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SUMMARY

Planning activities have been underway for about five months
to design an Energy Conservation and Noilse Control Demonstration
Program for the decade of the 1680s. This effort has been under
the direction of the Environmental Protection Agency, the Depart-
ment of Energy, the Department of Housing and Urban Development,
and the National Bureau of Standards. The resulting plan for
condueting the demonstration 1s discussed in this repoert.

The synerglsm between energy conservation and noise ¢ontrol
benefits that ecan be achleved with available technology will be
demonserated in an urban residentizl bullding in Chelsea, Massa=-
chusetts. The bullding, leccated on the grounds of the old Chelsea
Naval Hospital, contains two ldentieczal dwelling units. One unit,
the "preference dwelling," will be renovated and fitted with appli=-

"ances cirega 1970 — 75. The other unit, the "improved dwelling,"

Lllustreting nelse and energy benefits readdly achievable in the
decade of the 1980s, will.receive the best avzilable treatment %o
the buliding envelope and will be fltted with appliances thet are
sglected for energy conservation and for reduced nolse emission.

An extensive program of data acqulsition and analysis will
be implemented tc provide 2 continuous and complete record of the
differential energy, nolse, and air guality conditions in the
two units. A display board in each residence will provide a
visual comparison of the energy consumption, nolse conditlions,
and cost benefits in the unilts., A program of air gquality measure=
ment will be conducted to identify the differential air quality
levels in and near the resldences.
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Energy consumption in the reference dwelling (which is
almost uninsulated and thus typical of many other urban bulld-
ings) is estimated to he about three times that in the improved
dwelling. Thus, & T70% energy savings benefit could be demon- '
strated., In addition, noise levels in the interior of the
improved dwelling caused by extericr sources will be reduced
by approximately 10 dB(A) compared with levels in the reference
dwelling. PFurthermore, 1t is expected that the energy-conserving
éppliances in the improved dwelling can be selected and installed
to be quieter than those in the reference dwelling.

A public information program will be designed to describe
the findings of the program te 2 national audience. The outreach
effort will be conducted to reach an estimated ons million
pecple. Information materizls and special events will be
developed to assist in publicizing the program.

It is planned that the demonstration program will be cone
ducted over a 2l-month pericd. The estimated cost for the
design and conduet of the progrem is approximavely $500,000,

iv
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1. INTRODUCTION

For some years, the Federazl government has sponscred programs
directed &t improving the urban environment and at restoring'the
vitality of downtown areas, Over the last six years, programs
have been added to minimize energy consumpticn in buildings
because of the rising cost and limited avallzabililty of fuels
{see Fig, 1).

It 1s possible with avail- Cow T T g T T :
able technology to achleve sig-
nificant energy conservation in
buildings while at the same
time helping to overcome a

ICENTS FER MHLLIOM BTUD

cost
B TONSTANT LI972)DOLLARS, DF FOSSE FLELS

L J
major urban environmental " WERnTE
7 4 AT =
problem: noise {see Fig. 2). FOSEIL FULLS R
301
Because thils opportunity for
0|
synergistic benefits 1s not 1
B T T T 0
well understood by people " YEiR v
SOURCE: STATISTICAL
APSTRACTE, 1978

outside the technlecal flelds
involved, a demonstraticn

program would be of value to
illustrate the benefits to a broader segment of the public,

FIG. 1. RECINY FRSEIL-FULL COUT RISTORY,

1.1 Purpose
This report provides detailed plans for 2 demonstration
program that wlll enhance the public health and welfare by:

+ Illustratling the benefits and costs of actions to conserve
energy and reduce nolse 1n zn urban residence

Bt iy - An R e s e



the building occupants.
urban problem:
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Providing informaticen to
the publiec concerning the
decreased energy con-
sumption and improved
noise environment that
can be achieved by apply~-
ing existing technology
in &an urban residence

Demonstrating the synergism
between energy conservation
and interior noise control
benefits in an urban resie
dence

Gathering datz on indoor
air quality in energy-
efficient residences.

HUMELR OF OCCUPIED HOUSIKG UMITS IMELLIDNS}

Bolt Beranek and Newman Inc,

L1

T

-
o

-
o

UHDESIRABLE CONDITIONS
HEPORIED

-
o
TOTAL NO.WOF TRaATS

-
-3

STRLET hISE
HEAYY TRATFIC
!

PODR STREET LIGHTING
COMMERTIAL DR INDMSTRIAL ACTIVITIES

KIRCRAFT MOISE
STREETS WNELD REMALR

CHIME

\
N
N
X
\
R
\
N

'IHMD BUILDING &
(]

[ Jruwpows nousing
Iomns

VORI (MOTSRAELT CONDTONS 2220 08
[ ) MO UMNESIRABLE COUDITKORS

lﬂDIDS INTASSIE

[ Jurten

LACE: LS. SENSUS QF
80 hauglnﬁ. 1996
SEHBUL JETE SeQWING TedD GNLEL DL YWE OYT COMRANG
SIPERTLL WNCITIREELL LOKEITLTN 'u UBBAL S[1GALIFMAEGS

The demonstration program will be based upon the fact that

alr quality.

both energy consumption and noise within & bullding depend upocn
the properties of the bullding envelope, the mechanical equip-
ment and appliances within the building, and the activities of
Clesely linked 1s another familiar

The bullding envelope and eguip=-
ment control the interchange of air between the Inside and out=
side of a dwelling; furthermore, fuel burning within a building
¢an ¢reate its own indoor zir quality problems,
technical background is summarized in Appendix A,

Additional
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Outdoor neise and outdoor zir quality ere major probiems
for resldences located in urban areas. Residential energy
consumption 1s most pronounced in northern climates with high
fuel costs. Thus, the demonstration will be most effective if
conducted in an urban residence in & northern location. A4 New
England location has been chosen because of 1ts severe winters
and heavy dependence on imported fuels (see Fig. 3}. The
demonstration will be applicable, however, te 211 northern urhan
areas with similar heating requirements.

IMPORTS AS A OPEC IMPORTS
1,2 Planning Process PERCENT Of CIL AS APERCENT OF
DEMAND OIL DEMAND
This plan is based upon a 4212104 6123 1108 AR121DY 67235100
Barreis Barrsis boreal Borrels

series of meetings held among 100 -

representatives of the Environ-
mental Protectlon Ageney's COffice Ezzy
of Noise Abatement and Control b ,,{¢
(EPA/ONAC); the United States Rl ' o, e
Department of Energy (DOE}; the

N
N

a7 G
[

OO
NN

L ]
Department of Housing and Urban 28 gpﬂﬂ Damong
¥
Development (HUD); and the Na- . /525 Q%Z%
tional Burezu of Standards (NBS). wew Englond 1.5, NimEnglang  U.S.
During these meetings, the objec-~ Sauree s DOE Ragion | ,bason
{1977 Dava)

tives and guldelines for the demon-
stration pregram were defined, and

& building was selected in which

the demonstration could be conducted.

FIG., 3, [IHMPORYS As A PERCENTAGE OF TOTAL DJL
DEH#EE IW NEW EWGLAND ANWD THE UNITED
STA .

On the basis of &2 knowledge of the selected buildlng and its
location (see Sec. 1.3), Bolt Beranek and Newman Inc. (BBN),
as support contracter to EPA, has performed an anzlysis of the
energy and nolse benefits that could be demonstrated. These
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are decalled in Sec. 3 of this reporz. A plen for the demon-
stration program nas &£ls50 been developed and i:s described in
Sec. 2; & budget cost estimete is provided in See. X,

1,3 Description of the Demonstration Building

The building selected for the demonstration program ls a
side-by~side duplex located on the grounds of the old Chelseaz
Naval Hospital in Chelsez, MA. The building is zbout 100 ft from
the elevated Tobin Bridge (formerly the Mystic River Bridge),

& major traffic erterial, as shown in Fig. 4, COCriginally builst

about 50 years ago Tor military family housing, the duplex :
offers an cpportunity for z "before and after" comparison of ;
the nolse contrel and energy conservatlon benefits that can be i
cbtalned through careful design.

F1G, 4. DEMONSTRATION BUILDING IN CHELSEA, MA.
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Since it was declared surplus by the Navy in 1857L, the
Chelsez Naval Hespital slte has been under considerztleon for an
urban redevelopment program. Utilizing over $17 million of
seed money {rom HUD, the Economic Developmeht Administration,
and other agencles, the city of Chelsez is about to initiate
such z program. The planned redevelopment of thls pilcturesgue
area within the crowded and ecconomiczlly depressed confines of
Chelsea has been favorably received throughout the Boston area

(see Pig. 5).

The phoeni_x beneath the bridge B

The city of Chelsea, all 1.8 square miles of it, has been
a vietim of hard knocks too long, Once known as the “rag
shop" because it housed so many peddlars, cut off for
years by failure 10 repair the drawbridge over Chelsea
Creek; further isolated and caft in shadow by the cre-
ation of the Tabin Bridge, it was almost destroyed by fire
in October 1873, Now, at last, the funding and the plan-
uing are in ploce for a $87 million development on the
grassy drumlin that haused the Chelsea Naval Hospital.

The effort to make something of the site is not new,
Within months of the hospital's closing in 1874, consul-
tants had been called in to make suggestions for its use,
Developers fromx West Germnany and Japan expressed
Interest, Proposals ranged from a sports complex to an in-
dustril headquarters. There were false starts and disap-
pointing setbacks. But there was also interest. and sup-
port from House Speaker Thomas P, O'Neill, Sen. Edward
Brooke and Gov, Michael Dukakis, In January 1877, May-
ot Joel Pressman named former BRA director Robert
Kenney to coardinate the driye. Now, according to Chel.
sen’s mayor, all that's needed is a final figure from the

Massachusetts Land BanK and approval by the nine
aldermen, both expected within a week or two,

Work could start as.eatly as next fall, though it will
probably toke six years 1o complete the planned 1200
housing enits, the 250-boat marina, the 26-acre water-
front park and the industrial park on the back of the hill.
Over 20 governmenta) agencies have been involved; seven
have put up a total of §17 million in public financing; the
environmental impact statement has been approved; 350
pages of legal documents have been signed and Chelsea
— once considered a dying city, literally Jooked down on
by those who passed overhead between the North Shore
and Boston - can look forward to some 3000 jobs, a cut of
$39 on its tax rate, the rehabilisation of adjoining neigh-
borhoods through a developmeni-funded revoiving loan
plan, and new business for its new Mystic Mall and re-
vaniped downtown shopping center,

Just goes to show what can be done with persistence

and determination, And it goes to show that a town like
Chelsen should not be lightly written aff,

F16. 5, Bospoy 6Losz EDITORIAL FAVORING THE URBAN REDEVELOPMENT
OF THE CHELSEA NAVAL HOSPITAL SITE BY THE CITY OF

CHELSEA.
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Existing redevelopment plans for the hespital site antlecl-
pate that the duplex selected for the demonstration would be
renovated and converted to two rental units. The Energy Con-
servation and Noise Control Demonstration Program is compatible’
with this objective. As & result, the demonstration program
has received the endorsement of the Mayor of Chelsea (see Fig. 6)
and of the private developer, Peabody Construction Company.

The duplex itselfl, designated bulldings "T" and "U" on
the site plan, is a two-story brick pullding with a basement
and attic. A full-height center fire wall divides the bullding
inte two mirror-image dwelllng unliss, EZach dwelling unis
consists of 1600 ft* of living area on two stories, a full
basement with laundry raom, and a 370 ft® finished attic room.
The dwellings are in good condition, with high cellings, hard=-
wood floors, and old double-hung windows. Each has & living rcom

with fireplace, dining »room, three bedrooms, twe baths, and & kiltchen.

The walls of the duplex are of structural bhrick zbout
8 in. thiek, with furred plaster interior surfaces. The walls
appear to be uninsulated. The roof ls aspnzlt shlngles over
wood sheathling, with about 1 in. of treated paper insulation.
The foundation is brick, and the basements are partiazlly heated
and uninsulated.

The dwellings currently contaln no appllances or equipment.
There are no furnaces or hot water hesters, because the building
was originally served from a central steam plent. Provision for
gas utilization is in place, and plans anticipate the installation

(221

U ST
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£ Nzl City Hall

=] 500 Broadway
Chelsea, MA 02150
8840407

The City of Chelsea Mas: achusetts

——

|
? Office of the Mavyor
. Joel M. Pressman, Mayor

May 29, 1979

Mr, John C. Schettino, Director

Technology and Federal Programs Division (ANR-471)
Office of Noise Abatement and Control

U.S8, Znvironmental Protection Agency

Washington, D.C. 20460

Dear dr. Schettino:
[

The City of Chelsea is most excited about the proposed demonstrat~
ien project for cone of the abandoned properties on the Chelsea
Naval Hospital site. We will do everything within our power

to assist vour office and Bolt, Beranek and Newman, Ine. in

making the demonstration a success.

We have discussed the project with the proposed develorer,
Peahady Construction Company,and they alsec are excited about the
progosal.

We would expect to acguire the site this summer and will make
the property available as scon as you desire it. An earlier
license could be obtained il necessary.

i We look forward to workina with your office and will assist in
any way that we can. //

) Y
!

!§prs ver
s

J riessman
aa)

tytily,

JHP:

F1G. €. LETTER OF ENDORSEMENT FROM THE MAYOR OF CHELSEA FOR THE ENERGY
CONSERVATION AND NOISE CONTROL DEMONSTRATION PROGRAM.

7
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of individual gas~fueled furnaces with baseboard ecirculating hot-

water hezt, bDeczuse the central steam plant 1s to be torn down
during site redevelopment.¥

The nolse level outslde the duplex exceeds an Ldn ef 77 dB(4a),

as measured over 2 2i~hour periocd. Thls i1s due predominantly to
traffic on the Tobin Bridge, although the bullding zlso lies
near the Ldn = 72 dB{A) contour for Logen International Alrport.
Inside an upstairs bedroom, an L, of about 53 dB(A) has been
measured (over a different 24~hour period than the outdoor mea-
surement} with the windows closed.

Calculations indicate that each dwelling unit weuld reguire
about 300°10° Btu/year (18710° Btu/ft®) to hezt in its present
condition., Each unit would consume about 3000 therms of gas at
a present cost of about $1200 per year per dwelling.

No data are availlable on the prevailing air guality around
the pullding. However, because of its proximity to emission
sources, the ailr quality is not expected to be geod. Carbon
monoxide from vehlcles on the nearby bridge, hydrocarbons from
extensive oil-storage facilities along Chelsea Creek, 30, from

a power plant ahout a mile away, and particulates from demolition
and censtruction on the site will probably all contribute to mar-

ginal eir guality under some weather conditions. The coastal
location, however, willl allow perlods of respite when sea breezes

develop.

$Gas 1s the most common heating fuel in the U.S,, and many New
Englanders are now switching from oil to gas as a heating fuel,



T

IR ianien

- £ A%

s 3T

Raport No. 4156A Balt Beranek and Newman Inc.

2, DEMONSTRATION PROGRAM PLAN

In general, the pilan involves the refurbishment of one unit
of the duplex to a livable condition, in a form that might have
been implemented in the early 1970s. This unit 1s called the
"maference dwelling." The reference dwelling would be renovated
without additional insulation and with no particular attention
paid to minimizing either energy consumption or nolse exposure,
It would be representative of many older residences in U,S.
urban centers,

The other side of the duplex, known as the "improved
dwelling," would be rehabilitated with particular attention to
minimizing energy consumption and nolse exposure wlthin the
éwelling. The improved dwelling would be carefully insulated
and the windows treated to minimize energy losses and to dis-
eriminate agalnst exterlor nolses, Appliances and equipment
would be selected and installed for minimum energy censumption
and reduced nolse, The improved dwelling weuld thep be finished
and furnished in & manner similar to that of the reference dwelling,
Both dwellings would be extensively instrumented, as described
below, and & public information program would be carried out
during and following the buillding renovations.

A flow chart of the major elements of the demonstration pro-
gram is lllustrated in PFig. 7. Listed along the left-~hand side
of Pig. 7 are the principal task areas that would be addressed
in the program. Along the top of Fig. 7 are the major activity
phases: enalyste, design, construction, and demonstration.

Major tasks are identified by hoxes on the flow chart, and the
arrows connecting the boxes indicate the interdependency of
the tasks. The descripticn below generally follows the flow

¢hart shown in Fig. 7.
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2.1 Building Structures and Systems

The initizl analysis belcre the retrofic of the building
structures and systems will involive & detailed determination of
the thermal and acoustic properties of the bullding envelope,.
Plumbing and wiring rcuting would £lso have to be sstablished,
The building energy research group at Princeton University,
currently doing research for DOE, will be retained to asslst
in performing an energy audit of the building envelope. Prince-
ton would éo briel tracer-gas studies of infiltration rates and
infrared analyses of the bullding envelope.

Onee this informaticn i= gathered, it will be possible to
design baseboerd circulating hot=water heating systems and
install Ansulation and specizl windows for minimum energy less
and noise transmission. Conslderation will be given to window
treatments, now available in Europe, that will permit natural
ventilation with a2 minimum intrusion of cutdoor noise into the

dwelling.

After the issuance of & building permit, the two dwellings
will be rehabilitated in acecordance with the design, finished,
and both will be comfortably furnished with rental furniture.
Similar carpeting, drapes, and upholstered furnishings will be
used in the two dwellings to provide comparable indoor environ~
ments. TFollowing renovation, some rework may be done as indicated
by the final performance measurements (see Sec., 2.5).

2.2 Building Equipment and Appliances

The bullding equipment and appliances that will be used in
the dwellings are listed in Tahle 1, PFor the reference dwellling,
t may be necessary to buy clder used equipment, Cooperating
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TABLE 1, APPLIANCES/EQUIPMENT FOR EPA/DOE/HUD DEMONSTRATION
DWELLINGS.
! Reference Dwelling Improved Dwelling
; 1tem (1970-1975) {1980+)
| Furnace Gas-fired circ, hot water |Same,

" (energy, noise, and air
" quality)

* input/output rating:
150,000/10k4,300 Etu/hr

;

(sized for heat loed of i
present level of insula-

tion)
+ two zones

"+ stending (continuous)

pilot

e uninsuleted piping

input/outout reting:
75,000/52,000 Btu/hr

3 zones

sutomatic pilot

autematic stack damper
dueted cembustion air, if
feasibdle

insulated piping

Thermostat (energy)

Conventicnal (2 ee.)

;E-mode setback clock
(3 ee.)

Hot=water Heater
(energy)

Gagufired, 30 gal

' moderate insulation
(<1875)

* standing pilot

* uninsulated piping

'Sarne, with same recovery
rate

current lowsfuel=consump-
tion design with mex.
avell. insulation
varieble firing rete
insulated piping

mixing valve & specie]
nigh temp. line <o
dishwasher

Range & Oven (energy,
noise, B air guality) :

» Gas, conventional, with

standing pilot

Gas, with autematic pilot
(Possibly with oven circu-
‘lating fan)

Range Hood (noise
. & air aquality)

Conventional, electric

[Eleetric, selected for low-
|neise

i+ install muffler as required

i Dishwasher (noise
j & energy)

Typical (<1975)

'Seiected for minimum hot-

»

water ccnsumption, cptional
electric heater, and lew
noise

gpecinl installation for
low nboise

Garbage Disposer
(noise)

Typical (<1975}

Selected and installed for
low nolse

1z
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TABLE 1 {eont,) APPLIANCES/EQUIPMENT FOR EPA/DOE/HUD DEMONSTRATION

DWELLINGS,

Bolt Beranek and Newman Inc.

Item

Reference Dwelling
(19701975}

Improved Dwelling
{1980+)

Refrigerator/Froeszer
{energy & noise)

mypical 17 £t}
+ anto defrost

* contimicus Stile heater
+ glass fiber insulation
+ externsl fan with con-

densger eoils on botiom

17 £¢!

' aute defrost

* switech Zor stile heaters

+ foamed-inplace insula=-
tion

+ rear-mounted condenser
with ne fan

+ low noise

Clothes Washer
{energy & noise)

Conventional, 9@ 1b

werm rinse

% 1o, with adjustedle water
temp, & level

* selected for low noise

+ suds=gsaver featnure

Clothes Dryer
(energy & noise)

Ges: O £t}

¢ standing pilot if

obtainable

Gas: 6% £t°

* autometic pilet, low
nolse

+ antometic, moisture-
sensing shut off

Window Air Conditioner
(energy & noise)

7,500 Btu/nr
« EER S.b

8,000 Btu/nr
« EER 8.7
* selected for low noise

1
'

Lighting ¢ Incandescent i Fluorescent, where possible
Fireplace ; Conventicnal: wire Glass sereen with heat .
! sereen circulator :
Othex i - Thermostat~controlled atiic
j i fan(s)
13
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vendors who permit simple performance tests and evaluations will
be located to facilitate equipment selectien. Fortunately, for
this purpose, Peebody Constructien Company, the developer of

the Chelsez slte, owns many hundred existing dwelling units with
older appliances and equipment. They have offered samples of
this equipment for use In the demonstration program in exchange
for new replacement units. Lechmere Sales Company, a major
Boston appllance retailer, has indicated to DOE an interest in
cooperating with &ppliance energy conservation programs such as
this one,

Folilowlng selection of the particular items of eguipment to
be used in the reference and improved dwellings, special avtéen~
tion will be paid to the installation details of particular
items of equipment — such as dishwashers, garbage disposers,
and range hoods in the improved dwelling — to minimize their
noise radiation and energy consumptlon. Instazllation detail
drawings will then be prepared to obtain building permits.

After appliance and equipment installation, testing and
retraoficting may be regulred to achieve the objectives of the

demonstration program.

2.3 Utiltities

Electricicy and telephone service will be required for the
building structural analysls and testing. The actual operatlon
of the demonstratilon will also, of course, reguire water, sewer,
and gas service. The utility infrastructure on the Chelsea site

41l be extensively rebullt as part of the redevelopment pro-~
gram. It 4is anticipateé¢ that this work will start in April 1980
and probably will not be finished until April 1981. This work

14
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ecould invelve considerable delay and disruption of the demon~
stration program. Hewever, because the demonstration building
gits at the edges of the Chelsea site, about 200 ft from 2 public
street, temporary utilities can be brought in to serve the
demonstration building as early as this fall or winter.

2.4 Grounds

The Chelsea site now has full-time guard services, provided
by its present owner, the General Services Administraticn.
Following title transfer to the city of Chelsea, it is antici-
pated that either Chelses or the developer will continue to
provide night watchmen. Arrangements will have to be made to
either share thls service or to supply independent night watch-
men to ensure security of the unoccupled demenstratlon dwellings.

The site redevelopment program will involve the layout of
new roads and reconstruction of some older roads. This activity
could restrict access to the demonstration dwelling. To aveid
this problem, 1t is suggested that separate access be provided
to the demonstration dwellings from the nearby public street
mentioned in Sec. 2.3. In addition, some sort of visual barprier
may be deslrable in order to lsolate the demenstrztion bullding
from the demeclition and reconstruction activitles that will be
proceeding on other parts of the street. Finally, & modest amount
of landsceping would be desirable to enhance the cutside appear-
ance of the demonstration building.

2.5 Instrumentation and Measurements

In general, two classes of technical measurements are
anticipated in and around the demonstration dwellings: measure-
ments before~and-after rencvation and "continuous" measurements.

13
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The belore-and~after measurements would be made, zs deoseribed
below, in order to observe conditions that do not change signi-
ficantly with time, and to cbhserve parameters that would be

very costly te measure continuously. The continucus measurements,
on the other hand, would bhe made throughout the entire demon-
stration program and would be designed to cbserve parameters

that vary signlficantly with time.

During the analysis phase of the project,a set of baseline
meazsurements would be made of three phenomens: nolse, energy,
and 2ir gquality. The noise measurements would consist of detalled
observations of the noise reduction inte various reoems of the
building (adjusted for interior zbsorption}) and of nolise reducs
tion through the party fire wzll separating the two dwelling
units. The energy measurements would consist of 2 detailed
energy audit of the unrenoveted structure (both dwelling units),
including studles of infiltration rates and thermal transmisslon
charaecteristics of the envelope. It 1s anticipated that the
Princeten group will assist with the performance of these
measurements and will provide tracer-gas diffusion and infrared
scanning equipment for this purpose.

The baseline air gquality measurements will consist of obser-
vations of oxides of nitrogen (Nox), radon, particulates (TSP),
hydrocarbons (HC), carbon monoxide (CO), and sulphur dioxide
(S02), both outside the house and inside each dwelling unit, for
a period of several weeks. Correlated measurements of wind
Speed, wind direction, temperature, and humidity will also be
acquired during the baseline zir guality study.

16
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During the design phase, zn online continuous data system
willl be designed for installation at the demonstration buillding.

The system will monitor:

+ Awwelghted sound levels at several locations inside and
outside each dwelling unis

« Electrieity and gas consumption

+ Inside and outside temperatures and humldities

+ Wind speed and directlon

- Insolation

+ Carbon monoxide and oxides of nltrogen both in the kitchens
and outside

« QCertain events, such as the operation of egquipment and
appliances.

Pire and security sensors will alsc be monitored contlnucusly

by this system. It is anticipated that a2ll parameters would be
sampled at the rate of about once per second.

The continuous data-gathering system will consist of the
necessary transducers permaznently connected to an LSI-11
processor coperating in stand-alone mede in one of the dwelling
units, This would be connected over & dedicated phone line to
a second LSI-11 located at the BBN offices in Cambridge, MA.

The onsite machlne program will be capable of being loaded via
the communication interface from BBN and will perform the
funetions of analoegeto-digital conversion, events sensing,
preliminary averaging, and formatting of data packets for trans-
mission to the host processor at BEBEN. The host processor would

17
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receive the data packets and prepare and update periodic statis-
tics. Records would be stored on floppy disks at BEN., This

data base could then be interrogated from ASCII terminals either
a2t the demonstration building or at BBN. & software coverride
would provide slarms at either or both locations should cersain
unpredictable events, such as a2 fire, occur. Otherwlse, suitably
formatved typewrltten reports would be produced perlodically.

Sharing the sensor array with the continuous data-monitoring
system would be a set of real-time displays in each dwelling unic.
These displays, which would be designed as part of the public
information program (see Sec. 2.6), would indicate current and
recent cumulative energy costs, outside and inside nelse levels,
temperatures, wind speed, and perhaps a2 simplified measure of
air quality. For the energy consumption cest displays, it 1s
anticipated that DOE will be able te¢ provide two Energy Cost
reedback meters, whieh that agency is now developing.

The real-time dlsplays are intended to be attractively

" styled and simple to iInterpret by nontechnical viewers. TFor

more sophisticated inquirers, the onsite terminal can be used to
interrcgate the data base stored on the continuous dataemonitor-

ing system,

Toward the end of the construction phase, an "after reno-
vation' measurement program will be conducted to gather final
performance data. This phase will consist of studles by
Princeton University of infilerztion and envelope leakage, a
repetition of the complete air-quzlity measurement program,
and envelope noise-reductlon measurements. These measurements
may exhibit the need for some rework, which will be done at

that time.

18
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2,6 Public Information Program

The publie has been subject to so many promotiens about
bulléing energy conservation that it is deoubtful that further
voluntary action weould be induced by yet another such promotion.
This demenstration program has twe new and unique aspeects, noise
isolation benefits and appliance energy efficiency, that should
be highlighted. The public information program will be designed
to emphasize these features,

Furthermore, the public will want t£o know the costs to
achieve the beneflts that are demonstrated by the program.

t least for energy savings, the public 1s well zttuned to
seelng return-on-investment data in the form of payback perilods.
Such data will be featured during the publie information pro-
gram.

2,6.1 Program design

In conjuncticn with the public informztion staffs of EPA,
DOZ, and HUD, the public information program for the demon-
stration willl be designed to disseminate information on the
energy conservation, noise reductlen, and air quality benefits
¢f the program to a wlde and varied zudience. The program will
utliize multiple informational and educational technigues an
both the local and national levels. Because of the very
graphic and visual nature of the demonstration, the opporiunity
exlists to translate technical information into easily under-
standable terms for a public audience. Thus, a broad informa=-
tional program will be structured to appezal to the widest
possible range of potentlal beneficiaries of the program's
findings,

18
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In & parzllel effert to the desigh phase of the building
renovation, the design activity for the public information
program will take place, Through the publice information offices
of the sponsoring Federzl agencies, detailed specificatlions and
a2 schedule for activities and évents that will occur throughout
the project will be developed. A vardiety of informational
technigues and speeial events wlll be chosen to publicize the
proJect and its findings. These may include visual displays,
onsite tours, seminars, technical articles, television and
radio news and feature articles, press releases, and other
informational techniques. Eazch technigue will be reviewed and
evaluated according to specific criteria, such as:

« Effectlveness in reaching target groups

+ Cost

«  Extent of dnformation provided

+ Balance in +total package.

Ezrly in this planning, & name for the project will be
chosen and & logo or symbol will be designed to provide a
thematic unity for all informational activities.

2,6.2 Outreach

The sutreach activity will identify target groups of
potentially interested persons and develop methods for deliverw
ing informetion abcut the project to those persons. Although
the focus of the ouireach program L5 national, other efforts
will be made to reach a2 local audlence that could ultimately
visit the demonstratlion buillding. Preliminary thinking indi-
cates that the target geographical distribution of the outreach
program should he as follows:

20
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» 20% from the Bosuton SMSA

0% from the rest of New England

L% ]

+ 50% from elsewhere in the U.S. where simlilar heating
requirements exist.

The goal of the program is to provide project information
to approximetely a milllion people. By referring back to the
projected geographlcal distribution, this would he distributed
as folliows: :

* Boston SMSA: 200,000
* Hest of New England: 300,000
«+ U.S.: 500,000,
The following distributlon reflects our preliminary

thinking regarding the overall composition of the target groun
for the outreach effort:

+ 10% from architects and buillders

« 5% from utilities

9

% from state and local officigls

-
W

% from other specizl interests

+  75% from the general publie,

Information Materials

A variety of Informational materlzls will be produced

" in conjunction with t¢he demonstration project. They will range

from newspaper articles ané press releéses to television and
radio interviews and features., Technic¢al articles and brochures
will be prepared and distributed at the project house and at
other designated locations.

21
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At each stage of the demonstration preject, it will be
necessary te prepare written and graphlc documentation
to assure that an adequate informaticn base is developed for
public information materials, This component of the publice
information program will involve bullding a2 complete record of
the varlous projeet stages from deslign to final report through
written text, photographic or artistie renderings, and tele-
vision eor f£ilm records., The goal of this element of the public
information program is to assure that no plece of information 1s

missing from the record, which will be useful in descridbing the

program to the publle at & later stage of the project or after
the project is cempleted.

The folilowing paragraphs briefly describe some of the
information techniques that may be used in the preogram. FPinal
decisions regarding appropriate choices for the program will
be made during the design phase in conJunction with EFA, DOE,
anéd HUD staffs.

Display Board
A5 the bullding itself 1s intended to be a focal polnt of
important public information specilal events, an information

display board wlill be designed tc provide a graphic presenta-~
tion of real-time data on energy consumption a&nd costs, noise

exposure, and air quality. This design effort will be coordinated

with the design of the continuous data system (see Sec. 2.5).
The display board will be positioned at a central location in
the building to provide the visual informatlion te vislters.

22



Report No. 41564 Bolt Beranek and Newman Inc,

Teohniecal Articles

Technleal articles on the demonstration project will be
prepared for publicatien in Journals, such &5 Sound aend Vibration
and Znergy and Buildings. These articles will provide & review
of the technigues used teo achieve energy conservation and nolse
reduction and will also describe the energy and noise reduction
beneflts obtained threugh the retrofit,

IV and Radio

Radlio and TV interview shows gre gcod avenues for publiclzing
this project and informing the public about the findings. Arrange-
ments will be made for project spokespersons to appear on such
programs. In addition, news releases will be prepareé for radio
ané TV news programs, particularly in support cof the speclal
everits that wlll be scheduled.

News Articles

Articles willl be written to appear in newspapers to publi-
clze speclal events, such as & statewlde Project Week (see
Sec. 2.6.3).

Feature Articles

Feature artlicles will be written for newspaper supplements
distributed throughout the United States, as well as for local ﬂ
papers. Other possible outlets for articles are magazines,
such as Better Homes and Gardens. Efforts will be made o
obtain coverage In influential national megazines, such as Pime,

Newsweek, and Fortune.
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Erochuras

A primary method for disseminating information about the
projeet will be brochures for disyribution at the project
resldence, mailing to selected lists, and general purpose use,
These brochures will be directed to nontechnlcal zudiences and
will describe the benefits that can be achieved through the use
of the currently avallable technology in bullding-envelope treat-
ments and in appliance selection as incorporatsd In the residences.

2,6.3 Special events

The public information program will devote a significant
portion of its resources to designing andé sponsoring special
events for the general public and for specialized audiences.
Three types of speclal events will be the focus of this effort,

*  Technieal Seminars — Technical seminars will be conducted
for state and local offlicials, bullding professionals,
representativés cf utllities, and other professionals. The
purpeose of these seminars wilil be to provide additional
technical information concerning the project to the
professional community. Sueh seminars could be organized
and conducted at universitles., Onsite visits to the house
may be scheduled in conjunction with seminars in the local
area,

+ Television Documentary — It As hoped that a television
documentary, which will reach a wide audience, can be
arranged to provide a visual description of the project.
An initisl contact has been made with Channel 2 in Bostoen,
and this will be followed up during the design phase of
the program,
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+ Demonatration Project Week — The Commonwealth of Massachu~-
setts will be asked to designate 2z statewide Project Weel,
during which public activities at the demonstration house
wlll be focused, Official zetivities at the Stave House
and at the project site will be conducted, and an intensive
publicity campaign will be mounted in conjunction with the
Project Week., During thls week, groups of pecple wlll be
encouraged te tour the project house and to observe at
firsthand the comparative treatments and the informational
output. A publicity campeaign will be mounted in Massa-
chusetts newspabters and on radio and television to encourage
the public teo view the demenstration house., Specilal
arrengements will be made to stalf the house and to provide
written and oral informaticn to the public. This week would
elimax the public Infermation bpbrogram.

2.7 Technicat Evaluation

Continuing technical evaluation of the benefits of the
demonstrated technology is, of course, critiecal to the success
of the demonstration program. This 1s the principal purpose of
the continucus data-monitoring system. Technical evaluatlons
may indicate the need for some modifications to the demonstra-
tion residences following thelr initlal refurbishment. These
modifications are provided for with regard to installation
details of appliances (see Fig. 7). Similar work mey be
required to optimize the performance of the window designs that
will allow natural ventilatilon with a minimum of noise intrusion.
Other modifications may become approprlate as a result of
initial evaluation of the public informaticn program efforts.
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It 18 anticipated that natural infiltration of the improved
residence can be reduced to on the order of one halfl air change
per hour (about 133 £t per min). Indoor air guality will be
menitored — particularly for oxides of nltrogen 1n the kitchen
during operation of the gas-burning kitchen range. Despite the
intermittent use of a range hood and the zbsence of a standing
pllet, these tests may indicate that this low level of naturzal !
ventilaticn 1s inadequate. Radon and humidity buildup in kitchens ‘
and bathrooms will also be monitored and may be found to be
excessive at some times. Should either problem cccur, 1t may
be necessary to retrofit mechanlcal ventilation in the improved
dwelldng, perhaps with an outflow-to-inflow heat exchanger.

Similarly, 1t is possible that outdoor air pollution may
occasionally be so high that the sealing of the reference
dwelling and the provislon of special ventllatlon equipment may

be indicated.

Technical documentation of the demonstration willl consist
of monthly reports and a2 comprehensive final report providing a
history of the project, all data acquired during the project,
and an analysis of the benefits observed {(including those
resulting from the public information program).

2.8 Planning for an Occupancy Phase

The demonstration program outlined here will take place
without anyene living in the residences {although residential
activitles will be simulated by perlodic operation of
appliances, ete.). This will be somewhat unrealistie, because

‘both the energy consumption and nolse exposure withln a

residence are strongly influenced by the actlvities and life
styles of the oecupants. )
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During the demonstretion program, plans will be prepared
for & follow-on phase involving controlled occupancy ol the two
resldences = the objective belng to examine life~siyle effects
on energy consumptlon and noise exposure. Additlecnel appliances
of 2 personal nature, such as hand~held halr dryers and tele-
vision sets, could he introduced for analysis and demonstration
during the follow=on ocecupancy phase.

In addltion, & follow~on phase could introduce and demon-
strate advanced technology, such as so0lar heating, greenhouse
patios, ventilation through heat exchengers and air-scrubbing
egquipment.

Opinicons expressed by the occupants and remote sensing of
their activities (thermostat setting, radio/television volume
setting, sleep dissurbance, etc.) would generate very useful
informetion from this cccupancy phase.

2.9 Time Schedule for the Demonstration Progranm

The anticipated time schedule for the demonstration program
is shown on Fig. 8. This schedule indicztes a 2l-month program
starting in October 197%. The major task items are drawn from
those en Fig. 7.

Builéing anelysis, appliznce and equipment selection, and
baseline measurements would be performed in the fall of 1979
and would require 6 to 8 weeks. Design would regulre about 2%
months, inecluding interaction with the site developer and his
architects, utility companles, and the Chelsea Bullding Office.
It is anvicipated that & bullding permit would be received in

January 1980.
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i Construction work would start at the end of January 1980

! and would last for 6 months, including necessary tests and
retroflt activities, Thus, the bullding would be availlable for
use on the first of August 1980. Arfter a2 month for "as bullt"
measurements, continuous monitoring and publice information
activities would ocecur from September 1980 through the end of
April 1981, allowing the accumulation of data on a2 one-winter

f eyecle of energy consumption and air quality. A final repeort

: would then be delivered at the end of June 1981, A follow-on
occupancy pnase of the demonstration, if desired, could begin in
the second half of 1982 and proceed through the winter of 198i-82.

Although a shorter program than thazt scheduled as shown on
Pig., B would be desirable, it will still be necessary to acquire
at least a full winter's data to demonstrate energy conservation
benefits meaningfully., Air quality data should alsoc be acguired
under a variety of meteorological conditions. We are advised
that it is5 unreallstic to expect the demonstration building to
be renovated in time to gather rellable data during the winter

of 1979-80.
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3, ESTIMATE OF DEMONSTRATED BENEFITS

An analysis has been made of the benefits that are likely
to be demonstrated by the difference between the reference and
the improved dwelling units., The results of this analysis and
the methods used to carry it out, are described below.

3.1 Noise Reduction Benefits

An estimete of the nolse levels that will exist in the
demonstration bullding is shown in Table 2, The differences in
noise exposure will occur for two reasons: (1) greater isola-
tlon Ifrom exterior noise provided by the building envelcope of
the improved dwelling and {2) reduced noise emission by specizily

selected appliances within the improved dwelling. The former would

be observable primarily in locations like bedrooms that are re-
moved from appliznces and when appliances were not operating. The
differences in appliance noise levels will be evident to observe
ers going from one residence to the other when the appliances are

operating.

Inside the bullding, the noise level resulting from ex-
terlor sources has been measured, wlth windows closed, at an
Ldn of 53 dB(A). On the basis of a study in "Energy Conserva-
tion and Noise Control in Residences," BBEN Report 3903 submitted
to EPA in October 1978, 1t is estimated that an 8-dB improvement
can be achieved in this level, for z resulting interior Ldn of
45 EB(A) with windows closed. This level is consistent with
HUD'!'s indoor nolse exposure goal, per 24 CFR 51, Subpart 3.
The dnterior nolse in the reference dwelling with a window
opened 2 ft? is estimated (from the "Levels" document, EPA
550/9=TU~004) to be 62dB(A)., BBN estimates that a special window
design could provide equivalent natural ventilation with z noilse
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TABLE 2, SUMMARY OF ESTIMATED INTERIOR NOISE EXPOSURES 1IN
THE DEMONSTRATION RESIDENCES.

i ; L ?

: | Difference in }

i Tvpe Reference Dwelling | Iwproved Dwelling ! Level

: ] | :

Through envelope

closed windows Lan=53dB4/ Lgn=45d8 ! 8ds(a)s/
open windows Ldn=62dB2 Ldn=52dB l 10d5(4)%/

| Interior Souraes (@ 3 £t) i

i (when operating) :
Furnace - - : no change
Hot Water Heater - - ; no change
Range & Oven - ' - E no change
Range Hoodd! 67dB(a) 55dB(A)* | 12dB(4) !

. §

Dishwashers/ 70dB (A) 56dB (A) P 1udB(A) :
Garbage Disposet-’-“"-/ 88dB (A) 68d3(A) © 20dB(A)
Refrigorater/Fraezorist/|  50dB() 37dB(A) P 13dBa)
Cloches Wagherdad/ 71dB (4) 51dB(A) L 20dB(A)
Clothes Dryars! 63dB(A) | 53dB(A) ' 10dB (A)
Window Air Conditionerdst/  §5d3(a) | 53dB(A) i 12d3(A)

!

Sourees: 1.
2.
3,
4.
5,
6,

Measured

Estimated per EPA 550/9-74~004
BBN Repors 3791

Fig. 3 of EPA NTID 300.1,

8BN Report 3903

See Sec, 3.1.

#To be installed with muffler
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reduction improvement of 10 dB(A). Thus, the noise level within
the improved dwelling with windows open would be essentially the
same 28 that in the reference dwelling with windows closed.

Significant differences are not anticipated in the interior
noise emisslon characteristles of the furnaces, hot weter heaters,
and ranges and ovens in the two dwellings. However, as shown
in Table 2, noilse emission improvements ranging from 10 to 20
48(A) should be demonstrable for the other appliances, at a
typical listener's distance of 3 It from each appliesnce when it
1s operating. In general, these improvements represent the
approximate range between the 50th percentile levels and the
10th percentlile levels reported in "Noise from Construction
Equipment and Operations, Building Equipment, and Home Appliances,"
EPA Report NTID300.1; and "Identification and Classifieation of
Nolse~Producing Househeold Consumer Products," BBN Report 3791
(draft). In one case, the range hood fan, it is anticipated that
a special muffler would be designed and installed to minimize
fan noise. Otherwise, the demonstrable improvement for this
appliance would be approximately & &5(A).

3.2 Energy Conservation Benefits

The estimated energy congervation benefits that could be
demonstrated in the improved dwelling are listed in Table 3.
Here agailn, these berefits fall into two general areas: {1)
those assoclated with thermal losses through the bullding envel-
ope and (2) those associated with energy consumpticn by appli-
ances, The envelope losses are by far the most significant, as
indicated by the first row of Table 3 entitled "Furnace {Load)."
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The heating loads ol the reference and improved dwellings
hzve been computed using a modified "Retrotech'"* technique,
conductivity data from the ASERAE Guide, z2nd design reguirements
from Article 22 (energy conservation) of the Massachusetts Buildw
ing Code., The assumptions made in this anslysis are 2s follows:

+ The envelope of the reference dwelling will be left
essentially unchanged from 1ts present configuratlion,
l.e., with little or no insulatioen.

+ The improeved dwelling will have R1I1 insulation in the
walls, R30 insulation in the attic, R1l insulation in
the basement, tight storm windows and storm doors, and
thorough caulking and weaztherstripping.

« Uncontrolled infiltration in the reference dwelling will
be two alr changes per hour and in the improved dwelling,
1/2 gir change per hour.

+ Design is for 5634 heeting degree days, a 72°F indoor
temperature and & +10°F outdoor temperature, &s indi-
caved in the Massachusetts State Building Code.

As indicated in Table 3, these changes are estimated to result

in more than 71% reduction in the heating locad between the
reference dwelling and the improved dwelling. The calculations
also indicate that the reference dwelling would require a

furnace rated approximately 100,000 Btu per hour output and that
the improved dwelling would regulire z furnace rated approximately
30,000 Btu per hour output. The ratings shown for the furnaces

#The Retrotech computation is a simple procedure for determining
building heating losses. This procedure was developed by the
University of Malne for the Federal Energy Administration. It
is widely used, particularly by community service agencies and
public utilitles.
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in Table 3 are the nezrest standard sizes to these requirements
that are listed In the catalogs available to us.

It has further been assumed, based upon &n exemination of
& handbook provided by the Massachusetts Better Home Heating
Councll, that the efficiency of the furnace in the reference
dwelling would be 70%¥, and that of the furnace in the improved
dwelling weould be B0%%. This results in an additional anticie
pated savings of 81.10% Btu/year,

The anticipated energy savings for the other appliances
and equipment are based upon the configuretions described in
Table 1. Energy estimates are, for the most part, computed
from "Energy Saving Design Options Currently Avallable on Con-
sumer Products" dated May 1978 and provided by DOE. Exceptions
to this generallzation are based on data in suppliers' catalogs

and data provided by the Netlonal Bureau of Standards.

The last four rows of Table 3 invelve additicnal assumpe-
tions., It has been assumed that the window air conditioners
would operate 300 hours per year — about the maximum that is
necessary in 2 coastal New England climate. Other equipment
(range hood, garbage disposer) is expected to consume 100 kWh
per year. Lilighting, considering the unusuzazl occupancy pattern
that will be experilenced in the demonstration bullding, is
estimated at 1000 kWh per year in the reference dwelling and
800 kWh per year in the improved dwelling. {(The latter will have
fluorescent lights instzlled where possible,) Finally, instru-
mentation and measurement equipment is expected to consume 440
kWh per year in emch residence.

#These are effective contilnuous efficiencles.
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In terms of total energy consumption, it 1s estimated that
the improved dwelling will consume approximately 70% less energy
than the reference dwelling, using 3412 Btu per kWh as a con=-
version factor. Utilities for the reference dwelling are
estimated to cost $16832 per year (not an unusual cost in the
Boston area), and 3654 per year for the improved dwelling. These
estimates are based on typical present residential rates in the
Boston area of U40¢ per therm (100 £t? or 100,000 Bru) of gas;
and &3¢ per kWh of electricity.

36



Report No. 41564 Bolt Beranek and Newman Inc.

4, ESTIMATED COST QF THE DEMONSTRATION PROGRAM
4 cost estimate for the demeonstration program is shown iIn

Table 4, The costs are glven in two categories:

« Prefessionel services
Total! 152 person weeks

+  Qut~of-pocket cost for

i ' purchased items
Total: 5271,000.

Assuming professional services at 2 present rate of $3%5 per
person hour and allowing 8% inflation cf that rate over the 21~
month period, the total estimated cost of the program is about

$500,000.

"he cost breakdown on Table 4 follows the format of the
project flow ¢hart, Fig. 7, and provides cost estimates in some
detail. The time schedule assumed 1s that of Fig. 8, with
initial construction occurring in the first half of CY 1980,
The estimate includes approximately an B% contingency and some
cost items (night-watehman services, lease payments) that

perhaps could be reduced,
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TABLE 4, ESTIMATED COSTS FOR DEMONSTRATION PROGRAM
| arofessional ]
i Lasor Cut of Peeket Cost for '
Task (See Fig.7) {Person Wesks) Furchases ftems Purchased [tems (%) Commants
analuais
Silashup Sidg, b groupas e Services 000
Ierussure 1.0 . a2 \
R Mgazs. (baseline} 2.2 2c0 |
AT Juality MEats. | B
{easaline) ! u.0 aptr. Vae ' £,000
Iovelope Endrgy Autlit A2 Pripeeten Univ. Services 2,800 :
Freianct Loontion
Tasting & Dvaluaticn L.2 nzer, Use L.5ee ,
ety
Invelope Changes .
Wince ».C - Iastr. Yae b Mat. =500
Heat 3 Hot atar Systes &
Appliance Installation Z.2
Jeliizies L.
Jazs Systes 2.9
2 Progras 2.0 Consulians i,500
2isplays -] Hatarials so0
Sravungs 4.3 Hatarials 1,300
fonatruation R
Building 8, Renevatisn 6k, 000 L1200 et B os2o, e
lgrlation oo akove 7,500 5%
AFRaiAnces -] Furzeces 12) =300
. Hot uater Heaters (2) [11]
Tawracstats (5} 210
Aanges (2} 1,29
Sasge Hoods {2} 200
Disnvashera (2) 856
Jaruage Disp. {2} e
Refrig. /Frestery (2] .00
Washers (2) £op
- Qs (2} $00
dindsv Air Coag. (2) £50
Usiidzinss Jas 2.0 Tonnect L chask - 200 Frem Elgp St.
Tlacaricity Suprly “e 200 Trom= Thestmut St.
Selsphone 2 Hnes 20¢ from Shentfm'. 3.
iszer 540 Tap ad), 8" line
Lewer Cloan & check 580 b T
Tats Systan 16,2 Sanscrs %.000
Procasaing 0,000
wine Casty T00
Jizplay doard 2.0 Iostrunasta £.200
Teit & Retrafii
Applisaces 2.2 " lostr. Use 1,000
3ldg. 3 2.0 logtr. Use : soo
Iovelape Loargy - Frinceton Univ. Services 2,060
Dotusestatian 2.0 | Mazerials ! 1,000
Crounds , !
Accuan 0.2 ! Serricma . 5,000 .
laslanden 0.2 | Satvices ! 5,000
landacaping G.2 Sarvices =000
Hight Watebaan Berricer 2.2 ; & oo : 16,0000 *Could be repiiaed vith
! ! AlafE or SOArShg 147
: ! . ) viaws viih Peabody
Pusniturs Regtal ; e ' 9o i 54000 .
|
. demongrration ! | ! | .
AbeTuils Pers, Meass, | ! i !
Alr Quality | L0 | Iast, Uss i S.000 !
m ! 0.2 Inst. Une : 250 ‘ i
1 Frograa | i
Mgze, .9 |
Inforzationsl Mat, f 300 Art, prAsTing, fisaing 10,600 |
Spectal Ivencs i £.0 Matarials 10,000
1 4
¢ ghar | .r 1
anagenent b Aaporiing ! 25.% Travel, atc. | 10,000 : i
Usilisies o ‘;“:'_rn E.ggg i !
Clenning & Hatnt, . i can N |
Lasne { 18 ge 3E.5007 ! "Negotishie [
MTAFE T Elrd 1k.0 | 0,500 !
! SOTALS ' 1%2.0 peracn veaks | 3215800, '
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APPENDIX A: TECHNICAL SYNOPSES

These synopses summarize the technical interrelationships
between nolse conditlions, energy consumption and air guality
in urban residences. The summaries are general and do not
necessarily apply specificazlly to the Chelsea demenstration
building.

A.1 Relationships Between Noise Reduction and Energy Loss
Throuah Building Envelopes
There are severzl ways of reducing the intrusion of noise
into a dwelling from outdoors that can also reduce the
energy required to heat or coel the building. Similariy,
efforts to reduce energy consumption can provide z concomitant
benefit in reducing outdoor noise intrusion, Quantitative
estlmates of these synergistic benefits are provided in "Energy
Conservation and Nolse Control in Residences," BBN Report 3903

submitted to EPA in October 1978. :

A graphic summary of the prineipal results of that study
is given in Plg. A-1. All of the bullding features illustratzed
involve reducing the hezt energy and the acoustic energy that
flows through the building envelope. The single most important
Step that can be taken to achleve both energy conservation and
nolse reduction in dwellings is the sealing of air leaks in
the bullding envelope. When done for noise control (which does
not require that ql? leaks be sealed), an estimated 15 fo 25
percent of the total annual heating/cooling energy requirement
of the bullding can be saved. Although this may not be the most
important energy-saving step a& building owner can take, it 1s
still gulite signifiecant. Correspondingly, if leaks are sealed
for energy-conservation purposes, a 5- to 10-4B improvement in

A-1
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1528 %

7-9%

2-3d5

23%=30% WINDOW
AREA REDUCTION

cd8

STORM WINDOWS INSULATED OR DOUBLE GLAZING
{= 178 in, SPACING )

1/2% »\\\\§

F
STORM COORS

- % OF TOTAL BUILDING HEATING/CRQOLING ENERGY SAVED AS A
RESULT OF SPECIFIED TREATMENT FOR NOISE CONTROL

— IMPROVEMENT IN ENVELOPE NOISE ISOLATION AS A RESULT OF
SPECIFIED TREATMENT FOR ENERGY CONSERVATION

FIG. A.l. SUMMARY OF NOISE~CONTROL AND ENERGY-CONSERVATION
BENEFITS RESULTING FROM SELECTED FEATURES OF
RESIDENTIAL BUILDINGS,
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the interior nolse level caused by external noise scurges will
result, Although this will not solve noise problems caused by
indoor scurces, it is stlli a mejor benefic, particularly in
single-family residences.

The use of double glazing, insulated glass, or storm
windows will all result in comparable energy savings, 6 teo 8
percent of the annual heating/cooling reaulrement, zssuming a
modest window-to~wall ratio. EHowever, only storm windows will
provide a significant nolse=reduction benefit, becazuse of the
large spacing possible between the tweo glass barriers,

Reducing the ratlio of window to totizl wall area by a
factor of 33% to 50% will result in both 2 7% to &%
energy saving (ignoring 1nsoclation effects), and 2- to 3-dB
impreovement in noise reduction. The use of a storm door (or
vestibule) produces a small (%5) energy Ssaving, but as
much as 4 dB of additional neoise reduction for the room into
whi¢h the door opeéens.

It 1s a common misconceptilon that the addition of thermal

insulation to walls willl improve thelr nolse~reducing properties,

This 1s generally not true. It is also not true that land-

scaping around a2 residence will imprcve 1ts outdeoor rnolse environ-

ment. Both of these things can, however, reduce the energy
consumption in a bullding.

A.2 Relationships Between Energy Consumption and Noise Radiation

of Building Appliances and Mechanical Equipment

Much of the nolse in residences 1ls caused by appliances and

mechanical equipment operating within the bdbuilding, rather than

by the intrusion of outdeor scunds. Such equipment also consumes

A-3
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