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Crnapter 1

INTRODUCTION

The single-family home has been the dream of most Ameri-
can families since the end of Worid War Il1. After the 70's,
due to the high construction costs and high interest rates
the price of a single-family home lies beyond the reach of
most families. Even though i1t is becoming clear that most
families can not afford to have this type of home, its form
remains to be the preferred one of housing. Because of eco-
nomic reason, there is a trade- off between preference and
ability tc pay. This is the reason why condominiums, town-
houses, and apartments become more and more common.

The destruction of natural resources has been a problem
concerns ecologists for years. In October, 1973, it has be-
come a public concern when the Arab 0Oil Zmbargo cut off
crude oil to the United States from the Middle East and most
people began to realize that the days of inexpensive energy
was over.

This study is based on the pelief that building designers
must play a major role in solving the problem of energy con-
servation. Although one may debate this problem, one must
recognize %that the current increasing rate of energy con-

sumption, in light of the decreasing supplies of energy,



will eventually put us in the position where we can neither
afford to construct new buildings nor to operate those al-
ready have. People rely on buildings not only for protec-
tion from the natural environmen%t, but also, for the condi-
tioning the immediate environment in which they cook, eat,
sleep and play. In the United States, 20% of the total en-
ergy consumed was spent in the above activities! Therefore,
the designer has the moral obligation to help reduce unnec-
essary energy consumptibn.

In general, the architectural profession is aware of its:

responsipility of energy conservation. The question: "

What can the architect do ? " has been raised often, and
many answers have been offered and discussed.

For the architect to conserve the energy use in the
building, he must reccgnize the energy reguirements early in

the design stage and incorporate solutions throughout the

design process. In this matter, energy becomes not just a

problem to be overcome cut instead, a creative medium for
design deveiopment.
This study represents an attempt to demonstrate how the

designer who has lit%le cr no experiernce with sclar energy

application can begin to deal with the problems of energy

! NSF/NASA, Solar Energy Panel, An Assessment of Solar Ener-
gy as a National Resource, Ccllege Park, University of Ma-
ryiard, 1972, pp. 7-22



conservation by using energy as a design element rather than
as a design constraint. Based on two eariier works which
have been published? in the solar application in tcwnhouse
design, the author tries to apply these principles in a
practical case.

A site in Blackskurg, Virginia has been selected for this
application. It offers the convenience for data collection,

site analysis and design evaluation for this study.

2 Rokert N. S. Chiang, Charles William Fo%tis Jr., and Leland
Sangone Chen, 1. An Energy Conscious Design Methodology
for Tcwnhouses, 2. Solar Townhouse Analysis ancd Design,
College of Architectural and Urban Studies, Virginia Tech,
Blacksburg, Virginia, 1981.



Chapter 2

ANALYSIS OF ENERGY

17

rTICIENT SOLAR TOWNHOUSE

As mentioned, the townhouse has great pctential for solar
energy application. However, there are certain principles
ard guidelines for this application. Two papers published
by Prof. Chiang, Mr. Fotis and Mr. Chen: 1. An Energy Con-
scious Design Methodology for Townhouses, 2. Solar Town-
house Analysis and Design have provided the fundamental re-
search. The following two sections are summarized from

these two papers.

2.1 ENERGY CONSCIOUS TOWNHOUSE DESIGN

In general, a :townhouse is defined as a living urit which
has approximately 1,200 to 1,6C0O square feet of area and
contains two to three floors with a series of units as small
as three and as large as twelve 1in a group.

The townhouse, as a fcrm of residential housing, if de-
signed properly, could be very efficient in energy conserva-
tion. Since a townhouse offers low operating and mainte-
nance cost and saves energy as well as being economical to
own, 1t is wvery attractive to a lot cf families. A town-
nouse could save energy due to the decrease of sgquare foo-
tage, iess surface area expcsed to the cl:imatic impact and

it requires iess labor and mater:ial to construct.



Irn order to design an enerqgy efficient townhouse, the

following elements have to be studied:

1.

2.

Building Orientaticn:

a)

Solar exposure: this is the most important and
critical element that must be considered because
the sun affects all the facets of the design. 1In
order to maximize winter heat gain and prevent
summer overneating, the control of solar radiation
is critical. Ir general, the first priority is
that the townhouse should be oriented due south
with a variaticn of 15 degrees. The second prior-
1ty 1s how the sunlight is to be controlled or
collected. A proper design of shading could be
used to prevent summer heat gain as well as winter
overheating problem.

Wind exposure: wind will increase infiltration
and thermal conductance over the townhouse exteri-
or and thus will increase the building nheating and
cooling load. Therefore, windwarc side walls
should be desighed with a minimum of orenings for

winter.

Macro Climate Modification: Landscaping ccuid be

used to control or improve the impact of natural fac-

tors on the site. It can be used to protect the win-



ter wind as well as to maximize summer cooiing and

shading. Large and small trees and shrubs can be

used as well as man-made architectural elements such
as fences, paving, decks etc.

Shape and Vciume: there are two alternatives to con-

sider in the question of exposed surface area. If

the first consideration of the desigr is energy con-
servation, then the cubic shape 1s the optimum fcrm
because it has the least exposed surface area. If
the first consideration of the design is to maximize
heat gain, ther *the rectangular shape with the long
section oriented to the south i1s the optimum form.

In general, the most efficient shape of a building is

a cube with as many floors as possible and with the

smallest encliosure to floor area ratio because the

real useful space of the building is its net floor
area.

Principles of Efficient Townhcuse Design:

a) Minimum space per user: ar efficient townhouse
should minimize the space for each occupant.
Based on the existing practice of apartment ce-
sign, 1t could be designed for 400 square feet

maximum per user.



Multi-purpose and integrated space use: the space
should be :integrated to a large space to serve
multi-purpose room such as living, dining room
could be integrated with the kitchen.

No waste space: all spaces 1n the building should
pe designed for specific task. Unnecessary ele-

ments or spaces should be minimized.

5. Energy Conservation Techniques:

a)

o)

Heat transmission control: the building has to be
designed so as to reduce the heat transfer. Ceil-
ing should have a minimum value of R-30; £floor
R-19; R-19 for concrete slab floor perimeters;
three inches external of one and a half inches in-
ternal insulation liner for non-conditioned space

duct work; nhalf anr inch duct liner for conditioned
space duct work; two inches external insulaticn
for water nheater; half an :inch insulation for hot
water pilpes in non-conditioned srace.

Air infiltration control: walls, ceiling and
floors should have positive vapor parrier ccverindg
entire surface. Concrete siabs must be designed
to rest on a compiete vapor barrier. Crawl spaces

should be covered with a vapor barrier of at least

six mil thickness, and windows and doors should



As

rot exceed :0% of total fioor area, be double
glazed and/or storm sashed and must be weather

stripped and calked.

shown 1n Figure 1, the basic design process 1is the

identification of the potential elements which are explain

as

follows:

Design Objective: 1t includes historical perspec-
tive, cultural influence, social limitation and fu-
ture changes.

Building Programming: it inclucdes the user and user
activities, requirements and restrictions.

Design Program Analysis: it includes philosophy, oc-
cupancy characteristics, organization, spatial rela-
tionship, functional relationship and program summa-
ry.

Site Analysis: 1t includes macro-envirconmental fac-
tors, social and historical determinants as well as
micro-environmental factors.

Cevelopment of Prel:mirary Schemes: 1t includes
masssing, geometry, color and texture, orientation,
organization, circulation and visual requirements.
Schemes Aralysis: 1t includes design criteria and

energy utilization criteria.
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Preliminary Desigrn Develqpment: it includes site
orientation, climate control, space use and spatial
organization, environmental and energy demands as
well as circulaticn controls.

Sub-system Evaluation: it includes integration of
macro and micrc environmental, envirdnmental comfort,
health and safety, and energy system allocation.
Architectural Evaluation and Design Synthesis: it
includes the effects of natural resources, the ef-
fects of human percepticn, optimization of energy
supply and demand, ancd cptimization of building sub-
system planning.

Economic Analysis: it includes building cost estima-
tion, energy conservaticn cost and benefit, and solar
energy utilization cost and benefit.

Building Design Development: this is the firal stage
of the design process. Building documentation will

be proceeded in this stage.
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2.2 FUNDAMENTALS OF SOLAR TOWNBHOUSE DESIGN

the paper "Fundamentals of Energy Conscious Townhouse De-

sign"

which was conducted by William Fotis Jr., strongly 1in-

dicates that passive solar application to townhouse design

couid reduce approximately 50% of the energy demand. In or-

der %to provide the designer an understanding of solar energy

townhouse design, the following basic analysis of solar en-

ergy systems is presented:

1.

Direct Gain Solar System: it is defined as solar ra-
diation entering the living space and providing di-
rect heating of the space as well as heating of the
stcrage mass which is exposed. Figure 2 shows the
different designs of this system..

Indirect Gain Solar System: it is defined as the so-
lar radiation collected by thermal wall or roof by

cday and provides heat to the living space day and

right. Figure 2 shows the different designs of this
system.
Isolated Gain So:ar System: it is defined as solar

energy that enters directly to the sunspace and pro-
vides heat tc warm the alr, as well as thermal stor-
age mass in the sunspace. The air and thermal mass

ther will provide radian nheat to the living space day

and night. Tris system 1s alsc Known as solarium or
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greenhouse. The designs of this system are shown in

Figure 2.
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Chapter 3

PROGRAM ANALYSIS

3.1 HOUSING CONDITIONS IN BLACKSBURG

Because of the energy crises of the past and potential
crises in the future, present high interest rate, high hous-
ing cost, housing development in Blacksburg trends towards
higher densities. Multi-family development, townhouses and
condominiums will dominate instead of detached single-family
residences, and the single-family residences will be smaller
in size on a smaller lot.

For the same reason, the pattern of growth in Blacksburg
takes the path of least resistance and private cost by fol-
lowing existing roads ancd proposed utility lines, and by
avoiding those natural barriers that could add significantly
to development cost.?

According to the Blacksburg Comprehensive Plan“ by the
year 1985, the population will expend from 30,000 ( 1S76 )
to 45,000. Therefore, additional dwelling units will be
needed by that time. Shortage of dwelling units already ex-

ist. By the year of 1985, there will be a substantial

Blacksburg Planning Department, Blacksburg 1985,
B.P.D.,1974, pp. 1€-21 ‘

Blacksburg City Council, Blacksburg Comprehensive Plan,
1578.
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shortage of units, especially for the staff, faculties of
Virginia Polytechnic Institute and State University ( VPI
and SU ) and others.

In 1974, Blacksburg had 10,716 dwelling units including
4,278 dormitory rooms on the VPI and SU campus, 2,151 sin-
gle-family homes and 4,287 multi-family units. In 1970,
there was an average of 2.66 persons per dwelling unit in
Blacksburg. Approximately 5,640 new dwelling units will
need to be constructed to accomodate the additional 15,000
newcomers in order to maintain the same density in 1985.
According to the university policy against building addi-
tional campus housing, mcst of these units will need to be
provided by off campus construction, eventhough limited mar-
ried student housing is under planning.

Vacancy rate 1s practically nonexistent in Blacksburg be-
cause rapid local growth and the inflationary national econ-
omy have already caused a tight housing market. These con-
ditions are not likely to change until the rate of growth
levels off 1n the near future. It is possible that even
fewer than 5,64C dwelling units will be provided if there
are more persons per dwelling unilt.

Because of the significant difference in the amount of
rand used by single-family nhomes as cpposed to nuiti-family

homes, it 1s necessary to estimate the additional units %tha=z
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will e contributed between these two categories. Multi-
family housing is row primarily associated with students of
VPI and SU ( approximately 8CY% of all apartmenrnts are occu-
pied by students ). At present, 57% of Blacksburg's popula-
tion not housed by the university are students. The propor-
tion of multi-family to single-family dwellings ( 67% ) 1is
likely to remain constant. Therefore, of the 5,64C dwelling
units needed, 3,800 will be constructed as multi-family
units and 1,850 as single-family units.®

Blacksburg has recently started a rmulti-million dollar
program to extend both its sanitary sewer and public water
facilities throughout the entire cormunity. Moreever,
Blacksburg has encouragec the develcpment of cluster housing.
and townhouses In its municipal zoning ordinance. These
changes have reduced the average lo%t size per single-family
home. New single-family homes constructed in 1872 had an
average lot-size of 1/3 acre as compare to 1/2 acre before
1673. If the trend continues, Blacksburg will only use 645
acres for single-family homes, 1nstead of 890 acres at the
larger average ‘lot-size ( 1/2 acre ). Residential land use

for Blacksburg in the future 1s shown in Figure 3.
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3.2 DESIGN GOALS/OBJECTIVES

1.

To apply solar energy appiication principles to the

design of towrhouses for Blacksburg. The foliowing

principles have peen speclially studied:

a) maximlizing solar expcsure.

b) utilizing the " mass " of the structure for pas-
sively storing solar heat and internal heat gains.

¢) utilizing night insulation and/or solar shading
devices.

d) minimizing all non-south windows.

e) wind screen during winter, but allowing for summer
breezes.

To provide living amenities such as view, pricary and

individuality generally associated with single-family

houses but normally lacking in multi-family dwell-

ings.
a) view:
i) units should be planned to take advantage of
the view 0f the surrounding areas.
11) units should be plénned to aveid wisual pen-

etration of adjacent units.
b) privacy/individuality:
) 1t should bpe maximized to provide the great-
est sense of privacy and 1ndividual owener-

ship.
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ii) courtyards shoulds be provided for all

units.

11i) sufficient variety should be provided to al-

low individual preferences.

To change the stereotype images associated with con-

dominium living in hopes of creating living situa-

tions more competitive with the single-family dwell-

ing units.

To create a living place which is in harmony with the

surrounding environment.

To create a cdistinctive image of high guality and

pride.

To establish a "
cupant a feeling
time, as beinrg a

To help meet the

Blacksburg.

" that gives each oc-

sense of piace
of individuality while at the same
community.

increasing demancd for housing in

To cffer the occupant an alilternative to single-family

houses.
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3.3 SPATIAL REQUIREMENTS

The fcllowing program was developed to meet the general

reeds of generalized occupant and is therefore less specific

in nature and detail than would be exrected for a specific

occupant. The program was developed around the concept of

providing guidelines for fulfilling these general needs.

Specific solutions for specific amenities were left unde-

fined and open for consideration as the problems became evi-

dent within a particular design context.

Spatial Module:

1.

(08}

>

Entry: transition zone form public into private (in-
terior ) space. Large ( exterior ) enough to accom-
modate small group of people. Should provide good
access to unit zones and have designated space for
quest coats, etc..

Living room: planned for ease of entertaining, re-
laxing and appreciation of outward view. Interior
fireplace or wood stove Is desirable as backup unit
for the solar system.

Dining space: fl_exible for formal and informal liv-
ing; direct relationship with the kitchen.

Kitcnen: planned for ease of food preparat:ion, ciean

up, access to entry and service tc dining. Should be
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with maximum amount of counterspace. Built-in utili-
ty area and storage should be incorporated in the
kitchen area.

S. Bedroom/bath: guest or child bedroom should be lo-
cated away from living areas. Adeguate storage pro-
visions and bathroom should be provided.

6. Master bedroom: planned for ' luxury ' both size and
spatially; good view and sunshine and storage should
be provided.

7. torage: specific storage space shculd be consicered
and should be an integrated part of all storage space
ir the housing as well as outside the unit.

8. Miscellaneous circulation: circulation corridors and
space should be kept to a minimum.

9. Family room: a separate family room should be pro-
vided as much as possibile.

1C. Cpen plan where possibie: 1integration of kitchen,
dining and family rooms; combined living, family and

dining room; or study, guest and family room.

Tigures 4, S5, € and 7 are provided tc illustrate the re-
laticnships among the major ccmponents of the rrojected
townhouse as described above. Figure 8 is a prcposed list

of design rricrity amcng the majcr erements within a single
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nousing unit to demonstrate solar applicabiiity to these el-

ements.

3.4 USER IDENTIFICATION

As shown in Figure 9, the major multi-family dwelling
shortage falls in the categcry of staff, faculty of VPI and
SU and others by year 2000. In addition, this shortage is
mostly caused by young couples with one to two children.
Therefore, this project is aimed to satisfy this need and is
composed of two-bedroom and a limited amount of three-bed-

room units.
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Chapter 4

A CASE STUDY

4.1 DESIGN PROCESS AND SUMMARY

The townhouse analysis and design, and solar townhouse
application are based on the studies of Prof. Chiang, Mr.
Fotis and Mr. Chen.® The design process this project de-
ploys can divided into four major components--PROJECT
PROGRAMMING, DESIGN ANALYSIS, PRELIMINARY DESIGN DEVELOPMENT
AND FINAL DESIGN DEVELOPMENT, ( see Figure 10 ). Based on
the discussion in the previous chapters, the task of the
first stage is to define the goals and objectives of the
project, to develcped its design program, to select a site
and collect pertinent data for analysis.

It 1s then followed by two interrelated stages which are
essentially carried out in a cyciic fashion. In the design
aralysis stage, data collected are analyzed, summarized and
cdeveloped 1nto design elements and/or design criteria for

m

design development and evaluation intc large stage. The
site, the nature and characteristics of townhouse, 1its op-
pcrtunities and constraints for passive solar applications

are specially studied.

¢ same as Foctnote 2

29
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At the same time, a preliminary design scheme 1is
developed upon the design elements and conditions estab-
lished. At i1ts completion, it then goes through two evalua-
tion processes-- solar application and architectural evalua-
tion--based on the developed criteria in the design analysis
stage. The preliminary scheme will be recycled and modified
within the second and the third stages until it satisfies
the evaluation criteria in both processes.

Once preliminary design scheme or schemes are estab-
lished, a final design optimization will be carried out to
produce the best solution for the project in the final de-
sign development stage. The final task of this stage is to
document the total process and the result of the design (

see Figure 11 ).
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4.2 BASIC DESIGN

4.2.2

SCOPE OF DESIGN:

This project consists of the following elements:

1.

45 units of prototypical townhouses applying passive

solar technologies on the selected site.

a) townhouse units: 45

b) three-bedroom units: six, approximately 1,500
square feet per unit.

¢c) number of floors: three

d) two-bedroom units: 39, approximately 900 square
feet per unit.

e) number of floors: three

Passive solar system: direct gailn

a) solar saving fraction ( annually ): 65-80%
b) collector area: 11-23% of total floor area
c) collector: double glazing

d) c:erestories: double glazing
Public facilities:
a) children playground: two, approximately 4,500
square feet each
b) clubhouse: consists of spaces for ping pong ta-
le, pool table, with an office and a meeting
hal:, approximately 4,00C square feet.

c) outdoor swimming poor
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4.2.2 PLCT PLAN:

pased on the site analysis, proximately five and a half

acres of the land is suitable for applying soiar technolo-
gies as indicated in Figure 13.

Major circuliation loops through the site connecting the
two entrances, leading to ZFaculty and Wilson Streets respec-
tively, and organizing the three proposed townhouse group-
ings. Elements and the area taken within these groupings is
shown in Figures 12 and 13.

The remaining three ard a half arces will be essentiailly
occupied by a park with a clubhouse and a swimming pool.

This open area also has the potential to ke developed in the

future fcr expansion of this community.
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4.2.3 HOUSING TYPE ANALYSIS

By
4.

Solar exposure: as shown in Figure 14, the direction
to get maximum solar exposure i1s due south.

Regular form: under a given climatic condition, reg-
ular forms minimize heat loss from the units. As in-
dicatecd in Figure 15, building A has less exposure to
the air and thus has less heat loss.

Continuous units: due to the fact that continuous
units share building walls and also reduce heat loss.
From the comparison of aiternative layouts of contin-
uous units, type A is the most suitable for minimiz-
ing heat loss due to its minimum exposure to the air

"( see Figure 16 ).

Based on above study, the design of the proiect townhouse

will be characterized by the following features:

1
U

2.

due souzh.
continuous straight line units with five to seven
units in a row.

rectangular unit £form.
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4.3 SAMPLE DESIG

Based on the established program, three alternative units
are developed as the ptototype of the townhouse prcject. (
see Figure 17, 18 and 19 ).

Type A and type B both have two floors. While the former
has a wider south-facing frontage and a smaller floor area,
the latter has a narrower south-facing frontage and a
slightly larger floor area. Type C is the smallest alterna-
tive unit with three floors. Its prcoportion and orientation
are similar as type A. The collector areas of all three al-
ternatives are kept very ciose--156 square feet for type A,

144 square feet for type B and type C.
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4.4 COMFARATIVE ANALYSIS

The purpose of this section is to determine the best spa-
tial layout as the prototype for single townhouse unit in
this project for further development.

Based on Balcomp Method A ( see Appendix A ), the sclar
performance of the three prototypes--type A, B and C ( see
Figures 17, 18 and 19 )--are calculated as shown in Figure
20 and 21.

For the yield to close solar saving fractions, ZUI's, and
rates of return type 3 and type C reguire less collector
area then type A. However, type C has a more efficient spa-
tial layout and an essential family room. Therefore, type C
is the best prototype for this project and is then going
through Balcomb Method B ( see Appendix B ) for detailed so-

lar performance study.
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4.5 SOLAR DESIGN DEVELOPMENT AND ANALYSIS

¥rom the calculation of Baicomn Method B, the solar per-
formance of unit type C is reasonably satisfactory with 69Y%
of solar saving fraction and 22%¥ temperature swing ( see Ap-
pendix B ).

A townhouse design ancd site planning are then develcped

based on unit type C and the plot plan mentioned previously.



FIG. 22 SITE PLAN
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Chapter S

CONCLUSION

5.2 EFFIENCY OF THE DESIGN PRCCESS

Aimed as a design guide of solar energy application, this
design process is simple and easy to follow because the ana-
lytical process is substantially reduced by the application
of Balcomb Method A for preliiminary design study. Selected
alternatives are than evaluated by Balcomh Method B for de-
tailed solar effeciency and effectiveness. This process is
especially useful for architects and developers alkie to
come up with the most potential preliminary design solutions
for further study in a relatively short of time. Its advan-
tages and effectiveness have been proven by this study.

In the case of this project, only direct gain system is
applied for the townhouse design without any combination of
other systems. This adds to the simplicity of the prccess.
However, 1t can be easily mocdified f{or more complicated ap-

plications.

53
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5.2 DESIGN EVALUATION
To summarize the advantages and cisadvantages of the cde-

sign solutions, it is divided into two major sections:

5.2.1 FIUNCTIONAL AND SPATIAL EFICIENCY

Some 40Y% of the site Is not suitable for solar energy ap-
plication due to the northward orientation. However, they
are appropriate for a park for recreation and protection of
winter wind of the community. The remaining 60% yields ap-
propriate building site £for solar exposure.

As a result of regular scuth facing layouts tc maximize
solar exposure, exterior space has less room for variety.
However, sufficient distance between groups of rowhouses
compersate for this problem.

Major rooms in a single unit are arranged on southern
side and service spaces--bathroom, storage, stairways-- on
the northern side as ruffer zone 0f the unit. This arrange-
ment resulted in a more energy efficient builcding envelop
but puts a limitation on building layout since the major

rooms are competing for solar expcsure.
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5.2.2 ENERGY EFFICIENCY

As mentioned previously, regular form and layout, buffer
zone and good insulation combine to reduce the heat loss c¢f
the units to the minimum.

Carefully calculated solar windows and clerestory open-
ings have maximized the most desirable collected solar ener-
qy.

The direct gain system this project applies offers the
advantage of simplicity and less expansive investment while
maintains a relatively comfortable living environment for
residents.

As shown in Figure 26, the upper curve represents the an-
nual utilities consumed of a unit cf townhouse _ocated at
Ycrkshire Court, Blacksburg. The lower curve represents the
energy would be consumed should the system of this study is
applied. The area between these two curves indicates the

amount of energy saved.
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5.3 PROPOSED CHANGES

Cn the whole, this project suggests an easy ancd quick way
to apply passive solar energy to townhouse design efficient-
ly in a moderate temperature zone. As indicated by this
study, the most efficient solar system may not be the best
architectural solution, and there are a lot of environmenta.l
and human factors to be taken into account if a desirable
solution is to be generated.

Inspite of these advantage, this process 1s subjected to
future modifications due to the crudeness of the state of
the art and rapid 1mprovement cf solar energy design. More
sophisticated sclar systems and design processes are expect-
ed to be available for appiication in the near future. The
systems and processes suggested by this study shouid be ad-

justed acccrdingly.
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Balcomb Method A 1s a very useful method for pas-

sive solar energy design. It is used for preliminary

sizinrg and evaluation. Thre procedures of tris method

is as follow:

A

D.

e

Decide the area of the buillding and the areas cf
of tre walls, floor, window, roof, door, etc.
Determine the building R values so as to decide
the U values.

Calculate the building loss coefficient ( BLC )
for heat-transfer loss. ( BTU/F-DAY )

Calculate BLC for air infiltration.

By adding up all trne BLC, then compute the build-
ing load collector ratio (LCR):

Ap__ BLC e el
LCR=—fz 5 Rg — - BYU/FT°-DD

Ag= gross area of collector ( £t2 )

Rg= rate of glazing in the ccllector essembly

( %)
rrom the calculated LCR, check the sclar saving
fraction ( SSF in % ) from Appendix F of Passive
Solar Design KEandbook Vcl. II by Balcomd from
U.S. Cepartment of Energy. Tren fill the number

into the following column:



G.
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A 3 C
D E F

A and C are the SSF from Appendix F. The value
of A is smaller then C.

B is the actual SSF to be calculated.

E = LCR calculated from step ( E ).

D and F are tne LCR values read under A and C.
R=A+0.1x (D-E)/(D-F).

Compute the annual energy savings from solar
energy ( ES ) by:

ES = SSF x BLC x HDD = BTU/YEAR

HDD = F-day or DD ( heating degree day )
Compute the annual auxiliary energy required

( AZ ) Dvy:

AE = ( 1-SSF ) x BLC x HDD = BTU/YEAR
Estimating the January average inside clear-
day temperatures ( JAICT ):

From Appendix ¥, checck the site's latitude and
its mean temperature in January, then from
Figure Z-4 of Balcomb's book, check the average
outside temperature (4T solar ).

JAICT = aT(Jan) + AT (solar) +4 T(internal heat)
AT (Jan) is from Appendix F

A7 (solar) is from rigure E-4 of Balcomb's
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book

AT (internal heat) = 5¢ constant

Estimating temperature swings: based on the
thermal mass = 45 BTU/F per £t° of glazing, the

value of temperature swing is:

a7 (swing) 0.74 x T(solar)--direct gain

AT (swing) 0.65 x T(solar)--Trome wall with

3% vents

AT (swing) 0.39 x T(solar)--water wall

aT(swing) 0.13 x T(solar)--unvented Trome wall
Then the maximum and minimum temperatures of

clear January days could be decided by:

T(méx.) = January average inside clear-day
temperature + 4 T(swing)/2
T(min.) = JAICDT - aT(swing)/2

The different between maximum and minimum
temperatures should not exceed 25F.
Add on cost calculation ( AOC ):

AOC = Ag x ( CSFC - CSFE )

AOC(NI) = Ag x ( CSFC - CSFE + CSEI )
AQC(NI) = add on cost with night insulatior
CSFC = estimated cost of square feet of collec-

tor area

CSFI estimated square feet cost of night

insulation



62
CSFE = estimated cost of square feet dis-
placed enclosure area
Payback period:

Annual saving index = AOC/SS

SS annual dollar saved

(fuel unit save) x ($ per unit of fuel)
From payback graph of Appendix D ( author's
study ), based on the annual interest rate and
annual fuel inflation rate, check the graph

and find the payback period.
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R1980(3/7
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Rabert N.S. Chiang
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Wi
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SSt 3¢ HDD £
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V| D 0. 29 425 x10°
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=S WORK ZNERGY CTNSIRVATION -- INFILTRATICN |race
ot SHEETS DETZIMINATICN OF INFILTRATION LOSS -- AIR CHANGES {
GCOD, CONE AIR CHANGE AVERAGE, TWO AR CHANGES | POOR, THREE AIR CHANGZS
<l « Fitted, cauiked, and No storm sash, but caulk-| 7o storm sash and poorly
S] Z |weatherstripped in good |ing and weatherstripping | fitted, cauiking and
4] 2 |condition with storm sash|in good conditicn with weatherstripping is miss-
=] =X |oroperly Fitted. [Tgood fitting. (—- ing or in disreoair. {——
=
c ritted, cauixed, and No storm goor, or sterm o storm door ang acer 1s
«» |weatherstripoed in good [door poorly-fitted, docr-|pocrly fitted, cauiking
] = conditicn with storm doorjclosure inoperatable, but| and weatherstripping is
=] properly fitted. caulking and weatherstrip| missing or in disrepair.
[T‘ping relatively good.['—’ r_
2 Ceiiing insuiation with |[Intarior joints cover No vapor barrier, visicie
= [vapor barrier, interior |with mcliding, accass dcorfcracks on interior joints
S _;oint; are taped or molid-|properly fitted, ceiiing | and access dcors, ceiling
< |ing with caulking, no light and junction boxes | 1ight and juncticn bcxes
& |access or access with are covered or sealed. are not covered or saaled
'S [Titted cover or door. r— r—- ['—
= /
Un .grade construczion, Wooden tTioor over unneat-|Woocen figor over unneat-
base caulked, no visibie [ed space, insuiated with | ed space with cracks un-
. |cracks, and all joints vapor barrier, base witn | sealed, no vapor tarriasr,
S |are sealed. molding, and.access door |access door pooriy fittad
2 fitted. and cauiking and weather-
stripoing missing or in
[7" - [—‘disrepair. r—'
§ Masonry exterior finisn- |Siding.with good fitting,|Siding with cracks uns2ii
= ing with joints caulked no vapor barrier, al} ed, no vapor barrier,
~ in good condition, insulafjoints are caulked, power| power outlets ancd connec-
=l - tion with vapor barrier, |outlets and connections tions are unsealed, and
S} = |plastar finishing inte- |are properly sealed, and {caulking is missing or
< |rior, no power outiets exnaust back draft ccver | in disrepair.
=4 ~ |and connecticns, or out- |in operatabie candition.
= lets anc connections ,
w SUB-TOQTAL = 5 SUB-TOTAL = SUE-TITAL =
=
e TOTAL = z
2 = |Glass missing or broken (+1)
=] f.: Glass area more than SC% of the wall area (+2)
§ 8uilding underground 40% or more {-1)
S |Building with air-lock entrance or swinging dcor (-2) -2
Inoperable back draft cover ’ (+1) .
GRAND TOTAL = >
AIR CHANGES (3 5)= O\ b
PROJECT 2y JATe:

pE—
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January average inside clear-day temperatures:

65

Ceiling area = 482 £12

Exposed window = 4 ft2

Exposed door = 42 £12
Exposed floor on grade = 426 £t°
Total floor area = 908 ftz
Exposed wall area = 872.5 12

Collector area = 156 ft2

Volume of building = 7,264 £t
calculation

Direct gain with night insulation:

0.5 + 0.1(33-25.93)/(33-24) = 0.58

Direct gain without night insulation:

0.2 + 0.1(46-25.93)/(46-21) = 0.28

a7 (Jan) = 36rF

aT(solar) = 29r

a7(internal heat)

o

JAICT = 36 + 29 + 5 = 70F

Temperature swing calculation:

6T (swing) = 0.74 x T(solar)--diredt gain



g
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0.74 x 29F = 22F

81F
59F

aT(swing)max = 70F + 22/2

70F - 22/2

AT(swing)min
Add on cost calculation:

AOC

Ag x ( CSFC - CSFE )
156 x ( $8 - 4.5 ) = $5u6

Payvback period:

Annual saving index = AOC/SS

SS = $20.51 x 4.23 = $86.76

546/86.76 = 6.3

Based on 13% of annual interest rate and 10%
annual fuel inflation rate, from graph, payback

period = 7.5 years
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SOLAR ZNIRGY SYSTIMS CESIGN -- BLC & SSF (Me<hog A) ™ - 20|
Q A B c 0 £
ad
= DESCRIPTION 24 X Fx |AREA FT¢ |U-Factor| BLC  8TU/OF-Cay
1 WALL 24 20k | ).0422 294.9
n
g RooF 2% 442 | go22 | 2722
z _
. WINDOW 24 N 2.49 14, [
peok. %Ur 42 X 2419
SiAP N aRE- UYL | 469 oul7 220,49
EXCLUDE THERMAL STORAGE WALL
BUTCOING LOSS COEFFICIENT \ELC) FOR mEAT-TRARSTER LOSSiopc -
G (sum of Lines Fs in Column E) =7y
~1. BLL rOR ALR INFiLirAlLLCN:
S{H | Q =V XA godoxo.s = 40624 28 X 0.018 X Q = Riv =| 2084
S{ [TOTAL BUILDING LOSS COEFFICIENT OR AU-FACTOR:
Slx| Linex=6+H BLC, BTU/OF-Day =| 4d4P
[, [COMPUTE TRE BUILDING LOAD COLLECIGR RATIO (LCR):
= BLC (2442 p
o | LR : 26.%0
5 R I N X )
={ 3 [INTZRPOLATE THE SOLAR SAVING FRACTION (S57):
z A A/R% WITHOUT NI WITH NI
= WW
Syu T4
& 96 M '//?\Z@ .57
g At = |44 SSF = ).28 SSF = .57
=] 4 |CCMPUTEZ THE ANNUAL ENZRGY SAVINGS FROM SOLAR ZNERGY (ES):
- S3F 3LC =00 £S
= P NI 0. 27 215 0@
& 2447 | 4192
N DS 0. 28 4.0] X /0@
S {COMPUTE THE AMNUAL AUXTLI3RY ENFRGY TEMANTIEN (AF)-
SSF 1. SSF 3Lc =00 ac
DerNT 0,57 2. 4> o5 10°
2442 BN YA
P | D .28 O 7T 10.30K106
ERU.JECT:TYFE’ = 3V DRIz




68

£S

[
1

WORK 3

ZNZRGY
DETER

CHSERVATION -- INFILTRATICHN

|PaGE

SHEETS

\:V
EMINATICN OF INFILTRATICN LOSS --

ATR CHANGES |

GOOD, CNE AIR CHANGE

AVERAGE, TWO AIR CHANGES

POOR, THREE AIR CHANGES

WINDOWS

Fitted, caulked, and
weatherstripped in good

condition with storm sash
properly ¥ittad.

[7]

No storm sash, but caulk-
ing and weatherstripping
in good condition with

good fitting.

—

7o storm sash and poorly
fitted, cauiking and
weatherstripping is miss-

ing or in disrepair. E—

FopM BS-10A

DOORS

Fitted, cauikea, and
weatherstripped in good
condition with storm door
oroperly fitted.

[7]

No .storm dcor, or storm

door poorly -fitted, door-
closure inoperatable, but
caulking and weatherstrip

ping-relatively good.r"‘

o storm 4@cor ang daor s
poorly fitted, caulking
and weatherstripping is
missing or in disrepair.

[

ROOF/CEIL ING

{eiling insulation with
vapor barrier, interior
joints are taped or mold-
ing with caulking, no
access or access with

fitted cover or docr.[j7-

Interior joints cover
with molding, access door
properly fitted, ceiling
light and junction boxes
are covered or sealed.

—

No vapor barrier, visibie
cracks on interior joints
and access doors, ceiling
light and junction boxes

are not covered or sealed

-

FLOOR

Un .grage construction,
base caulked, no visible
cracks, and all joints
are sealed.

o

wooden Tioor over unneat-
ed space, insulated with
vapor barrier, base with
molding, and.access door
fitted.

—

Accgen tiocr over unneiat-
ed space with cracks un-
sealed, no vapor barrier,
access door poorly fitted
and caulking and w~eather-
stripoing missing or in

disrepair. [_—

1981 (10/20)

WALLS

il

Masonry exterior finish-
ing with joints caulked

in good condition, insulaf

tion with vapor barrier,
olaster finishing inte-
rior, no power ocutlets

and connections, or out-

Siding.with good fitting,
no vapor barrier, all
joints are caulked, power
outlets and connections
are properly sealed, and
exhaust back draft cover
in operatable condition.

Siding witn cracks unseai
ed, no vaoor barrier,
power outiets and connec-
tions are unsealed, and
caulking is missing or
in disrenair.

Robert H.S. Chian

oo

lets anc connections | Ajtj__, r___
SUB-TOTAL = P |Sus-TOTAL = SUS-TOTAL =
TOTAL = 2
= Glass missing or broken (+1)
g Glass area more than 50% of the wall area (+2)
::: 8uilding underground 40% or more (-1)
< |8uiiding with air-lock entranca or swinging docr (-2) -2
Inoperable back draft cover (+1)
GRAND TOTAL = o)

AIR CHANGZS (3 5)= _O\EO

ECT .

—w i .

8Y:

DATE:
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1. Ceiling area = 495ft2

Exposed window = 12 ftz

2

3. Exposed door = 42 £t2
L4, Exposed flioor on grade = 465 12
5. Total floor area = 960 ft2

6. Exposed wall area = 366 £t2

7. Collector area = 144 £t2

8. Volume of building = 8,040 £t
LCR calculation:

Direct gain with night insulation

X =0.5+ 0.1( 33-26.58 )/( 33f24 ) = Oﬂ57

Direct gain without night insulation

X = 0.5 + 001( 14'6-26-58 )/( 46-21 ) = 0028
January average inside clear-day temperatures:
36F + 29F + SF = 70F

Temperature swing calculation:

A T(swing)max = 70F + 22/2 =81F

aT(swing)min = 70F - 22/2 = 5GF
Add cn cost calculation:
BOC = 146 x ( 88 - $4.5 ) = $504

Payback period:
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SS = $20.51 x 4.01 = $82.25
504/82.25 = 6.13

Payvack period = 7 years
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SCLAR ENSREY SYSTEMS DESIGN -- BLC & SSF (Mathoc A) TH - 20D l :
© A 8 c D £
- DESCRIPTION 24 X Fx |AREA  F7° |U-Factor| BLC  BTU/OF-Sav
1 WAL 24 414 00432 965.2
2 RooF 24 290 002> 1422
= .
(=] N
<} WINTOW 24 7 o449 )
r
ook, 24 42 0. 24 24(.9
SUAPD) UNDER GRAVE. |24 X 14 204 o.117 1432
WAL uNPR GRae [24x4 | 2960 | 007> |  129.@
EXCLUDE THERMAL STORAGE WALL
BUTLDING LUSS COZFFICIZNT (BLC) TOR RZAT-TRANSTIR L0S3inry . ~
G (sum of Lines Fs in Cclumn E) Aht /775\4'
~ 8LC ruUR ALR INrFIL IRATLION: 23272
SR Q= VXA 72 xob=4219.2 24 X 0.018 X Q = Riv = / 7
S| [TOTAL SUILDING LOSS COEFFICIENT OR AU-FACTOR: —
k| Linek=6+H 8LC, 3TU/%F-Day =| 2572./
= CCMPUTE THE BUILDING LCAD COLLZCTCR RATIO (LCR):
=] 2 aLC ( 2978.1
A | R — . = 270
= (144 ) X 090 )
S{ 3 | INTERPOLATE THE SOLAR SAVING FRACTION (S57):
= A A/At WITHOUT NI WITH NI
o W
Sty v
= e | |44 2.27 2. %0
o At = |t SSF = .27 SSF = . 50
=1 4 [COMPUTE THE ANNUAL ENERGY SAVINGS FROM SOLAR ENERGY (£S)
- SSF 3LC HOD €S
g vall Q5@ Z. 22 x10°
= : 3573 | 4152
Do 0.27 L0/ X109
5 |COMPUTE THE AMMUAL AUXI.IAPY ENERIGY RECH[RCN (AF)-
SSF Y - SSF 3LC 40 ag
el J.Sw 5, 44 ©.54 X/0@
2573.| | 4172
P | Dy D.27 0.7 [0.85%/0®
TRUJEC: BY: DAIC
e <.




- s 4ORK i:aE?_ﬁ.’ CONSZRVATION == INFILTRATICN |PaGE
e SHEETS DSTIRMINATION OF INFILTRATION LOSS -- AIR CHANGES |
G000, ONE AIR CHAMGE AVERAGE, TWO AIR CHANGES | PGOR, THREE AIR CHANGES
<l . |Fitted, caulked, and No storm sash, but caulk-|{ g storm sash and poorly
<] = |weatherstripped in good |ing and weatherstripping | fitted, caulking and
& § condition with storm sash|{in good condition with weatherstripping is miss-
= = properly fitted. r[—‘good fitting. r— ing or in disrepair. [-—
=
s ritted, caulksa, and NO storm door, Or storm | NGO Storm doar and coor 1S
{ ., |weatherstripoed in cood |door poorly -fitted, door-| pocriy fitted, cauiking
s condition with storm doorjclosure inoperatable, but| and weatherstripping is
g |properly fitted. caulking and weatherstrip| missing or in disrepair.
[—/— ping relatively good.m‘ r"
S Ceiling insulation with |Interior jcints cover No vapor barrier, visidie
= |vapor barrier, interior |with molding, access door{cracks on interior joints
= |joints are taped or mold-iproperly fitted, ceiling | and accass doors, ceiling
< ling with caulking, no lignt and junction boxes | 1ight and junction boxes
w laccess or access with lare covered or sealed. are not covered aor sealaad
< |fitted cover or door. [-— ['— ‘
= ) Z
On .grade construction, Woocden Tioor over unheat-|{ wooaen fioor over unneit-
pase caulked, no visible Jed space, insulated with |ed space with cracks un-
o cracks, and all joints vapor barrier, base with |sealed, no vapor barrier,
g |are sealed. melding, and accass deccr |access door poorly fittad
z fitted. and caulking and weather-
i stripoing missing or in
E‘ r_‘disrepair. I_
=
S Masonry extarior {inisn- |Siding.with good fitting,| Siding with cracks unsea:
= ing with joints cauiked |no vapor barrier, all ed, no vapor barrier,
~ in good condition, insulafjoints are caulked, power{ power outlets and ccnnec-
=4 tion with vapor barrier, |outlets and connections tions are unsealed, and
S = plaster finishing inte- |are properly seaied, and |caulking is missing or
-1 £ |rior, no power outlets exhaust back draft cover | in disrepair.
= ~ Jland connecticns, or out- |in operatable cecndition.
= lets anc connections ,
w SUB-TOTAL = & SUB-TATAL = SUB-TQTAL =
=
o TOTAL = 2
2 = |Glass missing or broken (+1) —_
={ £ |Glass area more than 50% of the wall area (+2)
£ [Building underground 40% or more (-1)
=2 . - s . . .
< |{Buiiding with air-lock entrance dr swinging dcor (-2} -2
Inoperable back draft cover (+1)
GRAND TOTAL = >
AIR CHANGES (3 S)= (2,@
FROGECT: 8Y: A 1
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2

[

Ceiling area = 350 ft

Exposed window = 7 ft2

2

Exposed door = 42 ft

Exposed floor below grade = 204 ££2

Basement area = 204 ft2

Total floor area = 880 Tt°

IZxposed wall area = 919 ft2

Collector area = 144 ft2

\O [ BN [©2NNR V) £ w N

Volume of building = 7,032 Tt

Wall under grade = 296 ft2

[UNY
o

Fx calculation for tasement:
AT(wall) = T(indoor) - T(outdoor) = Ti - To
AT(basement) = T(indoor) - T(ground)= Ti -
Fx =(Ti - Tg)/(Ti - To)

=( 68 - 55 )/( 68 - 16 ) = 0.25
LCR calculation:

1. Direct gain with night insulation

>~
I

0.5 + 0.1(33-27.6)/(33-24) = 0.56

2. Direct gain without night insulation

>
1}

0.2 + 0.1(4L-27.6)/(44-21) = 0.27

T

g
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January average inside clear-day temperatures:
36F + 2GF + SF = 70F
Temperature swing calculation:

T(swing) = 0.74 x T(solar)--direct gzir

T(swing)max = 70F + 22/2 = 81F
T(swing)min = 70F - 22/2 = 59F
Add on cost calculation:

AOC = 144 x ( $8 - $4.5 ) = $504

Payback period:
SS = $20.51 x 4.01 = $82.25
504/82.25 = 6.13

Payback period = 7 years
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Balcomb Method is a more complex and more pre-
cise techniques for solar system sizing and evalua-
tion than Method A. It provides sopristicated
quantitative model which enables the architect or
designer itc size the solar glazing, thermal storage
and other elements of the building with accuracy
to achieve a comfortable living envirorment and a
satisfactory solar heating performance.

For more informations and details of the cal-
culation procedures, please read Passive Solar
Design Handbook Volume II prepared by J. Douglas
Balcomb. This boox could be purchased by writing
to the U. S. Department of Energy, Assistant Secre-
tary for Conservation and Solar Energy, 0ffice of
Solar Application, Passive and Hybrid Solar Building

Program, Wasnington D. C., 20585.
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SOLAP SHEGY SVSTIMS DISIGN -- SASELINE SURVEY - U-Faziors | T4 - 204 2
z - DESCRIPTION WINTER SUMMER
SE SECTION R X/%,.. R | x/k,..
Q ) ) AU Q (ExTekiod 2.20
= : Y ) BDly PAPER. 0.06
¥ . K ) 1! WECD HEAMING W & .22
5 BT | ; INT D) &7 INSULATICN i3.00
g : ¥ (£) o MIL_ZATEMYLENE
=] § N E) |7 Pwap L2z
: v e |7 R CINT) 247
r (O BT INT. A AL 2.0%,0.17
WAL Rt = 2219
U =| 00422
A0 SOPUMT DHINGLE. .44
D)EMML B, REfiNg LAz |
. <> 21 WNAULATION a.10
U L oY TAYWED .25
— B) | AR CVNE Lol
2| OO0 | [Pra e 200
~ | \¢ \ > o MIL ZYETHY VAE
= \ U </ b ) 17 ATWaop 22 5027
by ——— = |[J) PASTEC Rt = 4352
= Y .
_ Koo : U =] ooz>
= (O INSIDE AIRELM 242
S (B SEPeT 2.CcR
= &) o7 CNCEETE £.90
g D) \AZR_LARRIEL.
= (B & LRANE! o7
z Fo 24" ZaeTH L 30
3
v Rt =| 222
Z- ;LV%L-I/NéW U = _//“ // /7
E (A 17 FULD o 2C
2 , &> [T KO AM /100
= i d () o7 PUTEHILENE
1 DD AANKETE DCdl 2.co
I E) |7 ORWALL 7
g Rt = /307
PECEMENT \WALL U =| oc7d |
FRUCECT 31

aaTo.
Jmill




val
(]

| -

1DENT

R | x/k,..

FORH SP-2 (BS-2)

2¢ oUlD WeoD wWiTh

TR\ TR P2 LI A

e

R1971(12/13)

WINOOW

TOUBLE. GlAoo (£.27)

WITH 147 Ag2opee

S

1980 (2/18)1

Chiang

<

P I

Robert N

(g}
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ES WORK INERGY CONSZRVATION -- INFILTRATION {PaGE
SHEETS DETERMINATION OF INFILTRATIOM LOSS -- AI2 CHANGES |
GOOD, CNE AIR CHANGE AVERAGE, TWO AIR CHANGES | POOR, THREZ AIR CHANGES
<l ., [Fitted, caulked, and No storm sash, but caulk-| 7o storm sash and poorly
S] 2 |weatherstripped in good |ing and weatherstripping | fitted, cauiking and
A § conagition with storm sash|in good condition with weatherstripping is miss-
=1 = properly fitted. good fitting. ing or in disrepair.
= [/ L
o Fitted, caulked, and No .storm door, or storm |Nc stcrm door and coor 1S
{ ., |weatherstripped in good |door poorly -fitted, door-jpoorly fitted, cauiking
Z |condition with storm door|closure inoperatable, but and weatherstripping is
S |properly fitted. caulking and weatherstripmissing or in disrepair.
ping relatively good. [
L/ L
= Cailing insuiation witn |Interior joints cover No vapor barrier, visioie
= |vapor barrier, interior |with moiding, access doorl cracks on interior joints
= Jjoints are taped or mold-|properly fitted, ceiling | and access doors, ceiling
=] ing with caulking, no light and junction boxes | 1ight and junction boxes
w laccess or access with are covered or sealed. are not covered or sealed
S |fitted cover or door
= 7 [ [
Un .grade construction, Wooden 7Tioor over unneit-{ Wooden figor over unneat-
base caulked, no visible |ed space, insulated with | ed spaca with cracks un-
- cracks, and all joints vapor barrier, base with | sealed, no vapor barrier,
S |are sealed. molding, and.access door {access door poorly Fitted
2 fitted. and cauiking and weather-
stripoing missing cr in
[l_‘ r— disrepair. l'_-
g Masonry exterior finisn- |Siding.with good fitting,|Siding with cracks unseal
= ing with joints caulked |[no vapor barrier, all ed, no vaoor barrier,
~ in gcod condition, insulafjoints are caulked, power| power outlets and connec-
=t tion with vapor barrier, joutlets and connections | tions are unseaied, and
§ — |plaster finishing inte- |are properly sealed, and | caulking is missing or
_é: rior, no power outlets exnaust back draft cover | in disrepair.
S and connections, or out- |in operatadle condition.
= lets anc connections r7_ r_ f_
v SUB-TOTAL = P |suB-TOTAL = SUB-TOTAL =
- TOTAL = 2
2 o |Glass missing or Sroken (+1) S
= g Glass area more than 50% of the wall area (+2)
2 |8uiiding underground 40% or more (-1)
5 Buiiding with air-lock entranca or swinging door (-2) -2
Inoperable back dratt cover (+1)
e re——
GRAND TQTAL = =
AIR CRANGES (3 5)= _O\OC
PROJEL: : BY: DATE: ]
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<

£C -- ENERGY AUDIT | ™ -a0a| s
A 8 c 0 £ F
DESCRIPTION 24 X Fx|AREA 7t¢| U | AU-FACTORS | AU-FACTORS
EXPOSED CEILING/ROOF - 24 | 220 |g.023» |92.2
< EXPCSED WALLS (NET) 24 a9 0022 4692
a EXPCSED WINDOWS 4 |- 7 0.49 PL. >
E| [£xposeD DOORS 224 | 4z lp24 | 2419
e EXPOSED FLOORS :
on grade
G below grade x4 | 204 |ou7 143.2
unheated space
WALLY INDER GRAPE ol | 240 |0072] 1290
| BLC FOR HEAT-TRANSMISSION LOSS: BLCHT | 2208, &
BLC TOR AIR-INFILTRATION L03S:
J|7Q =V XAC =323/l 42d.2 0.432 X Q = BLCAL =| [££2.7
« | SUILDING LOSS COEFFICIENT OR AU-FACTOR:

BLC = BLCHT + BLCAI, Btu/OF-Day sLe =| 4191.2
~ K R ENERGY UTILIZATION INDEX (EUI):
= B| OF-Day | MONTHLY p - B . 4412
S |monTH| L HEATING Agt 380
- c DEMANDS .

8 00 MBtu/M 4.7
- AUG @) Q . -
1 o |5 T .
g SEP o 2.2 ENERGY BUDGET (EB,“..EAI.NG);
= ocT 222 0477 €3 = EUI X DD/10° MBtu/ft -vYr
4 NOV 72 52) 2.27¢ .
=| [oec| [T | 32378
Bls 22 640 2.%2] _[ANNUAL HEATING ENERGY DZMAND:
S FE8 | 2| 722 3.020 ‘ 5 o
AN .44 HD = SLC X 00/10°  MMBtu/Yr
A
AR [ 249 /. 2l = 4/9h2x 4152 /10
MAY &l | 0229 = /17.4%[c°
JUN ) )
JuL 0 0
ANNUAL
T | Tora t| H9L | 74X 10°
PRCJECT: By DATE




FORM SP-48

1982 (2/9)

Chiang

Robert H.S.
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From TASLE O-1

1= M ¢ res 22 o
2= 24 -

S& = é’/ %

w
Gy e
" "

AWM
N
at (13

Agi = Af X R2 (EUI/EUIR)

. _ggo x%;(‘?‘-;é V. 128 s

Ags = A X.R1 (SUI/EUIR)

- g0 x Il % 4‘;@’ e G0
el

Select the Glazing Size [compute the net glazing area):
Ag = KIDTH ' X EEIGHT ' (Rg)

= 144« Cx GO« = 120 s

- £ ,
SSF = 51 + %"_ﬁs- {Ag + Ags)

:2/‘%4?34:'2/ x

=g - &
=:‘E‘6:

S87,., = S3 +

- 52
; = (ig - Ags)
Nl IqT - Ags 7§ - ~Es

=
=

32‘-’-*é : -27 %+ /30 .
28 =

FROJECT: 3Y: DATE:
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SASSIVE SOLAR ENERGY SYSTEMS DESIGN -- TATA WOEKSHIZIT i Tho- 40z

[(©)

HORKSHEFT WO

1981 (2/26)]

Robert N.S. Chiang

PR0JECT LOCATION: PLAKSPURE . VIRGINIA

taTiTuoe: _27.2  Ox
PASSIVE SYSTEM TYPE GLAZING ARSA, SF % NI VALUE Re

4131 2+C24x 144K 0.1774 )
= ‘56\@ or

(ODs from WORKSHEET W2)

Ue
28 |44 o 2 0.177%
TOTAL GLAZING AREA, Ac = _ |44 100
THERMOSTAT SETTING, Tset = (2& N
INTERNAL HEAT RATE, FORM 78-le, Qint = Btu/Cay
or Qint = 20,000 8tu/Cay per person, PR
=20,000% 2 = o000 8tu/Day
BUILDING LOAD COEFFICIENT, from PART III, BLC = 4/4/-2 gtu/00
crm . . 8L (41417 29 S
LOAD COLLECTOR RATIO, LCR = —etm AT 9. | 8w /0D
.Jegree-Day-Base Temcerature for Mon-solar Buiiding, Tbns = oz
OR Tbns = Tset - —g%e—t— = @& - % = 5& %
(441.2)
Degree-Jay for Non-solar Building, Appendix A, 0Dns = 0C/yr
Jegree-Day Sase Temperature for Solar Suiiding, Tbs = %z
The = Teab £Qint
CR Tbs = Tset - —greT7(73 X Ac X UC)
- LB . ©o, 0

PRCJECT: FRE

©
b
=
m




Robert N.S. Chiany 1981(2/16)

CTABLE A (MeLhod n)

sl n (1) (L - 0) (2) | (3) | (a) [ (5) |(6) | (7) ](8) | (9) (10) 4

& VSH L-D F@ | FT | FGR | RCF [ @SF | TRF | FSS | CF s £

g i & RRENEEE & |errective |5

= EL & B sz 87155 . S | SOLAR ENERGY =2

& o e |& K 2ls5 |&8|8% w2 = | INCIDERT, |

Nz v %lg 2 | W|E5|8e|Fa|onlEa]| T [rovmY o

T [72) Z e~ . a o } a oN ] L~ ] wm <€ o " o

E R x 81 e |2 ek o S| 2|es|8R|eR|ER|ZS] 2 3 A

‘c‘i (. 2 'c; > = o ;-: t_nD g‘ !‘—'tx . c:x S . 5 . E . 5-8 5 10 O

= |0 58 8, 8|5 Ey 8 |5s|c8|3s|08|E8[28 (08| 8 |vewsare-|

S ¥ w& & .8 - D L |2 Z'.: gic | wis | =i 35:, x| & Mon. o

x (e} = ~ [ O o = awuv O~ Ll (L) of o Lo (%] a. 2-

sep |30 [ 24 | ) |23720| | 28249 1 | | |t/ | 1 |pB2|06] I 090| 1898 7

~ oct [0 |y206 | | (2892 | 0'Pe4| | 108l | peplobl] | 06| 2414 Z

“lrov 0l | 1 |24690| |0 50A| | 7 | 1o7| 1 | ro |04 | |012] 2999 :f,

oec |31 |/ | 1 |2062| [3N|6od| 1| /1 (ko] | |1o |2T1) 1 077 2%.20 ‘5:

w | (o2 | 1 |pmmlelaa|ma| 1 | 1 |roe| 1 |09H|o#| 1 oA 2421 |5
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Storage mass calculation: ©bpased on Balcomb Met-
hod A: " 3 x SSF pounds of masonry is recommended
for each square foot of south glazing..........."
From calculation:

SSF = 69%

Collector area = 14k ft°

3 x 69 = 207

207 x 144 = 29,808 1lbs

Assure: floor density = 130 lbs/ft3 and 6 inches
thick

solar absorptance = 0.85 ( brown concrete )

Therefore, area needs for storage:

29,808
130 x 0.5 x 0.85

2

= 547 ft
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Solar feasibility:
Trom calculation:

Annual heating demands: 18.5 x 106

BTU/YEAR
SSF = 69%

Therefore, annual energy saving from solar energy:
18.5 x 68% = 12.95 x 10°
Compare with other sources of energy:
Electricity : 7¢/KwH

293 KWH = 10% BTU

293 x 0.07 = $20.51/MBTU

Annual saving:

$20.51 x 12.95 = $265.4

Natural gas: $438/1000 cu. ft.

16.67 CCF = 106 BTU

0.438 x 16.67 = $94.55 ( annual saving )
0il: $1.15/gallon

11.9 gal = 10° 31U

11.9 x 1.15 = 13.685

Annuel saving:

13.685 x 12.95 = $177.22
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SITE ANALYSIS

The following is an analysis of the proposed
site:

A, Zoning/orientation: accordiﬁg to the Blacks-
burg Land Use Plan adopted by the Blacksburg Town
Council on reburary 14, 1978, the proposed site
belongs *to the medium density residential zone ( 4-
10 units/acre ). ( see Figure 27 )

The site is bordered on the north by Cwens St.;
on the soutn by Progress St., on the east by Vilson
St., aﬁd on the west by Turner St.. The area 1is
9.2075 acres which is equal to 401,484 square feet.

B. Topography/slope: The topography within the
county is, in general, gently rolling. Figure 28
shows the detail of the site's topography as well as
its slope. The site is 2,080 feet above sea level
with a gradually increase of elevation from west to
east to 2,120 feet above sea level as shown in
Figure 28.

C. Existing land use: referring to the Blacksburg
Neighborhood Action Plan, July, 1978, the area is

defined as the transitior area betweer the Central
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Business District and the purely residential neigh-
bornood. Already, a mixed land use pattern can be
identified in the adjacent land as professional
offices located in converted houses. Adjacent to the
downtown and slightly lower priced property aprarently
are attracting the non-residential land use into the
area., 3esides professional offices, there are fra-
ternities, churches and a2 few small business.

D. Macro circulation: vehicular circulation is
nandled primarily by Main Street which is on the south
side of Progress Street; and secondary by'Progress
Street for north-soutn traffic. East-west traffic
is nhandled by Roanoke Street and Turrer Street. As
shown in Figures 29 and 30, there are three routes
which lead to the major vehicular circulation. These
are Faculty Street, Wilson Street and Turner Street.

The proposed site is located in the walk zonre.
The majority of the streets have sidewalks and are
in good condition.

E. Macro-micro circulation interface: to create
2 living environment which includes safety and privacy
is one of the goals. Therefore, the less vehicular
circulation in the proposed site the better it is.

There will ve speed limit, desigrated parking area
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as well as pedestrian crossing and other measures in
order to achieve this goal. Based on the study, major
entrance to the site could be either Faculty Street

or Wilson Street or toth of them.

. Utilities: Figures 31 and 32 indicate the
sewage lines and water lines of the site. Based on
the Blacksburg Neighborhood Action Plan, July 1978,
drainage is in fairly good condition.

G. Communities facilities: the town of Blacks-
turg has one high school ( on Patrick Herry Drive ),
one middle school ( oﬁ.Main Street ), and three ele-
merntary scnhool ( on Tom's Creek Road, Harding Avenue
and Airport Road ). Besides the elementary school‘
on Harding Avenue, which is only a short distance
walk, transportation is needed for others. The
locations of all schools are shown in Figure 33.

All existing schools are located on major streets.
Along these roads, there are high density residential
and commercial areas.

The proposed site is close to VPI and SU, banks,
shops, library, restaurants, service station, theatres
and only taxes approximately five minutes of driving
Yo two shopping malls.

H. Climate: Blacksburg has & humid "continental
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type" climate which is azffected by elevation. TCue
to the nearby mountains, it is protected from weather
extremes of winter and summer. Temperature is appro-
ximately five degrees lower than that of Roanoke
which 1s at a lower elevation. The winter is modera-
tely cold and the summer is relatively comfortable.

Mean annual temperature at Blacksburg is about
52F. Eventhough temperatures below freezing have
been recorded, May and September are relatively warm.
Daytime highs during the cold season are in the middle
40's with nighttime lows in the middle 20's. During
the winter season, the maximum and minimum temperatures
are in the 70's and teens below respectively. Day-
time highs during the summer are usually in the low
80's and night-time lows in the upper 50's. The
maximum temperature of 100F and a2 minimum temperature
of LiF are observed during July.

The number of days with temperature higher or
equal to 90F has ranged from none in several years
to 26 days in 1953. Temperature falls below freezing
at an average of 25 days & month during the winter
months and below zero at an average of *two days in
a year.

With maximum in July and the minimum in November,
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precipitation is well distributed throughout the
year. Rainfall ir summer 1s due mainly to thunder-
storms and showers, while snow in winter contributes
to the precipitation. The average precipitation is
20 inches & year.

Relative humidity is high in the morning and low
in the afternoon. Its average during the summer is
in the 80's ezrly in the morning and drops to 50's
in the afternoon. Partly cloudy days are most fre-
quent 1n summer.

Heavy rains are brought when hurricanes and
other tropical disturbances move far enougn inlard
to affect Blacksburg and the surrounding areas.
Tornadoes are quite rare in Montgomery county. Thun-
derstorms accompanied by serve lighting, high winds
and hail are more frequent than the hurricanes and
tornadoes.

The prevailing winds in Blacksburg are generally
westerly with a more northerly component in winter
and 2 more southerly componert in summer. The topo-
graphy also affects the wind with the air tending to
flow parallel to the mountain ridges which are oriented
mainly northeast to southwest.

The ztove climatic summary is excerpted from



i01

Curtis . Crockett, NOAA Climatologist for Virginia,
Agroncmy Department, VPI and SU, 3lacksburg,

Virgiria, 24061.
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PASSIVE SQLAR ENCRIY SYSTEMS DESIGh -- Iffect of Qverrang

Fig. E-55.

This dlagram shows a simole
methnod of caiculating nocntine
sun angles. On Mareh 21 ang
Sestember 2! the sun angle,
measyred from the zemith, is
icentical to the latituce of tne
site. On Qecemcer 2! and June 21
this angle is either increaseg aor
cecreases Ty 23.59 respectively.

VERTICAL

s9 = Lat? - 23,59 + 5°
= Lat® - 18.5°

tat? + 23.8° . ¢°

Lat® + 18.5°

x
"

Fig. E-56.

An examole showing how reof
overrang geomeily can Je mocifies
0 provice cesireo summer shadi
ang winter solar gain. The 59
allowancas snown exteng e
Cesirec effects over 3 tan-eesx
season.
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PASSIVE SOLAR ENERXRGY APPLICATION IN TOWNHOUSE DESIGN

--A CASE STUDY
by

Yapp Pow Khin

(ABSTRACT)

The plan and design of a large housing development pro-
ject by 1tself was a difficult task.in the past, the energy
issue make the options very limited, and the planner and/or
engineer deal with the solution more often technicaily in-
tended with or without considering the energy problem. This
study 1s centered on the energy issue as part of the design
decision making process.

Trhis study tries to integrate the energy use effects as
part of the basic plarning process, such as lard use and
building style dependent on the land contour as well as so-
lar exposure; and the passive soiar energy utilization as
rart of the desigr process where the solar use is nrot an add
on sclar system kbut an integrate part of the basic design
scheme. A development summary of the analysis and process

guideline 1s introduced for mecium-iow density housing pro-



ject in an unban setting with an actual site as a case study

to illustrate the process.
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