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Chapter 1 

INTRODUCTION 

The single-family home has been the dream of most Ameri-

can families since the end of Wor:d War II. 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 it is becoming clear that most 

families can not afford to have t~is 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 to pay. This is the reason why condominiums, town-

houses, and apartments become more and more common. 

The destruction of natura~ resources has been a problem 

concerns ecologists for years. In October, 1973, it has be-

come a public concern when the Arab Oil ~mbargo cut off 

crude oil to the United States from the Middle East and most 

people began to realize ~hat the days of inexpensive energy 

was over. 

T~is study is based on the belief that building designers 

~us~ play a major role in solving the problem of energy cor.-

servation. Althoug~ one may debate t~is proble~, one must 

recognize t~a~ the current ir.creas:ng rate of energy cor.-

sumpt:on, in :ight of the decreasing supplies of energy, 

1 
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will eventually put us in the position where we can neither 

afford to construct new buildings nor ~o operate those al-

ready have. People rely on buildings not only for protec-

tion from the nat~ral environment, but also, for t~e 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 1 Therefore, 

the designer has the moral obligation to help reduce unnec-

essary energy consumption. 

In ge~eral, the architectural profession is aware of its 

responsibility 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 recognize the energy requireme~ts early in 

the design stage and incorporate solutions throughout the 

design process. 

a creative medium for 

~his study represents an a~te~pt to demonstrate how ~he 

desig~er who has lit~le or no experier.ce with solar energy 

application can beg:n to deal with the problems of energy 

1 NSF/NASA, Solar Energy Pane~, An Assessment of So~ar Ener-
gy as a Natio~al Resource, College Park, 0niversity of ~a­
ryla~d, 1972, pp. 7-22 
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conservation by using energy as a design ele~ent rather than 

as a des:gn cor.straint. Based on two earlier works which 

have been published 2 in the solar application in townhouse 

design, the author tries to apply these principles in a 

practical case. 

A site in B~acksburg, Virginia has been selected for this 

application. It offers the convenience for data coliectior., 

site analysis and design evaluation for this study. 

2 Robert~. S. Chiang, Cha~les William Fotis Jr., and Lela~d 
Sangone Chen, 1. An Energy Consc:ous Design Methodology 
for Townhouses, 2. Solar Townhouse Analysis and Design, 
College of Architec~~ral and Urban Studies, Virgir.ia Tech, 
Blacksburg, V~rginia, 1981. 



Chapter 2 

ANALYSIS OF ENERGY EF~ICIEN~ SOLAR ~OWNHOUSE 

As mentioned, the townhouse has great potential for solar 

energy application. However, there are certain principles 

ar.d guidelines for this appl:cation. Two papers published 

by Prof. Chiang, Mr. Fotis and Mr. Chen: l. An Energy Con-

scious Design Methodology for Townhouses, 2. Solar ~own-

r.ouse Analys:s and Design have provided the fundamental re-

search. The following two sections are summarized from 

these two papers. 

2.1 ENERGY CONSCIOUS TOWNHO~SE ~ESIGN 

In general, a townhouse is defined as a ~iving ur.it which 

has approximately 1,200 to l,6CO square feet of area and 

contains two to three floors with a series of u~its as small 

as three and as large as twelve in a group. 

The townhouse, as a :crm of residential housing, i! de-

signed properly, could be very ef:icient ir. energy conserva-

tion. s:nce a townhouse offers low operating and ma:nte-

na~ce cost ar.d saves energy as well as being economical to 

own, it is very a~tractive to a lot cf fami:ies. A town-

house cou~d save energy due to the decrease of square foo-

tage, :ess surface area exposed to tr.e c::~atic i~pact and 

it req~:res iess labor and material to constr~ct. 

4 
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Ir. order to design an energy efficient townhouse, ~he 

:ollowing elements r.ave to be studied: 

1. Building Or:entaticn: 

a) Solar exposure: this is the most importar.t and 

crit:cal element ~hat must be considered becaJse 

the sun affects all the facets of the design. In 

order to maximize winter heat gain and prevent 

summer overheating, the control of solar radiation 

is critical. Ir. general, t~e first priority is 

that the townhouse should be oriented due south 

witr. a variation of 15 degrees. The second prior-

ity is how ~he sunlight is to be control:ed or 

collected. A proper design of shading could be 

used to prevent summer heat gain as well as win~er 

overheating problem. 

b) Wind exposure: wind w~ll increase infiltra~ion 

and ther~al conductance over the townhouse exteri-

or and t~~s wil: increase the building heating and 

cooling load. Therefore, windward side walls 

sho~ld be designed with a mini~urn of open:ngs for 

w:~ter. 

2. Macro Cli~ate Modif:cation: Landscaping ccJld be 

~sed to control or i~prove the impact of nat~rai :ac-

tors on the site. ~t can be ~sed to protect the win-
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ter wind as well as to max:~ize s~mrr.er cooi:r.g and 

shad:ng. Large and small trees and shrubs can be 

used as well as man-rr.ade a~chitectural elements such 

as fences, paving, decks etc. 

Shape and Volume: there a~e two alternatives to con-

sider in the questior. of exposed surface area. If 

the first consideratior. of the desigr. is energy con-

servation, then the cubic shape is the optinum form 

because it has the least exposed surface area. If 

the first consideration of the design is to rr.aximize 

heat gain, ther. the rectangular shape with tr.e long 

section oriented to the south is the optimum form. 

In general, the most efficient shape of a building is 

a cube with as nany f:oo~s as possible and with the 

smallest enclosure to floor area ratio because the 

real useful space of the bui~ding is its net :1oor 

area. 

4. Principles of Efficient Townhouse ~esign: 

a) Minimun space per user: ar. efficient townhouse 

shou:d minimize the space for each occupant. 

Based on the exist~~g practice of apartment de-

sign, it could be designed :or 400 square :eet 

maxi~um per user. 
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b) Multi-purpose ar.d integrated space use: the space 

should be integrated to a large space to serve 

multi-purpose room sue~ as living, dining room 

could be integrated with the kitchen. 

c) No waste space: al: spaces in the b~i:ding should 

be designed for specific task. u~necessary ele-

mer.ts or spaces should be minimized. 

5. Energy Conservation Techniques: 

a) neat trar.smission control: the building has to be 

designed so as to reduce the ~eat transfer. ce:l-

ing should have a minim~rr. value of R-30; :loor 

R-19; R-19 for concrete slab floor per:rneters; 

three inches externa: of one and a half inches in-

ternal insulatior. liner for non-cond:tioned space 

duct work; half ar. inch duct liner for conditioned 

space duct work; two inches external insulation 

for water heater; half an :nch ir.s~lation :or hot 

water pipes in r.or.-conditioned space. 

b) Air infiltration control: wa:ls, ceiling and 

floors should have positive vapor barrier covering 

entire surface. Concrete s:abs mus~ be des:gned 

to rest on a co~p~ete vapor barrier. Crawl spaces 

should be covered w:th a vapor barrier of at least 

six ~il thickness, and w:ndows a~d doors shou:d 
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r.ot exceed :O% of total floor area, be double 

glazed and/or storm skshed and must be wea~her 
I 

stripped and calked. 

I 

As stown in F:g~re 1, the basic design process is the 
I 

identi:ication of the potential 1eleine~ts which are explain 
I 

as follows: 

1. 

2. 

I 
Design Objective: it inc~udes historical perspec-

I 
tive, cultural influence,1 social limitation and fu-

1 
ture c:!'langes. 

3uild:ng Prograrr.m:ng: !t 1 includes the user and ~ser 
I 

activities, requirements ~nd restrictions. 
I 

I 

3. Design Program Ana1ysis: 1it includes philosophy, oc-

4. 

5. 

I 

cupancy characteristics, organization, spatial rela-
1 

tionship, fur.ctional relatiionship and progra~ sumrr.a-
1 

ry. 

Site Analysis: it :ncludef macro-environmental fac-
I 

tors, social and historica~ determinants as well as 
I 

micro-environmental :ac~ors. 
I 

Development of Prel:mir.ary1Schemes: it includes 
I 

masssing, geometry, color and texture, orientation, 
I 

organization, circ~:at:on and visual req~irements. 
I 

6. Schemes Ar.alysis: :t incl4aes design criter:a and 
I 

energy utilization criteri~. 
I 
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7 . Preliminary Desigr. Development: i~ inc:udes site 

orie~tation, climate control, space use and spa~ial 

organization, environmental and energy demands as 

well as circu:ation controls. 

8. Sub-systen Evaluation: it includes integration of 

macro and micro environmental, environmental comfort, 

healt~ and safety, and energy systen allocation. 

9. Architectural Evaluation and Design Sy~t~esis: 

includes the effects of natural resources, t~e ef-

fects of human perception, optimization of energy 

supply and demand, and optimization of build:ng sub-

system planning. 

10. 'Econo~ic ·Analysis: it includes building' cost estima-

tion, energy conserva~ion cost and benefit, and solar 

energy ~tilization cost and benefit. 

11. Buildi~g Des:gn Development: th~s is the f:~al stage 

of the design process. Building documentation w:ll 

be proceeded i~ this stage. 
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2.2 Fu~DAMENTALS OF SOLAR TOWNHOUSE DESIGN 

the paper "Fundarr.entals of Energy Conscio'..ls Townhouse De-

sig:;" which was conducted by Willi am Foti s Jr. , stro?":gl y in-

dicates that pass:ve solar application to townhouse design 

could reduce approximately 50% of the energy denand. In or-

der to prov:de the designer an understandi~g of solar energy 

townhouse design, the following basic analys:s of solar en-

ergy systems is presented: 

1. 

2. 

3. 

Direct Gain Solar System: it is defined as solar ra-

diatior. e~tering the living space and providing di-

rect heating of the space as well as heating of the 

storage mass which is exposed. Figure 2 shows the 

d:fferent designs of this system .. 

Indirect Gain Solar System: it is defined as the so-

lar radiation collected by thermal wall or roof by 

day and provides heat to the living space day and 

r.ight. 

system. 

Figure 2 shows the different designs of this 

Isolated Gair. So~ar Syste~: it is defir.ed as solar 

energy that er.ters directly to the su~space and pro-

vides heat to war~ the air, as well as thermal stor-

age mass in the sunspace. The air and thernal ~ass 

then wi:l provide radiar. heat to the ~:vi~g space day 

T~is system is alsc known as solarium or 



greenhouse. 

Figure 2. 
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The designs of t~~s sys~em are shown in 
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Chapter 3 

PROGR.Z\M ANALYSIS 

3.1 HOUSING COND:TIONS 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 ieast resistance and private cost by fol-

lowing existing roads and proposed utility lines, and by 

avoiding those natJral barriers that could add significant:y 

to development cost. 3 

According to the Blacksburg Comprehensive Plan4 by the 

year 1985, the population will expend from 30,000 ( 1976 

to 45,000. Therefore, additional dwelling units will be 

needed by ~hat ti~e. Shortage of dwelling units already ex-

~s~. By the year of 1985, there ~ill be a substar.tial 
·-- - - . ·-·---

3 Blacksburg Planning Department, Blacksburg :985, 
B.P.D.,1974, pp. !6-21 

4 Blacksburg City Council, Blacksburg Comprehensive ?lan, 
1978. 

·a. 
.I. -
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sho~~age of units, especially :or the s~aff, faculties of 

Vi~ginia Polytechnic Institute and State University ( VP! 

and SU ) and others. 

In l974, Blacksburg had 10,716 dwell:ng units including 

4,278 dor~itory rooms on the VPI and SU campus, 2,151 sin-

gle-fa~ily homes and 4,287 multi-:amily 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 dens:ty in 1985. 

According to the university policy against building addi-

~ional campus housing, nest of these units will need to be 

provided by off ca~pus construction, eventhough ~imited ~ar­

ried s~udent housing is ur.der planning. 

Vacancy rate is prac~ically nonexistent :n Blacksburg be-

cause rapid local growth and the inflationary national econ-

omy have already caused a tigh~ housing market. These con-

ditions are not likely to change unt:l the rate of growth 

levels off in the near future. It is possible that even 

fewer than 5,6~C dwelling units will be provided if there 

are more persons per dwelling unit. 

Because of ~he s:gni:icant d:ffere~ce in the a~ount of 

:and used by s:ngle-fa~ily ho~es as opposed to nu:ti-fam:ly 

homes, "~ is ~ecessary to es~:nate the additional units tha~ 
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wil: be contributed between these two categories. Mult:-

family housing is r.ow primarily associated with students of 

VPI and SU ( approximately BC% of all apartmer.ts are occu-

pied by students ). At present, 57% of Blacksburg's popula-

tion not housed by the univers:ty are students. The propor-

tion of multi-family to single-family dwellings ( 67% ) is 

likely to remain constant. Therefore, of the 5,640 dwelling 

units needed, 3,800 will be constructed as multi-family 

units and :,850 as single-family units. 5 

Blacksburg has recently started a multi-million dollar 

program to extend both its sani~ary sewer and public water 

facilities ~hroughout the entire co~munity. Moreever, 

Blacksburg has encouraged the development of c~uster housing 

and townhouses :n its municipal zoning ordinance. These 

cha~ges ~ave reduced the average lot size per single-family 

home. New single-family homes constructed in 1973 had an 

average lot-s:ze of 1/3 acre as compare to 1/2 acre before 

1973. If the trend continues, Blacksburg will only use 645 

acres :or single-family homes, instead o: 890 acres at the 

larger average ·lot-size ( 1/2 acre ). Resident:al land use 

:or B:acksburg in t~e f~ture is shown in Figure 3. 

5 same as Foo~no~e 3 
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3.2 DES!GN GOALS/OBJEC7IVES 

1. To apply solar energy application principles to the 

desigr. of towr.houses for Blacksburg. The following 

princ:ples have been specially studied: 

a) maximizing solar expcs~re. 

b) utilizing the " mass " of the structure fer pas-

sively storing solar heat and internal hea~ gains. 

c) utilizing night insulation and/or solar shading 

devices. 

d) mini~iz:ng a~l non-south windows. 

e) wind screen during winter, but allow:ng for summer 

breezes. 

·2. To pro"vide living amer.ities such as view,'pricary and 

individuality generally associated with single-family 

houses but normally lacking in multi-family dwell-

ings. 

a) •;iew: 

i) units should be planned to take advar.tage of 

the view o! the surrounding areas. 

ii) units should be planned to avcid visual pen-

etration of adjacent units. 

b) privacy/individua:ity: 

:) i~ should be ~aximized to provide ~he great-

est sense of privacy ar.d individ~al owener-

s:iip. 
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ii) courtyards shoulds be provided for all 

i i i ) 

units. 

suf ficie~t variety should be provided to al-

low individua: preferences. 

3. ~o change the stereotype images associated with con-

dominium living i~ hopes of creating living situa-

tions more competitive with the single-family dwell-

ing ~nits. 

4. To create a living place which is in harmony with the 

surrounding environment. 

5. To create a distinctive image of high quality and 

pride. 

6. To es-:abl:.sh a " sense of place " that gives each oc-

cupant a feeling of individuality while at the same 

time, as beir.g a commun:.ty. 

7. To help meet the increasing demar.d for housi~g in 

Blacksbt.<rg. 

8. To offer the occupan~ an alternative to sir.gle-family 

houses. 
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3.3 SPATIAL REQUIREMENTS 

The fellowing program was developed to meet the general 

r.eeds of generalized occupant and is therefore less specific 

in nature and detail than would be expected for a specific 

occupant. The program was deve~oped 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. Entry: transition zone form public :nto 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 

guest coats, etc .. 

2. Living room: planned for ease of er.tertaining, re-

lax:ng and appreciation of outward view. Interior 

fireplace or wood stove :s desirable as back~p unit 

for t~e solar system. 

3. o:ning spa~e: f:exible for :orma: and informal ~iv-

ing; direct rela~ionship with the kitchen. 

4. Kitchen: planned for ease of food preparation, clean 

up, access to er.try and serv:ce tc dining. Should be 



5. 

21 

with maximum amount of counterspace. Built-in utili-

ty area and storage should be incorporated in the 

kitchen area. 

!3edroom/bath: guest or child bedroom should be lo-

cated away from living areas. Adequate 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. 

8. 

9. 

Storage: specific s~orage space should be cor.sidered 

and should be an integrated part of all storage space 

ir. the housing as well as outside the unit. 

Miscellaneous circu~ation: circulation corridors and 

space sI'.ould be kept to a minirr.um. 

Fan:.ly room: a separate family room should be pro-

vided as muc~ as possible. 

lC. Cpen plan where possible: integration of kitc~en, 

din:ng and family rooms; combined liv:ng, family and 

dining room; or s~udy, guest and fa~ily room. 

~ig~res 4, 5, 6 and 7 are provided to illustrate ~he re-

lationsh:ps arr.ong the ~ajar components of t~e projected 

town~ouse as described above. Figure 8 is a proposed l:st 

of des:.gr. pr:ority a~ong the ~ajcr e~ements witI'.in a single 
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housing unit to derr.onstrate solar applicab:lity to these el-

ements. 

3.4 USER IDENTIFICA7ION 

As shown in Figure 9, the major multi-family dwelling 

shortage falls in the category 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 amou~t of three-bed-

room units. 



2J 

1. t:.NTRAN CE-
2. L.IVIN& RCOM 
~. DININ0 RCoM 
4. &eNeRAL.- ~t. · 
5. fo1L-e.T 

10 L.AUNV~ 
11. f;M\\t,,Y ~fl\ 

14 v~~teu-- arai~~ 
1.5. ~toN~ c.i~~ON 

f IG. 4 FUNCTIONAL ~lATlC~5HlF a 
1HE FKOTOTf\ICAL TOWNHCUx UkllT 
0 = lNDIRU-1 ft~l!Ohl~IF 
9 = Pl~ ~f~!IO~~!P 



. 24 

- \ ---\ 

Klf01EN 

r- --\ -.... 
...... \ ', \ 

'~ , ...... , 
\ ', 
\ 
\ 
\ 
\ 

FIG. 5 ILW5TRA1l0~ Uf ~QJO~Al­
R~~l~ Of 1fiE, 
froTOTIF\OL. DNNHCtl8e 
U~IT - F\R:Jf F...coK 

L-IVI~ 

OININCo 

DlR~ ~laJ~IF=---­
IND!J(!Lf ~~ATlvN:l-{lf =- - - - - -



25 

FIG. 6 ILLU5T~TION Qf RJNCT!OJAL-
RaATiON5tilF3 Cf THE:. 
FRDTOnflCAi..- TDWHCU~ 

UNrf - 5Ela!D FLCOK 
DIRECT ~flON5ttll= --
/ND!re!GI re!LA1lcN:::ttlf'== - - - -



Cta?tr -/--

' ', 
' ' ' ' ' 

26 

/j \ 
/; \ 

//I ' 
/ I ' // I \ 

/ I \ / I 
I ', 

I \ 
I \ 

1' \ 
I \ 

L.IY!Na> 

Kif~~ 

I \ I 
I \ I 

~____.._/~- \ I I IJ-UNPICT ~1 -----415f~t. t- _J 

FIG 7 COMP<X>lrt. t=UNCTla.JAL... ~IP-1l°""~IF5 

D1RtGi ~LAli0~5H!F = ----
IND!~ RUA110N5HIF = - - - - -



i 

FIG. 8 501.#: AfFLICABILITI Oi.NZT 
A = IMfb~TtJJf 
t3 = l.-t:55 ltl\FORfhJT 
c == L~,t.\e>T 1~1a:r A~ r 

I\) 
-....) 



.. 

82
 



Chapter 4 

A CASE S7UDY 

4.1 DESIGN PROCESS AND SUMMARY 

The tow~house 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 

projec~, to developed its design program, to selec~ a site 

and collect perti~er.t data for analysis. 

It is then fo:lowed by two interrelated stages w~ich are 

essentially carried out in a cyclic fashion. In the design 

ar.alysis stage, data collected are analyzed, summarized and 

developed into design elemen~s and/or design criteria for 

design development and evaluation into large stage. ~he 

site, the nature and characteristics of townhouse, its op-

pcr~unities and cons~rai~~s for passive solar applications 

are specially studied. 

' same as Footnote 2 

29 
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At ~he same time, a prelim~nary design scheme is 

developed upon the design elements and conditions estab-

lished. At its completion, it then goes t~rough 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 s~ages until satisfies 

the evaluation criteria in both processes. 

Once preliminary design scheme or schemes are estab-

lished, a f:nal 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 ). 



J2 

FIG. 11 
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4.2 BASIC DESIGN 

4.2.! SCOPE OF DESIGN: 

This projec~ consists of the following elements: 

l. 45 units of prototypical townhouses applying passive 

solar technologies on the selected site. 

2 . 

a) townhouse units: 45 

b) three-bedroom units: 

square feet per unit. 

six, approximately 1,500 

c) number of floors: three 

d) two-bedroom Jnits: 39, approximately 900 square 

feet per unit. 

e) ~umber of :loors: three 

Passive so:ar system: direc~ gain 

a) solar saving :rac~ion ( annJally ): 65-80% 

b) collector area: 11-23% of total floor area 

c) collector: double glazi~g 

d) c~erestories: double glazing 

3. Public facilities: 

a) children playground: 

square feet each 

two, approximately 4,500 

b) c~Jbhouse: cons:sts of spaces for ping po~g ~a-

ble, pool table, wi~h an office a~d a ~eeting 

hal~, approximately 4,00C square feet. 

c) outdoor swi~rn:~g poor 
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4.2.2 ?LO~ PLAN: 

based on the site analysis, app~oximately five a~d a half 

acres of the land is suitable for applying so~ar technolo-

gies as ir.dicated :n Fig~re 13. 

Major circuiation :oops through the site connecting the 

two entrances, leading to =aculty and Wilson Streets respec-

tively, and organizing tr.e three proposed townhouse group-

ings. Elements and the area taken within these groupings is 

shown in Figu~es 12 and 13. 

The remaining three ar.d a half arces will be essentially 

occupied by a park with a clubhouse and a swimming pool. 

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

future fdr expansion of this community. 
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4.2.3 HOuSING ~YPE ANALYSIS 
, 
.!. • Solar exposure: as shown in Figure 14, the direction 

to get maximum solar exposure is due sou~h. 

2. Regular for:n: under a given climatic condi~ion, reg-

ular for~s minimize heat loss from the units. As in-

dicated in Figure 15, building A has less exposure to 

the air and thus has less heat :ass. 

3. Continuous units: due to the fact that contir.uous 

units share building walls and also reduce heat loss. 

From the comparison of alternative layouts of contin-

uous units, type A is the most suitable =or ~inimiz-

ing hea~ loss due to its minimum exposure to the air 

( see Figure 16 ). 

Based on above study, the design of the pro~ect townhouse 

will be charac~erized by the following features: 
, 
..L.. 

2. 

due so1..4~h. 

co~t:~Llous straight line ~nits with five to seven 

un!ts in a row. 

3. rectangular unit forrr.. 
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4.3 SAMPLE DES~GN 

Based on the established program, three alternative units 

are developed as the ptototype of the townhouse project. 

see ~igure 17, 18 and 19 ). 

Type A and type B both ~ave two floors. Whi:e the former 

has a wider sou~h-facing fro~tage and a smal~er floor area, 

the latter has a narrower south-facing frontage and a 

slightly larger floor area. Type C is the smallest a~terna­

tive unit with three floors. Its proportion ar.d orientation 

are similar as type A. The collector areas of all three al-

ter~atives are kept very close--156 square feet !or type A, 

144 square !eet for type B and type C. 



s 
6 

l ,- ------------ - -------- -1 
I I -----.· --·-··-·-

i.Ni NG :;'l\l!N6 

\~ f~ f'I~ 

fk2j 17 AL.l~'JAINE. Q:J~ 
{O'NN~?U?f:. !_1Nlf 
Tr.°E- A 



4J 

2 NP fL.00~ Fl.A~ 

;...'YlNG 

f:G. IS 



~ I 

'J ~~ 
~/cJHNM<?J 

-:;J /\LL 'Vt',r;t;l.L 1'1 6i ·~ 
~ _µ,.,~~ 

J.:iias:-><. ~ -----, 
L ... /lf\ ": 

;.:~~ 

-------------------~ 

- o: c.. ~c /\ lo 
... . ... 

~iN'i "JN Na t.~~')i 

I I 

I I 

L-----·--------------~ 



45 

4.4 COMPARA~!VE ANALYSIS 

The purpose of this section is to determine the best spa-

tial layo~t as the prototype for single townhouse unit in 

this project for ~urther development. 

3ased on Balcomb Method A ( see Append~x A ), the sclar 

performance of the three prototypes--type A, 3 and C ( see 

=i~Jres 17, 18 and 19 )--are calc~lated as shown in Figure 

20 and 21. 

For t~e yield to close solar saving fract:ons, ~U~'s, and 

rates of return type 3 and type C require less collector 

~tea then type A. However, type C has a more efficient spa-

tial layout ar.d ar. essential family room. Therefore, type C 

is the best prototype for th:s p~oject and is then going 

t~rough Balcomb Method B ( see Appendix B ) for detai:ed so-

lar perforrnar.ce study. 
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4.5 SOLAR DES:GN ~EVELOPMENT AND ANALYSIS 

Fro~ the calculation of Baicomn Method B, the solar per-

formance of unit type C is reasonably satisfactory with 69% 

of solar saving fraction and 22: temperature swi~g ( see Ap-

pendix B ). 

A tow~house design and site planning are then developed 

based on unit type C and the plot plan mentioned previously. 
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Chapter 5 

CONCLUSION 

S.: EFFIENCY OF THE DES:GN PRCCESS 

Aimed as a design guide of so~ar energy application, this 

design process is simple and easy to !ollow beca~se the ana-

ly~ical process is substantially reduced by the application 

of Balcomb Method A for prelimir.ary design study. Selected 

a:ternatives are than evaluated by Balcomh Method B for de-

ta:led solar e::ecier.cy and effectiveness. This process is 

especially useful for arcr.itects and developers alkie to 

come up with the most potential prelirr.inary design solutions 

for further study in a rela~ively short o: time. Its advan-

~ages and effectiveness have been proven by ~r.is study. 

~n the case of this project, only direct ga:n system is 

applied for the townhouse design without any co~bination of 

o~her syste~s. This adds to the simplic:ty o: t~e precess. 

However, it can be easily modified for more corr.plicated ap-

plicat:ons. 

53 
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5.2 DESIGN EVAL~A~ION 

To summarize the advantages and disadvantages of the de-

sign solut:or.s, it is divided into two major sections: 

5.2.1 FJ~CTIONAL AND SPATIAL EFIC:ENCY 

Some 40% of ~he site :s 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 regu~ar south facing layo~ts to maximize 

solar exposure, exterior space has less room for variety. 

However, sufficient distance be~ween groups of rowho~ses 

comper.sate for this problem. 

MaJor rooms in a single unit are arranged on southern 

s:de and service spaces--bathroom, storage, stairways-- on 

the r.orthern s:de as buffer zone of the unit. This arrange-

ment resulted in a more energy efficient building envelop 

but puts a li~itation on b~ilding layout since ~he major 

rooms are co~peting for solar expos~re. 
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5.2.2 ~NERGY EFFIC!ENCY 

As mentioned previously, regular form and layout, buffer 

zone and good insuiation combine to reduce the hea~ :oss of 

the ~nits to the rni~irr.urn. 

Carefu:ly calculated solar windows and clerestory open-

ings have maximized the most desirable collected solar ener-

gy. 

The direct gain system tr.is project applies offers the 

advantage of simplicity and less expansive investnent wr.ile 

maintains a relat:vely comfor~able living enviro~rnent for 

residents. 

As shown :n Figure 26, the upper curve represents the an-

~ual utilities consumed of a u~it of townhouse :ocated at 

Yorkshire Court, Blacksburg. The lower curve represents the 

energy would be consumed should t~e systen of this study :s 

applied. ~he area betwee~ these two curves indicates the 

areour.t of energy saved. 
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5.3 ?ROPOSED CHANGES 

On ~he whole, this project suggests an easy and quick way 

to apply passive so~ar energy to town~ouse design e:ficient-

ly in a moderate ~emperature zone. As indicated by t~is 

study, the ~os~ efficien~ solar system may not be the best 

arc~itec~ural solution, and there are a lot of enviror.~enta! 

and ~uman factors to be taken into account if a desirable 

solution is to be generated. 

Inspite of t~ese advantage, this process is subjec~ed to 

!u~ure modi!ications due to the crudeness of the s~ate of 

the ar~ and rapid i~provereent cf solar er.ergy design. More 

sophisticated sclar systems and design processes are expect-

ed to be available for application in the near future. The 

systems and processes suggested by th:s s~udy shou:d be ad-

J~sted accordingly. 
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Ealcorr.b Me~r.od A is a very useful rr.ethod for pas-

sive solar energy design. It is used for preliminary 

sizir.g ar.d evaluation. Tb.e procedures of tr.is ~ethod 

is as follow: 

A. Decide the area of the building and the areas cf 

of tte walls, floor, wi~dow, roof, door, etc. 

B. Determine the building R values so as to decide 

the U values. 

C. Calculate the buildir.g loss coefficient ( ELC ) 

for heat-transfer loss. ( BTU/F-DAY 

D. Calculate BLC for air infiltration. 

E. By adding up all tr.e BLC, the~ compute tr.e build-

ing load collector ratio (LCR): 

LCR BLC = E':'U/F':' 2 -DD Ag x Rg 
hg= gross area of collector ( ft 2 ) 

Rg= rate of glazing in tte collector esserr.bly 

( % ) 

F. rrom the calculated LCR, check the solar saving 

fraction ( SSF in % fro~ Appendix F of Passive 

Solar JesiGn Eandbook Vol. ~I by Balcomb from 

U.S. Cepartme~t of E~ergy. Tten fill the number 

into tte following colu~n: 
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A 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 the LCR values read under A and C. 

B =A+ 0.1 x ( D-E )/( D-F ). 

G. Compute the annual energy savings from solar 

energy ( ES ) by: 

ES = SSF x BLC x HDJ = BTU/YEAR 

lDD = F-day or DD ( heating degree day 

H. Compute t~e a!'1!1ual auxiliary energy required 

( AE 

AE = 

by: 

1-SSF ) x BLC x HJD = BTU/YEAR 

I. Estimating the Ja~uary average inside clear-

day temperatures ( JAIC~ ): 

From Appendix F', check the site's latitude and 

its mean temperature in January, then from 

Figure E-4 of Balcomb's book, check the average 

outside temperature (AT solar), 

JAICT = AT(Jan) +AT( solar) +..:1 T(internal heat) 

AT(Jan) is from Appendix F 

A~(solar) is from Figure E-4 of Balcornb's 
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book 

~T(internal heat) = 5? constant 

J. Estimating temperature swings: based on the 

thermal mass = 45 BTU/F per ft 2 of glazing, the 

value of terr.perature swing is: 

~T(swing) = 0.74 x T(solar)--direct gain 

~T(swing) = 0.65 x T(solar)--Trome wall with 

3% vents 

~T(swing) = 0.39 x T(solar)--water wall 

AT(swing) = 0.13 x T(solar)--unvented ~rorr.e wall 

Then the maximum and minimum temperatures of 

clear January days could be decided by: 

T(max.) =January average inside clear-day 

temperature +.ti. T ( swing)/2 

T(min.) = JAICDT - .6T(swing)/2 

The different between maximum ar.d minirr.urn 

temperatures should not exceed 25F. 

K. Add on cost calculation ( AOC ): 

AOC = Ag x ( CSFC - CSFE ) 

AOC(NI) = Ag x ( CSFC - CSFE + CSE! ) 

AOC(NI) = add on cost with night insulatio~ 

CSfC = estimated cost of square feet of collec-

tor area 

CSFI = estimated square feet cost of nieht 

insulation 
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CSFE = estimated cost of square feet dis-

placed enclosure area 

L. 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 

aTL~ual fuel inflation rate, check the graph 

and find the payback period. 
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SOI..~.~, ::~lE?.GY SYSTE~S DES:GN -- SLC & SSr u~ethoc ,l,) rn - .:co I . 
"" A a c D ~ 

Q. ~ ..... FT.:: ..... DESCRI?T!ON 24 x Fx AREA U-Factor BLC STU/°F -Ca., "" 
1 WAL-V 'i4' 1/11,~ /,,Jif-~Z. t:?v4.~ -I 

= ~ I tit( 4M ~.()t., ;it;~./ 
:::c 
t::: c 

Wl~Oc;w' '24 4- ~. 4q 47 .... 
F I 

17~1<. 14 I 4-Z.. 1,1q- ~41 ·'1 

'?~ i1N ....;~~- 'Z4-i.1/4- ~ t'df1 '2~. J 

EXCLUDE THERIAAL STORAGE '.IALL 
BUILDING Lu::.~ ~utrr1C!~N1 ~ oU .. ) ruK :iEA 1 - 1 :\AN5r ::._r< Lu::.::.: Rht = I 

11~.7 G (sum of Lines Fs in Column E) 
,.._ BLC ruK iUK 1:tnLIKA11\.iN: 

24 X 0.018 X Q =Riv =I t 8e>2 ,£> ......._ H Q = V X AC1tf,.t'f..tJ,&::A0(}~.4' ,.., 
c TOTAL BUILDHIG LOSS COffFICIENT QR, AU-FACTOR: *4-/.'? a: 
C°• K Line K = G + H BLC, ST'J/°F-Day = 
C< 

COMPUTE THE BUILDING LOAD COLLEC70fS RA7IO 2 ( LCR): - ?~4/.C? ~ BLC ( ) = '2.? .. q~ ~ LCR = Ag X ~g = - l 11.?~ ::::: ( ) x ( 0~'10 } -- 3 ! NTERPOLA7E THE SOLAR SAVING FRACTl ON (SSF): a: 
~ - A A/At l<iITl-'OUT NI WITH Ni. 

g' w'W 
"' M T\.I i ·- <J. !:'e; .r::. DG 117)(~ CJ, 213 u 

At ..,, "' I~ S.SF = iJ, z.13 SSF = J.'3e 
:::: 4 COMPUTE THE ANNUAL ENERGY SAVINGS FROM SOLAR ENERGY (ES I: 
.... SSF SLC !-'DD ES 
~ 

D/....-1-4! ,,, ~ ~-77"1. 10° c:; 

~ %41-'? 41'72 <:::: 

N 17& ~. 2.0 .a..z' xtO"" 
5 COMPUTE THE ANNUAL AUXILIARY P~E?GY R""·lilREl'J lilt"\'. 

SSF . - SSF I 3t i: f'CO !~ 

TY~...i"f" () ~_;)., ()_ .:1.-2 fJ. ?.:} X ICI&' 

3c,41, '? 41?2 
p V& I o, 2.f3 a. 74- 1/./9';<.JC& 
?Rl.i.itC1; I 5 y = 

.DATE.: 
TfFE: A 
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ES '.;QRK I ::~•E?{G'f cc~~s:t\'VAT~GN -- l~iFi:;_J~~-::,:;; jP..i.ae 
S !o!E ETS I GE:TE:::\~A:N.~TIQN OF !N1='!LTRAi!C~l LCSS -- !.i ~ c:i.~.NGES I 

GCOO, ONE AIR CHANGE 1WERAGE, TWO AIR CHANGES ?OOR, THREE: AIR CHAN\jES -
< V'I Fitted, caulked, and No storm sash, out caulk- ~a stonn sash and poorly 
c ::i:: weatherstripped in good ing and weatherstripping fitted, cauiking and - 0 

I 0 condition with stonn sash in good conditi en with weatherstripping is miss-.. ~ z: = oroperly fitted. fT good fitting. r ing or in disrepair. r 
~ 

:::i:: 

~ t~~ted, caul~ed, and No storm ooor, or sterrr. ~lo storm door anG aocr is L: 
V'> weathers tr i poed in good door poorly-fitted, doer- poorly fitted, cauiking 
c=: condition ·.vi th storm door closure i nopera tab 1 e, but and weatherstripoing is 0 g prcoerly fitted. caulktng·and weathers t!"i i:: missing or in disrepair'. 

f7 ping relatively good.l r 
~ Cei i ing 1nsu1ation with lnteri or joints cove!" Na vapor carrier, visibl;: z: barrier, interior with mo king, de or cracks inte!'"ior joints - vapor access on 
...J joints taoed :nolc- properly fitted, ceii i ng and dears, ceiling - are or access ..., 

ing with caulking, light and junction boxes 1ight and juncticn ~exes '-' no ....... with covered sealed. not covered saaled .... access or access are or are or . 0 fitted door. rT I r 0 cover or 
0::: 

On .grade cons t!"uc:i on, '"ooden fioor ove!'" unhea t- Woocen fioor over unneac.-
base caulked, no visibie eci space, insulated 1"i th ed space •..ii th cracks un-
cracks, and all joints vaoor barrier, base with sea lee, no vaoor bar:-i e!"', g are sealed- molding, and.access door access door poorly _fi ttea 

0 fitted. and cauik~ng and ..,.eather-...J ..... stripoing missing in or 

r7"" - r disrepair. I = c;:: ;~asonry exterior finisn- Siding.with coed fitting ,1 Siding .,.; th cracKs- :.:nsea i ....... ing 'Mi th joints caulked barrie!", a11 ed, vapor barrier, c no vapor no - in oood condition, insula joints caulked, outlets and - are ;:icwer power connec-- ti on with vapor barrier, outlets and connections tions are :.msealed, and 
V1 plaster finishing i nte- are pr'Jperly sealed, and caulking is :nissing or ::'\ ~ - < rial", no powe!" outiets exhaust back draft cove!" in disreoair_ 

g 
:::;: and connections, out- 1n operatabie condition. or 

"' 11 ets anc connections 
rT r r -

'-' 

V'I SUB-TOTAL = 8 SUS-TOTAL = SJS-1'.r'.";..L = 
z 

2 .. T\JT.!IL = ..... 
~ I- Giass missing •Jr broken (-+ 1) g z --:.-.. Glass area :;:ere than SO'.: of the wall area ( +2) z --I-,,., 1Suilding underground 40~ or ;rore (-1) ~ --...., 

-2 c Building with air-1ock ent.'!"':!nce or swinging dear {-2) < --
inooe!'"able back draft cover ( +t) --

GAANO TO;"AL = ~ 

AIR CHANG::S (; S)= tJJp 
FROJSC7: I a'·: !DATE: 1 
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A. 1. Ceiling area = 482 f t 2 

2. Exposed window = 4 f t 2 

3. Exposed door = 42 ft 2 

4. Exposed floor on grade = 426 f t 2 

5. Total floor area = 908 f t 2 

6. Exposed wall area = 872.5 f t 2 

7. Collector area = 156 f t 2 

8. Volume of building = 7,264 ft) 

B. LCR calculation 

1. Direct gain with night insulation: 

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

2. ~irect gain without night insulation: 

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

c. January average inside clear-day temperatures: 

.ti':'(Jan) = J6i~ 

.:lT(solar) = 29F 

~~(internal heat) = 5F 
JAIC~ = )6 + 29 + 5 = ?OF 

0. Terr.perature swing calculation: 

6T(swing) = 0.74 x T(solar)--direct gain 
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0.74 x 29F = 22F 

AT(swing)max = ?OF + 22/2 = 81F 

AT(swing)min = ?OF 22/2 = 59F 

E. Add or. cost calculation: 

AOC = Ag x ( CSFC - CSFE 

= 156 x ( $8 - $4.5 ) = $546 

Payback period: 

Annual saving index = AOC/SS 

SS = $20.51 x 4.2) = $86.76 

546/86.76 = 6.J 
Based on 1J% of annual interest rate and 10% 

annual fuel inflation rate, from graph, payback 

period = 7,5 years 
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SOLA.R ::~;::R.GY s·t~T~~s CES:GN -- SLC & SSF (Me:hoo Al iN - !QC I -
..,., A B c D E =-....... 

FT' U-Factorl ·- OESCRI ?T!ON 24 x Fx AREA BLC STU/°F-Dav ~ 

1 WAJ,..l,,. -14 ,b{p ~.04-"2 ?'N·? 
I 

R?of ~ '*1~ I tJ.~ -i~ -z/~.z 
::!: 

""' c 
WINDOW z.q. !'2. {/. 4-q /4(, I ..... 

F I 
17a::itE: 14- 41- (), 1.'f- -Z.4/. '-( 

I 
,rj!J.1; IN 6.~ ~1/4 ~? ~.117 ?;-z~.4 

EXCLUDE THE~'A.Al STORAGE WALL 
BUn.D1NG Lu::,::, l.Jc.rr lC a.N 1 \ell.) r1.1K r:t:.A1-1,...;,:;::.r-.rt LU:::.:i:i\ht = 

G (sum of Lines Fs in Column E) 13<&, I 
....... BLC ruK Aut iNr 11.. i rtA 1 !'-'re '20&4 ;::;- H Q = V X AC ao4o>e'"·' - ~74- 24 x 0.018 x Q = Riv = 
c TOTAL BUILDING LOSS COEFFICIENT QR, AU-FACTOR: c: 

~t; a- I( Line K = G + H BLC, BTU/°F-Day = . 
:::: 

2 COMPUTE THE BUILDING LOAD COLLECTCR RA HO (LCR.): - 8~ - BLC ( ) 
14.~ C'\ LCR = Ag • "' !44 

= 
:::- L x n.g ( ) x < a.10 ) -- 3 I NERPOL..O.TE THE SOLAR SAVING FRACTION ( SSF): c::: 
C'\ 

A ' A/A~ WITHOUI - NI WiiH N! 
'=' liW I 
<: j",.j i I ~ M ·-

~. 57 -= DG IJ4.- I ,;i, VO '-' 
At : ..,., L14· SSF = tJ.26 ssr ,. ..;. :j 7 

= 4 COMPUT:: THE ANNUAL EN::~GY SAVINGS FROM SOL.~R EriE'!GY !ESI: ... SSF 3LC H!JO ES ., D.:41'J:J: ~.'77 ...:1 ,,, '( /{;IP 
Ll 
0 

~~ -ft-?'2.. "" 
N .lh t)."Z,~ 4-..of x.1ow. 
s C:JMPUT~ THE AW1UAL lU'.:CL I.!R" ""ll='~GV =::s11;:i<'I'\ (Ai'"\: 

SSF '! - ~5;:- SLC "no .l..<' 

vf:r"-1! (), i;;7 D,4-? i b,l?v.JOtD 

344-" 41.;z. 
;:i vr.... 1 CJ, 29, I ()l 7-Z.. 10, ;:vx·1 Ob 

.-'~uJECT: 1'Yf1:.. (::;> I SY: OAI~: 
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ES WORK I E:~IERG'f ~Cil.SEi\VATICN -- 1NFIL'i?.A7!CN ,,AGE 
SHEETS I OEiER~INATICN OF INF!LT?.AT!ON LOSS -- .a.!~ CH.4.NGES I 

GOOD, CNE AIR CHANGE AVERAGE, iWO AIR CHANGES ?OCR, THREE AIR CHANGES 

~ 
.,., Fitted, caulked, and No storm sash, but caulk- ~a storm sash and poorly 
:z weatherstripped in good ing and weatherstripping fitted, caulking and - 0 

I c condition with storm sash in good condition with weatherstripping is miss-.,., z: = - properly fitted. r7 good fitting. r ing or in disrepair. r 
:E :z 
a:: 

~ltted, caulkeo, and No .stom doo•, •• "'"' f o "°"' cco• "" ooo• 1S c .... weatherstripped in good door poorly-fitted, door- poorly fitted, caulking .,., 
:z: condition with storm door closure inoperatable, bu and weatherstripping is 0 g properly fitted. caulktng·and weatherstrip missing or in dtsrepair. 

f7 ping relatively good.r r 
<:I ;.e11 ing insu I a ti on with Interior joints cover No vapor barrier, visibie z: vapor barrier, interior with molding, access door cracks on interior joints -...I joints are taped or mold- properly fitted, ceiling and access doors, ceiling 
""' ...., ing with caulking, no light and junction boxes light and junction boxes -access or access with are covered or sealed. are not covered or sealed ..... 
0 fitted cover or door.~ r r 0 
CZ: 

Un.grace construction, wooden fioor over unneat- ~coaen fioor over unneat-
base caulked, no visible ed space, insulated with ed space with cracks un-

CZ: 
cracks, and all joints vapor barrier, base with sealed, no vapor barrier, 

e are sealed. molding, and.access door access door poorly .fitted 0 fitted • and caulking and ·,,eather-...I ..... stripping missing or in 

rT r disrepair. r -c Masonr1 exterior finish- Siding.with good fitting, Siding witn cracks- unseal "' =- ing with joints caulked no vapor barrier, a 11 ed, no vapor barrier, - in good condition, insula joints are caulked, power power out1ets and conne~-- tion with vapor barrier, outlets and conn~tions tions are unsealed, and = .,., 
plaster finishing inte- are properly sealed, and caulking is missing C\ ...I or - ~ rio~. no power outlets exhaus~ back draft cover in disr!oair. 

g and connections, or out- in operatable condition. 
-= lets anc connections rr r r -.s= ...., 
.,., SUB-TOTAL • B SUS-TOTAL • SUS-TOTAL • 
= ~ .... TOTAL • ,_ 
~ Glass missing or broken (+l) ~ ,_ --ci z: ..... Glass area more than so: of the wa11 area (+Z) z: -,_ .,., Building underground 40: or more (-1} = --3 Buiiding with air-lock entranca or swinging doer (-Z) -z < 

Inoperable back draft cover ( +l} --
GRANO TOTAL " ~ 

AIR CHA:CGES I• 5)= o.~ Is 

PROJECT: I BY: 'DATE: 1 



A. 1. Ceiling area= 495ft2 

2. Exposed window = 12 ft 2 

J. Exposed door = 42 ft2 

4. Exposed floor on grade = 465 ft2 

5, Total floor area = 960 ft 2 

6. Exposed wall area = J66 ft 2 

?. Collector area= 144 ft 2 

8. Volume of building = 8,040 ftJ 

B. LCR calculation: 

Direct gain with night insulation 

x = 0.5 + 0.1( JJ-26.58 )/( JJ-24 ) = 0.57 

Direct gain without nigr.t insulation 

x = 0.5 + 0.1( 46-26.58 )/( 46-21 ) = 0.28 

C. January average inside clear-day temperatures: 

)6F + 29f + 5F = 70~ 
D. Temperature swing calculation: 

AT (swing )max = ?OF + 22/2 =81F 

6T(swing)min = ?OF 22/2 = 59F 

~. Add en cost calculatior.: 

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

F. Payback period: 



70 

SS = $20.51 x 4.01 = $82.25 

504/82.25 = 6.13 

Payback period = 7 years 
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SCl..'<i\ E~ERGY SYSiEMS DES r 1~.·· -- SLC & SSr (!·~e th oc A 1 -.. .:co I 1'1 - ' 
"" A s c D E Q.. 
u.; 

~;:: ;- DESCiUPiION 24 x Fx AREA U-Factor oLC 6TU/°F-Ca·• "" 'I 

1 WAw 1-4- '11q o.of7t.. 4(,5, 2. 
-I ...... ~ z...+ ?9o t?.02-,, ,q~, 2 = 
~ 
c: 
0 WINIA/\A/ '24 7 v.4if az.~ ... 

F I 
'fJl.?"i<. '24 41- CJ,24 t4f. 'f 

Sl)q'J u~~ ~Are '24-X 1,4 ~4 tJ,117 143.2 
\ifAU,,, I A~~L &i~ '14-X th zq~ tJ,f77?;J 12q.~ 

EXCLUDE THERMAL STORAGE WALL 

G 
i:!UlLDiN(;) LU:::.;;i L.;;:.rr!Cl:.il1 \till.) rOR ri::..il\1-1,.,;.Nsr:.r< U.1::>~:Rht., 

(sum of Lines Fs in Column El 17'3?,4 
,..._ 6LC i"UK A1R 1NriL1AA1!0N: /$'2'2· 7 ;::, H Q = V X AC i~Yl. 'l,.t').fp::= 41.t'f. 2 24 X 0.018 X Q = Riv = 
c TOTAL SUILDWG LOSS COE~FiCIENT OR AU-FACTOR: c:: ~'779. I a. K Line K = G-+- H SLC, 6TU/°F-Oay = -a: 

COMPUTE THE BUILDING LOAD COLLECTOR RATIO 2 (LCR): - ~o:J18. { - BLC ( ) z7. r;; C\ LCR = Ag X Rg = = - L ( 144 ) (i?.10 ::::- x ) -- :? INTERPOLATE THE SOLAR SAV!NG F~CTION ( SSi='): <:) 
C\ - A I A/At WITHOUT ~· I 'M!iH Nl 
g 't<'W I 
"' M iW I 
u QG 144- I tJ, '27 I "'-~ At = 144 ss• = :P.z? SSF = .) '3~ ...... 

= 4 COMPUTE THE ;NN~Al ENERGY SAVINGS F~OM SOLAR ENE~GY I ES 1: 
~ SSF 3LC HOO ES 
~ 

~AH. r:J.~ ~. :;-z "I.ID" "' .g 
3 '776./ 41?'2. ""' 

N 'VGr 0.'27 4-.0I X /Od 
5 COMPUTE THE ~mlUAl AUX!~iA?Y .,~~GY R•~t 1 IR~n ( !> \: 

SSF 1 - SSF 3LC :-inn ,l.;:' 

V~/JI J,?"1 J, 44. ~.54 '/./Olli:> 

I 3'?7~. I 4 172 
p 
v~ I :) Z1 (). 7~ /0.8?xlO"' 

~RUJECT: c I BY: GATE: 
Tjf1!-
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ES \.iORK 
SHUTS I '.J::7::RMINA7!0N or !:~4~IL T? ... ~7!0~~ LOSS -- A IR c;~ANGES f 

GOOD, ONE AIR CHANGE AVE;:i.AGE, TWO AIR CiiMlGES POOR, THREE AlR CHANGES 

.,., 
::;: 
8 z 
3 

"" = 0 c 
Q 

<..::l 
:;:; -~ -..... 
'-' ...... ..... 
c 
0 = 

Fitted, caulked, and No storm sash, but caulk-
weatherstripped in good ing and weatherstripping 
condition with stor.n sash in good condition with 
properly fitted. r"f'" good fitting. r---
ritteo, caulkea, and ~o storm ooor, or storm 
weatherstripped in good door poorly-fitted, door· 
condition with storm door closure inoperataole, but 
properly fitted. caulktng·and·weatherstrip 

~ ping relatively good.r---

Ceiling insulation with Interior joints cover 
vapor barrier, interior with molding, access door 
joints are taoed or mold- properly fitted, ceiiing 
ing with caulking, no light and junction boxes 
access or access with ·are covered or sealed • 
fitted cover or door. f"'7" r---
On .grade construction, wooden fi oar over unhea t-
base caulked, no visible ed space, insulated with 

c:: cracks, and all joints vapor barrier, base wi:h 
c are sealed. melding, and access doer 
0 fitted. ;:: 

~cr s~orrn sash and poorly 
fitted, caulking and 
weatherstripping is miss-
ing or in disrepair. I 
'10 storm door an<l c:oor is 
pocriy fitted, caulking 
and weatherstripping is 
:nissing or in disrepair. 

r 
No vapor ~arrier, visio1e 
cracks on interior joint~ 
and access doors, ceiling 
light and junction boxes 
are not covered or sea1ea 

r 
:,;oooen fi oar over unnen-
ed scace with cracks un-
sealed' no ·1apor bar;-i er' 
access door poorly ~itted 
and caulking and weather-
stripoing missing or in r;- r--- disrepair. r---

c-.~~..i-~~~~~~~~.....i...:.....+-~~~~~~~~~.i.---1~~~~~~~~~..._--t 
~ Masonry exterior finish- Siding.with good fitting, Siding with cracks· unsea; 
:::; i ng with joints caui ked no vapor barrier, a 11 ed, no vapor barrier, 

in good condition, insula joints are caulked, power power outlets and ccnnec-
"" tion with vapor barrier, outlets and connections tions are unsealed, and 
:::; plaster finishing inte- are proper1y sealed, and caulking is missing or 

-
;:::; 

'§ rior, no power outlets exhaust back draft cover in disrepair. 
~ and connections, or out- in operatable ccndition. 
-
~ lets anc connections r r 
;------~--~fT_; ____ ~---------------

'% Glass missing or broken 
~ Glass area ~ore than so: of the wall area .... 
'fl Building underground 40~ or more 
~ Building with air-lock entrance or swinging deer 

Inoperable back draft cover 

FRO.;ECT: I B'f: 

TOTAL 
(+l) 
(+2) 
(-1) 

(-2) 
(+l) 

= 

-Z 

SRAND TOTAL " 3 

J.-.1c: I_, __ 
1 
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7. 

8. 
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Ceiling area = J50 ft 2 

Exposed window = 7 ft 2 

Exposed door = 42 ft 2 

Exposed floor below grade = 204 ft 2 

3asernent area = 204 ft2 

Total floor area = 880 ft 2 

Exposed wall area = 919 ft 2 

Collector area = 144 ft 2 

Volume of building = 7,0J2 ftJ 

Wall under grade = 296 ft 2 

B. Fx calculation for basement: 

AT(wall) = T(indoor) - T(outdoor) = Ti - ~o 

AT(basernent) = ?(indoor) - T(ground)= Ti - Tg 

Fx =(Ti - Tg)/(Ti - To) 

=( 68 - 55 )/( 68 - 16 = 0.25 

C. LCR calculation: 

1. Direct gain with night insulation 

X = 0.5 + O.l(JJ-2?.6)/(JJ-24) = 0.56 

2. Direct gain without night insulation 

x = 0.2 + 0.1(44-27.6)/(44-21) = 0.27 
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8. January average inside clear-day te~peratures: 

J6F + 29F + SF = ?OF 

E. Temperature swing calculation: 

T(swing) = 0.74 x T(solar)--direct gai~ 

T(swing)max = ?OF + 22/2 = 81? 

T(swing)min = ?OF 22/2 = 59F 

F. Add on cost calculation: 

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

G. Payback period: 

SS = $20.51 x 4.01 = $82.25 

504/82.25 = 6.13 

?ayback period = 7 years 
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Balcomb Method is a more complex and more pre-

cise techniques for solar system sizing a~d evalua-

tion than ~ethod A. It provides sophisticated 

qua~titative ffiodel which enables the architect or 

designer to size the solar glazing, thennal storage 

and other elements of the building with accuracy 

to achieve a comfortable living enviro~.ment and a 

satisfactory solar heating per~o:nnance. 

For more info:nnations and details of the cal-

culation procedures, please read Passive Solar 

Desig~ Handbook Vol\.<Ille II prepared by J. Douglas 

Balcomb. ~tis book could be purchased by writing 

to the U. S. Department of Energy, Assistant Secre-

tary ~or Conservation and Solar Energy, Of~ice of 

Solar Application, Passive and Hybrid Solar Building 

?rograir., Washi~gton ~. C., 20585. 
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SOLAR ~~~~~GY SYS7~~S O~SI5N -- 3ASELI~E SU~VEY - U-~~:~ors I T~i - .:.oA I 

~I SECTION OESCiUPTION 

J 
/ 

~: 11-tf B:f. 
' 

{ ,,.--=, 
[~" , 
'v\/AW 

I 

! 
i-Ru.;~Ci: ~'. r .. 

x/k,.. R x/k,.. R 
·"'.20 

:. 32 
19.oo 

f.2~ 

~.(,,5,0.11 

Rt • 1---'2....:~""";"""'fr;'/"--+------1 
u = 0.04X. 

I 
/. 2.f!J ; .J. ".\'? 

4~.~ -
0.02..., u q2 i 
P.c~ I 

0.'70 

o. r;, 7 
43bi-

i 

:8~...:i 

c.117 i 

U.'ZC- I 
II oo I 

260 
c;._:.'7 ! 

I 
I 
I 

Rt = /5.~7 ! 
u = {) C73 I 

' 
:.Jf'\i .:.: I ~, -- I 
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~C,_l~ :·~~~SY S"S~ :::--s oss:GN -- :;..sE; !';E Si.:?V~Y - u-::-~-:~::>r! I -.. 1'1 - 4~· u ... I .: 

~l WIN7ER I SUl'."IER 
w SC:CiION DESCiU?iiCN 

x/\.:' •. R x/k., .. R - Q 
N 

I 

2·'~1.-1owao 'f'/111-f ..,.., 
P~R.. = gr""?J(V\ f'.:'a'... '7t1't> &,1 _j..:;>' 

N .· 't·k1PC') I .... ..,., 
..,.. 
2 
0 
'-

Rt "" 
u = ,;J. Vi-

I V-::tJE?I.£ .(..1~ / 0.z.::;11) 
Y·ifN!7CW WITH i,h l/ J.jl',,...,r?N~ 

- I ....., -..... 
"' ---..... 

I °' Rt = - I a: c . ..;q u " --
1 

;: 
I ..... 

N -
c I "° C"> 

I -
~ I 
"' i ·- I ..:: 
w I 

! I Rt = ! ~~ 

1 I z u = ! 
~ 

I I I ... 
4 I i a: I I 

I 
i 

i I 
! I 

I I 

I Rt =I I 
I u = I I I 
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ES WORK I ::NERGY CCNSC:RVATIQrl -- !NFiL7AATlON ll'AGE 
SHUTS I DETER!"!!NAT!ON OF HflL ".'RATION LOSS -- A!?. C!-!.il.NGES I 

GOOD, ONE AIR CHANGE AVERAGE, TWO AIR Cr.ANGES POOR, THREE AIR CHANGES 

~ "' Fitted, caulked, and No storm sash, but caulk· ~a storm sash and poorly 
::z weatherstripped in good ing and weatherstripping fitted, cau1king and - g I conaition with storm sash in good condition with weatherstripping is miss-

"' z = pro!)er1y fitted. r7 good fitting. r ing or in disrepair. r 
!i 

::z 
c Fitted, caulked, and No.storm door, or storm Ne storm door anCI c:oor is .... weatherstrip!)ed in good door poorly-fitted, door- poorly fitted, cauiking 

"' = condition with storm door closure inoperatable, but and weatherstripping is 
§ properly fitted. caulktng·and weatherstrip missing or in disrepair. 

r7 ping relatively good.r-- r 
<.:I ceiling insu1ation witn Interior joints cover No vapor barrier, visible :: vapor barrier, interior with molding, access door cracks on interior joints .... joints are taped or mold- properly fitted, ceiling and access doors, ceiling 
~ 
u ing with caulking, no light and junction boxes light and junction boxes ..... access or access with are covered or sealed • are not covered or sealed .... 
0 fitted cover or door. ri"" r r 0 = 

On.grade construction, ~ooden fioor over unneat- Wooden floor over unneat-
base caulked, no visible ed space, insulate~ with ed space with cracks un-

= cracks, and all joints vapor barrier, base with sealed, no vapor barrier, 
0 are sealed. molding, and.access door access door poorly _fi ttea 
Q fitted • and caulking and ~eather-.... .... stripping missing er in 

- rT r disrepair. r 
Q Masonry exterior finisn- Siding-with good fitting, Siding with cracks-unseal N ...... : ing with joints caulked no vapor barrier, all ed, no vapor barrier, - in good condition, insula joints are caulked, power power outlets and connec-- tion with vapor barrier, outlets and connections tions are unsealed, and = "' plaster finishing inte- are prtJperly sealed, and caulking is missing C'I ~ or - i rior, no power outlets exhaust back draft cover in disr'!pair. 
;' and connections, or out- in operatable condition. c lets anc connections "' rr r r .:= 
'..l 

"' SUB-iOTAL • B SUB-TOTAL = I SUB-iOTAL .. 
= ~ .... TOTAL = 
~ a. G1ass missing or broken (+l) .:= ,.... --~ z ...... Glass area more than so: of t~e wall area (+2) :c --,.... 

"' Building underground 40: or mor!! (-1) ~ --a Building with air-lock entrance or swinging door {-2) -z c: 
Inoperable back draft cover (+l) 

GRANO TOTAL • ~ 

AIR CH.~~GES (; S)a O,?.;o 
?ROJt:Ci: I BY: IDATE: 1 
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EC -- ENER~Y .!:UQ lT I TN - 4QA j 6 

A B c 0 ~ F ... 
OESCRI PT! ON 24 X Fx AREA ft' u AU-FACTORS AU-FACTORS 

EXPOSED CE!LiNG/ROOF· 14 ~ o.~'l~ 
,q,, '2-

EXPCSEO WALLS (NET) ~ a1G1 0.04-n q{D.,, '2 
EXPOSED WINDOWS Z.t1o 7 IJ,44 '1Jt, ~ 
EXPOSED DOORS /).,I. 4-~ {/, itf 241.'f 
EXPOSED FLOORS 

G 
on grade 

Vt;(/4 W4' ~.117 143,2 below grade 
unheated space 

WJ..U.?Ull~~ 2+.<'14- 2q~ /Ac7:; 12q.~ 

H BLC FOR HEAT-TRANSMISSION LOSS: BLCHT = "2%8.~ 

J BLC FOR AIR->NF IL TAA 1 ION LOSS: 
l~e>Z, 7 Q 11 V x AC •"'2'*u1."=:Aztq,1. 0.432 X Q • BLCAI " 

K BUILDING LOSS COEFFICIENT OR AU-FACTOR: 41q1.z. BLC • BLCHT + BLCAI, Btu/°F-Oay BLC " 
M N p R ENERGY UTIL!ZATlON INDEX (EUI): 

'B °F-Oay MONTHLY EU! a ~L~ • 4l'1£.2.. 
MONTH l HEATING "9 eeo c DEMAN OS • 4.~ DO MBtu.lM 

AUG 0 () 
SEP ~ ~.21 

ENERGY BUDGET (EB, HEATING): 

OCT 'Z~!> o.q77 - ' Ea • EU! x 00/10~ MBtu/ft·-vr 
NOV ~~ 2-'Z7f:J • 
DEC g~ 3.378 
JAN efO '-~' s ANNUAL HEATING ENERGY DEMAND: 

~ FEB 1U 3,02" -.....: HD • BLC X 00/105 - 1".MStu/Yr MAR I~ '?fl3 ·2-4'4 
A?R I"' -zeq /, '1.i I = "'flq/,1.X 4J~Z/10" 
MAY 6( a.-, 3q = t 7.4 "rov, 
JUN 0 0 -JUL 0 0 

T ANNUAL 
TOTAL "' 41?1... /J.4(/0r.. I 

PRCJECT: av-.. IDATE:: I 
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-- :::·:;);.:-:-;7: ::. I ~.~.~s: \.·:. S·:: ... :....~. ~ ~ ~; :. . .: ·r s ·. s-::~··s :-.::: ·~:~ 
l: :::> SHEETS I S:J:...:.r. G~.L.i Z: ~;G· ,:._:::: ::.:. -- ;..07 ,"·e•.~1od 

EIJ: ~ " z i<.g "' q_o •. •& .. "'' 
From iASLE 0-1 

R! " II ~ R2 .. '2~ ., .. 
c::• .. . 21 '.: $2 .. ~4 ., -· .. 
S3 .. 37 . s~ .. e:, I . . 

" .. 
Agi • Af x R2 (EUI/EUIR) 

• ~f?O x .Z"? ~ ( 4.7~ 
7 

Ags = A" X.Rl (EUl/EL!IR) 
,. ~U' x _Jj_"'. I 47ft? 

\ 7 
Select the Glazing Size (co:::cute tne n•~ gi azi n~ 

Ag "' \·.:I OT!i I x ~E!GHT ' (Rg) 

: 144 I x ' x qo ~ = ,, 

SSF Sl + S2 - Sl (Ag t.gs) = ;;gl Ags . -
2/ ",. 34 . - '2/ ., 

= ... .. .. ( 
~ I :;e, -

= ~~ 

SS,, .. = ,~ + S"- - S3 (~g Ags) -.J Agi Ags -;1.l -
11._:. (p I '! - 3>7 ., 

= .. .. ( 
1~8 -~ 

"' ~",. 

;qQ.JECT: 13Y: 

I •~Ge 
I 

.. 660 SF 

• 
lo 

' I 
.. /';/; SF 

I .. '~ SF I 

a:-ea): 

130 SF 

/?;o - 66 \ 

I 3>o ~ " -

PAiE: I 
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~ASSIVE SOLAR ENERGY SYSTE~~S DES I G1; -- ;:.t..iA '"G~KS.:-:~:i I -.. '" 

PROJECT LOCATION: ~~fi!AR~ I vr~1r-J1.A. 

LATiTUDE: "J1, ~ O:f 

PASSIVE SYSTEM iYPE GLAZING AREA, SF " NI 'IALUE Re A 

t76r. 144 ICO ~,&; 

--
--
--

TOTAL GLAZlNG AREA,.Ac = 144 100 

THERMOSTAT SETTING, Tset = ~ 0-; 

INTERNAL HEAT RATE, FORM 7B-le, Qint • Btu/Day .. 
or Qint = 20,000 Btu/Day per person, PR 

= 20,000 x ~ PR : f.;o, !lC:O 9tu/0ay 

9U!LOING LOAD COEFFICIENT, from PARi III. BLC " 4/Cf/.2 
LOAD COLLECTOR RATIO, LCR = !~C z 

( 41'11.1- ) = ?q. I 144' -( ' ' 
.Degree-Oay-Sase Te:'l!O'era-ture for Non-solar Building, ibns = 

- _ Oint _ ( (po,«¥:) ) ~4 "B OR , bns - Tset -~ - - " ( 41<1/.2.) 
Degree-Cay for Non-solar Building, Appe~dix A, DOns = 

Degree-Day 5ase Temperature for Solar Suiiding, Tbs = 
Mint OR Tbs = Tset - BLC + \24 I.. Ac X UCJ 

. (pf; <POl«JO = - 41q1. z.+(1.4-t /.14 'I. 0,1774) 
= i?~, (?OF 

(JOs from ~OP.KSHEET W2) 

PROJECT: I .. t : IDAiE: 

- '10~ I -

Uc 

0. /'714 

Btu/1'.lD 

9 cu/JD' 

O;: 

0-; 

DC/yr 

0-; 

I 
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L VSM L-0 F" l"Tl n 
-1 

0 QJ . I g 

QJ 

::i: V1 1-- z 
I- :c 0• 0 
z QJ ...... 
0 ex 0 1--
::i: 0 •( 

~ lL ::£ . z 
·~ 

<:( ~ I ... ..... z~ 

:::c: LI) z ..... Cl •• J QI ON 
I- :c >< 0 I . ~, :::> QJU QI ,_.I 

•r ..... u v. .... t-- 0.1 w l.. 1-W 
I•- ·o I- >< > ..... l- Cl °' -.( >< 
0 l.. c: 0: er I- Ol QJ I-

:i: 0 QJ w Vl -.( QJ n: 0 z . 
1- VI n. > t!l >< ....... _J 0 CJ'. ..... CJ 
z >· 11 z ...... :::> _J .~ ...... 
0 .:( V1 •"t: 0 IL . ~ .. • •O l.-0 n: lL 

::E: ("'.) > - u ~ 0 (P -' Cl VI o~ 

SEP 30 1114 J 3?1.20 2.8 ~4-? I 
f- J1J)~ 3tn~ - 9. I ~6.4 OCT 31 I I co 

-< 1--- - C--· -· 
NOV 30 11'7" I .346.90 -10 .6 --~,q I --
OEC JI /COZ- I ~toh'2. -23. I ~c>.4 I 
·- If) 

JAN 31 /Og,:/ I }'JB11J i:-: -21 . " ~-1 I 
- rt) 

._____ 

HU 28 J1424 -14 .0 /liJ8 I "'·' I 
II 

'3 l MAR l/'8? I ~7~? 
,,, - 2.8 4-f;./ I I- Cl 
::> 

CJ -· 
)> I 

I- I -1 Al'R 30 /05/ 'J1??o ·~ 9. I ?J,1,, 
l"Tl 

1--
q: ---- - _J 

MllY Jl ef;? I 274~~ 16.6 1e.1 I .__ 
i.- JUN 30 ~4-0 I 2?1/JO 23. l 14.2 I --

,JUL 31 0?B I l'?'fJ[j 21.4 /6.q I 
--1--

l\llG 31 q41 I dqn1 14 .0 '2~.; I 

( 3) (4) (5) (6) ( 7) 

FT FGR RCF l'ISF TRF 
z 
0 ~ 

UJ ~·~ t!I """ Ol 
~ u 1-0 z .-• ...... 
•O z lJ ..... :i 0 c( "' 0 
0 I- 0: 0 0 ... .... .... u n! .... Cl ,,, 

"" 0 c( ...... U<ll 
M _J~ UCO :c ..... Z.-t 

I "- "- I LI) I <:( I 
u hJ I <XU u 1-U 
>< cxu O>< t!I >< 

·- >< >< I- z ...... 
Cl u. «.( • :i:: • 

V1 Z• UJ V1 :r. Vl Vl VI 
I- l!l :::> ,, _J l!J 0: Cl ZU> 
_J .... 0 ...... ,,_,....... lJf ....... ~;: ..... u.. n! IL l&J lL > lL 
1-~ Cl~ cw:~ o~ 1-~ 

I /.I I l}.ez o.t~>'l 

I /.O~ I ~.ei'; t).~7 

I f.o7 I /,0 l).Jt>4-
I {.ob I /,D tJ.J/ 
I /,of> I d.Cff ~.Jrl/ 

I /.07 I ".c1e P.'1~ 

I l.t>J? I o.'tRJ p.~4i 

I /.n .. I £?,Jf d0W 
I /,//p I d.6B ~.'77 

I /,IB I tJ,Jz t).'?bt 

I /./':; I 0.10 o.iz4 
I /./) I (}.~1 b/18 

( 8) 
FSS 

·~ z ...... ~ 
:Ca> 
0 
Cl >< 
c( •r 
:::c: 'O 
LI) c:: 

n1 
LLI O. 
1- a. 
.... c( 
Vl~ 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TAHU A (Me lhod 0) 

(9) (10) 

Cf s 
~ 

EFFECTIVE Q) 

SOLl\R rnrnG 0 .... 
~ INCIO£tlT, 
N 
~ MONTllLY 
IL 
0 

103 I-u 
:::> 
Cl Btu/Sq.ft.-
D cx Mon . c.. 

~.'}(p 1e.~e, 

~.(,'). J4./4-
0.1? 1?.Cfq 

~-1? ~~.X> 

J.74- '24. 11 
t). 72- 1?;.~ 

(),(p/ 21-4-( 

b.?o /?.77 
tJ.4? /2.~~ 

0.4£ I'(;), 10 

tJ.'f? //,{;,Cf 

0.4? /?J. /~ 

Vl 
CJ r :... 
:<• 

~~ 
Pl 
;;11 

\ ~ 
Vl 
-< 
lfl 
-I 
f' I 
=~ 
'" 
CJ 

"' l/l -. 
G> :;.: 

I 
I 

-Q 
:r> 
'" Vl ,_, 
....:: 

'" 
~ 

lll 
)• 
1--
n 
CI :-i: 
lll 

:-:..:: ,., 
-I 
:L 
0 
0 

LU ---

··I 
7. 

I ,,. 
0 

"' ,_ 

··-· 

m 
VJ 



CJ W2 (l) (2) ( J) ;n 
C> c.. Tl T2 Tbs ~~ DO DASE 
:-:' TEMPERATURE ?? (,o i??.P? 

fl =_T..i - Tf!L fl• f2= 00 = fl x 
7;,, - .,., DOI + f2 X 
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·u M (1) (2) ( J) ( 4) ,u 
0 r __ 

fflOM FROM (I )/(2) ff!OM "' (~) TABLE A Al'P£NOIX A FIGS. f-1 -I .. COL. (10) or W2 to 6, 
or wt 3 fqua tl on, 

10 LB or W4 
lltu/S1J.ft. °F-Oay/Mon lltu/S3. ft. - 't. ::c 

I- -Mou Mou- f fla) :.<: MOIHllLY ,..., 
:i:: s !I Os S/flOs SSF 

-
SEP /~.gt(; 1.7 b(q2.(p /. 6 
OCT 24.14 ?o.& 47? /, 0 

>- NOV '2?,qq 2]/.4- q9.e 0.74 
'" ...; ore '2?- ,0 '){pf.'? ..:f/."J t/,?2 
1-

.JAN -i4.;lq ?t(J.VJ 41 ().~/ 
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Storage mass calculation: based on Balcomb Met-

hod A: " J x SSF pounds of masonry is recor.;me~ded 

for each square foot of south glazing ........... " 

?rom calculation1 

SSF = 69% 
Collector area = 144 ft 2 

J x 69 = 207 

207 x 144 = 29,808 lbs 

Assurr.e: floor density = lJO lbs/ftJ and 6 inches 

thick 

solar absorptance = 0.85 brown concrete ) 

Therefore, area needs for storage: 

29,808 
= 547 ft 2 

1JO x 0.5 x 0.85 
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Solar feasibility: 

~rom·calculation: 

Aru1ual heating demands: 18.5 x 106 BTU/YEAR 

SSF = 69% 

~herefore, annual energy saving from solar energy: 

18.5 x 68% = 12.95 x 106 

Compare wit~ other sources of energy: 

Electricity : 7¢/KWH 

293 K'~vH = 10 6 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 

o.4J8 x 16.67 = $94.55 ( annual saving 

Oil: $1.15/gallon 

11.9 gal= 106 3TU 

11.9 x 1.15 = lJ.685 

Annual saving: 

13.685 x 12.95 = $177.22 
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SITE ANALYSIS 

The f ollowi~g is an analysis of the proposed 

sitei 

A. Zoning/orientation: according to the Blacks-

burg Land Use Plan adopted by the Blacksburg Town 

Cou~cil on Feburary 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 south by Progress St., on the east by viilson 

St., and on the west by Turner St .. The area is 

9.2075 acres which is equal to 401,484 square feet. 

B. Topography/slope: The topography within the 

county is, in general, gently rolling. ~igure 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 s~own i~ 

Figure 28. 

C. Existi~g land use: referring to the Blacksburg 

Neighborhood Action Plan, July, 1978, the area is 

defined as the transition area between the Central 
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Business District and the purely residential neigh-

borhood. Already, a mixed land use pattern can be 

identified in the adjacent land as professional 

offices located in converted touses. Adjacent to the 

downtown and slightly lower priced property apparently 

are attracting the non-residential la.~d use into the 

area. 3esides professional offices, there are fra-

ternities, churches and a few small business. 

u. Macro circulation: vehicular circulation is 

handled primarily by Main Street which is on the south 

side of Progress Street; and secondary by Progress 

Street for north-south traffic. East-west traffic 

is handled by Roanoke Street and Turr.er Street. As 

shown in ~igures 29 and JO, 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 wal~ zor.e. 

The ~ajority of the streets have sidewalks and are 

in good condition. 

E. ~aero-micro circulation interface: to create 

a living environment whicr. i~cludes safety and privacy 

is one of the goals. 1herefore, the less vehicular 

circulation in the proposed site the better it is. 

There will be speed limit, desigr.ated 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 both of them. 

F. Utilities: Figures Jl and J2 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. 

Communities facilities: the town of Blacks-

burg has one high school ( on Patrick Her.ry Drive ), 

one middle school on Main Street ), and tr.ree ele-

mer.tary school ( on Tom's Creek Road, Harding Avenue 

and Airport Road ). Besides the ele~entary 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 JJ. 

All existing schools are located on major streets. 

Along these roads, there are high density residential 

and corrunercial areas. 

The proposed site is close to VPI and SU, ba!1.~s, 

shops, library, restaurants, service station, theatres 

and only takes approximately five minutes of driving 

to two shopping malls. 

H. Climate: Blacksbure has a humid "continental 
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FIG. 33 LOCATION OF SCHOOLS IN 
BLACKSBURG 

SOURCE: Bl..ACXS8URG 1~. BLACXSBURG 11\.ANNING 
DEPARTMENT. !W. 
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type" climate which is affected by elevation. Due 

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 

whicr. is at a lower elevation. 7he winter is rr.odera-

tely cold and the summer is relatively comfortable. 

Mean annual temperature at Blacksburg is about 

52F. Eventtough temperatures below freezing have 

been recorded, May and September are relatively warm. 

Daytime highs during the cold season are in tte middle 

40's with nighttiree lows in the middle 20's. During 

the winter season, the maximu~ and minimum temperatures 

are in the ?O's and teens below respectively. Day-

ti~e highs durir.g the summer are usually in the low 

80's and ~ight-time lows in the upper 50's. The 

maximum temperature of lOOF and a minimum temperature 

of 41F are observed during July. 

The number of days with temperature higher or 

equal to 90~ has ranged from none in several years 

to 26 days in 1953. Temperature falls below freezing 

at an average of 25 days a mar.th duri~g the winter 

months and below zero at an average of ~wo 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 i~ summer is due mainly to thunder-

stor::is and showers, while snow in winter contributes 

to the precipitation. The average precipitation is 

20 inches a year. 

Relative hwnidity is high in the morning ar1d low 

in the afternoon. Its average during the surr.rner is 

in the 80's early in the morning and drops to 50's 

in the afternoon. Partly cloudy days are most fre-

quent in summer. 

Heavy rains are brought when hurrica~es and 

other tropical disturbances move far enough inla~d 

to affect Blacksburg and the surrounding areas. 

Tornadoes are q~ite rare in ~ontgomery county. Thun-

derstonns accompanied by serve lighting, high winds 

a~d hail are ~ore frequent than the hurricanes and 

tornadoes. 

The prevailing wi~ds in Blacksburg are generally 

westerly with a more northerly component in winter 

and a nore southerly component in swnmer. T~e topo-

graphy also affects the wind with the air tending to 

flow parallel to the mountain ridges which are oriented 

~ainly northeast to southwest. 

The above climatic sur.:mary is excerpted fror. 
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Curtis W. Crockett, NOAA Cl~=atologist ~or Virg~nia, 

Agror.c~y Departmer.t, VPI and SU, 3lacksburg, 

Vireir..ia, 24061. 
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-¢:·JUNE 21 

F"l;. E-'5, 
This d!a;ram Sl'lcws a simale 
nietnod or calculating noont!:ne sun .,;les. en ,..re., 21 1na 
Seoterreer 2l tl'le sun ll'lgle, 
nea5"rea f:"Clft :,.,. zen1t,,, .!.s 
iaent!c:al to the latitude of t.'le 
site. cn !lee~ 21 enc June 2! 
tl'l!s angle is ei tt:e: il'C'nna a: 
aec:rease!: t:y %5.,o :espec:ti•ely. 

so .. Lat0 23.5° + 50 

.. Lat0 18.5° 
WO = Lat0 + 23.5° - 50 .. Lat0 + la.s0 

1"1;. E-56. 
~ esa111:1.le s:io.ing !'low rc:cf 
ove~.-ng ;eome::y can oe r.roc1r!ec: 
to orovioe 2s!:ea sulM1!: s."'ading 
ana winter solar ;ain. The 5Q 
allowances sno.., ex:~a :.-ie 
eesirld effects over a t!!l"•••ek 
season. 
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PASS~VE SOLAR E~ERGY APPLICATION IN TOWNHO~SE DES:GN 

--A CASE STUDY 

by 

Yapp Pow Khin 

(ABSTRACT) 

The plan and design of a large housing deve:opment pro-

ject by itself was a difficult task in the past, the energy 

issue make the options very limited, and the planner and/or 

eng:neer deal with the solution more often tect.nicaily in-

tended w:th or without considering the energy problem. This 

study is cente~ed on the ene~gy issue as part of the design 

decision ~aking process. 

Tt.is study tries to integrate the energy use ef:ects as 

part of ~he basic planning p~ocess, such as :ar.d use and 

build:ng style dependent on the land contour as wel: as so-

lar exposure; a~d the passive solar energy utilizat:on as 

part of the desigr. process where the solar use is r.ot an add 

on sclar system but an integrate part of the basic design 

scheme. A development summary of the analysis a~d process 

guideli~e is ir.troduced for mediu~-low de~si~y housing pro-



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

to illustrate the process. 
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