o + HSHCn) (sCcv)
Where: _
DSHG = Day's Solar Heat Gain (BTU's/Day)

HSHG = Hout's Solar Heat Gain. HSHG is found
) - according to the proceduré described
in Definiticen I, The nunber of hours
added depends on the hours of sunlight
_ou'kuc glazing surface in questlon.
(BTU's/hour)

‘SCV = Solar Climatic Variable: (no. untts)
SCV = 0.56 for Davis. 1his was
duterinined by dveraslng the mean
fraction of posslhle sunshine avallable
for each month of the winter heating -
season (Noverber, Decémber, January,
February, March).

. ) (Li) Calculate the Heat Storage capacity 6f_the
bailding (uS). (See Defxnxtxon K fov calculation procedure. )

’ (111) Then the aolar Heat Galn Credit (SHGC)
d; {81y’ l/Day) equals. : .
_b .
-

SHGC -'DSHG or HS, whichever is less.

B. . Sumper Calculations.

(1) The Total Day's Heat GCain (TDHG) shall not exceed the
standard set in the Rnsxcential Energy Conservation Ordinauce, Section 3,

(2) Sumner heat gain caleulatlons-shell be based on the
following formula: - ) i

TUNG .= (DHG - - KS)/FA

Where:
bTD.d - Tocal Day's Heat Gain (BTU's/[sq.ft. ][Day))
DHG = Day's Heat Cain (B.U a/Day)

HS = Heat Storage (T’ s/Day)

" FA = Floor arex-of the de ling unit (sq. ft )

13-
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lfollovtng formula~ - ‘Ly

3) The calculatiuns below are based on the design day
cited 1n the Residential Energy Censervation Ordinance taken at the
five hours of 8:00 a.m., 10:00 a.m,, 12:00 noon, 2:00 p.m., and 4:00 p.o.

(4) The Day's Heal Cain (DHC) is based on the weighted
sun of calculations done aut each of the five heat galn calculation
hours (see equation [a] below)., Structures without elevaticns oriented
to the intercardinal diregclons may delete calculations for 10:00 a.m,
and- 2:60. p.m, and equally weigh the:remaining three calculation hours
by multiplying them by four (sce eguation [b] below)., The following
two ueighced sun eqguations hold re;pectlvely. ’

(8) DHG = ([KGg.00 4, RIDITEO 100 a. m.ml
- *[H612 :06° noon]‘2]+l"62 00 P: . ](2'
*(HGQ 00 P m. ]l3l) .

- - ox’ ) ."" . !— N "
. (§? DHG. -([Hc8 00 a.m, + HG‘Z 00 noon + HGL 02 pum. l‘
‘ S
Where:

. “-,'
. s < e
e -t % #F

. DHG - Day Heac Gain (BTU s/(Day])

R e

s HG ‘= Heat. Gafnvac ihe hour calculated
T T (BIUL s/hour)_.: -

i (NOTE: ¥ore detailed analysis of. Heat Gain may ‘be
done by calculating.each hour's heat galn for the daylight -hours. The
digits "2","3" and "4 in equacions (a) and (b)’ above have’ ‘the units
of hours ) ey . ; .

(5) Ihe Heat Gain (HG) may be calculated by using the

I - g
e :

THG - e + oG o f S e

Hhere.’.4 " E S

- . oy

. o
' HG e Heat Gain (BTU s/hour) at one “of che design
: hours

G - Heat Gain through windows (BTU s/hour)
- OHG = Heat Gain thlough Opaque surfaces (BTU's/hour)

“t"‘p— R
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(i) HFDt Gain threurbh O

=cvfeins, Falculations
20 M othod

anger 24,

s

.nux’ [.\r' :
1 attached 1(01(‘ N

found sShen day
temreratice is 5°F less th L4 be sube-
tyoto 3 frvoma the TRETD wal and 1 {n
accoriante with ASHRAR ntion helow,
{(The interior temperat: nea with

ASHRAE.) The Heat Cain througn u,u1xc surfaces is caleuialed as follows:

OHG = AL(TETD~S)/RC1 + AZ(TETD-S)/R:Z
+ ...+ AL(TETD-5)/ Rty
thrg: '

OHG = Heat Gain through cpague surfaces at
the calculaticon hour (B8TU's/hour)

A = Area of the cutside surface element
(sq. ft.)

Rt = The clement's composite theraal .
Resistance ([hours]{beg. F] {sq. ft.]/BTU)

TETD = The element's Total Equivalent Temperature
Difference from attached Tabies 2 and 3

(11) Glazing. Summer Heat Gain through windows
{WHG) shall "be calculated using the following formula:

WHG = ([AV{SCIISHGF]+[AT][Al/Rt)} + (A ...);
+ o0 A L)

Where:

WHG = Direct solar hest pain plas conducted
heat gain through windows at the caleula-
tion hour (rust be done fer each wall or

roof section with glazing}. (5TU's/heur}

A = Areas of glazing surface being calculated
(sq. ft.)

SC = Shading Coefficient (see Definition H).
(Unitless)

SHGF = Solar Heat Gailn Factor at the hour being

calcuiated, (BTU's/{hoursijsy. ft. of
glazing])

C-15-
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Rt = Theimal Re<15L1nro r. Mo plasy (D.0Q

for sintir vt ~ !
Petu's)
g taken
oo
(6) . the b e,
destign provides for- in @i s oeith Baatien 4 F,

credit can be taven for the licat Storage caparity ¢f the structure,
(NOTE:  When calvulating the beal storape capactity for the swaner, no
credit nay be taven -for exterioxr elecments,)

Secticn 6.  Foes.

The folicwing schedule of fees shall be applicable for the
checking of pians for cenformity with the perfuxmnn~n QLde1!dS of the
Residential Energy Conservation Code:

Fath 1 (No Exceptions) No Charge
Path 1 (Excrcising Exceptions) : $20.00
bath 11 . . - $25. 00

PASSED Ah A)U”TLD by the Clty Council of the City of Davis
on this 15ta day of  UOctober , 1975, by the following vote:
AYFS ' Councilwen Black, Holdstoﬁk; Stevens, Tonmasi, ﬁnyar Poulos.
NOES  : ijione. ) ) .
ABSENT: jione.

GAN G. POULOS
Maycr

ATTEST:

/-MZM.

N(Iw‘r\.} L. krbeol
City Clerk
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TATLE 1

. Solar Position and lnhnsnfy) Solar Heot Gcm Focfou‘ for 40 Deg North Latitude

Solar " Solar h-lh- ) Direct Nomd : = . Solor Heot Gain Focioes, Bluh/sq H : .| Solor
Doate Time lerodiation, - - e Time
Am | am Azimuth sri/mt | N | NE | e | se | s |sw | ow ] NW | Ko | M
BT TR D RO ~97 T2 57 v T3 TS T S X T
1 | 193 90 11 17 |38 | 191 | 133 17 | 13 13 13 62 5
. s | 307 79.9 26 23 | 138 | e | 180 0.} 22 22 22 | 125 4
Summer » |ae §7.9 239 28 32 | 197 | 198 79 | 28 33 3 g 3
10 | sz 5271 an 32 40 | 149 | 17 | me. | 34 37 31 | a3 2
hlai ] % Mol B M) g
— 33 3 s | g ] o1ee 3 Yot 2e7
N BIXHLIR0G i €3 S 0072 A0 W1 1000 S 1) W K 1.4 9 W51 500 S 141995 -
ATy 3 Y 7 yT 3 T 1 s HE
i iIERE:: HNHEIEIEIF IR
nter 10 | 207 14 : 0
vlntex i 180 16 . a7 | 23| 120 16 16 | 103 1
; 12 |26 17 177 233 | 177 18 17 nroLog
: (&) 1/ 2000 U ) SR WO YO A ) £ L300 2L
) ¢ xw v sy s L] 3 ¥ | DOR. 1PN,

R T I P I P S TR P O O EOPR L PR R YR PP SRR IO S S0

From Handbook of F‘undamenfals 1912 Amer:can Society of Héa‘ting,, :
ReFrugerattcm and AL'L" Condzfmm.ng Engmeers. ’ o
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TokTotal Equivolent Temperature Differentials for Calevlating Heat Gain Through Flat Roofs

Sun Time
Description of Raol wt, b :’N"‘,’(';"‘ AM. ’ PM. '
) Construction? r ft g 3 b
. peraft) ey 18 | 0 | 12 2 4 6 | 8 10 | 12
T 1
DILIDIL olL]ojt ol DIL'D!L ot ot
Light Construction Roofr—FExposed 1o Sun
o il siding 7.4 0. 28 11]65 31100 48los s3]78 us 6| 1 1]-3 -3 )
teel aiog 7.8 0. 24 B[ 61 29|88 48| 68 3181 44 a| 2 2!-3 -3 1
L ont 8.4 0. 12 2har 2,077 a9 l92 20! s s w61 7 5) 0 —1 2
wooat 8.3 0. R YT S I ST I R 191 9 31 & 0 2
£ wond® 12.7 0. 2 —2'23 glaw 237070 38)70 42 2012 17 15) 9 -3
257 wennd 1301 0. 1 -2 19 6{43 ujes A 4 slds 20a8 1 Is
Madimm Construction Roalr—Exposed ta Sun
wocni® 17.3 ot b3 o st 65 35! 3tfer 2.2 7! os | s
¢ wouni® 178 0113 | @ SR 65 :ui Tl i 35032 18| oy s
u -37 w, conerate 233 0. 70n 4 -1 ( 27 11| 8% 26 W40l 27| 151 7 ouliy T
13" b cocrete ;:_s.g g.rﬁ 2-zin 0fa N TLd0 49 21T [13 vl 0713 1 3
. e 7. 2 1 -3123 11! 50 28 742 SARUERT 7
v a 215 0157 (-2 -3| 7w 2|3 1 SEN Y HE IS PV F LA
v nte 3z 0.123 6.2, 6 1]16 6 81 32|63 J4 |33 3[4l 20, 0 | 6
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" TABLE 3 |
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TARLE 3 (Continued)

Total Equivaient Temperature Differentiols for Calculating Heat Gain Through Sunlit Walls (Continued)
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,‘.TABLE 3 (Conttinued)

Total qu;ivolent Temperature Differentials for Calculating Heat Gain Through Sunlit Walls (Concluded)
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APPENDIX C

Village Homes

"The real story behind Village Homes is as much one of personali-
ties, politics, administrative red tape and economic realities as it is
of design features for environmen%al conservation and social interac-
tion." (Thayer, 1977). v
At approximately the same time the City of Davis was developing its energy
conservation building code and energy planning politics, Mike Corbett, a local

builder/developer, was in the process of designing a seventy acre subdivision

in the Davis area that was to demonstrate many of the principles of wise land

use that the consultants had proposed. The primary purpose of the proposed de-
velopment was to reduce energy use at the neighborhood level throughbvarious
physical and social design measures. Corbett's proposal generated a great deal

of controversy over several design features (e.g., minimum lot size and narrow

- streets) in the Davis community, and, as an innovative developer, he personally

encountered much frustration and opposition from financial institutions and
governmental agencies. The following pages briefly examine Village Homes and
the political conflict surrounding its development as an example of the chal-
lenges an innovative developer must face. '

In 1970, Mike Corbett and other.concerned individuals formed a Coopera—
tive Community Group td,explore in depth issues involving the development of
:a self-sufficient community (I: Corbett). Subcommittees were ‘established for
finding land, starting a food co-op, aﬁd planning social activities. The
‘Group -disbanded in the summer of 1972, but by this time Corbett had started
‘designing a self-sufficient community and had begun to.seérch for loans for
;financing the proposed development. During the period when he was turned down

by some twenty lending institutions, Corbett was forced to cut back on his in-

‘novative ideas and was compelled to emphasize the traditional aspects of his

development (DePrato, 1978).. For example, in his attempt to satisfy loan re-

‘quirements, he deleted any plans for solar systems in the development's first

'phase (38 units) because, banks had insisted that no solar systems be built on

speculation. After encouhtering strong objectiohs by the Federal Housing Auth-

ority to most of his innovative design features, Corbett was able to secure a

,$200,000 constrhction loan from a 16ca1_bank.
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In the Fall of 1975, constructlon started on the f1rst phase of Vlllage
‘Homes. At the time of - thls wr1t1ng, 100 homes have been built, and by 1982,
- the completed development will have a total of approx1mately 200 51ngle famlly
homes and 26 apartments All of the hous1ng un1ts are oriented to the' south _
and havepawnlngs or arbors over the south fdacing w1ndows. The,houses also
| contain the following energy conservation features}‘_double—pane glass,:tile
] roofs and'floors;bperimeter'SIab insnlation,'weatherstripping; R-30 insulation
in the ceilings and R-11 and R—19.insu1ationrin the'walls..bowners.ofbthe
first lots had the option of lnstalling;SOIar hotjwater heaters, and . by 1976 o
they had'become'standard items:in"the new.unitst‘ By.mid41977,’paSSiVe solar'u
‘ space heating'had’also‘become a standard feature in'the'Corbett built: homeS"'
E No air- cond1t10n1ng was requ1red for those new - un1ts ut11121ng both pa551ve
~ solar technology and natural coollng methods Vlllage Homes now utilizes
‘three types of solar hot water heaters (breadbox flat plate with pumps ‘and'*
- flat plate with therms1phon) and numerous types of - solar heating -and coollng
: de51gns based on pass1ve and active pa551ve systems. Thuspfar, of the 100
homes that,have_been constructed, 82 use pass1ve solar”systems'and 75 use so-
lar hot water heating‘systems'(Mike Corbett,_personal cOmmUnication).! Most
systems are'designed for prOviding 28-75% of the heating load mhile'baCkup
systems (e.g., wood burn1ng stoves . and gas heaters) prov1de ‘the rema1n1ng
energy. - Homes are not constructed for 100 percent solar due. to the long
3 periods of cloudlness and fog that character1ze Dav1s' W1nter season
Vlllage Homes also encompasses many other phy51ca1 and soc1a1 de51gn '
_ measures that are a1med at. reduclng energy consumpt1on at the ne1ghborhood
level (C1ty of Dav1s 1977b ‘De Prato, 1978 Thayer, 1977 I} Corbett)

1. Narrow streets * The. width of some prlvate streets in V111age

'Homes is as narrow as 20* feet (curb-to- curb) ‘These streets
'have noe51dewalks, blke lanes,'parklng areas or‘drainage:sys4'
tems. Three- foot-easements'on'each'side of. the'street'ensure
that no permanent obstructions are constructed (e g , fire hy-
' dryants tall. shrubs or street llghts) in order to prov1de :

-'maneuverab111ty for emergency'veh1cles (e,g.,_flre trucks)f‘



a. Bicycle traffic is directed onto bike lanes which are located
in the greenbelt area in the back of houses and provide direct
access throughout the community.

b. Open channél'drains, which parallel the bike lanes, collect

runoff water and deposit it in natural drainage areas in order
to replenish the groundwater system.

The amount of street lighting has been reduced.

d. Carports and concrete parking bays provide off-street parking

for residents and visitors, respectively.

Fléxible setbacks: Homes are encouraged to be sited close to the

street so that "backyard space' can be utilized for common open

‘space and greenbelts.

Minimum lot size: Generally, most single-family homes are on lots

under 5,000 square feet.

Clustering: Village Homes is designed so that 8 houses are "clustered"

together in order to make maximum use of the land. These houses col-
lectively own and maintain the common space around their houses.

Community ownership: Residents of Village Homes communally own a

greenbelt that runs throughout the development, férming plots, and

land that is the site for future, small scale, commercial and light
industrial businesses (e.g., co-op food store, tavern, bakery, and

professional offices). It is expected that many of the community's
residents will be employed in these businesses so that commuting to
work will be reduced. |

Agricultural projects: 50 percent of the land is expected to be used

for food production and 12 acres for agricultuie (e.g., orchards and
vineyards) have already been reserved.. It is envisioned that one-half

to one-third of the residents’ food requirements will be met by agri-

‘cultural and small garden production . in Village Homes.

Solar access protection: Solar access is protected by mandating in

a covenant that collector area on the roof would be clear from
10:00 a.m. to 2:00 p.m. An Architectural Review Board examines
scale models of proposed houses to make sure that solar access is

protected.
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It should be noted that all of these amen1t1es have 1ncreased the bas1c cost

- of homes by $4, OOO ‘to $8, 000 (the lot. 1tse1f costs $2, 000.more) in compdrlson
 to conventional homes (Mlke Corbett,. personal commun1cat1on) However, it is

b'expected that these costs can be repaid in less than ten years by savings on

ut111ty bills which are 50 percent of convent1onal hous1ng bills.

Corbett encountered a great deal of res1stance to many of hlS 1nnovat1ve

‘ideas. 1ns1de city government In particular, the Bu1dl1ng Dlv151on Plannlng

:D1v151on and Public Works Department were concerned about the open drains,

polybutylene plumb1ng, cul de-sac" streets (1nstead of loop roads), narrow

streets, narrow carports and narrow setback requlrements (see Sectlons 3 and

4). Most of these issues were eventually resolved in favor of Corbett by the -

City- Council and have been 1mp1emented However, 1n Corbett's successful at-

tempt .in c1rcumvent1ng the traditional actors in the planning process, the -
stra1n between 1nnovat1ve developer and plannlng personnel intensified.

Tradltlonally, the Plannlng Director 1mplemented ex1st1ng standards on sub-

" division developments which the developer was’ ob11gated to follow (I Corbet,
| McGregor) However, in this case, the developer told the Planning D1rector-
'what he wanted and, after rece1v1ng a negatlve response from the D1rector, |
“the developer was able to get approval from the Plannlng Comm1551on and . the
_Clty Counc11 The basic ph1losoph1ca1 dlfferences between Corbett and the

Plannlng Dlrector remaln ‘and contlnue to be a sources of frustratlon for fur-

ther efforts 1n 1ncorporat1ng 1nnovat1ve, energy conserv1ng features 1n Vlllage '

' Homes (I Corbett McGregor)
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Interviewee

Armstrong, Robert

Bainbridge, Dave

Bertero, Fred

Black, Bob

Browafd, Ron
Corbett, Mike

Cramer, Richard

Figueroa, Dah

Hammond, Jon
Hardy,-Alan
Hornbeek, Larry

Hunt, Marshall

APPENDIX D

Davis Interviews

' QccuEation

Banker (Wells Fargo Bank-
Davis Branch) :

Formerly, employee of Living
Systems; presently, the
President of the Passive
Solar Institute

Builder (Stanley Davis
Homes)

Formerly, Mayor of City

of Davis; presently,Attor-
ney at Law and County Super-
visor of Yolo County

Builder (Broward Associa-
tes) '

Builder (Village Homes)

Professor of Architecture

University of California,

Davis

Formerly, Associate Plan- .
ner of City of Davis; pres-
ently, City Planner of City
of Dixon

Builder and energy consul -
tant (Living Systems)

Banker (Sacramento Savings-
Davis Branch)

Architect (Hornbeek Assoc-
iates) :

Formerly,employée and - part-
ner of Living Systems; pres-

ently,Passive Solar Team leader

of Solar Office of Calif-
fornia Energy Commission
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Date and lLocation
of Interview*

October 12, 1978

September 20, 1978

October 4, 1978

October 6, 1978

September 21, 1978
October 18, 1978

September 20, 1978

September 28, 1978
(Dixon)

" October 6, 1978

(Winters)

October 12, 1978
September 27, 1978

October 5, 1978



" Interviewee

‘Jacobsen, Jan

. Johnston, Robert

Kopper,'Bill

Leber, Angelo

1Lumbrazo, Tom

Maeda, Bruce

Maxwell, Doran

',’McGregor,,GIOria‘

Neubauer, Loren

Owen, Billi
‘Pelz,Dave .

"~ Reese, Howard

~'Roe, Bill

Occugatlon o

”Formerly, CETA employee, C1ty'
- of Davis; presently, employee

of Davis Alternative Techno-
logy Assoc1ates :

Professor of Env1ronmental

Studies, Unlver51ty of Ca11— o
_fornla ‘Davis ; .

"Formerly;employeeeof=Liying

Systems; presently, member

of Davis City Council and - -

energy consultant

Formerly, Senior Building
Inspector, City of Davis; -
presently, Building Offi-
cal, C1ty of Cupertlno

Associate Planner, C1ty of

Dav1s

Formerly, employee of L1v1ng

Systems; presently,Managlng
Principal of Davis: Alterna-

" tive Technology Assoc1ates

Bu1ld1ng 0ff1c1al C1ty of
Dav1s

o Plannlng D1rector, C1ty of
- Davis . .

PrdféSsor Emeritus oqugri-

~ cultural Engineering, Uni-

versity of Callforn1a -Da-
v1s : o

- City Attorney, Clty of Da—'
- vis ,

' Pub11c Works Dlrector, C1ty

of Dav1s

' City Manager, Cify of Davis =~

Builder (Tandem Associates)
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Dete end Location'

of Interview*

'September 27, 1978

September.28,'1978>

October 6, 1978

October 16, 1978

(Cupertino)

o September'Zl, 1978

October 4, 1978

September 20, ‘1978
~October 11, 1978

‘ySeprember 20, 1978

October 11,. 1978 -
October 12, 1978

‘SeptemberiZI;'1978vA

- September 21, 1978



Rt

Interviewee

Streng, Bill

Whitcombe, John

Occupation

Builder (Streng Associates)

Builder (Tandem Associates)

Date and Location
“of Interview*

~ September 28, 1978

" October 11, 1978

*All interviews were conducted in Davis except where noted in parentheses.
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