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ABSTRACT

In response to a large building program commencing in 1984, an energy standard
for new buildings was developed by the campus energy committee and approved by
a I I adm i n i strators at UCSD II The standard now app lies to at II new campus
buildings regardless of funding source. The standard deals with all aspects
of energy consumpt i on i n new bu i Idings i rae Iud i ng bu i Iding layout; a I Iowab Ie
spaces for air cond i t ion i ng, bu i Iding equ i pment eff i c i ency I zone separat ion
and building HVAC control systems. It specifies mandatory consumption
metering in al I new buildings. It also enhances habitabi lity~

This paper surveys energy standards for other universitie~o It compares the
UCSD energy design situation before and after implementation of the standard
(including a detailed description of energy provisions in the standard) $ The
process which the standard is imbedded in the actual design/construction
process is deser i bed to The paper discusses the f inane i a I and i nst i tut i ana I
barriers energy icient design in university bui Idings and to implementa-
tion a standard discusses the predicted effects of the new standa in

ineeri I (the only completed design to date) 0 The other new buildings to
it already been applied are listed~
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Ie HISTORY

After a long hiatus; UCSD began a large building program in early
1984 <> The campus energy comm i ttee determ i ned that new bu i I ding des i gn and
construction was not sensitive to energy considerations*

The University of California at San Diego (UCSD) is a mid sized institu­
tion with a very large research programG It occupies 1200 acres near the
ocean in San Diego (climate: 800 Heating Degree Days and 1500 Cooling Degree
Days; both base 65) G In sp i te of i ts mil del i mate I energy consumpt i on per
square foot is substantial 1 e. Energy prices have also increased dramati­
cally2 e

As a resu It; UCSD has been pursu i n9 an aggress i ve energy conservat ion
program since 1973 with outstanding resultse. Excluding energy increases due
to growth in occupied space; is program has reduced campus energy consump­
tion by 46% since 1974~ pproxima $32 million in energy costs have been
avoided in the peri 1973 through 1985G- Savings due to these actions wi II of
course continue to accrue0 is is a remarkable achievement0 Only UC Santa
Cruz has exceeded that record 0 They have achieved 50~ in the same period but
their bui Iding mix includes fewer laboratories and is therefore much less
energy intensive than ourse.

These efforts concentrated on relatively low cost; high payback; retro­
fits like delamping and rebalancing entire ildings including: reduction of
building air change rates in labs and ices, and installation of two speed
fans to reduce off-hour ventilation ratesQ However, the exceptional campus
conservat i on success 1985 had been i eved by eli mi nat i ng the easy
targets 0

is is not to amount effort or commitment involved in
such a complex sa endeavor 0 The fact remains, however; that previous

forts had concentrated on increasing the efficiency of energy delivery
systems under severe capital restrictions0 In 1984, we found ourselves at a

1 fiscal 1972/73; UCSD consumed ge8 mi II ion therms over 206 mi II ion
(377kbtu/ft2) .. In 1984/85 1 the consumption was 7.5 million therms over

3@4 mi I I ion ft2 (220k Btu/ft2)~

2 In 1979/80, electrici at UCSD cost $O~057/kwh and gas/oil cost
$OG TodaYa the prices are $00125 and $0036 respectivelyo

6.69
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turning point in the process. Further gains in efficiency would require more
aggressive attention to new areas.

There is substantial opportunity for improvement. UCSD currently spends
about S11.6 million per year on energy. Between 1982 and 1984, campus utility
bills increased from S9.6 million to about S11million. In the period
1979/1980 through 1983/84, tots I campus energy costs increased 110" wh i Ie
space increased 3~.3 Although energy use per square foot has been dropping,
there is great opportunity for increased efficiency to compensate for rising
prices. In many ways, the current state energy financing system is rooted in
the traditional view of energy as a free good. For example, at UCSD, we don)t
even measure the space conditioning energy delivered to campus bui Idings.

New Bu i Idings

Prior to the 1982-83 academic year .. UCSD had a very small building
programi nvo I vi ng only structures funded by non-state money.. Consequently
there was no forma I energy regu Iat i on govern i ng des i gn pract i cas beyond the
state standard" Ti tie 24. Essent i a II y, each bu i Id i n9 was des i gned by an
outside executive architect and the energy performance .was left to this
architect.. The emerging design was strongly influenced by a consensus
generating process involving a building advisory committee (BAC) composed of
students; staff and facu Ity slated to occupy the new bu i Iding.. The campus
architect was also a member of the committee.. The executive architect and his
staff work closely with this committeo0 Except for the campus architect;

occupants were mostly concerned with the functional layout and getting
as much useful space as possible within budget constraints$ Energy
considerations were; for the most part, left to the executive architect and

tie 24~ This process is heavi Iy dominated by the bui Iding's first cost.
The state is understandably very careful of first costs 0 However; the zeal to
hold down first costs has resulted in a state policy that, beyond Title 24;
investments in energy conserving features of new buildings are funded only if

have a payback of less than two yearso

No aggressive consideration was given to the future building's operation
rna i ntenance costs s i nee those costs are borne by other adm in i strat i va

not s i i fica nt Iy represented i n the des i gn process 0 Energy use was
cularly under the state system for funding energy

illse The campus receives state funds for energy in the amount of a budgeted
consumption per square foot of occupied space multiplied by the energy

price at the campus 0 Provided the campus meets this target, there is really
no i ncent i ve to reduce consumpt ion.. Essent i a II y no vi ab I e mechan i sm ex i sts

ei investi savings in current conservation retrofits or increasing
first of a bu ding to pay for conservation equipment in the new buil-
ding ..

3 Two factors are at work here Energy use per square foot has declined
dramatically while energy prices have increased dramatical Iy~
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Beg i nn i ng in 1984, the s i tuat i on changed dramat i ca II Yo For the first
time since its inception, UCSD was entering an intensive building program of
public and privately funded bui Idingse Although there had been a Chancellor)s
Energy Committee composed of faculty and staff for a number of years, in 1984
the comm i ttee began an aggress i va study of the system for des i gn i ng and
constructing new bui Idings.

II. THE APPROACH FOR EVALUATING THE DESIGN SYSTEM

The committee studied the current system from within by participating in
the Building Advisory Committee for the first state funded bui Iding, Engineer-
ing I (210,000 square feet) to Information from outside the campus was also
sought via consultants: Hal Levin, Past Chairman of the California Architectu­
ral Licensing Board; Barry Wasserman, Former State Architect; and Malcolm
Lewis, President of Malcolm Lewis Associates, a mechanical engineering firm in
Los Angeles0 Each of these men is a recognized innovator in aggressive energy
management0 Mr levin is an expert on habitability and air quali considera­
tions in energy efficient buildings~ Mr~ Wasserman presided over the design
of many very efficient state office buildings$ Mr& Lewis is well known for
his innovative work in energy efficient mechanical design0 We also visited
the Stanford Universi Architect»s office; the a itect at UC Irvine; and GA
Technologies in Jolla~ Finally; telephone interviews were done with
appropriate people at ley; Pri and Ohio State~

New ign at UCSD

venti lation"
control Ii

iciently

Our first '5 design process; next" specific design
measures were consi ing the process; three points were paramount
In i design programs~ First; new university bui Idings would be
wi time and wi in reason; we should strive for designs which

economic sense over long 1$ Second, although energy conservation
habi ilityare Iy i si considerations; there is

ample evidence these are not goa $0 Third, decisions made
by itects and ineers of a new ilding have great
impact on iii tota I cost operat i ng and ma i nta i n i ng the

i Idi over its message from our contacts outside UCSD was clearo
i Ii and ion in a ilding, especially in relation to

habits its I occupants; are strongly affected by five
layout of ilding p 2)office access to natural lighting and
whether building's mechanical equipment permits good zone

i n9 space cond i ti on i ng; and 5) whether the bu i I ding can
Ie changes in occupancy over time0

Work on ilding advisory committee convinced us that the principal
j iment ing the campus energy efforts in the area of new buildings
was a vi rt I tota I Iack mandatory cons i derat i on for energy imp I i cat ions

Title ilding committees are understandably consumed with pro-
nr~~mn'~~ic issues0 Both the campus architect and an outside contract architect
p J key ro Ias i n the process 0 The contract arch i tects were str i v i 09 to
sat programmatic needs on a stringent capital budget0 There was no
explic t motivation (financial or otherwise) for them to go beyond Title 240



SEBALD ET ALo

There seems to be incredible pressure not to exceed the budgeted first cost.
This pressure seemed to be mostly founded on a visceral fear of delaying and
risking cancellation of the bui Idinge

From the outset, the Chancellor's Energy Committee was sensitive to the
financial realities in new buildings. Our approach was based on the view that
conservation and habitabi I ity are most cost effectively achieved if the
building's basic concept is sound. In fact, the new standard explained below
has not substantially increased the first cost of any new building. It is not
our intent to build energy efficient buildings at any cost. We are ultimately
interested in bu i Idings whose life cye Ie cost is low" We are interested in
bu i Idings whose amb i ence perm its occupants to be more product i va" and th i s
implies buildings whose occupants have a healthful working environment0

Although energy is now a substantial cost item" state procedures for
dealing with it have not deviated much from the old, Ifree good" mode. We
be I i eve that, sooner rather than Iater I the leg i s Iature will rev i se energy
funding procedures to reflect the new reality~ Some sort of pay-your-own-bil I
scheme is likely to emerge0 The new buildings we build today will be around
at that time. We feel that it is in our own best interests to recognize the
new reality in our current building specifications$ One final point needs
to be mentioned0 The purpose of UCSD is to educate~ The'committee strongly
feels that UCSD doesn't simply educate our enrolled students. We also educate
ourselves (faculty and staff) and the community at large through experiencing
the phys i ca I rea I i ty the campus e We strong Iy be I i eve that we have an
opportun i ty" indeed an ob I i gat i on I to educate ourse Ives and others in the
prom i se increased. human i ty and product i vi ty in bu i Idings wh i ch conserve
resources & Our new bu i I dings wi I I make a statement i n ttl i s rega rd $ The
commi strongly urges that the statement be optimistic, even excitinge

iption Resulting Standard

ided that the Stanford model a tight; cost effective energy
new i Idings would be of great help~ It would I iminate the

to fi design battles in each and every building advisory committee~

would a so transmit to bidders on future buildings our firm commitment to
conservation and itability in new buildingso The UCSD standard is

ti Title The latter; for example, does not require
meteri of energy consumption in buildings& It also says nothing about the
types spaces which can be air conditioned~ The UCSD standard is philoso-
phically very close the Stanford standard but regional differences existo
Our standard is also considerably shortere The UCSD standard does essentially

i Fi it enforces an overa II des i gn ph i losophy ina II new
bu i Idings 0 Second t requ ires certa i n energy conservat i on measures ina II
new bui Idingso ird; it specifies certain energy related submittals at
critical stages in the design proceSSe Finally, it discusses post construc-
tion verifi ion system performance~ In this section, we briefly discuss

of areaSe
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Fundamental Design Features

The following apply to al I new buildings (quotes are from the standard)~

1) Li fa eye Ie cost ana Iyses must be prov i ded at appropr i ate stages of the
building design process (details below) 0

2)HMechanical cooling shall only be provided to the fol lowing spaces requiring
controlled temperatures and relative humidity: Major computer facilities;
libraries, Patient Care Faci I ities .. certain types of Laboratories; Animal
Handling and certain other facilities where such need is clearly demonstra­
ted,,"

3) "Non air cond i t i oned spaces sha II be des i gned to prov i de max i mum comfort
using operable windows, appropriate shading and thermal flywheel effects;
where required, mechanical venti lation~W

4) "Bu i Idings II des i to separate areas requ i ring cond i t i oned air
from those requiring on y ventilation; and ical systems shall be
separated accordinglyl~

by at least one
control the

rate air hand I i
to Ilow use

in
on

6) bui Iding's
provi off hour
levels consistent w
turning on I parts

wi II desi to easi Iy
and venti lat at minimum

desire is to avoid
a single use area0

i II water and hi
level@ Meters capable

ific

wi II

i
irementll l

type (I ighting; bui Iding
Ie bei by computer &

meters Vi 1I be prov i dad to

aB~~~u~~~1 ventilation offices@
Vari Ie Air Volume Systems
Economizers
Energy icient Motors
Direct Digital Control of environmental equipment
ti to Central Control 0

followi
unless speci
tion:
1 ~

2$
3~

4~

5$

conservation measures
in writi by

on all new buildings
Design and Construc-

Ii systems
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6~ Lighting systems must incorporate day lighting, task lighting energy
efficient lamps and ballasts; local temporary override, stumble lighting
and multiple circuiting~

Submittals

Energy impact must be eva I uated in each part of the proj act dave I opment
process as follows&

l)Project Planning Guide: Preliminary analysis of project siting and orienta­
tion will include maximization of passive solar heating, cooling and ventila­
tion effects as well as natural lighting. Furthermore, statements will be
made regard i ng part i cu Iar zon i ng or air cond it ion i ng requ i rements for the
project.

2)Detailed Project Program: More complete analysis of the project siting and
a preliminary zoning analysis of occupant HVAC and lighting needs a

3) i tect Sa Iect ion: Cons i derat ion
energy conservation design experience0

4)Schematic Design

iteet and consu Itants wi th

50~ Schematic Submittals:

tia) I iminary selection candidate concepts environmental control in
non air itioned spaceSa These concepts include glazing ares, orientation,

ing, daylighting, natural ventilation processes etc a

b) liminary evaluation of various strategies HVAC lighting to take
full archi I decisions and building use considerations$

ilding Envelope: liminary analysis including evaluation of type of
materials necessa to take full advantage of the resul of 1) above (e~g$

wall roof insu ation, of windows)@

li Cycle Cost Anal IS: li (lee) Analysis shall be the basis
revaluating nancial vi iii alternative energy conservation

measures~ all cases, consultants II use current standard UCSD parame-
and ca Iell Iat i on procedures i n accordance with Append i x B of the stan-

dard$" is a list required comparisons and the campus architect can
require more0

100% Schematic Design Submittals

liminary system sel~ctiona Submittal shall include criteria and
ea culations for selection HVAC system type, estimated energy demand
(including lighting) in Btu/hr/sq .. fta and watts/sq .. ft~ broken down into
heating cool ing (including percentage of load resulting from solar gain
through ion); ventilation, installed user equipment and lighting ..
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b)Provide estimated operating costs; and life cycle cost analysis leading to
above systems selectione

c)Preliminary analysis of performance of non-air-conditioned spaceso Quantita­
tive results on interior air temperatures and mean radiant temperatures are
required ..

d)Prel iminary initial cost estimates of the bui Iding in terms of unit cost
(dollars per square foot of gross building floor space, dollars per system or
component or simi lar)o

e)Location of mechanical equipment rooms and major equipment$

f)Major zoning and airflow schematics .. "

5)Design Development

100~ Design Devel~~·~~r~~

"a)Location of al I HVAC Equi

Submi Is:

b)Single line or air distribution

c)Major air

of --~~~~'?ions for controls~

Design calculations including

f) itten evaluation
include an economic anal

Iii ici
foot

".:!l""F'_mlll§'''~ll''''·~ )

final

down into: heat i ng I coo ling ( i nc Iud i ng
solar gain ion); ventila .....

mec:nalnical and electrical systemse

evaluation Id
energy use, energy

lamp Ii footcandle levels;
effect on the HVAC system~

Dn()~C~me~1 ic data for each fixture shall

Written evaluation lighti system controls waring designs0
ical » I iterature specifications for digital co rols
II An economic and energy analysis of the control alterna-

tives along with specific details system 0

Final itative habi i I ity analysis including interior air and mean
iant temperatures of non air itioned spaces as wei I as natural venti la-

tion

j) I imi nary cost estimate ..
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k)Life Cycle Cost analysis on optional systems as directed by the UCSD project
engineerfl lt

6)Construction Documents Submittals:

50% Construction Documents submittals:

"a) Fi na I se Iect i on of equ i pment and systems opt ions cons i dared under des i gn
development"

b)Design Calculations$

c)Revised system cost estimates based on 50~ construction documents $

d)Revised descri Ion of systems and equipment&

100~ Construction Documents submittals:

Final Drawings specifications0

b)Final

Final

100%

iption of systems and equi

estimats0

ign calculat

II ion lancing

to enable completion of
testi is required on

VAV fanSe Contro set points for
how the above readings compare wi

provi the equipment perfor-
's specification without cost to

bala ng contractor who wi II

first building ineering I) governed by these standards is sche-
to start construct on n 1986~ It meets the standard but does not

a comp I test the standa '5 independent i nf I uence on des i gn
commi members were watching the process closely~ Engineering

to requ ire 7820 Btu/conditioned square foot per year as
Title 24 designG These figures include only building

I ights and user equipmento The bui Idings in Table I were
standard in effect; and without energy committee participa-
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Furthermore, two buildings nearing completion at the promulgation of the
standard (Center for Magnet i c Record i ng Research and the Mo Iecu Iar Bi 0 logy
building; each 43,000 ft2) were substantially impacted by changing their HVAC
systems from pneumatic to Direct Digital Control 0 The supercomputer building
also provided an interesting test of the administra~ive will to enforce the
fledgl ing standard. This is a high visibi I ity bui Iding funded by NSF and
operated by GA Technologies on UCSD property. There was intense pressure to

Table I: Buildings designed with the standard in effect

Sui Idi ng
University Center (Student Center)
Supercomputer Sui Iding
Instruction and Resea Sui Iding
Howard Hughes Medical Institute

Total

Gross square footage
175.,000
58;0

130,000
70,000

433;000

air cond i t ion
dec i sion to

bui Idi (whi violates
standard was made persona Ily

i Id i n9 VI i I I off
natural venti lation

standard)~

the chance II or §

separate from

Financially; rd appears to decrease first eost over conven-
tional desi as well as dramatically decrease the utili bil and
Ii cycle cost the buildi Engineering I, example; the standard
decreases the first cost by $328,000 over conventional UCSD designs and

first year utili from $367k about S43&6k, resulting
ina I i eye Ie cost sa vi $9 mil I i on (present va I Th i s
amounts to a value savi of S42/square foot and an annual savings of

bi lion Table for a comparison~ These calculations were
by e aiding architect using economic parameters provided by the

pus Arch i tect to standard ~ I i fa eye I e cost was
over a year time izon~

areas of work remain6 First is the issue of sufficient staff
~u~~u~§ard is ing adhered to~ The submittals required by the

contract architects and engineers to consider energy early
acto feel that great benefit wil I be derived by convincing the

architects of our interest in the energy and habitability aspects of
bu i I ding 0 I mandat i ng energy subm i tta I s ear Iyin the process is

expected to permit competent architects and engineers the opportunity and
backing to do a" good job in these areas~ However, some degree of in-house
oversight must be provided~ Sta has been increased to han the increased
bui Iding activitY$ Thankfully, the new staff has been uniformly excellent~

They have already done a very aggressive job in the area$ me will tell if
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the internal staff is adequate~ The energy committee has agreed to a couple
of reviews of the first new buildings coming off the process to gauge how wei I
the standard has been working ..

Table II: Summary of I ife cycle costs for Engineering Ie Alternative 1
denotes air cond i t i on i og the ent i re bu i Iding with a constant vo Iume system
(most common campus system).. AIternat i va 2 denotes CD i r cond i t ion i ng the
entire building with a variable air volume system. Alternative 3 denotes a
design with office pods having heating and operable windows with a variable
vo Iume system for the Iaboratory part of the bu i Iding (that requ i red by the
standard) ..

Summary of Economic data:
(Sk)

alternative

1 2 3
(most common (New Standard)

existing system)
Installed cost 2910 3407 2583

ility cost (first year) 367 56 44
Utility cost (final year) 4485 679 532
Maintenance cost (f i rst year) 63 59 51
Li Ie cost 15810 8305 6451

rison of economic data:
First cost Payback Net Present

al ives Difference Period Value
(Sk) (yr) (Sk)

1 liS 3 327 0 -9359
2 vs 3 824 0 -1854
2 'IS 1 496 2 7506

itative way to determine how well the completed
ing0 is would involve a quantitative comparison of the

I consumption with both theoretical analyses and existing
comparison would necessarily deal with variations in weather;

of occupancy etc~ The authors believe that there exists a
way to attack this problem and initial work is under way&

V CONCLUSIONS

A buildi energy design standard is a very effective way to communicate
il requ rements on energy efficiency and habitabilitY$ has been of

enormous Ip to the campus design and construction group3

6.78
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2) The fact that the UCSD energy committee is a chancellor's committee made
an enormous difference in the committee's ability to develop these standards
in a timely manner.

3) We went into the process believing that life cycle cost analysis would be
needed to justify increases in first cost for increased energy efficiency and
habitability. It turned out that the building as designed actually cost less
than a building with a standard design would have.

4) Life cycle cost analysis plays a very important role in achieving energy
conservation; not because everyone can agree on its accuracy; but because it
forces participants in the design to think quantitatively about the problem of
increasing energy efficiencYe

5) Enormous energy savings can be achieved WI

new bui Idings«
reasonably ea design in

6) AI ugh UCSD is in a very favorable cl imate,. commercial bui Idings
containing extensive laboratory ilities consume enormous amounts of energy«
Before the standa 9 buildings were perceived as entities in which
offices and I ies the same ventilation rates~ In other words,
operable wi were excl from bo I ries and offices alike$ The

i enormous savings in both fir cost operating expenses
by axel a iri t i on i ng from i cas initial push operable
wi came from current engineering ilding whi is
mechanically venti I very poor occupant comfort~

new
000 re of new bui Idi space is ing

I r

Univ~rsity

on; 1985~

I ifornia, Di iIi ty ign Standard, Energy

S nford University




