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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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OVERVIIW: The following narrative is essentially a

sumary of the entire report. JU <docunents the main or
critical points of our work on this project over the

last three-fourths of the year. Details of all the tasks
and activities are ore fully cxplained in each sub-
section. Essentially the overall wutcone of this project
was one which made our firm far more cognizant of the
energy aspects Of commercial buildings. at thc beginning
of the project we realized that the desi¢.. arnd analytical
process involved would be far different irom that used in
residential work, which has been the nain facet of our
practice. However, we perceivei the process as just
involving a different look at the therral functioning of
the building. The pre-dcsign energy analysis revealed

a far different perspective. It became evident tnat
thermal factors were only one of a number of critical
energy consurption parameters. The process we went through
through and the decisions we made are nore fully documented
later ir this report. The final design solution we- arrived
at is a reflection of- all the varying energy related demands
put on both the architectural programming (pre-design) and
design process. A description of the program ard our result-
ing design solution follows. Thoe drawlio®acoolgiu /i this
report further illustrates the solutior,

DESIGH PROGRAM AWD sCLUTIV:  Mhe original program and
intention was the passive soOlar retrofit of a smail exist-
ing comercial/residential uilding. The final solution
is a passive solar retrofit concept .ddressing the najor
energy consunption factors for this type of use. We feel
the solution also represents a design strategy for other
similar buildings in northern climates. The owner's needs
centered around the rehabilitation of a +60 year old
huilding which needed both additional space and an energy
retrofit to make it an economically viable entity. The
final solution consists of an add on gallery/sunspace which
is integrated into the existing structure bOth in terms

of energy and architectural functioning. The sunspace
solution solves a number of interrelated design problems
presented both by the owner's requirements for additional —
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space and the needs of making the retrofit huilding as
energy efficient as possible. It also presented a number
of potential problems which had to be addressed. The
existing building is elongated in a north-south direction
and has only a minimal southern exposure. The additional
space could only be constructed at the south side c¢f the
existing building, thus adding to the north-south elongation.
The sunspace solution maximizes the amount of south facing
glass for solar heat gain, while still allowing a deep
penetration of daylight into the existing building. In
the design solution the spaces which reqiire the highest
levels of general illumination are located in the area
with the highest amount of daylight. Essentially the back
of the huilding becomes the front and vice versa. The main
entry has changed location to the side with more ready
access from the parking area, but still in close proximity
to the street. To call attention to the entry, it is
-ramed by a wood trellis which then continues arcund

the huilding giving the diverse facade unity and relating
it to its context (scaled to adjacent uildings to the

east and the ivy covered fence to the west). Solar heated
air can be circulated from the sunspace into either the upper
or lower level (but only one at a time). “his circulation

pattern or loop is completed with return air plenuns through
the floors on the north side of the building.

Roof top light monitors provide a mininune ¢f 30 f¢ of
illumination over 50% of the time at the upper levei. The
monitors have overhangs toO prevent excessive heat gain in
summer, but allow it in winter. These concents are more
fully illustrated in the acconpanying drawinos.

DESIGN PROCESS: Our overall design procedurc is docurented
in detail in later sections of this report. As opposed to
ordinary design efforts this project saw o heavy involvement
in architectural programming or as it has been described by
DOE, as pre—design enercy analysis. In terms of overall
time this analysis represented about 50% of the entire (NOW-
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reporting) design effort. The first step was to analyze
the existing huilding and what its energy needs would be
if a "normal addition/rehabilitation" design was proposed.
This energy usage became the "base case" by which all other
concepts were to be compared to. The method used for the
analysis was that developed by Booz, Allen and Hamilton as
described in their LOOK"ENERGY GRAPHICS". This same
method was later used to evaluate the three alternative
schematic design solutions.

The second task was tO evaluate the natural energy potentials
that existed at the site. This included climatic and

solar characteristics, heating and cooling degree days, etc.
This phase is also described in more detail later. From this
data base we assessed the potential for solar heating, natural
cooling and daylighting of the existing building and the
Proposed additicn. These potential energy savings were then
used tO establish goals for energy conservation in the huilding.

The next step was to develop and evaluate three alternative
design schemes which seened to meet the established goals.

These alternatives were then evaluated according to their energy
use, cost and overall architectural function. Cne of these
alternatives was selected for final design development.
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DESIGN

INFOR/AAT\ON

UNAVAILABLE DESIGN TOOLS AND INFORMATION: In summary, I would
have to say that in conparison to a few years ago, there are a AVA\LAB\L\TY
number of well suited design tools available. The single
area of weakness is that of daylighting, but it appears not
to be much worse than the techniques available for any other
lighting analysis. Specific site information was also weak at
this location, but we felt enough information was available
from surrounding areas tO make reasonable interpolations. The
major area of weakness was the links and interrelationships
between the techniques. However, this may be a problem for

- all but the most sophisticated computer simulation techniques.




INCREMENTAL PASSIVE DESIGN/COST: The amount of effort
involved in this project was an enormous burden {inancially
and time wise. A good share of that effort rust be considered
educational. The total amount of time for energy analysis
was three times that of design. In the future an effort of
this type would cost a client a minimum of an additional 1 %
more than our standard 7 % - 10 ¥ comuission, but probably

2 ¥ more, or about a 25 ¢ total increase in our normal

fee structure. '
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OVERVIEW: In order to establish a basis for comparison, it
was necessary to define a hypothetical building. In our case
an existing structure had to be redefined in terms of energy use.
Certain basic levels of performence were assured. Some of
these assumptions were based on the building's historic enerqgy
performance. Primarily, the historic gas consumption levels
were recorded to determine thermal performance of the building.
This data seemed as a good base tO correlate calculated thermal
performance. The correlation was very close. Historic energy
consunption data ocould not be used in determining electrical
consurmption because the previous occupant was more of a ware-
housing operation than an active retail establishment. Thus
lighting levels were calculated based on providing a standard
level of lighting (30 fc) for a commercial space in a fairly
typical form. Equipment loads were also based strictly on
conventional kwh per square foot figqures for retail establish-
ments. Due to anticipated higher levels of wventillation due
to increased occupancy standard, minimum ventillation rates
were assumed. In periods Of overheating maximumn levels of
ventillation were assumed. The basic assunptions were also
utilized in determining the additional energy consunption
levels of the areas that were part of the anticipated building
expansion.

The basic technique (or tool) used to evaluate this so-called
typical or conventional solution was that as developed in the
publication "Energy Graphics" published by the Energy & Eaviron-
ment Division of the firm of Bocoz, Allen & !lanilton Inc.

as funded by U.S. Department of Energy. The techniques

predict typical building thermal performance on a seasonalbasis.
Since the method is useful only in predicting average conditions,
the additional atypical days of peak summer and peak winter
conditions were also calculated. These peak conditions were
simulated in a conputer assisted network analysis of thermal
performance.. Once the thermal performance was documented, the
energy use of electricity for lighting

was added tc the total to develop a comprehensive enerqgy

budget for the building. We also intend to use this same tech—~
nique and format to analyze the performance of the

alternative concepts developed in the schematic

design phase. :

OVERVIEW




.

UNAVAILABLE INFORMATION: In terms of actual data that
would have been useful, the following listing is provided.
Primarily, it would have been very useful to have

listings of actual conventional luilding energy consumption
patterns based on varying assumptions of thermal envelope
structure, ventillation rates, illumination levels and
related interior architectural characteristics and

resulting electrical energy consumption levels and summer
air conditioning costs and energy use. The statistical
studies compiled by the ATIA/RE in the process of developing
the Building Energy Performance Standards were useful

for ballpark types of figures, but were dirficult to fully
utilize because no specific example and luilding descriptions
were provided. Also, it would have been very useful to see
the same type Of detailed information on the "Techrical
Redesign" developed during the same operation. To have
historic information of typical buildings or calculated
performance of redesigned huildings could have shortened

the activities necessary in assigning erergy use levels in the
proposed building t the pre—desian phase.

The most obvious design (or pre-design) twol would be some
type Of computer aided building performance sinulation program
which could mirror the manual process described in "Energy
Graphics." To increase accuracy the typical seasonal days
could be analyzed on a hourly basis. It appears that the
annual performance figures predicted by the method are fairly
accurate. . One additional tool related to this method, whether
it be manually or computer assisted, would be a means or
technique to define the "typical" seasonal days used in

the analysis. More comments on this will be detailed in a
similar section of this report concerning schematic design
evaluation.

UNAVAILABLE

INFORJ/AATION
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INCRE/AENTAL
INCREMENTAL PASSIVE DESIGN COST PASSIVE DESIGN
a) Breakdown: The added desion costs associated with the COSTS

definition and evaluation of a "base case" conventional
building are detailed as follows:

PREVIOUS BUILDING'S EWERGY PERFORMANCE
DATA COLLECTION/LITERATURE SURVEY 6 HRS.
DATA ASSESSMENT 4 HRS.
TYP. PERFORMANCE CONCLUSIONS 3 HRS.
CONVENTIONAL SOLUTION (BASE CASE) [EVALUATION
REVIEW OF ENERGY GRAPHIC APPRAISAL 10 HRS.
MODIFICATION & ELABORATION OF APPROACH 2 HRS.
DEFINITION OF CONVENTIONAL SOLUTION 4 HRS.
PREPARATION OF BLDG. DATA FOR AMALYSIS 3 HRS.
MANUAL ANALYSIS OF CONVENTIONAL BLDG. . !
(THERMAL PLERFORMAINCE) 3 HRS. '
ASSESSIMENT OF LIGHT & BQUIF. LOADS 1 HR.
DOCUMENTATION OF BASE CLSLE DNTA 5 HRS.
47 HRS.

(GRAPHIC COSTS & COPUTER TV E WERE FAULAL;

b) The early activities alone were primarily staff learning
costs (25 hrs.). One could expect to repeat this
process in the future in approximately 16 lLirs. given the
right data. Hopefully with computer processing support
and the proper software, the process could be accomplished
with 6-7 hours of staff time and perhaps $14.00 of com
puter time (HIGH).
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OVERVIEW

NARRATIVE OVERVIEW

It is our belief that the first point of departure in any
building programming process which coricerns enerqy needs

is an evaluation of the site energy potential. This
specific task must come before even the Ccharacterization of
huilding energy needs. This appraisal is based on a

number of factors. The first is our fundamental

approach to ary building project, which is to hold
conventional energy use to a minimum. We attenpt to achieve
this without substantially. altering the vay people use

and occupy a building. The second reason is the institutional
framework in which buildings wre designed and constructed in
their day. One can no longer consider just the energy use of
a typical or conventional building. In our state as vell as

many Oothers, new Or substantially altered buildings,

must conform with more and nore restrictive tuilding energy
performance standards. With any building, these use patterns
directly reflect the natural environment it exists in. Thus,
even a conventional huilding nust be analyzed according to
energy code limitations and the effect of the clinate it is
located in. We consider it necessary tc have the bhasic climetic
data and building energy use patterns before ever. the base case
can be developed
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DUE 50 THS NATURBS OF THIS PROJECT, THE SORSTANTIAL EEHAS CONVENTIONAL
loF AM EVETING COAABRCIAL STRUCTURES AWONG WITH A THRouGH ENERGY SOURCES
| BEWONT FoRENSRAY CONSTRVATION | THG USUAL CENVENTCNDL ENERSY
1 Goune8S weanT ARFADY INCORPORATBD IN THE COILDING,, :
| corRENTLY <PAE HEATING AND WOTWATER IS SOPPLED BY GAS, WHILE
| TLLU/AINATION AND EQUIPiGNT NSBDS AlZ SUPPUED RY ELECTRIC.
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MATCHING ENERGY NEEDS & POTENTIAL

GVERVIEN ».The fundamental approach was to first assess %
the oan&tructed building concept toO see where the greatest
energy use occurred., From the previous step of site energy
sources assessment it was realized that numberous natural

energy sources were available tO reduce the conventional
energy load. The two major factors in the enercy project
were that used for space heating and lighting.

Since the lasic techniques used to harness naturel

sources tO meet space heating and lighting needs are

often similar and because one is often a consequence of the
other, and because of a limited budget we determined at this
stage of the process to develop solutions that wrich
reduced both these loads.

The overall effort concentrated on preliminary assessments

of the de51g'1 team: bemgable to affect significent energy
reductions in these two areas. Because Of our previous

design experience with passive solar heating in the residential
sector we were aware that we could reduce the space heating
requirement with south facing solar heat gain. Our approach
to this assessment was to determine what a reasorable level

of south facing glazing could be. We arrived at a fiqure of
fram 200-300 SF of south facing passive solar collector.

We then input these figures intO the solar load ratio calculation
to determine approximately the number of space heating

BTU's which could be saved per year.

OVERVIEW

N
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eAssessing the potential for daylighting was a far: more difficult
process. 1In a previous task we had identified at & reascnable
level the expected amount of skybrightness in various weather
situations during the four seasons. Our basic approach was

to determine the number of hours of building operation where a
significant portion of the illumination could be met by daylight.
The techniques used were the basic daylight determination-

at a minimun skyhbrightness of 600 fL. Our preliminary analysis
indicated that a basic daylight configuration of high clerestory
setback in combination with side lighting could produce

a minimum of 30 fL at the work place throughout 75% of the
leaseable space 50% of the tine. We also deterzined that

higher skylrightness could easily incrcase the illumination

in further parts of the huilding. This initial assessment
indicated a possible 37.5% reduction in lighting energy use
which we felt was very significant and should thus be a major
design input.

°Although cooling was not a major consideration in the initial
assessment it appeared that a solution which increased liaght
and solar gain when desired could alsc increase it whan nct
desired. Thus it was determined that these elerents should
also be controllable in terms of heat gain. Our past experierce
indicated that the ambient level of wind and the height present
in the building could be utilized tO both ventillate excessive
heat gain and to flush the building during sunmer evenings.
This feature also became a major design input. These tech-
niques were developed primarily from theoretical data
and calculation method-published by ASHRAE and our own field
testing of installation in our previous work.
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UNAVAILABLE: This task which is in essence thc first step

in the design process could use a great deal of input in areas

such as rules of thumb. The primary area we found lacking

was natural daylichting. There is good data available from the
Illuminatirg Engineers Society for certain daylichting configuration.
However, there should be many more fiqurations with measured

‘and predictable daylighting configuration. The techniques

developed at the University of Washingtor (as published in

the 3rd & 4th Passive Solar Proceedings) were also useful

hut they need much better documentation and actual correlation. The
The other area that is woefully inadequate is that concerning the
lighting effects of direct and reflected beam sunlight and

its ability to produce general lighting levels. We would like

to see such information documentated in specific "genaric" type
examples of daylighting configuration. It appears that a

designer could accomplish this by constructing daylighting

models, but such an effort would be prohibitively expensive in

a normal design effort.

The overall effect of passive solar heating has been well
documented by LASL in the solar load ratio technique but it
again would be quite useful to see rules of thumb for assessing
its potential with respect to the given climate and type and use
Of specific commercial occupancies rather than having to run
through a separate SLR calculation at this stage of desian.

In terms of cross ventillation and wind ard solar induced
ventillation for cooling it would be helpful again to see
well documented genaric exanples related to wind and solar
conditions of specific buildings, and have these be related to
and correlated to the current ASHRAE calculation methods. We
have found these ASHRAE formulas to be fairly accurate, but
would also like to see other peoples' experience documented.

UNAVAILABLE

INFOR/AKTION




PASSIVE SOLAR SPACE HEATING POTENTIAL/ASSESSMENT
SLR METHOD DATA SET UP 1.5
SLR MANUAL CALCULATIONS 4.0
ASSESSMENT OF ENERGY & COST SAVINGS : 1.0
DOCUMENTATION OF RESULTS 3.0

9.5

NATURAL DAYLIGHTING POTENTIAL ASSESSMEMT

 STUDY & EVALUATION OF BASIC DAYLIGHT METHODS 10 HRS.

ANALYSIS OF DAYLIGHT LEVELS AT MINIMUM
SKYBRIGHTNESS
LOWER LEVEL SIDELIGHT/CLEARSTORY CONFIG.,
UPPER LEVEL TOPLIGHTING CONFIGURATION
UFPER LEVEL BEAM SUNLIGHT CALCULATIONS
COMPOSITE ANNUAL DAYLIGHTING CONTRIBUTIONS
DOCUMENTATION OF RESEARCH
NATURAL CRCSS & INDUCED VENTILLATION ASSESSMENT
BRIEF ANALYSIS BASED ON PAST EXPERIENCE
(MORE THOROUGH ANALYSIS AT DESIGN DEVELOPMENT)
(FROM PAST EXPERIENCE WE ASSUMED IT COULD Lz DOLE)

&> 0BT

[ )

The passive solar heating assessment would involve a
similar effort. A good prportion of the daylighting
assessment was part of staff learning experience. The
total of 37 hours involved in daylighting assessment
could probably be cut in half or equal to 20 hours in
future projects. Ventillation cooling assessment would
a similar effort in the future.

HRS.

TINCREMENTAL

PASSIVE DESIGN

COoSTS




AANTHCING NEEDS
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ANALYSIS




A BrIEF Assessuar oF ConveNToN ENepay Neeps

®THE RUILDING . FRinity ENaRay CONSOALK IS Fok SEACE NIe S7%

TIN TEWUS OF COST [T REPRESENTS 407% oF EnGhke/ EXPENDYWRS,

® IN TBIML of oUkes ENREGY LGHTING (S THE WARULSET ¢CoN ik AT 40%.
IN ENDUSE ENZROY TS auy 2S% OF TOMPL ENsEyy. INTERIAS CP COSTIT
REPRESEHIS 35% or ENERGY EXPENDITURSY

* THUS \T APOEARS THAT THE DBSIGN EFFoRT /AU ST CONCENTIIE” BOTH

ON THa REDuctiod) oF ENtRGY USE POR. BOTH LIGHTING AVD SENCE

NSATING .

BRIEF ASSESSAENT or

BUILDING ENERGY
NEE DS




TO QUANTITRTIVELY ASSESS THE SPACE NGAIIMG FOTENTIAL OB PASSIVE
SO ELGMEBNTS RETRerT T THE ROILDING WE CALCUMTEBD THE
STALLE SO GAIN By THE SOWk LOAD RANO METHOD AS
DEVELOPSD By DoOg RAWasl AT LALL. ESSANTIMLY WE ASIL/elD
A QEBASOMNAELET AMOUNT i CoUTH FAUNG  GUASS AND THE ADDION
OF & REQUISITE AACUNT OF AASS, IWE THEN RAN THROUGH THE
CALCLWATION DAED on THE PREVicsLy DOCUABNTER HBAT
oSS ¢ HEATING REQUIRSMENTZ, THIS PRODLCED A /AanvTHLY
SOML \OBD RATIO FRoA WhItH WE ¢a0td QUANTITATIVELY
A4 FOTENTIAL REDLVCIIONS N SPACE HEATING REQUIRCHASNTS.
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MONTHLY SOLAR HEATING FRACTION
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CALCOLATION QAT FOR o sNTIAL
PRoCIVE SCAR TRACE HEATING
MONTHLY SOLAR HEATING ESTIMATOR
1.0 I
R | WITH NIGHT mmmnnwﬂmmm
INSULATION
WITHOUT NIGHT
568 INSULATION
0.6
THHR$E CURVES CAN BE EXPRESSED IN EQUATION FORM:
04 SHAF Ay x SLR, SLR less than R _1L
o SHAF Ap - Ag x e (A4 xSLR) g 5 greater than R
- whege: R A} A2 A3 A4 Uw ]
512: Dirdd gain 0.1 06182 1.0097 1.0710 12208 0.38
A IRHIT INSULATION (o, b cain 06 08563 .1.0028 12646 16467 0.1
ALUE -9 {night insulation) 4 '
TH L STORAGE:
VAR 132 SR T 1| O N T T Y A
0 o N ,-\L: 1 - e 2 3 4
. i‘ Qv d
Ry
MONTHLY SOLAR ENERGY ABSORBEL
1. MONTHLY SOLAR LOAD RATIO (SLR) =
‘ NET MONTHLY THERMAL LOAD
(including the static conduction through
the solar wall, Ay, x Uy, x DD)
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DESIGN INDICATORS: Because Of the rather limited srope
of the project no "design indicator" schematics were
developed. Essentially the design solution had to
maximize solar heat gain and’provide for deep penetration
of natural daylighting on the first level. It is our
belief that the solution which has been proposed was really
the only one that could be made. The heart of the design
was the necessary details that would make this overall
solution work in its given context (such as measures to
prevent overheating and the proper integration of the
solar space addition both in terms of architecture, thermal
and eneryy performance). These elements and concepts are
more fully illustrated in the drawings of the design
solution. :
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