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THE POTENTIAL oENEFIT OF AN ADVANCED
INTEGRATED UTILITY SYSTeM

By barry 4. WollL=r
Lyndon 3. Johnson Space Centar

SUMMARY

An investigation was made of the potential benetit of an
advancedl intograted utility system, which provides the
services ot electrical power, heating and air-condaitioning,
50lid waste Jdisposal, and vater treatm=ut in a sinyle
integrated plan*, The system invaestigated incorporates
technolo,y assum=d ¢to he available ia 1980 (with some
dovelopment vork) to serve a hypothetical apartmont complex,

The inves*igation centers around an exawple of a
possible integrated system. The cxaaple chosen featuras a
pyrolytic process for disposal of solid waste, closed=-
Brayton-cycle engines and tuel cells, solar collection, and
absorption and compr:ssion chillers, Tune systea troats
wvastewater using a process that also simultaneously
removes sulfur dioxile and oxides of nitrogyen from exhaust
qases,

The system uses approximately 45 to 60 percent less
cnerqgy thanm a current convontional system (depending on
concurrent implemcntation of architectural energy-saving
tochniques in the apartsent complax) and approximately 45
percent less water, The system 1s capable of using several
tessil or synthetic tuels., The savings and multituel
capability clearly indicate the potential benelits of the
advanced iutegratod ntility concept in conserving tuel and
water resources.

INTRODUCTION

Since the summer of 1972, the Urban Systeams Project
OLfice (USPO) at the NASA Lyndon B. Jonnson Space Center
(JSC) has been studying conceptual and preliminary designs
of alternate ways of providing utility services. Thke bulk
of this work has been carried out under the auspices of a
Department ot Housing and Urban Develogment (HUD) project
called the nodular intejrated utility system (MIUS). Thae
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purpose of this project is to design and dewonstrate
technical, economic, and iustituticonal aspects ot an onsite
utility system that inteyrates the functions of electrical
powar jeneration, heating and aicr-conditioning. solid waste
disposal, and vater processing. The purpos2 of integrating
these functions is to optimize the pertormance ot a total
utility system bty recovering enerygy irom power yeneration
processes and from solid waste disposal tor use in space
heating, air-conditioning, and water heating, and by reusiny
treated wastewator for purposes otaer than human
consumption, These *technijyues are intended to conserve
natural resources such as tossil fucls and wvater, to
simultaneously minimize the impact on the environm:nt, and
to require a cost compatible witn that ot conventional
systems,

The HUD ¥1US prooram is intended to induce
itepleaantation ot th- concept hy private or public utiliry
service organizations throujh initial HUD-sponsored
development and demorstration. The MIUS concept is an
cxtension of the totil eneryy concept initiated in the
1967"'s for onsit» povwer genewration and recovery ot otherwise
vast2d hrat to provide heating and ansorption air-
conditioning. Many such plants are now in operation in the
United States at various facilities such as oftice buildings
and apartment complexes,

The USPOD completed a sories of conceptual designs ot
MTUS systems for various types of tacilities, including
garden apartments, an ofifice building, a shopping center, a
hospital, a school, and a high-rise apartment.
‘Subsequently, *th> application ot the MIUS to a4 new community
of 100 000 people was studied., The new town ot Columbia,
Maryland, was used as a model, Considerable attention was
given to how the phased development of the town over a 20-
year period atfected the optimum tcchnigue for incremcontally
adding utility capacities. As a result of these studies,
the characteristics of a baseline MIUS system were derivoed.
The conclusion was drawn tuat, compared with a conventional
utility system, approximately 20 to 15 percent eneryy could
be saved depending on the circumstances of tne application,

During the conduct ot these techaical studies, a market
study was performed to determiae the availability of
potential MIUS apgplications. It was concluded that an
apartment complex of approximately 300 to 1000 dwelling
units would have a good market potential tor MNIDS
applicability. A more detailed design ot an MIUS system was
then conceived for a 496- and a 992-unit apartment complex.
This work resulted in a preliminary baseline design of an
MIUS systen.
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In addition *o conductingy technical studies, NASA has
also dasignad and implemented a small-scale version of an
MIUS systewm called the MIUS Integration and Subtsysteas Tost
facility located at JSC. This system oporates on simulated
wlectrical, heatiny, and air-conditioniny loads and 1s used
to treat wastewater and to incinerate solid waste, The
testing program was begjun in “he spriny of 1974 and has
included a wide varivty of tests to undecstand and verity
potential MIUS processes,

Th2 baseline MTINS design vwork was conducted under a
ground rulc imposed by HUD that restricted tho MIUS
compon-nts to currently available state-ot-the-art equipment
called "articles ef commerce.," This rastriction vas
intandad to facilitate an early demonstration of the MIUS
concept. However, it is believed that, with some
developmont work, a more etiicient and tlexible intejratod
uti1lity systom woull be feasible in a Lew years by removing
the articles=-cf=-cecamvrce constraint, To this end, a study
was made to asseas tae potontial of an advanced intejrated
ntility system (IUS) that applies new technology. The
resnlts of that study are presented in this paper.

Many approacuas, potontial processes, and 2quipment
existing or under development could have beon applied to
this study. 'Yowever, the primary purpose was to investijate
the potential of *he advanced IUS concept to determine its
werth tor further consideration, Thervefore, one possible
concoptual design was developed ror aunalysis as an oxample
ot an advanced IUS vwithout auny attempt to pertorm a detailed
investiqation to detormine the most optimized design.

A cummary review of the work don: on the baseline MINS
design is the first section iu this paper. The example ot
an advanced TUS is then discussed, including the ground
rules used in *he dasign approach, a description ot the
various utility services and their integyration, somo
techniques rfor conserving eneryy througyh architectural
desiyn, and an analycis of energy and water ugsaye coapar.d
to usage in convantionil utility systems and in the paseline
MTUS design,

Three appendixaes are included. Appendix A 15 a
description of a technique developed in the MIUS design work
tor storing thermal enerygy, appendix B is a discussion ot
the uses of various fossil and synthetic fuels in power
generation opticns, and appendix € is a list of candidate
architectural energy-conserving technigues.

The study documanted in this paper was accomplished by
osnginears in the J5C Ucrban Systems Project Oftice with the
author's coordination and integration., Various topics in
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the paper are principally the vork ol the following people:
solid waste disposal, Richard C, Wadle; electrical power
generation, Vernon Shields and Tony E., Redding; heating,
ventilation, and air-conditioniny, Jimes O, Rippoy; water
treatment, Harmon L. Koberts; architectural energy-saving
techniques and appendix C, arcuitects; :tmmett White and Ray
Wobbe of Clovis Heimsath Associates, [nc.; and consumables
Analysis, Steven P, Wallin, Acknowladgment is also made to
Alan B, Brandli (or comprehensive reviev and helpful
comsments on the original study docuwm “tation and to James O,
Kippey and Tony %. R:dding tor provia.ny appendixes A and b,
respectively.

As an aid to the reader, where nocessary tue original
units of measur» have. beon converted to the equivalent valuc
in the Systeme International d'Unites (S51). The SI units
are written first, and the original units are written
paranthetically ther=attor,

BASFLINE MIUS DEGIGN

As indicated in the lntroduction, the most datailed MIUS
design rendered was for 496- and 992-dvelling=-unit apartment
complexes, The desijn is summarized in this section.

The model for the apartment comploxes was conceived by a
team of architects under contract to NASA. This teaa made
surveys in Aifferent sections of the United States and
developed a representative model. The site plan for the
496-unit complex is shown in figure 1, Figure 2 is an
architectural rendering showing the MIUS plant in relation
tec part of the apartment complex., The 45 000-square-meter
11.2 acre) site has a 10-story high-rise building and 19
three-story garden apartment buildinjs ot three ditferent
types. To obtain the 992-unit complex, the site plan vas
simply doubled.

Because of the effects of weather on heating and air-
conditioning demands, the model was located in a median
climate for the continental United States., Washinjton,
D.C., was chosen as representative ol a median climate, A
computer analysis was performed by using Washington, D.C.,
weather data and by modeling the structure, characteristics,
and typical utility usages of the site buildings; utility
loads vere derived for electrical pcwer, heating, air-
conditioning, solid wvaste, and water; and an inte,rated
csystem was designed.

An overview nof this baseline MIOUS system 1s illustrated
in figure 3. The design includes diesel engines for
generating ~lectricity and incinerators for disposal of
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solid vaste, Yeat produced in these processes is converted
into steam as A byproduct, which is used in three ways: (1)
the steasm 1s used to heat a hot water loop preheated by scme
lowar grade heat rocovoered from the c¢ngines and thereby
provides for dosestic wvater and spac? heating; (2) the stean
158 used in absorption air-conditioning, which is
supplemented by compression air-conditioning to provide
chilled water for space cooliny; and (3) the unused neat
contained in the steim is rejected to a4 cooling tower, which
also provides heat r-jection for the operation of the
chillers and the hot water loop as required. A water tank
is provided wherein oither chilled or heated water tor space
conditioning can ke temporarily stored. The principal
eftect of this type of storage is that 1t alleows reduction
vf the peak electrical load required for compression cooliny
and thns reduces the reguired installed olectrical
generating capacity., (Sce appendix A tor a discussion of
the thermal storage *echnique usod,)

In the baseline MIUS systom, potaole water is treatel by
conventional means ard sewage is treated by using a
biological system supplesented by a tertiary
physical/chemical system. Sludge is transferced %o the
incinerator tor disposai. The treated wastewater 1s stored
in a holding tank and is used primarily tor cooling=tower
heat rejection and blowdown; it is also wsed tor makeup and
blowdown for other MIUS processes and for fire protection
and irrigation of the apartment coamplex.

A cemparison was made between the energy and consumables
usages of the MIUS and those of a4 typical conventional
utility system, These rosults are summarized in figure 4
for the 49%b-unit complex. The 992-unit complex showed a
slight increase in enerqy savinygs trom 310 to 32 percent,
Also, cost comparisonus with a coanventional system were uade;
the results showed that the costs ot providing the utilities
vould ke rela*ively comparable over a 20=-year period.

Ajain, tue 992-unit complex compared sligyntly more
favorably.

In addition to the size variations, the effects on the
MIUS system from climatic variations were evaluatea. Th
496-unit conplex was studied using weather data troaw
Minneapolis tc ropresent a cold climate, from Houston to
represent a hot and wet climate, and ftrom Las Veyas to
represent a ho* and dry climate, No outstaudingly
signiticant changes wore required in the MIUS system to
accommodate these locations. The amount of enecrgy saved
vhen compared to a conventional system increased slightly
with latitude becausc of the more eftective use of recovered
heat in the winter, Howvwever, between iHouston and
Minnecapolis, the enargy-saving increase vas less than 2
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ercent, Some cost differencos resulted from local cost
ndexes,

ADVANCED INTEGRALED UTILITY SYSTEM DESIGN

To facilitate comparisons with the baseline MIUS desigyn,
the 992-unit apartment complex was used as a nmodel for the
advanced 105 design together with the Wasninjton, D.C.,
veather data as a represontative median climate tor the
continental United S*ates, The advanced system provides the
same servicaes as thos: provideld by the baseline MIUS system:
electrical povwor, space heating and cooliny, solid waste
disposal, potable water (including domestic water heating),
and vastewater treatesant, However, the systems desiyn is
based on technolojy that would bo available by approximately
1987 after a reasonable amount of developeent work,

In the following scctions, soms Jeneral ground rules
*hat are considerod reasonable constraints to the integratad
utility services are listed tirst, Next, an cxample of an
advanced system [or *he 99/ -unit complex is descrioved
together with an appioacn to the design 0l sSuch 4 system. A
detailed discussion or ~asci utility service and its
intertaces then is precsanted. In providing a coaparison to
previons work, no it*tompt has bosn made to alter the
apartment model from that used in the baceline MIUS,
However, tollewin) ti« discussions of the utility services,
tochniques are presonted for making architectural chanjes to
the apartsont complex model [or conserving energy. Finally,
ancrgy and water use 1n tho advanced design are analyzed and
compar«d to usage in the baselina MIU3 and in a conventional
system,

Ground fules

Thne tolloving are general ground rules Lor each ot tho
ntility services, Tiey ate intended to provide reasonable
bounds consistent With destyning an intograted systen
capable ot beiny implementsd an 1980,

elocrtpical power jeueratiop.- Tue electrical system will
be operationally indopondent of any oxisting grid hut
capakle ol being serviced by a grid tor contingencies. Its
reliabilaty will be comparable to a conventional system,
0il and natural or synthetic gas will bLe assused to be
available, Emphasis «ill be on wultituel capability (i.e.,
4 system capable ot operating on more than one fuel). Heat
recovery =quipment will be uscd and will be cospatible with
the heating and air-conditioning services. Emissions will
be consistent with applicable environmental guid=lines.

REPRODUCIBILITY OF THE
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uggggfg,gnj_gggjina.- Maximum uso of heat recovered from
other utility processes vwill be made for space heating, air-

conditioning, an’ water heating. Treated wastewater will be
used to provide heat rejection to the environment required
by the utility processes,

59111_1*5;Q_gxlgg§gl.- S0lid vaste trom the apactment
complex will b» procossed onsite., Although it would result

in saving tossil fuel energy, iaporting aaditional solid
vaste from surrounding areas will not be considered.
Unusable products from s0lid waste treataent processas wvill
he deposited in a remote landfill., Emissions and eftluents
will be consistent with applicable environmontal jyuidelines.

Hater_treoatment.- Potable-vater treatment will comply
with the 1962 D.S, Public Health Service standards for
drinking water, Lov-vwater-consumption devices for toilets
and show rs will be used, (These devices, recently
leveloped by industry, save approximately 30 percent water
for toilets and 90 porcent water for showors.) Wastovater
will be treated to a quality consistsnt wity reuse for all
functions except humin consumption. Adequate water pressure
and storige for firetighting will be provided., wWastowator
eftluent will be consistent with applicable enviroumental
ynidelines, A sterm water systops vill be considered
available ftor effluent disposal.

System Overview and Desiyn Approach

The systom studicd and presented herc is an example of a
possible advanced TUS and was investijated to assess
potential per‘ormance, New techniques potentially amenable
to an inteyrated system for providing each utility service
were identified, and one possible combination that appearaed
to he promising was suitably integrated into an advanced
sr'stem. The system chosen is illustrated in tigure 5. A
Lriet description ot the system and the dasign approach used
are presentad in the tollewing paragraphs. Toe individual
utility services, or subsystoems, are discussed in wore
detail in subsequent sections.

Aecause the apartment complex model was unchanjed, the
advanced system must provide the same utility loads required
for the baseline MIUS design., To ccavey the approximate
size of the system, =ome key design loads are presented as
tollows: peak domestic electrical load (mot including that
required by the utility systes), 1684 kilowatts; peak
heating load, 3.4 magawatts (11,8 X 10® Btushr); peak
cooling load, 3819 kilowatts (1084 tons); solid waste load,
5443 kyysday (12 200 lbmysday) 3 peak potable water load, 840
m3/day (222 000 galsday); and peak wastewater load, 893
m¥s/day (236 000 galyday).



The advanced system design includes a pyrolytic process
for disposal of so0lii waste, The fuorl produced by the
pyrolysis is usel in fuel cells to produce electricity. Thw
remainder of the clectrical pover requirced is produced by
high-efficiency clos<d~Brayton-cycle gas turbines. Heat is
recovered trom the fuel cells and trom tae Brayton cycle
engines and supplemented by heat preduced by solar
collectors on apar*m-nt puildiny roots., This heat is then
used in the same three ways as the heat recovered in the
haseline MIUS design. These methods are reiterated as
tollows: (1) the recovered Leat is used to provide domestic
water and spacoe heating; (2) the heat is used in absorgtion
air-conditioning, which i1s supplementaed by compression airc=-
conditioning; and (3) any unused heat is rejected to a
cooling tower, which also provides heat rejection for tho
chillers, Also, as in the baseline M1US system, a vater
*ank is provided wherein either chilled or heated water can
be temporarily stcred. Again, the principal eftect of this
typr of storage is that it allows reduction of the peak
ele.trical load reqguired for compression cooling, and thus
roduces the requirced installed electrical generating
capacity. (Appendix A provides a detailed description of
the thermal storige *echuique,)

In the advanced systom, potable water 1s treated by
conventional means depending on the untreated water source.
Sewage is treated by a physical/chemical system that
simultancously 1ids in improving environmental quality by
scrubbing the sulfur dioxide and oxides ol nitrojen trom the
plant stack gase= while using sulfur dioxide as a part of
the vastewater treatment process. The system provides
tertiary quality water. Dried sludge is transterred to the
pyrolysis unit for disposal. Similar to tne baseline MIUS
systen, a portion of the treatod wastevater is stored in a
hnlding tank and rec-ed Lor cooling-tower heat rejection and
nlowdown, for makeup and blowdowan in otner MIUS processes,
for tire pretection, and tor irrigation of the apartment
complex qrounds,

The general approach used in designing the advanced
systom is as tollcws. The amount c¢f solid waste available
tor pyrolytic processing was detormianed, and, from tais
tigure, the amount of fucl available [or tuel cell
nlectrical power gencration was calculated. 7The fuel cells
were then sized accordingly, and the amount of electricity
they could provide was subtracted trom the total required,
This tigur= reproscnted the capacity of the Brayton cycle
engines., The amounts and temperaturcs ot recoverable heat
trom boti power gensration processes Wwere determined., Then,
*he amcunt and temperature of heat available from solar
collecrors on the roofs of all the buildings in the complex
veres determined and added to the amcunt of heat recoverable
from pover genera*tion. The heat required for domestic water
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heating, spice heating, and cooling by absorption vas
determined for the winter and sumacr peak conditions and for
the avorage conditions of the tour annual seasons.
tecoverable heat was insufticient to use only absorption
air-conditioning to satisfy the cooliny demands of the poak
and avarage summer conditioans. Conseguently, the required
compression cooling capacity was determined, and tne amount
of additioral ~lectricity reguired from the Brayton cycle
vas calculated., The use of thermal storage, however,
noegated any reguiressnt to increase the installed power
generation cagacity.

Tho advanced IUS wvater system was designed with a
considerably lower capacity than that required for
conventional systems because of the use ot low-water-
consumption showers and toilets, The wastewater treatment
eftluent was vrrduced further Ly its reuse in the M1US
proces;es and tor irrigation. The awount of sultur dioxide
required by the particular vastevater treatment process
choson was reduced by the amount available from the stack
jJases, Disposal of sludge was 1n the pyrolysis unit,
thereby afifecting the size of that unit.

Jolid Waste Disposal

Disposal of solid waste is accomplished by pyrolysis.
Pyrolysis is a destructive distillation process that is
conducted at high temperature (approximately 1033 K (14000
F)) in the absence of oxygen and that produces gases usable
1s fuel,

The s0lid waste produced by the apartment complex is
assumed to be 2.3 kg/day (5 lbm/day) for each person, making
a total of approximately Su443 kg/day (12 C00 lbm/day). Its
heating value is assumed to be 11 622 kJ/kg (5000 8tu/lbm)
with a density of 16C kg/m® (10 1lbm/ft3). The pyrolysis
unit is also used to dispose ot the sludge produced by the
vastewater treatment procvess. The amount ol sludge produced
daily is 726 kilograms (1600 pounds mass) at 85-paercent
solids. 1ts heating value is assumea to be 2324 kuskyg (1000
Atuzlbm) ot dry sclids., The heating value is low bLecause of
*he high noncombustible chemical content ot the sludge. The
gas produced by pyrolytic disposal of the sludye is assumed
to he insignificant,

The amount* of en~rgy in the S443 kysday (12 000 lbm/day)
of solid waste at 11 622 kJ/kg (5200 Btu/lbm) is 732
kilowatts (60 X 106 Btusday). Based un current developmcat
work by industry, at least 60 porcent of the eneryy ia the
s0lid waste (approximately 439 kilowitts (36 X 10® Btusday))
can bhe recovered from the pyrolytic process in the form of
jas. The compon>nts of the gas and their volumes and
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heating values are shown in table I. The total yas produced
has a heating value ot approximately 16 755 kJ/m3 (450
Btu/zft3), In *the intagrated system doscribed here, the jas
i= used in hydrogen-oxyycen tuel cells to produce alectrical
povwer, This process requires that the hydrogen in the
various gas components be reform=d as described in the next
section,

PFlectrical Power Genaratinn

Electrical power 19 yenerated using 4 combination of
tuel c2lls and closed-Brayton-cycle processes. Botu are
currently under development by industry, and totn have
enorgy conversion efriciaencies ol approximately 40 percent.
A simplitied functional ulock diajram ot the pover
Jeneration subksystem 1s 1llustrated ia figure o. The peak
slectrical load, including the apartment complex and an
cotimate of the power requitements of the utility plant, is
ipproximately 2050 kilowatts; ta» annual average load is
Approximately 1277 kilowatts,

The gas2s available (rom the pyrolysis process are
sufficient to oporate a 175%-kilowatt tuel cell. However,
the hydrogen must ke removed trom the various yases with a
reformer, (A reform-r process uses steam and a4 catalyst to
change one hydrocarbon compound to another; in tnis case, it
would bhe used specifically to remove nydrojen from
hydrocar™on compounds. The refcrmer process 1s considered
in the ovirall #0-percent etficiency of the tuel cell.) The
fuel cell produces direct current, winich is converted to
alternating current with an inverter., Heat [rom tue fuel
cell operation is recoverable rrom two sources: (1) hot
vater at a3 temperature of approximatoly 339 K (150° F) trom
the exhausts of *he cell stacks and trom the reformer, and
(2) low-fpressure stoam at a temperature ot approximately 436
K (3259 F) frcm the cell-stack coolant loop.

The smallest Erayton cycle prime movers ror which design
and estimated performance data are currently available are
rated at 129C kilowatts, Consequently, toc satisfy the peak
lcad of 2050 kilowatts, two 1200-kilowatt prime
mover/jenerators are required. A third and possibply a
tourth prime mover/g-neorator would be used for standby
redundancy; that is, for contingency or planned outayes.
Because the closed fBrayton cycle uses external combustion,
it can operate on any of several fuels, such as oil or
natural or synthetic gas (including pyrolysis g4as) or it can
even use pulverized coal., (See appendix B for a discussion
on fncli.) Heat can be recovered in a temperature range
from 294 to 436 ¥ (779 to 325° P), a3 desired, by using a
he=at erchanger botwesn the recuperator and tne COmpr<ssor.
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The fuel coll will previde approximately 15 percent ot
tue annual electrical demand. However, in this particulac
system, because two Nrayton cycle enyines can provide 225
kilowatts more power than the peak demand, a tuel cell is
not needed, The pyrolysis jases can be used in the Brayton
cycle with approximately the same conversion etticiency.
Nevertheless, theore are applications tor which additional
solid wvaste can he imported, or the power protiles mijht pe
such that the tuol c~1ll would be a more appropriate powver
generator (e.9., to supply peak loads or to reduce installed
capacity ot rotating machinery).

Heating, Ventilation, and Air-Conditioning

The heatiny, ventilation, and air-conditioniny (HVAC)
system manages available encrgy in the torm of recovered
heat from the GBrayton cycle engines, the rtuel cell, and the
solar collectors to supply encryy required tor space
heatiny, space cooling, and domestic water heating. The
daily space heating and cooliny loads vary with the weather,
whereas *he domestic hot water load is counstant througyhout
the year. The HVAC loads were derivod by computer analysis
considering environm-ntal conditions, building construction,
and occupancy. The loads are shown in table II bty scason in
terms of the enerqgy required reterenced to an indoor design
temperature of 296 K (749 F), In addition, yearly heating
ard cooling peak loads that occur on "design™ winter and
sumnmer days are used to size the equipment installed. These
loadls are 3400 kilowatts (11.8 X 10® ptu/hr) tor heating and
3810 kilowatts (1084 tons) for cooliny.

Arayton-cycle-engine and fuel cell recovered heat, which
is usable for HVAC functions, can he divided into
temperature ranges of 339 to 394 K (1509 to 250° F) and
greater than 394 K (2509 F). Solar collectors are assumed
to cover B0 percent of the total rool area of each apartment
complex building at a fixed slcope ot 40° (the approximato
latitude of Washington, D.C.) and are further assumed to
supply hot water at 366 K (200° F) with a bi-percent
collection etfficiency. This reasonably attainable
performance should b. achievable in the next few years (ref.
1)« The clear day solar insolation values (ref. 2) were
adjusted for s~asonal averages, surface angle, and effect of
average cloud cover., The seasonal recovered heat trom the
threa sources is shown in table II.

In matching the recovered heat with the load
requirements, the domestic hot water was assumed to have an
initial temperature of approximately 289 K (60° F) and to
require heating to 339 K (1509 F). The temperature required
for space heatinjy is flexible in the 339Y- to 394-K (15C° to
2509 F) range because temperature drop and fan coil size are
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variable, For space cooliny, existing absorption chillers
require hot water or steam at a temporature oL approximately
394 K (2509 F). However, lov-teamperiture abscrption
chillers are being Acveloped, and units capable of using
vater at a temparature of 355 to 361 K (1809 to 190° F) and
operating at a coefficient oL pertormance of approximately
0«5 should he available scon (ref. 3).

Tha averaje seasona) results ot matching crecovered heat
to load requiremonts are shown in table II, The results are
basedl on using a1 water tank for thermal storaye ot cither
recovered heat eon cocl days or chilled water produced by tho
air-conditioning units on warm days. The scascnal eneryy
comparisons show that there is sufticient recovered heat
anergy to meet the total HVAC requirements duringy tall,
vintor, and sprinj. Durinyg the averaye sumner day,
compression chillers are raquired to provide approaimately
40 percent of the air-conditioning.

For the worst-case conditions, on a design winter day,
73 305 megajoules (77 X 106 British thermal units) of eneryy
must be provided frorm thirmal storayg« to mect space-heatiny
and domestic hot wator demands. On a design sumaer day,
ajain using thermal storage, approximately 64 poercent ot the
air-conditioning demand must be provided by compression
chillers. Consequently, of the total air-conditioning peak
demand ot 3910 kilowatts (1084 tons), 2443 kilowatts (695
tons) of compression and 1371 kilowatts (390 tons) of
absorption must bhe installed.

Water Treatment

The water subsystem provides potable water and
vastewater treatment for the apartmen® complex and for the
utility system. Potable-water loads include residential
demands for kitchen, laundry, bath, and toilet functions and
extericr demande tor recreational use (swimming pools) and
for carvwashing. The potable-water usage was determined
assuming use of lov-water=-comsumption devices, which reduce
water regquirements tor showers and toilets cy 90 and 30
percoat, respectivelyv. Variation of potable-wvater loads
vith seasonal extorior demands produces averaje daily water
usages of 447 misday (118 000 galsday) in the summer, 420
adyzday (111 €00 galsday) in the fall and spring, and 397
m3/day (105 C0O gals/day) in the winter.

For potable-water treatment, the design is dictated by
the nature of the wvater source; the advanced IUS water
system (which is essontially a conventional system) has a
capacity of 130 percent of the averaje daily demand. For a
surface water source, the system includes chemical
clarification, filtration, and chlorination processes. For
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a yround water source, the chemical claritication and
filtration steps are not required. A simple settling tank
having a 3-hour retention time may be added i1f nacessary.
Depending on the specific application of the IUS5, potable-
vater treatment may or may not be required; if it is not
included, no other subsystea is affected,

dastowater loads include the residence Jdemands but not
the oxterior demande. This load asounts to an averaye ot
jou m3szday (1C4 N00 ;alyday). However, the water used in
any bleovdown process within the utility system, particularly
in *tne cooling tower, must also be included. This load
amounts to 42 m3/day (11 000 gyal/day) tor an averaye daily
total of 436 m¥/4ay (115 000 gal/day). Tue wastewator
treatment effluent ic retained and used for fire=-protection
storage, for irrigation ot the apartment complex qgrounds,
tor coolinyg-tower makoup water, and tor a small amount ot
other MIUS process-watoer makeup. The fire-protection
storagn is sized at 2324 cubic meters (615 000 gyallons), an
amount based on requirements in the National Board of Fire
Undervriters Handbook., This capacity will more than satisfy
the requirements for irrigation and heat rejoction which,
again, are seasonal and peak in the summer at 17 and 129
m¥,/day (4400 and 34 700 gal/day), respectively. These loads
also account for reductions in the potable-water demand as a
result ot reuse,

Wastewater treatment design requires an eftluent guality
acceptable tor both discharye to the environment and reuse
for process water and irrigation. Ayain, the desiyn
capacity is 1397 percent of the averaje daily demand. The
processes are illustrated schematically in figure 7. Key
components that interact with other subsystems include the
sulfur dioxide and oxides of nitrogen scrubbing towers,
which remove the pollutants trom the powar yeneration
oxhdaust gases; the effluent holding tank, which retains tae
treated vwastevater for reuse in utility system processes and
in irrigatien and holds 2328 cubic meters (615 000 jyallons)
firecwater; and the sludyge drying (dewatering) unit, whicn
uses a solvent for extracting solids from the ligquid and
thereby reduces the volume of sludge tor ultimate disposal
in the solid waste subsystem. The sultur dioxide scrubbhor
(including the iron contact tank), the oxides of nitrogen
scrubber, and the sludje dewatering technique are currently
in the development staye. The other processes exist.

Architectural Energy-Saving Technigques
In additicn to the HUD ground rule that MIUS components
be currently availatle egquipment, nc cnanges in conventional
architectural practices were permitted in buildings to be

served by the MIOS. This limitation tacilitates comparisons
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between the MIUS and conventional utilities but prevents
achieving additional energy and vater savings. Alchough
vater loads were roduced, the analyses ot the advanced IUS
vere performed using the electrical and HVAC loads from the
baseline MIUS design. This method did facilitate energy
ccmparisons, which are presented in the tollowiny section,
However, the extoent *to which building encergy loads could be
reduced through architectural innovations and building-
system chanyges also was investigated. Thesce investigations
did not include certain items normally subject to
architectural design but trcated in the previous utility
system discussions (°.g., reduction of hot water demand and
altornate HVAC systems).

At the start, a comprehensive lint of candidate energy=-
cons«rving technigues was compiled as snown in appendix C.
These techniques then were analyzed to determine their
enerqy and cost impacts, Credible energyy=-saving metaods
that did not adversely altfect litestyles were considered
viable., Fnorgy loads computed for tie baseline MIUS system
ver? used to detarmine potential energy savings attainable
taroujh the use of candidate techuique s  Then, the
following constraints were applied,

1« Tha ennrgy saved had to be siyniticant (i1.e¢., more
than 1 percent).

2. The method had to be economical and marketable,
having no more than a 20-year life-cycle payback period.

3. The technigue had to preserv: an dacceptable
lifestyle in a 1980 urban environment.

In determining life-cycle costs, the following assumptions
and computations werc made.

1. Construction costs for 1980 vere used and vere
assumed to escalate at 5 percent/yr trom 1974,

2. Fuel costs for 1985 were used and vere assumed to
escalate at 7.5 percint/yr from 1974,

3. The fuel gquantities saved were determined by
computing the load savings in the apartment coamplex and then
applying conventional=-plant efficiencies. The efficienclies
nsed wvere as folleows: electrical powar ygeneration includiny
transmission losses, 30 percent; boilers, H0 percent;
compression-air-conditioning coefficient ot pertormance,
4,0; heating distribution losses, 6.3 percecnt; and cooliny
distributicn losses, 1.8 percent.

4, Reduction of capital equipment costs for
conventional utilitics was consistent with load reduction.
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ORIGINAL PAGE IS POOR




The sieple lite-cycle payback period for a techniyue
then war calculated by dividing the capital cost ot each
modification by the yearly cost of the tuel saved, The
following fermula was usged,

vhero T 18 payback time in ycars, & i& the 19HD
censtruction cost factor, A is the difterential capital
cost of the technique, B is the ditterential capital cost
ot a conventional utility plant based on the load roduction,
y is the 1985 fuel cost tactor, C 13 the enetgy saving in
joules (British thermal units) per year, D is the
conventional=-plant efficiency, and © 14 the tuel eneryy
cost per joule (Pritish thermal unit).

Table IIT contains a list of reasonable techniguas trom
*he candidates (appendix C) tor which lite=cycle payback
tima»s were computed, FPFor each technigue, the table shows
percent load reductions at the apartmont buildings, the
capital cost of the technique, and the cost ot tuel savel
annually, FPFigure B illustrates the ayyregated efrect of
these moditications Lut, again, does not include itoms
normally subjz2ct to architectural design but treated in the
previous utility system discussions.

In summary, this investigation indicates that total
annual enerjy load reductions of 14.6 percent can b
achiovoed without any substantive changes in litestyle, and
that the adlitional capital cost caused by these
modifications ceuld be paid back in 4 years by the energy
COSt savings.

Consumabl es Analysis and Ccmparisons

An analysis was wade of energy and water usage in the
illustrated advauced 1US, and results vwore compared to the
baselinc MIUS system and to a typical conventional systen,
The seasonal and annual energy roguitrements tor a
conventional system, the bascelipne MIUS, and the advanced 10S
are presented in table IV, The conventional system desin
assumed 3 3d=-porcent electrical power etticiency (including
transmission losses). It wvas further assumed that a central
HVAC plant would be located at the apartment complex and
that the plant would use coupression air-conditioning having
A coefficient of pertormance of 4.0 tor cooliny and an KO-
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perecent-efficiont boiler system for heating. The advanced
105 requires 19 percont less (uel annually than the baseline
*IUS systen and 46 porceant less tuel annually than the
conve:ntional systea (table 1V).

A similar comparison tor potable-water requiremonts and
for traated wvastewat ¢ erflucnt disposed of euvironmentally
15 shown in tahl» VvV, The advanced TUS enables savings of 137
peceant potable water cempared to the baseline HIDS system
and 44 percent potable water compare! to the conventional
asystem; thoe advancoed IUS enables savings ol 49 and 47
percent, respectively, in vastevater effluent,

The solid wvaste residue requiring disposal is
~sseontially the same in both tue advanced IUS and tue
baseline MIUS system., In both cases, approximately 394 625
kilograas (435 tons) of solid waste rosidue 1s removed
annually. This valuo represcnts an #H0=porcent reduction ot
s50lid waste pemoval required in a conventional sygstem,

1f the arcaitectural enuryy=saving technigues (items A,
B and ¢, D, F, and 6 in table III) wore implementad in
conjunction with the advanced 1US, an encrgyy saving of 54
petcent compar:*! to the convaentional system could Le
achieved, Furthermore, if wmanual-defrost retriyerators and
controlled-exterior-air-circulation techniques wore included
from table I1I, an erergy saving ot 59 percent compared to
the conventional system could be achicved. The latter
techniques were deleted because of tne litestyle and cost
payback criteria, respectaively, but would be viable
cousiderations,

CONCLUSIONS

In this paper, the potantial of an advanced inteyratad
ntility system has been investijated using an illustrative
system by which technoloyy assum=d *o Lbe avairlable ian 198O
was applicd te serve a hypothetical 992-unit aspartment
complex, Thie investigation produced the tollowing
cenclusions.,

‘e An advancad r1ntegyrated utility system could censerve
approximately 29 percent more enerygy than an integrated
utility system using current technolojy, and it could
conscrve approximately 45 percent of the energy now used oy
a typical conventicnal utility systew.

2, It architectural energy=-saving technigues were also

introduced, th: apartment complex could be secved with
utilities using approximately 55 to 60 percent loss energy
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than a typical current conventional system without any
signiticant change in lifestyle,

1. Tho amounts of potable water required and troated
wastewater roturned *o tne environment could te reduced by
approximately 44 and 47 percent, respoctively,

4, A systom having a multituel capability can he
cesigned to us» any ot several torms of tossil or synthetic
tuels as available,

5« A wastewater treatment system can Le designad to
include processes which also remove sulfur dioxida and
oxides ot nitrogen from cxhaust yases and taerelby
simultancously enhance environmental Juality.

f. Although cost estimates ot tue advanced intejratud
utility system ware not Jdetermiped, tne capital and
maintenance ccsts of the systcem will undouotedly be high,
However, these higyh costs should be offset by reduced
operating costs attributable to the substantially reduced
fuel use and to increcased fuel costs; that is5, rising fuel
costs will increase tlLs cost of operating conventional
systems nor2 than for the integrated system, which consum.s
less fuel,

In general, it is concluded that advanced inteyrated
utility systems have a significant potential tor raducing
both energy and water resource utiiization. Such systems
reprasent a tertile area tor future investigations by
government and industry.

Lyndon B. Johnson Space Center
National Aeronautics and Space Administration
Hcuston, Texas, November 26, 1975
3186-02-00-00-72
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TABLE I.- DAILY PYROLYSIS GAS COMPOSITION

Volume, Heating value, MNJ

Gas m¥ (ft3) (Btu)
Hydrogen B13 (28 720) 4 224 (7.8%108)
Carhon monoxide | 435 (15 1)) 5 166 (4.9)
Methane i 369 (13 040) 12 336 (11.7)
Ethane | 29 (1 0Ju4Q) 1 792 ({1.7)
Fthylene ; 134 (4 720) 7 380 (7.0)
Propane l 29 (1 240) 2 530 (2.4)
Carbon dioxide 5 453 (16 000) 8

Totals I 2 262 (79 920) 37 428 (35.,5%X10%)
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APPENDIX A
ILLUSTRATION OF A THERMAL STORKAGE TECHNIQUE

Ry James 0. Rippey

The tollowing is a discussion of a thermal storage
system (T55) technique tor cooling with particular emphasis
on allowing for reduction in the installed electrical
yenerating capacity. The illustration is tor the baseline
modular integrated utility system (MIUS) design for the 496~
unit apartment complex. (The loads tor the 992-unit complex
are, of course, simply doubled.)

The design summcr day total cooliny loads and
absorption/comppression loads resulting ftrom the baseline
study are shown in figure A=1l., The absorgption chillers
vould be supplied 103-kN/m2 (15 psig) steam from the priae
movers and the incincrator atter domcestic hot vater
requiresents were met, Distributicn losses are added to the
coppression chiller requirements and equipment selected on
the peak requirement during the design day, i.e., 859.7
kilowatts (244.6 tons) absorption and 1273.3 kilowvatts
(362.3 tons) (plus 34,1 kilowatts (9.7 tons) distribution
losses) compression.

The design summer day clectrical load components are
shown in figure A-2, The domestic and auxiliary load
profile without compression air-conditioning and the
profiles with compression air-conditioning are presented.

In the MIUS without cold thermal storage, the total demand
reaches a peak of 1249.9 kilowatts at 9 p.w. and
nocessitates the use of three prime=-movor/gencerator sets
from 5 p.m. to 11 p.m. The introduction of the cold thermal
storage capability allows only two prime-mover/gererator
sets to be used as shown at 104 percent of the rated load
for 3 hours., Such equipment can be oprrated at overload
conditions for short periods vwithout adverse effects.
Accordingly, chilled water is supplied for space cooliny and
storage 1n the more etficient early morning hours until 1
level in storage is reached (5623 kilowatts (1600 tons)) to
meet the remainder of the design day requirements. Figure
A-3 shows the revised design summer day cooling regquirements
vith storage available. The compression capacity vas raisad
from 1307 to 1406 kilowatts (372 to 400 tons) to ensure that
storage would be completed betore the demand period on
storage occurred.
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APPENDIX D
COMMENTS ON FUELS

By Tony E. Redding

Because of the uncertainties surrounding tuture fuel
availabilities, an advanced intograted utility system could
provide a golution to the problem by oftering a multiple
fuel capability. That is, it would be desirable for the
systom to be capable of using any ot the conventional toasil
fuels and also solid wastes trom commercial and residential
sources., The fossil fuels may bo either burned directly or
preprocessed for use in povar generation and heating
equipment, Likewise, solid wvaste may be either incinerated
directly or preprocessed to produce a lijuid or a jasoous
fuel, The options available rtor alternate fuels, possible
end-use processes in intograted atility systems, and
associated preprocessing regquirements are shown in fijure
R=1, which indicates that, whereas gaseous and petroleum
fuels can be used in virtually any type of power=conversion
device, coal and solid vastes require preprocessing biofore
use in any device other than external-combustion systoems,
Therefore, the most tlexible and universal system concept,
with respect to fuel uso, would be an external-combustion
power-conversion system., Also, the unique advantages ot the
tuel cell system (high efticiency, lov pollutant emissions,
guiet operation) can be obtained with all the tuels listed
by means of preprocessing. For integrated utilitios
conceptual design purposes, therefore, a systen
incorporating external-combustion power-conversion sources
or fuel cells (electrochemical power conversion) or both
vould be advantageous to demonstrate fuel source floxibility
and system integration possibilities. As descriovped in the
section entitled "Electrical Power Generation," the closed=-
Arayton-cycle power system and the tuel cell have been
selected for the design analysis.

Assumed heating values and fuel preprocessing
efficiencies are shown in tables B-I. The preprocess=
efticiency values are based on the net caloritic content of
*he cold (room temperature) product output., That 1s, the
net efficiency is the heating value of the product jas (o1
ligquid) at standard conditions divided by the grois heating
value of the input fuel., It should be pnoted that the
efficiencies given are typical only and that many process
variables are involved, particularly with regard to the
exact composition of the input fuel.
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APPENDIX C
CANDIDATE ARCHITECTURAL ENEKGY=-CONSERVING TECHNIQUES FOR
APARTMENT COMPLEXES

The following list ot candidate architectural energy-
conserving techniques was compiled for evaluation in
conjunction with the investigation ot an advanced integrated
utility system applied to an apartment complex. The
techniques selected as viable are indicated by asterisks.

An analysis of these techniques is contained in table IIT,

1. Heduce surface-to-volume ratio of buildings.

*a. Use more compact designs,

*b. Use more apartments per building and fewer
buildings.

*c, Eliminate parking beneath lov-rise structures,

2. Improve thermal characteristics of walls, roofs, and
vindows.

a. Use more etfective insulation and targat for
lover thermal-transmittance (U-value) factors.

*h, Use double glazing.
c. Use reflective glass.
d., Use denser wall materials.

®, Use heavily textured exterior tinishes to
increase air-film effectiveness,

f. Use earth berms along exterior wall surfaces.

g. Use roof areas tor root gardens with large
planting areas.

}. Reduce solar heat gain in summer and/or increase in
winter.

1. Use light (or dark) colored exterior surfaces.

*h. Use shading devices over all glass areas (to
approach 100-percent shading in summer).

c. Increase shading of wall surfaces by more
eftective use of balconies.

18




d. Orient buildings for solar heat gain.

e, Use trees, vines, and other landscaping elements
for shading.

f. Reduce and/or shade paved areas adjacent to
buildings to reduce reflected heat.

4, Reduce air infiltration through exterior surfaces.

a. Use revolving doors in high-rise and entry
vestibules in low-rise structures.

b. Weatherstrip all stair doors and seal all shafts
to reduce chimney effect,

c. Orient buildinygs to reduce wind velocities,
d. Provide windbreaks at all entrances.

e. Design landscaping to establish windhreaks.
f. Use storm windows.

gy« Use tighter building construction to avoid
cracks and joints,

*L, Use building paper, plaster, or other air-
infiltration barriers within walls.

*i, Use low-infiltration-rated windows and doors.
5. Reduce internal loads.

a. Decrease the size of apartments by approximately
10 percent,

b. Provide for natural clothes drying on roof
areas.,

c. Use non-selt-defrosting refrigerators.
d. Use ovens without self-cleaning elements.
#»., Disconnect drying cycle rrom dishwasners.
f. Use microwave ovens.
*g, Use fluorescent lamps.
f. Change building systeas.
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4. Reclaim vaste heat from kitchens and bathrooms
using heat exchangers.

b. HRecirculate air through activated charcoal
filters.

C. PReclaim heat from area ventilation exhausts,

d., Circulate exterior air to the interior during
cooling periods.
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