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A. Preliminary Design Concept: Energy System
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ATH PROJECT
PRELIMINARY DESIGN CONCEPT

ENERGY SYSTEM
December 21, 1979

Residential Energy Demand

Obviously, energy required to run a single family dwelling is dependent on

some highly variable facters such as building type and configuration, location,
occupants life style, etc., etc. In spite of all the recent studies in this
area there is not much conformity between them as to what constitutes a
“typical" house, how much energy is needed (even in very round figures),

or even in the erergy units and definitions used. So comparisons are dif-
ficult. However, for the purposes of the preliminary design objectives of

the ATH, the following figures were assembled based on whatever relevant data
could be picked out of the reports surveyed and translated into a veasonably
consistent picture.

"ALL ELECTRIC" SINGLE FAMILY HOUSE
Typical Annual Energy Use (Kwh)

Los Angeles Seattle Phoenix Denver
Lighting 2,000 2,000 2,000 2,000
Appliances & Aux. Equip. 6,000 6,000 6,000 6,000
Water Heating 5,000 5,000 5,000 5,000
Air Conditioning 5,000 2,400 19,000 5,700
Space Heating 1,300 14,000 1,200 17,000
Totals 19,300 29.,400 33,200 35,700

These "educated guesses" for four Western city areas are based on a comfortable
lifestyle with the usual complement of appliances and household apparatus, in-
cluding a heat pump for conditioning and heating.

The "typical" house is assumed to be built to current codes and standards, re,
tighter than pre 1974 standards but neither as tight nor as in:ulated as contem-
porary technology allows (due to persistent emphasis on first sost considerations
over life cycle cost economics in the building industry).

The first three items (1ighting, appliances, service water heating) are pretty
much the same for all areas. Air conditioning and space heating are the items
strongly influenced by regional climate. The essential problem is not the actual
demand levels but the variations dueto diurnal usage patternc foi all items plus
seasonal demand for the space heating and cooling. The resulting cyclic demand
pattern will determine actual power capacities that must be provided for the
house.
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The other main complication with energy demand is the extreme spikes introduced
mostly by moter startups. These short term transients are usually smoothed out
for a utility line serving a number of houses. But for the individual house
they can throw a 10kw spike on, say, a lkw base load. This imposes some severe
conditions for on-site generation and storage components.

Demand Patterns for the ATH

Through design engineering and advanced technology applications the ATH will
enable substantial reductions in "normal" energy consumed by the house equipment
and systems. Also the designs should encourage further reductions by inhibiting
the extremely wasteful practices ingrained during the era of cheap energy. The
following are minimal design objectives.

1) Very substantial vrductions (up to 60-70%) in building energy demand
can be achieved with passive design methods. However, most of these
methods entail the use of heavy mass for thermal storage and directed
flows (as in Trombe walls for instance.) Heavy solid masses may not
be compatible with the light structural/mod.lar/flexible design
approach desired for the ATH, although water or eutectic salt based
systems may be feasible since conceivably they could be easily pump.d
out to enable easier arrangement than allowed by permanent concrete
or rock installations.

However, imaginative arrangement of interior spaces and high levels
of insulation should cut atrospheric conditioning energy by 30% for
heating and by 10% for cooling loads.

2) Infiltration and ventilation air exchange accounts for about 55% of
the heating load and 42% of the cooling load. A very tight house
with controlled inlet and exhaust air systems incorporating thermal
exchanges can recover at least 35% of the heating losses and 20% of
the cooling losses. These figures suggest advanced house design
engineering will cut heating loads by 0.55 x 0.35 = 13% and cooling
loads by 0.42 x 0.20 = 8%.

3) Automatic thermostat set backs can reduce energy usage without imposing
any hardships on residents. (In fact, slightly cooler atmosphere may
be heal&hier). In the heating mode, lowering ipterior temperatures
from 75°F to 68°F plus night time setback to 60°F can reduce engray
demand by 10%. In the cooling gode. if interior air goes to 80°F @

60% humidity from the normal 75 F@ 50% humidity the energy load is
reduced by 15%.

4) Typically,service hot water is maintained at 140-150%F to sccommodate
the intermittant needs of dashwashers and dryers. The bylk of hot
water needs require 105-115 F. Keeping hot water at 110°F, using
local heat boosters for the washers and dryers, and increasing system
insulation will cut hot water energy loads by 10%. In addition sensible
reductions in hot water use by flow reduction at showers and other out-
lets can cut heat energy waste by a further 15%.
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§) Advanced technology motors, controls and construction of appliances
and service equipment can cut appliance energy waste by 50%.

6) Lighting loads can be cut at least 40% using advanced design and
technology options.

Applying the above assumptions to the typical total emergy requirements for
the ATH gives the following:

Base Energy Demand for ATH (kwh/yr)

Los Angeles  Seattle  Phoenix  Denver

Lighting 1,200 1,200 1,200 1,200
Appliances & Aux. 3,000 3,000 3,000 3,000
Water Heating 3,800 3,800 3,800 3,800
Air Conditioning 3,500 1,680 13,300 3,990
Space Heating 730 7,840 670 9,520
Totals 12,230 17,520 21,970 21,510
% of "Normal" load 63% 60% 66% . 60%

The above results are derived solely from basic systems technology improvements
and do not include any allowances for on-site energy generation.

As mentioned previously, the crucial problem of energy supply is not aggregate
demand but diurnal, seasonal peaking and frequent high wattage transients. The
most significant effect of the design measures discussed above may well be the
smoothing of the demand peaks and the spiky transient profile. Evaluation of
these benefits will be made as specific design engineering for the ATH emerges.

Another interesting possibility is the psychological effect of residents taking

a more proprietary interest in on-site generated energy, compared with the utility
services. This could lead to further energy economics and reduced waste especially
if encouraged by judiciously located power meters and automatic weekly “energy
audit" print-outs from the home management computer systems. Simple measures,

such as reducing time refrigerator doors are held open for instance, may be per-
ceived as more meaningful in the ATH environment and have more impact than
impersonal exhortations for conservation of "anonymous" public utility power.

No references on this psychological effect was found in the literature surveyed
(though it was not specifically sought).

Counteracting some of the energy reductions will be additional electrical loads
for other systems and controls, communications/computer equipment, etc. Demand
for these items should not be excessive and will be included in detailed eval-
vations as the ATH design specifics develope. An exception would be if the

ATH included facilities for recharging electric vehicles which would obviously

impose greater aggregate loads on the energy system, although 1t might fit

well into the peak/valley demand profile so that overall power capacity may

not be greatly affected.

-3-
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A useful compendium of passive energy design consideration is attached as
Appendix I.

Preliminary On-Site Energy Concepts

The various configurations of direct solar thermal devices have two principle
advantages.

1) Efficient energy transfer for the space heating and hot water heating
functions, which are major energy users in some, though not all,
locations. (Refer to basic residential demand table previously)

2) There is much more operating experience with the solar thermal systems.
Also there are some drawbacks with all types of solar thermal systems:

1) Technology for solar heat driven cooling systems is complex and not
highly developed. This is a serious problem for locations where
air conditioning loads are dominant.

2) Installation of thermal systems involve non-trivial problems of fluid
plumbing or air ducting which may constrain or otherwise influence
house structural designs and layouts. Also these systems may be

somewhat restrictive for the flexible modular formats to te strived
for in the ATH.

According to current and anticipated technology developments, photovoltaic (PV)
systems are a more attractive option for the ATH for the following reasons.
1) The house requires electrical power anyway.

2) Electricity is a clean, "high grade" form of energy which can be
applied to any residential power requirement.

3) PV systems are potentially easier to install and subject to fewer
maintenance problems.

4) PV systems are easfer to plug together in various sizes and arrangements
of arrays.

5) Hybrid systems may be considered which advantageously employ electric
and heat energy from the same cell array.

6) The above reasons combine to make PV systems mor2 suited to the ATH
modular concepts.

7) PV systems are more in the spirit of the ATH project which is to
anticipate and explore advanced technology options.

-4 -
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Since 1974 there have been numerous in-depth concept evaluation studies of

PV systems for residential applications. Prime participants in these studies
included G.E., Westinghouse, TRW, Systems, Martin Marietta, Bechtel. In most
cases however, these studies were constrained in scope to consider only avail-
able technology and components and apply them to conventional demand patterns.
As a result, they all reached the same basic conclusions:

* Only lead-acid battery banks considered feasible for on-site storage.

* Conditioning of the PV array DC output to match 110 VAC, 60 cycle

1

{ne power.

* Not feasible to achieve demand/supply match for 100% on-site power
generation.

* The preferred system (a) had no on-site storage, (b) provided DC power

conditioning to 1ine power standards and (c) fed back excess on-site

power into the utility line.

Advantages claimed were:

1)

2)

3)
However,

1)

2)

3)

4)

5)
6)

Simplicity of direct tie-in to utility power.

Use of conventional electrical systems and wiring.
Full use of total output from the PV array.

there were many difficulties:

Systems required DC-AC conversion with significant power loss to the
inverters.

Inverters had to handle up to 10 kw demand peaks (for transients) to
prevent motor stalls.

Inverters, besides wasting some 15% of available energy in efficiency
lcsses, are rotary machines and subject to maintenance problems.
(Bechtel suggested semi-conductor power inverters as an alternative
to the rotary inverters). Adequate equipment was not readily avail-
able off-the-shelf and was expensive.

To supply input to the inverter, battery banks had to be sized to
deliver at least 120 volt DC.

Other power hungry regulating circuitry was needed.

PV arrays were constrained to deliver up to 144 volt power to the
batteries to meet changing requirements.
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7) Battery requirements ran as high as
* 10 kw power
* 30 kwh of storage
* 300 volt output
* 500 amp hour capacity
* daily duty cycles with varying depth of discharge.

This can be a high maintenance item with considerable danger potential
due to hydrogen evolution, acid leakage, etc.

8) There are problems of feediny power into a utility l1ine such as:
* reliability and quality of power matching.
* legal and institutional problems.
° rate/rebate charge

Overall, though technically feasible, significant generation of PV energy

on-site did not seem reasonable (at the time) with existing or immediately
foreseeable technology (even allowing for on-schedule cost reductions for

the PV arrays).

In retrospect, there are some curious aspects to these previous studies. In
one instance, for example, a conceptual system for a house in Phoenix could
displace up to 93% of normal utility power requirements with a PV array.

Yet the array output was converted to 120 VAC via an inverter with maximum
efficiency of 88% (probably more 1ike 80%) and at high cost (several thousand
collars). The possibility of directly using the DC output from the array
within the house, and rectifying the line power (much less difficult) for
occassional back up, was not considered.

In 1ight of current technology developments and in keeping with the future
orientation of the ATH it is appropriate to investigate the following con-
figuration for on-site energy generation and storage.

1) An optimally sized PV array to deliver at least 80% of house total
energy needs. Heat pumps used for primary space heating and condi-
tioning.

2) House and systmes wired for DC power to directly use PV output and
avoid expensive conversion. (DC current/voltage standards to b
determined). . :

3) Use of a REDOX DC power storage system.
(A description of the REDOX concept is attached.)

-6 -
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4) Rectification of the AL 1ine power to provide back up power to the
house system as required. (Preferabl{'under computer control to
enable off peak changing from the AC 1ine).

5) As appropriate, use array cooling system tc increase PV efficiency
and provide thermal heat for house use. ( fe.a hybrid system).
There are a number of implications to be explored in this concept.

<e of DC house power shouldn't be difficult (in an earlier age thats all
there was). For resistive loads (fe heaters, incandescent lamps, etc.) there
may be significant overall gains in power efficiency and component 1ife com-
pared to using AC power. Appliances and motor driven equipment would have

to be refitted with available DC moters. Timers, clocks and regulators which
depend on a stable 60 cycle power source would be replaced with quartz crystal
mechanisms. Some DC power could be conditioned to AC if absolutely necessary
using the 60 cycle line as a reference. This might be useful for flourescent
1ighting for instance,but an initial impression is that such a step would be
an unjustifiable complication compared with any likely benefits.

Irrespective of whether a REDOX unit or lead-acid cells were used for storage,
using DC house power removes some severe constraints on the PV array/battery
design interface since it is not necessary to supply voltage and power at
levels needed for conversion to 120 VAC line power. House voltage can be
optimized to suit the dynamics of the voltage/current curves of the array

and the charge/discharge characteristics of the batteries.

However, a REDOX unit is likely to have many advantages;

1) More flexibility in sizing charge capacity and power supply to suit
the combined needs of the PV array and house energy demand.

2) Llonger life expectancy (20 yrs. v. 5-7 for the lead acid cells).
3) Lower cost (ultimately).

4) Low maintenance requirements (built in, automatic trimming and
rebalancing).

5) Much safer system (no hydrogen evolutio and no strong acids used).
6) Higher energy efficiencies over each in/out charge cycle.

7) No problems due to fast switching from charge to discharge (eg.
momentary cloud cover interupting insolation of the 1rrayg

8) Good response to short term transient demand spikes.
A private phone conversation with an engineer on the REDOX program indicates

that a suitably sized unit for the ATH could be possible within 18 months-
2 years. Depending on further analysis and expert opinions (to be gathered)

-7
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it may be advisable to urge an accelerated effort in view of the superd
opportunity to demonstrate and test the REDOX principle in the ATH. If
this is not feasible, a REDOX could be installed as large as available

at the time and backed up with a "black box" of conventional batteries.

Another prime advantage in using either REDOX or conventfonal batteries is
to use the storage bank as a load levelling device for utility power. That
is, computer controlled house load management would enable off peak, night
time charging instead of using utility back up power during the day. This
will be important for installations located in areas where mean isolation
levels cannot support house energy demands.

At this point it does not seem appropriate to consider feeding back excess
power to a utility line unless unusual circumstances prevail. The institu-
tional problems raised are interesting and challenging but involve issues
largely beyond the control or scope of the ATH project. As such they should
rightfully be left to the analysis of much larger, regional systems. None-
theless, knowledoe and experience gained from the ATH sfized system will
unquestionable be of great value to such larger scale analyses.

Since it would be necessary to engineer a complement of appliances and
machinery to accommodate the JC house power in the ATH it would be beneficial
to explore the possibility of reducing transient peak loads from motor start-
ups. For instance, is it feasible to program moter starts under no load
conditions them gradually apply the load via a controlled clutch device?

Or will a REDOX unit make this sophistication unnecessary?

Addendum

The concept of the ATH involves a high degree of self-sufficiency in power,
water, and sewage systems. This is in direct contrast to the highly centralized
utility systems concepts in place today. It is bewming more evident that in
future years the optimum point will be found somewhere between these two extremes.
Though perhaps technically feasible, it is not necessarily desireable or ecoirmnic
to establish entirely independent house units. And in-place central utiiity
systems, which must yet be amortized over many more years, are subjecc to
unacceptabls inefficiencies. (For instance, consider that only one-trird or
less of a given fuel energy content reaches the house as electric power). The
ultimate technological solution is 1ikely to be some form of Modular Integrated
Utility System (MIUS) which combires utility functions of water conditioning,
sewage and waste treatment, power generation in one unit serving a local
community. Ultimately, it will be interesting to develope a community test

site on the scale of Reston, Virginia, for instance. In the meantime, the

ATH will provide valuable data for assessing the merits of these ccncepts.

It is on such a scale that energy generation alternatives such as wind power,
gas generators, etc. are likely to come into their own. For the foreseeab::
future these alternatives do not appear to fit well into individual urban/
suburban house units, (with obvious exceptions in rural areas for example).

Wind power, in particular, is very dependent on local terrain and microclimate.
The generators need clear air space as much as 40 ft. above surrounding objects
vhich makes them visually obtrusive. Also, they are much more efficient at
large diameter rotor sizes. Therefore, these systems do not seem to provide

a prime option for the ATH at this time.

-8-
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REDOX

NASA

National Aeronautics and
Space Administration

Lewis Research Center

“ A unique energy-storage system

called REDOX, * developed at the NASA
Lewis Research Center, Cleveland, Ohio
under a program jointly funded by the
U.S. Department of Energy and NASA,
offers the promise of major cost reduc-

tions in the storing of electrical energy.

*REDOX is an acronym standing for
Reduction Oxidation, a term commonly
used in battery technology.

200-watt REDOX DEMONSTRATION

REDOX systems in the kilowatt range
can soon contribute to speeding the
growth of solar-electric (photovoltaic)
and wind-energy systems where the cost
of electrical storage has been a major
drawback. (Storage is necessary for
the times the sun isn't shining or the
wind isn't blowing.) At one-third the
cost of conven.ional lead-acid storage
battery systems now in use, the REDOX
battery system will make solar electric

* e

SYSTEM IN ASSEMBLY STAGE
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and wind-energy units much more prac-
tical and hasten their contribution to
our nation's energy supply.

For utilities, the new NASA system
could be scaled up in the next several
years to provide electric power com-
panies with an efficient means of load
leveling - the storing of thousands of
kilowatt-hours of energy during low de-
mand periods for use later during peri-
ods of maximum power consumption.

Economical, efficient energy storage
should eliminate the need for relatively
expensive and less efficient standby
generation equipment. Since standby
generators are usually oil fueled, not to
use them would help ease the pressure
on this critical energy source.

HOW REDOX WORKS

The heart of the REDOX system is a
combination or "stack" of flow cells.
Chemical energy is converted into elec-
trical energy when two reactant fluids -
chromium chloride and irun chloride -
are pumped through the stack. In each
flow cell, the fluids are kept separate
by a special membrane developed for
NASA by lonics Inc., Watertown, Mass-
achusetts. The membrane prevents
chromium ions in one fluid from mixing
with iron ions in the other fluid.

TYPICAL REDOX STORAGE SYSTEM

Smaller chlorine and hydrogen ions in
the fluids, however, can pass freely
through the membrane and transfer
electric charge, producing a net flow
of electric current through two inert
carbon electrodes.

| ~~ INERT
ELECTROOE

~~ SELECTIVE
MEMBRANE

REDOX FLOW CELL



As the fluids circulate through the
stack and electrical energy is withdrawn
from the system at the external connec-
tions to the electrodes, the net electro-
chemical energy in each fluid is depleted
until the system is fully discharged. To
recharge, the fluids are simply pumped
through the stack again but with elec-
trical energy supplied from an outside
source.

The basic electrochemical process in
the REDOX system is not new; itis a
simple reversible reaction known to
high-school chemistry students. When
electricity is being generated, chromous
ions produce electrons and are oxidized
to chromic ions. Ferric ions accept
electrons and are reduced to ferrous ions
The process is reversed when the sys-
tem is recharged.

CHROMIUM IRON
CHLORIDE (i) CHLORIDE
Discharge Discharge
cr’z — Cr’3 + e Fe+3 + e- e Fe’z
INERT [ ~~— SELECTIVE

ELECTRODE —~x. MEMBRANE
Charge ’ Charge
Cr*3 +e = Cr*? Fet2 - Fe*d 4 ¢

|

BASIC ELECTROCHEMICAL PROCESS

The basic reactants can be used indeﬂn-.
itely. Only 1 percent of the system's
energy is consumed in operating the
circulating pumps, and 75 percent of the
energy used to charge the system is re-
turned on discharge, an efficiency com-
parable to conventional batteries.

REDOX VS LEAD-ACID BATTERIES

The lead-acid battery was devised
over a century ago, yet the chemical and
physical details of its operation are still
not fully understood. During recharge,
the solid lead compounds on the battery
electrodes do not always return com-
pletely to their previously charged state
and condition, and some lead solids fall
away from the electrodes. This loss of
active material means a3 permanent de-
terioration in the battery's electrical
capacity, and ultimately the battery is
ruined. ’ '

In the REDOX battery, there are no
solid compounds formed. Flow of re-
actant fluids is uniform through all cells
that make up the battery. The life-
limiting component is the membrane ma-
terial separating the reactant fluids.

' Based on accelerated tests, NASA Lewis

estimates the useful life of its present
membrane materials at 20 to 30 years.



Another important technical advantage

over lead-acid batteries is the ability to

yeasily monitor and correct at the system
level for changes in output voltage and
total storage capacity without interrupt-
ing system operation. Best of all is the
flexibility to size the stack and storage
tanks independently to yield the best
system characteristics. Stack size and
number are chosen for the power (watts)
to be delivered at any one time, and
storage tanks are sized for the energy
(watt-hours) needed for the time period
between recharge cycles which can be
days, weeks or even months.

WHY UTILITIES ARE INTERESTED
IN REDOX .

The benefits of REDOX systems for
decentralized solar electric and wind-
energy systems are simple to explain.
These systems are fairly small in scale,

and are usually isolated from utility power

lines. REDOCX systems would offer a one-
for-one replacement for present lead-acid
storage systems at greatly reduced costs.
Utilities are interested in REDOX be-
cause it would permit efficient load level-
ing, as stated before. Other storage
schemes to date are too site specific and
costly. As an illustration, some utilities
have created energy storage by using

off-hour excess electrical capacity to
pump water into elevated reservoirs and
then regenerating power hydroelectri-
cally with this water to supplement capa-
city during peak demand periods. An-
other possibility is to fill underground
caverns with compressed gas that can

drive turbogenerators when needed.

10 kilowatt - 500 kilowatt-hour REDOX
SYSTEM SOLAR ELECTRIC
APPLICATION

Both schemes require large capital
investments. Many utilities don't have
the right terrain, a 300-foot change in
elevation for pumped hydro, for exam-
ple, and very few have access to cav-
erns. Also, if the storage is remote from
the primary generatign facilities, a new
and costly major transmission line will
be necessary. Furthermore,
transmission-line power losses can be



as much as 10 percent when electricity
is "shipped" more than 75 miles.

Another solution is to locate smaller
power storage facilities at several re-
gional utility substations. This way,
peak demands can be met locally, in-
creasing the utility's power-deliverl'ing
ability without upgrading IB transmis-
sion lines. REDOX would be ideal for
this application. Utilities speak of
savings from decentralized power as a
"transmission credit"; the savings from
not needing to upgrade transmission
lines pays for the costs of adding dis-
persed energy storage.

An energy storage system like REDOX
would be of greatest value to utilities
that generate power from coal or nuclear
energy. These units operate most effi-
ciently at a steady output or base load,
and they generate the cheapest electri-
city other than hydroelectric systems.
REDOX energy storage may also help
small metropolitan systems that pur-
chase much of their power at complex
rates dependent on peak demand. By
purchasing power at nonpeak rates and
storing it, they could reduce their costs.

In summary, REDOX may indeed ke
expected to have a major effect on "ow
our nation uses electrical energy.

ELECTRON UTILITY SUBSTATION APPLICATION
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8. Informed Opinion on Photovoltaics
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INFORMED QPINION OF PHOTOVOLTAICS *
The present operating efficiencies of the solar cells themselves is approximately
14% to 15%. That is, approximately 14% to 15% of the sunlight which falls on the
solar cells is directly converted into electrical energy. The large remainder is
used to heat the cell with some of the excess energy taken off by winds in the outside
environment. However, when the solar cell is encapsulated with some sort of potting
material or behind a glass surface, the overall efficiency of the cell drops to
approximately 10%. If one also considers the fact that the solar cells do not cover
the entire area of the panel on to which they are mounted, (called a module) the
overall efficiency of the module drops to the order of 6% to 7%. Consequently, if
photovoltaic modules are mounted on a roof of a building, it may be assumed that
approximately 6% to 7% of the solar energy falling over the area of this solar array
will be converted into electrical energy. Stated in another way, if we assume that
the solar insolativn rate is approximately 1kW per square meter, the available
electrical energy we may obtain from the photovoltaics would be approximately 60 to

70 watts per square meter.

In the future, the anticipated efficiency of the individual cells is to be raised

to a value of about 18%. Impravements will also be made in the mounting of the cells
to the module to make better utilization of the space. In some modules designs, it
may be anticipated that ihc overall efficiency of the module may approach approximately

the efficiency of the encapsulated cells.

The current cost of a 10Kkw buy would be the order of 10 to 15 dollars per watt,
depending on the particular organization and timing of the buy. In addition tu the

cost of the photovoltaic modules, there will be additional cost for mounting of the

* Submitted by Dr. Gilbert C. Yanow, Jet Propuision Labs, Inc.

Pasadena, CA.
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modules to form the array on the roof of the house. This cost might be the order of
two to five dollars per watt additional. At the present time, delivery time is also a
problem. Current delivery schedules for this size buy are in the range of four to
five months. The wisest design procedure would be to incorporate the photovoltaics
as part of the roof structure. In this case, the additional cost for supporting

the arrays, would probably be absorbed in the cost that would be allocated for the

actual roof structure itself.

In addition to the photovaltaic modules themselves, there is a need for other support
systems. In the most basic designs, these support systems would be (1) a charge

control system, (2) an energy storage system, (3) possibly some sort of power ‘
conditioning system that would either allow the operation of the AC equipment or

the interfacing into the AC grid network, (4) Possibly some sort of energy management
system which would not allow the energy storage system to be drained beyond some

crucial paint, and (5) possibly some sort of auxiliary input to the storage system

to be used in the case of insufficient solar energy. There is also a possibility for
some sort of maximum power control system. That is, a method of varying the resistive
component of the load which the photovotaics see to maximize the energy output from

the photovoltaic modules themselves.

Photovoltaic installations require the same engineering principles required with any
other solar installation; that is proper orientation of the cells, proper tilt of the
cells, proper sizing factors, etc. It is the opihion of the author that when

dealing with photovoltaics, it should not simply be "business as usual” in relation
to using electrical energy. That is, one should not have the same wasteful electrical
energy habits that govern our lives today in this future photovoltaically powered

home. There should be a program to develop special high efficiency DC electrical

- appliances. - The use of low efficiency AC motors should be minimized. 'Energy

mangement systems shaould be instituted into the home to mininize the waste of electrical
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energy. The use of DC power will entail a campromise between wire size, current demand,
and voltage of the storage system may have to be determined. It is hoped that a
voltage low enough to allow additional features of safety might be instituted. A

possible compromise might a 24 to 32 volt systems.

The National Photovitaic program is aiming at having a much better availability and
lower cost of equipment by the middle of this current decade. The published aim is
to have the cell modules themselves at approximately 70¢ per watt by 1986 with
installed costs, i.e., a module installed on the roof, at approximately two to three
dollars per watt. This goal may not be obtained. From discussions with the
industry, it is anticipated that a real world price at the mid 1980's might be

2 dollars per peak watt modular cost. At the present time there is a shortage of
high grade silicon, the basic building material of the photovoltaic cell. Resolution
of this problem will have a bearing on the aailability of the materials over the next
few years. The industry and government are facing squarely up to this dilemma and

it is anticipated that availabilities by the middle of the 1980's should at least be

no worst and perhaps better than the present time.

As stated, the present availaoility is at approximately four to five months wait. There
is about one half dozen suppliers available to chose from in the Western Region of
the United States.

Critical design areas would be how these will be fitted into the current structure of
the roof, taking into consideration the design features such as heating and expansion
of the modules at a different rate than the rest of the roof structure, possible

cleaning mechanisms, sufficiently durable surfaces to allow walking on the roof as it

is now done, and protection from vandalism. Some effort should also be devoted to

.methods of wiring the modules tcgether to allow for maintenance at a larger date and

possibly monitoring of the equipment via small computers. The presert reliability

of modules is still being improved upon. Modules in todays market have designed life
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times of approximately ten years. By the latter part of this decade that design figure
should be increased to a period of twenty years. On the whole, photovoltaic modules

that have a metal backing with a glass facing seemed to stand up well over a long period
of time with minimum failures. There aiso seems to be very 1ittle correlation between
the way a photovolta?c module may look and the way it may electrically operate. Some
modules that look like they are badly damaged still seem to function at a very
satisfac.ory rate. The problems of failqre and poor reliability have been primarily
evident in modules that are made of plastic or use a plastic type covering. The industry
is turning away from this design and these problems should not occur in future products

Another critical feature of photovoltaics systems, especially mounted in the normal roof

of the structure, will be the cooling system of the cells. As cells continue to heat, their

efficiency falls off. The normal operating cell temperature of photovoltaic systems is
usually in the range of 50 to 60°C. As the cell temperature is increased, there :are sub-
stantial drop-offs in the power output of the photovoltaic module. If the modules are
mounted in such a way that the backside of the photovoltaic system is allowed to over
heat, efficiency may drop-off. Consequently, designs might be required that will allow
a natural air flow above and below the photovnitaic modules while having insulation

below this air channel to limit lost or heat input inio the home proper.

The servicing and maintenance of the photovoltaics should be minimal. If the systems are
perhaps over designed by 15%, there could be long delays between requirements of washing
the photovoltaic system. If the average rain fall of the area is good, nature may be
able to accomplish this task with a minimum extra input by man. There may be servicing
requirements involved with thr. other support systems of the overall photovoltaic system.
as might be expected with any electronic device. After any initial “teething operations"

the systems should be relatively maintenance and service free.



"

There are safety factors associated with Photovoltaics as with any other system. Many
of these factors are simply associated wtih the mechanical way of handling and
installation of the photovitaic modules. If the systems are kept at low voltages the
electrical hazzards should be minimal, perhaps even less than the normal electrical wiring
of a home. There should be care given to minimize any possible short circuiting of
wirei. Although the voltage may be operating at a low level, there is a possibility of
rather high currents, and if these occur under short circuit conditions, electrical
fire as with any short circuit might.occur. A possible environmental impact on the
homes in the area might be the reflection of sunlight from the glass surfaces onto
structures surrounding the home, a problem not unique to photovoltaic systems, but
common to many solar system. This might require the addition of parapits or other

structures that will simply be used as a shade from the reflected light.

If the aim of the ATH is to truly show advance technology in the home market, and the
ability and advantages of using alternative energy sources wisely, it is practically
unthinkable to build this home without the addition of some photovoltaic system.
Photovoltaics is a child of the space age and is now being "educated" to allow its
entry into the normal everyday real world. By the time of the opening of this project,
it is quite possible that photovoltaics will be many steps closer to commercialization
on the American market. At the present time this is realized in remote applications.
That is, if an appliciationis in an area where the electrical power source must be
supplied by the continual replzcement of batteries, use of fossil energies, or some other
continually maintained source, the application of a photovoltaic system is very cost
effective. Such systems are presently finding great utility in areas such as the
microwave system across New Guinea and in the Northern parts of Australia. The major
disadvantages of photovoltaic systems at this time have been the lack of acceptable

- storage system that the average home owner could use and the lack of the ﬁvailability
of power conditioning equipment to be used on a large scale photovoltaic grid inter-
connect scheme. The utilization of redox storage system which the ATH project antici-

pates, might be a significant step forward in the area of energy storage with photovoltaic




systems. There is great interest at the present time in signal conditioning and inter-
connecting with grid systems. Consequently it should be anticipated that this equip-

ment will be available in the not to distant future.
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Executive Summary

The analysis described in this report was undertaken in order to estimate
sizes of the photovaltaic array and storage system needed for an ATDH of
nominal 2500 ft2 living area located at NASA-ARC. Observations and conclusions
are as follows:

1. A PV array of 120m (1290 ft2) will provide approximately 81% of the
normal house energy loads over a one year period.

Annual load (kwh)

Lights, applicances 6278

Hot Water . 3796

Heating 2785

Cooling _287
13146

Direct usable energy

supplied by array - 10648 = 81%

Overgeneration (approx.) 290

2. A REDOX unit rated at 5 kw and 40 kwh capacity would supply all average
daily loads 97% of the time. For this 97% of the year utility back up
power could be drawn during off-peak periods at night. During the
remaining 3% of the time it may b2 necessary to draw line current at day-
time grid peak periods unless specific conservation adjustments were made.
(Slight shifts in normal times of appliance use, for examﬁle.)

REDOX output would be a nominal 140 vdc @ 36 amp max to the inverter.
The inverter would be rated to deliver 5 kva at 110/220 volt AC, 60 cycle,
line commutated power.

3. No allowances were made for other high energy systems likely to be displayed
with the ATDH since such systems have yet to be engineered and insufficient
data is at hand. Yor instance, an incinerating device for dispersing of
toilet, food and grevwater sludge waste might consume at least 5 kwh per
day, a 14% increase in annual house demand. However, since energy consump-
tion for this purpose could be scheduled for hon-peak demand periods it
would not require increased capacity for the power systems. But it would,



of course, reduce the 80 % on-site energy production objective. There
would, of course, be many ameliorating, house related and community
benefits to justify increased on-site energy consumpiion for a sewer-
less house.

A basic assumption in the analysis is that maximum direct use is made of
energy generated by the array. This implies, for example, that any
nighttime "topping-up" of the REDOX with 1ine power would be predicated
on next day solar output. That is, the REDOX would not be fully charged
from the line if that were to cause load shedding (or feedback to the
grid) due to a full REDOX during sunlight the next day.

It is feasible to consider a power control system which could accept
data from a tie line to Moffett Field NAS control tower. Arrangements
could be made for tower personnel to supply appropriate forecast data
from the daily aviation weather reports. These data would be used by
the decision mechanisms of the control unit to accebt only the optimum
amount of topping-up power from the grid each night.

A parallel input channel to the power control could also accept
householder supplied data on hnticipated house activity changes (chang-
ing requirements due to houseguests or vacation periods, for example).

The primary value of such a system is that it reduces to a minumun
the wasteful transmission, back and forth, between the REDOX and the
grid. Estimation of the economic cost/benefit ratio should be made as
soon as a suitable computer simulation package is available for detailed
analysis.

As far as is know ,such a forecast-based power control system has
not yet been proposed or demonstrated. If justified for inclusion in
the ATDH,it would therefore be a major demonstration of an innovative
application of household management computer systems.

Clearly, a computer simulation package is needed for detailed study of
ATDH systems and related engineering design. Efforts should procede to
acquire or enlist such a capability as soon as possible. Apart from
systems evaluation, such a program package will provide a base for
devising innovative computer-controlled animated video sequences to
display in a compelling way the highly complex dynamics of energy flows
within the ATDH.



I. CLIMATE DATA FOR MOFFETT FIELD LOCATION

It was necessary to construct typical day temperature profilés for
the Moffett Field location based on the monthly max/min statistical data
shown in Table 1. This was done as follows:

1. Months were lumped into three “seasons";

WINTER = NOV, DEC, JAN, FEB
SUMMER = JUN, JUL, AUG, SEP
SPRING/FALL = MAR, APR, MAY, OCT.

2. Average MAX/MIN temperatures for the season groupings are:

AVE MAX AVE MIN
WINTER B F 437 F
SUMMER - 74° F 55° F
SPR/FALL 67° F 48° F

These temperature ranges are assumed to prevail 80% of the time
for each season.

3. Within each season a typical low daily range and high daily range
was assumed each of which would prevail 10% of the time.

LOW RANGE HIGH RANGE
WINTER 35 - 51 51 - 69
SUMMER 50 - 65 65 - 86
SPR/FALL 41 - 58 48 - 79

In this manner, nine daily temperature ranges were defined con-
sisting of three seasons each containing typical daily iow, ave-
rage and high ranges,

4. A diurnal temperature cycle was defined as shown in Figure 1.
This was used to estimate the hourly temperature distribution
for each of the nine typical days used to define the annual
temperature pattern.

The results are displayed in Table 2. Average temperatures are
shown for each period throughout the day. This cuts computational work-
load and provides some smoothing of the data.



TABLE 1 '
Climatological Data for Mountain View (Moffett Field AFB)

Latitnde: 37°23° Longitude: 122 0)* Blemtion: 3°
Jsa Fedb Masr Apr May Jun Ji Aug Sep Oct Nov Dec Anmnwal
TEMPERATURE!"F) :
pos— 4 |2 3} ? 9 |6 o (11 1] a 1) so | ss
36 2 56 S | | |n 13 i £4 2 A2
svenge daily T 2|8 |8 |8 |#[2 |8 |7 |& |3 |€ |4 |8
extreme ot 1 113 i3] n » 3 33 7 | 2% 2 2 I8 |10
mn 21 |26 30 1 B | 43 Y] sl » 29 7 21
DEGREE DAYS *
heating (bue 65°F) sa9 oo |37 2 |1es | 78 n 3 s? 169 | 342 |[s1e  [29e9 .
cooling (base 65°F) ° [ ° []  |& 6 S8 LY ° 0 ° 2%
WIND
Mesn speed (mph) Y . ? ? ? s ? ? 6 [ ) . ®
-oMax. speed® (mph) o | s 40 “ e » 3% 3 53 s3 (2 ("
Prevailing direction st |st we [on ow r:u rm ru rn r-u sz o |ow
FREEZE DAYS PER MONTH [ 1 ©.9 Kko.% 0 L L L ’ L 2 s
PRECIPITATION (in. walev) » o
Fversge 2.9 {19 |19 |1 0.4 |0.1 T T 0.2 [o.6 J1.7 2.5 | 1.3
max 2.3 |18 |13 |12 0.7 |o.¢ o3 Jo.z2 |2.0-]2.5 J2.8 | 2.2 | 2.8
_— \
RELATIVE HUMIDITY{")
& . 8s |8 2 3 83 ) En . Ez 1 8 8
1m o 16 3 7 58 8 2 1 S [} 67 60
® Pesk gust speed.
* Data for Palo Alto Jr. Museum J7°24'N 122° 08°V Elevactiom 23°
Source of clizatological data: ANS climacic summary.
o » i FreopEe 1L e e
—— P S——— - e & I, 2. o st i s B St
UL L DIVRNARL _TEMPERRTURE CYCAE . . . . L+ Lt
| ' | | H { 1
: : o o b} g b et
T T— ! ' :

73 rii
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MIN S
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r — 2 : 12N
2M 12N 1xn ORIGINAL PAGE, 18 .
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ZI. #ssomprrens § avayssis FoR RATDN
SPACE CONDirionn g AORDS

A, HOUSE MoREL _FoR _ATDH' AT rerfrFérr Fieap

ASSUME B MOMINAK RECTANGULARR RIVING SPACE TO0Frx 36 Fr = Qhso rFrt

Sovrn FRCnE WINDOW AREA = 68 Frt
Aew-SovrH ORIENTED WinDpows =_LS9
TeTAL W/nDOW RARER = 227
ToTHL AREA OF Dooks = &4
SOLID NALA SURFACE =)579

ToTRA EXTERIOR WAL SVRAACE = ]8990 L7l

A DY 7 VES @

PARAMETIRIC. VAKVES USED IN THIS ANALYSIS WeERE DERIVED Fréom

DATA ConTRINED IN PSHRAE HRNGoOKS , THE Mmimim ENERCY DWENE

Wo K Book R 4‘ ANUMEROUS OFHEN LREPLIRTS OF MDURNCED CONCEr T

RESIPEVCE STUdIEs,

/. SowrD WAAKS PRE RI? SramnoRrd wirw Axé Srvds Ar K’ spmcnis,
Ug = dOC3 STV MR OF . prt

L. W/MDeiws ARE L CARAZED Witk INTERNAL SHADE S,
Y, = .Gso

3. DoCRS ARE STEEA FRCED FOAM CopRE,

"a = ,/06

4. CEIWES ARE K30 STANDARD
G, = 045
& FLCOKS . ASSOME FULLY /NSULNTED Cowc KETE S4RB — MO BASEMER'T,
1 (CACLE ConpiCimwcE COr i1 T

O CVERNALA ENERCY CondUCTION RRTE [FoK B /4 Divg
Q= (oCs)Xrs77)+(ols)227) +( 106X 84) v ((0hsS ) 2450)
= 8731 E7¢/npF




D, VENTIKATION KHERI LOSSES
ASSUME DEMAND CoONTROARED VENTILATION @ PVE PATE OF 0.5 IR CHANGES /yl
Vokvome = Q4so0x §x 0.8 = F8o0 "’73/’”P
AIR DENS 7y = 075 LBJFTS
WERr conrEny %= 240 BTULB: °F
& POTENTIAL HenT hoss = 9800w .05 % .40 = /7€.4 6TV e -~
ASSvmE 3075 HEAT EXCHANGE [Ecovery
. EFFEerive MERr koss = @, = .70x 176.4 = /335 trU/He- F
£ INVTERNAL ENEREY ConNrRIBOr/on s
(870 /48)
Svmnes _WINTER
LEOILE. Foo foo
Lr6ars § RPPAIANCES 900 * aroo®
ToTAL /700 29ceco
X Lo NCIPLE DIFFEREVCE DUE 7O VENTING CONDENSER CoInS ©F
KEFRIGERATORS | ETC. TO INTERIOR SPACE IN WINTER [oR NET MHERT GAN
g 7o EXTERIOR v SUMMER To REDUCE A/ AORD.
. DES/GA ACADS FOR HERT pPOMP

/. HERTING INTERIOR TEMP. (S F
EXTER0R TEMP 35 L = ASHRRE J97% Cowdiriow FoR
SRV ArRApCISCO MIRPORT,

373./[65'—.75-) W, 193 &rv/we
223.5(¢s-35) = 3,708

MAY. CondvCrioN AKoS s

MAX VENTIArien LOSS

"

LESS  INTERNARL ConIRIf. =~2,9c00

MAX MHERT ACARD = 1,998 Kra//ﬂ?



F. (conrinved)

2. COOKING : INTERIOL (® 75 “FOB , S076 REL.MHUM ( 62°Fwaz)
Exreewor® 83°F08, go% ek hom. (78°Fwe)

= ASHRRE 99R LonDITION SOk S FERNCISCO JIRPORT

(a) ConDuCrions AoRD = 373./(?3-75-) = 775 KTU/MQ

(6) /wreenss Lomp = * f700 Brv/am

(e) mrnrRarion (Vewr.)
ENTiarLy OUTER < 4/ J’rﬂﬁa
ENTHALPLY INNER = XE 8)"0/4.0
PIR MASS = 9g00(.075) = 735 43/‘/4’

wepr hord = 735 (4s-38) « 9SSS Bru/me

(a’ ) W/wdows.

Sourk FReInG RRER = 6% Fr?
TRANS M rTANCE » , Bo

INSohATION (WorMAL 70 Wiwpew) = 8O FrofFre ure

HERT fornD = (Sx 80r O.¥0 = A/ 353 87¢ /M€

(@) +() + &) +(@)
R7FS 1 /700 + 9SS + 4 3SR
/8,598 B7¢ /1R .

DESI16NV MAX Co0iiNGe LOAD

"

StmmpRry DES/EN AIRX AOHDS
HERTING c 1,998 &re/wk
COOAING = /%,59 876'///(
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G. HERy Pump SELECTION

THE SMAAKESrT UNIT FOR WHICH DATA WAS CONVEWENTLY RAVRAIABLE

WAS TME GE WEmrwepwRow ¥ BWCOI4 T RATED Ar 4 500 Srofhe

FOR Coosine & S 000 Brv/mne MNERTING.

LERFoRMmANnC & DRI A

CIWVEN LELi0w

PERFORMANCE DATA COOLING
(ALL CAPACITIES ARE NET WITH INDOOR FAN HEAT ALREADY DEDUCTED)

BWC024B AT 800 CFM
.D. LD, TOTAL CAP. AT ENTERING D.B TEMP, P, |
[88: Pa. TOXA“ SENS CAp, AT ENTERING DB TEMP. COME. ADP.DEW !
59 239 197 212 228 240° 243° 26 45,7 COR ows.
8s 3 32‘53 ;ag ;za ;:: . 33; 3” ;; é:; - nf.’.'u‘uﬁ’.‘,".? ..,"2:.°.I.”E.".‘.‘.""‘
7 22.7 9.7 109 122 135 4.7 © 28 56.3 %erALLog” 700 800 goo
59 233 195 211 22.6 35 239 27 48.2 SENS. CAP, ' v Al o o
90 gg 3:; ;;: };3 }gg %&g zu ;: 4‘:; cou:'n. KW :3233 :3288 :}23?
7 274 98 108 121 134 147 33 sss | A°" S .
59 226 192 208 22.4 0° . g
o 8 ;ﬂ }%Z };} }g; %é‘ E 33.: ;: :'a; VALUES AT ARI RATING COND:!YIONS
i g : ; 179 30 53.8
7 26.9 94 107 120 133 14.6 EX ] 57.4 :?:'ALLOP&ET .c&r#:';rv = 25500 BTUM
59 218 189 205 21.9* 224° 228° 29 47.2 APP. DEW PT, = 53 8 DEG, F
100 :; gz: ;u 16.9 184 199 21.4 3.0 50.8 cownsssoh’ro*h‘en‘-céno WATTS
e 249 22 136 150 16.4 17.8 3 54.4 1.0, FAN POWER = 215 WATTS
¥ 9.1 108 1.8 131 14.4 32 57.9 0. 6! FAN POWER = 415 WA
59 210 185 201 21.2° 21.7* 221* 30 4.7 TRV ST PATIE = LU RVIATY
105 63 226 151 16.6 181 196 210 3 51.3
67 241 119 133 147  16.) 17.8 3.2 54.9
7 25.7 89 102 1.6 129 14.3 33 585
59 190 176  191°  196° 201° 206° 2.2 489 *Dry coll condition (Tot. C
15 63 207 144 159 17.3 ; ¥ X ) - Ao Dow P vehd et o6
67 224 113 127 141 }g.: 39:3 gig :3“.? (1) Comp. KW & App. Dew FL. vallg wet' ey

PERFORMANCE DATA HEATING

CORRECTION FACTORS-OTHER AIRFLOWS

(Value at 800 CFM Times Corr. Factor =
Value at New Airflow)

AIRFLOW 700 800

900
HEATING CAP. x0.980 x1.000 x1.020
COMPR. KW x1.025 x1.000 x0.975

VALUES AT ARI RATING CONTIONS OF:
47/43.70 (High Temp, Point)
17/15-70 (Low Temp. Point)
AIRFLOW =300 CFM
HEATING CAP, (High Temp.) = 25000 BTUH
HEATING CAP, (Low Temp.) = 14500 BTUH
COMPR, POWER (High Temp,) = 2770 WATTS
COMPR,. POWER (Low Temp.) = 2170 WATTS
COEFF, OF PERF, (High Temp.) = 2.2
COEFF, OF PERF, (Low Temp.) = 1.5
OUTDOOR FAN POWER = 415 WATTS

BWCO024B AT 800 CFM
L HEATING CAP, (BTUM/1000) AT | TOTAL PO'VER IN KW. AT
0. IND. INDOOR D.B. TEMP, IND. INDOOR D.B. TEMP.
TEMP. 60 70 75 %0 60 70 75 80
-8 16 69 65 6.2 19 20 21 21
-13 83 76 12 68 20 21 22 22
-8 91 84 B8O 76 21 22 23 23
-3 102 93 89 85 22 23 24 24
2 114 105 100 9.6 23 24 25 25
7 127 W7 2 107 24 26 26 27
12 140 130 125 120 26 271 21 28
17 156 145 140 134 27 28 29 29
22 173 162 156 150 28 29 30 30
27 191 179 1723 167 29 30 31 A
32 210 197 191 185 20 31 32 33
37 229 216 209 203 30 32 33 3a
42 247 234 227 220 3° 33 34 35
47 264 250 243 236 32 34 35 36
52 279 265 258 251 34 35 36 37
§7 291 2718 211 264 35 37 38 39
62 298 285 279 212 36 38 39 40
67 2300 289 283 217 37 39 40 41
72 301 290 285 279 38 40 41 42

INDOOR FAN POWER = 215 WATTS




M. ENERCY DEMAND Fok SPACE CowdiTIONN G

DESIEN FOR INDOoR TEMP MINIMUM OF 6§ °F DUBING NEARTING SEAtown
LAXIMUM OF P8 F DURNG COOkING SENSON
THE AMUAL TEMPERRTURE NANGE IS DIVOED /nyo § © BANDS ,

- L J
FOR ERCY TEMPERRIVRE LBLND CALCULATE AN ENERGY FRACTOR i<y
EIVES THE AMOUNT OF ENERCY CONSUMED TY THE NERT PUMP FoR LAcCw

MHOUR DURING wuich WERTNER /S \WwiThiN THE BAND,

LEXAMPAE FoR 45-49F LAND :

(a) AvE ENsRcY ana(w/./y“ao) = CONVDUCTIVE LOSSES
FVEWTHATION LOSSES

— INTERNAL HEAT CENERNTION
- (08 » Qv)(.df) - WINTER CRINS
= @73./+ 123.5°)(6s-417) — 2900 = 6037 8rv /iR

(b) EFFECTIVE WERT PUMP CRPACITY wirmin BAND = 2§ 700 LBrefim

() ESrimnrEd TIME HERT FUrmp OFERRTING FOR ERCN HoUuR WERrHEL
/S Wiriin BAND

- 6037 . 235 MRS
XS, 700
(o/) POVER RRTING OF HERT PUMP WITHIN BAND = 3.3 Kkw
(e) EWERCY (ONSstmED FOR LERCH HOUR WERTHER IS Wirmin BAxD

* 0.435%x 3.3 =0.776 ku A,

THERE FORE, KNOWING THE NUMBER OF NOURS F O wHICH WERDIAL /5 IN
EACH TEMPECRIVRE BAND , § THE ENEECY FRCTOR FOR EACH 5AND, 1
TWE ToTAL ENERCY CONSUMPTION CAN BE CAACULRTED,

TEMPECATURE ENVERY A
LAand (£ ) gperor (Aw ﬁgz

g5+ 2.0/
vc - 54 /.92
75 =79 /-2
70 =24 -
Es ~-69 -
6o —é4 et
£ -89 0./35
so ~5% 0.45%
LS —47 0.776
40 - 44 /.130
35 -37 /.520
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T EFLECTRICAL AOADS Orw&l TWAN
SPACE ComvDi7roNt N &,

DAIRY PROFILES FOR KICHTIS , APPLIANCES & SERVICE
HOT WATYER ARE SrrowN IN FICULE A,

FOR PURPOSES OF rMis STvdy 17 1S RASSUMED THAT
THE DAIAY USRGCE LPRITERNS [JIRE CONSTANF THARoyEHwOUr

THE YEAR,



. ( CoNTIVVED 2

THE ENERGCY FACTORS Fo EACN JTEMPERRTURE LAV , CALCVLRTED RABOVE,

ARE Com8NED WiITH DR7R IN TABLE & (SEcroyI) 70 DERIVE THE
ANNUAL PROFINE OF ENERGCY REQUIRED FOR SFPACE CONDITION/NG

Swown BEroOW IN TAE 3.

. - ’_T_- - - L e R ’ . .- T—T“ + 4 ‘v- &—f- - 1
, o B W TP Y B DM )
P A T J//Elar f«mlwljy) rorency Ak Peprod | L 1 1T
:;:.‘:t_t" 4 | lwmwrer Il 1T *T}wnee*ﬁﬁ—*-r' 1 towneze 2
—_ DAMY . EC  TAN FEB | JuN, TVA, AUG, SEP | Nak, APR | MAY, ocT | |
e RHOUR _ 96 0Rys|_J2.0AYS| |13D#n| 98 PAYS| 13 DAYS) /aoy @7 D8YS| 1224V | |
. &l@m_ ave | Hien | wo | Ave” | wiew || ko Ave | HicH ||
I 1 foid 'Ljr—L‘ ANEE NN NN fEE + REEA
.__J- /za_:____--. » 6.776._ ohsg o.45%| 0735 | 131 107 45’6 +H-
R SR - oo L L LR L LI .. e - 4.4 Q-
|l 2-4 0.776.{ 0.458 [l 0.457% a.uf' - VY3 045': F;': ‘. :
T A 773|045 0. 4sv| 6ze| LTI % a).se Tl
O A 775 |o.uss | 0ise|o.ms | T E '2:43'L o.m pwrd B
¢ - /0 0.776 | 0. 4580.458| - | ' - 'o.%'m 0. 4:‘3 =i
4 /0 = 12N 0.45%|0-135 |o.s35| = | Laa |o4s8 o135 - | |
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, , N O . ' . .
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- " i . i N AR
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& -0 0.458|0.135 | €.735 T 122 0.-)_ I? al-lfxs EEZE B
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e - L i : | I i t !
| - g |- Hun =
AVE ENERGY _ | ] N . T : l_f I Fod }
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IV PV ARRAY § STORAGE SYSTEM

BASIC SYSTEM COMIONENTS HND ASSUMED CONVERSION EFriCliENCIES

PRE JHLUSTERRTED FEIoW

urIkiTY

PV POWELR REDOX INVERTER)|
ARRARY o 70RCKI =

,065‘ .99 075’ .95'

OVERALL SYSTEM CoVt ERSION FFEICIENCY
= 005X .998 .75 x .95 x .99
= D045 4
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X. /INSOAAT 10N DRTA

DAY DiSTRIBUTION OF SOAAR ENERGY § ToTAK MONTHLY LRADIATION
1S SKowWN BEAow. MONTHLY TOXRLS INCLUDE LFLLoWANCES r~oR

CLovD2) DAYS.

Direct Beam (Normal Incidence)
Redwood City

e et ey Ty ™
- v - -
4
p -
k. -
o
1000 - 4
r 4300 |
3 9
s r i
- - '
’ ]
’ b 1
- p - !
e} 1 £
~ d < - ‘
-
%y L ':200-. i
: - 4 .\
s 500 i 3|
= b 1 a |
3 - '
4 3 ¢
4
4 -:100
b -
! !
1 o Dee 21 ]
i o Mar 21, Sep 2% 1
4
f Jure 21 . 4
0 N PR NP PR TP 1 Jo

4 6 B8 10 12 14 16 18 20
Locel Solar Time

Total Radiation on a Tilted Surface (Calculated Values)
Metric Units (kWh/m?)

SURFACE  ANGLE Redwood City
CRIENT, OF TILT
ATION  (DEGAEES DIRECT BEAM « DIFFUSE (GROUND REFLECTION EXCLUCED)
”n NOR=-
120NTAL ) JAN  FED  PMAR  APR MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC ANNUAL
SOUTH 15 9 113 aew 207 21 230 23 21 8T  1a% 100 02 2002
$0uTH 3 M1 128 T3 208 218 212 219 200 192 AT 145 7 2031
S0UTH as 120 132 AP0 191 192 182. 190 188 185 161 123 106 1942
scuT 0 123 129 160 165 156 143 152 158 168 155 2% 109 1742
SoUTH s Iy 138 an 99 106 120  1%0 180 117 105 1ve3
SOuTH "0 105 102 109 ) o 53 53 105 11e 103 ¥ 1079
S, S 13 88 107 158 203 230 230 23 211 a8l 137 " 76 1949
SE. Sw 30 98 118 162 199 218 21T 222 204 182 4% 102 85 1946
SE, Sw s 102 115 1T 186 157 191 198 188 A7+ 143 105 89 18s7
™ .0 100 110 145 165 168 160 167 163 158 135 102 89 1662
E.Su s ' 99 125 136 13 124 131 L33 13 119 " 83 1403
SE. Su "0 0 2 100 103 " o ' W 109 ' 80 12 10%
£V 13 7] 92 183 192 225 230 233 203 M6s 120 " 62 1018
X" 30 . o 13 181 211 215 218 191 AST 11w I s 1713
X" as o 82 . 125 165 191 1% 197 173 1as  10e e s6 1565
v s0 58 T30 18 1ee 168 ATt 152 2T 9 82 S0 1378
£ s st %] % 121 138 139 dve 121 108 s sS4 V.o 1188
v "0 . s s % 108 108 110 100 "% e [ s 21
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YI. ARRAY 12186 cAatevnarionS AND REDOX LPOWER RATING

SeAson WINTER
DAYS /R0
wouse pemand: (kwvih)
SPACE Conmd/TIoNING
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FOR ARRAY AT 45 7T
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NASA INDUSTRIAL APPLICATION CENTE University of Southern California
Denney Research Building, Third Floor Los Angeles, Calitornia 90007 (213) 741-6132

June 19, 1980

Mr. Herb Holley

NASA-Ames Research Center
M/S 201-8

Moffett Field, California

Dear Herb:

It is proposed that a REDOX electric storage unit be incorpcrated into
the Advanced Technology Display House (ATDH) to be built at Ames Research
Center in 1982. A suitable size unit would deliver 5kw of peak power and
have a storage capacity of 40kwh. Ideally, the unit would be engineered to
fit into a space of approximately 6X6X8 ft.

It is anticipated that the unit should be available for on-site installa-
tion by the January-March, 1982 time‘frame. A test set-up should be available
by September 1981 in order to provide detailed information necessary to inte-
grate the installation with other subsystems in the ATDH. Preliminary data on
envelope size, supporting equipment and power requirements, maintenance access

: needs, system security and all other engineering factors impacting ATDH design
! and site layout should be available by January 1981.

The enclosed material reviews the reasons supporting the choice of a
REDOX unit for inclusion in the ATDH.

Sincerely
Don Maund '

Technology Coordinator
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ONSITE ELECTRIC STORAGE REQUIREMENTS FOR THE ATDH PROJECT

Photovoltaic (PV) cells are recognized as having great potential for providing
clean, high grade electric power generated at the point of use. As such, they are an
ideal energy source for residential housing. However, some form of electrical energy
storage and/or utility back-up is generally required in PV systems because:

1) residential power demand is often out of phase with
solar availability.

2) random weather conditions can cause interruptions of
solar irradiation

3) in most applications it is uneconomical to provide solar
conversion systems sized to handle occassional peak demands,
or even to provide 100% of the aggregate demand.
The extent of the tie-in to the utility grid may range from a high to a relative-

ly low degree of dependence. In systems with a high level of grid dependence, the
PV power supply is predominantly feeding energy into the grid system during periods
of high insolation and tne house draws power from the array or the grid as needed. In
this case the PV array is more or less a distributed power source for the grid system.
In another sense the grid system may be considered as providing a load-levelling func-
tion for the house demand. One of the attractions of this scheme for the homeowner is
that a storage system is not needed at the house site. A drawback is that expensive
power conversion equipment is required to match the DC power from the PV array precisely
to the AC grid power standards.

At the other extreme a PV array is combined with on-site storage which feeds the
house power loads directly, via a conversion circuit which doesn't have to be precisely
matched to grid power. Extra energy is supplied to the storage from the grid, prefer-
ably at night time when grid power demand is low. The benefit of this scheme is that
maximum use is made of site generated power with no back and forth transmission switch-
ing between the house and grid systems. It also circumvents a host of complex legal
and regulating issues regarding utility buy-back and sell back rates.

Most previous analyes have tended to favor the former systems (high grid depen-
dence) because of costs and technical problems associated with conventional battery
systems.




More recently, as more information accrues on the potential price and performance
factors for advanced technology batteries, the latter type of scheme becomes much
more attractive.

A comparison of some candidate advanced technology batteries is given in Table
1. Of the batteries described here the REDOX system, under development at NASA/Lewis
Research Center, appears to be most suitable for on-site residential power supplies
for the following reasons:

(a) long life time

(b) less exposure of house and occupants to hazards

(c) relative simplicity of system and supporting mechanisms
(d) very low maintenance requirements

(e) very forgiving charge/discharge characteristics in
matching inputs from PV array and outputs to house load.

(f) flexible sizing for various capacity requirements

The relatively low energy density currently projected for the REDOX is a small
price to pay for the benefits listed above, and is not a major handicap for a sta-
tionary, house based application.

The ATDH represents an ideal test bed for a prototype REDOX system in order to
study the unit under realistic operating conditions. Of particular interest for resi-
dential applications will be the verification of reliability and safety characteristics
plus operational efficiency factors. In addition, the protype system will offer the
chance to examine size, controls, product packaging and maintenance considerations rele-
vant to engineering the unit for incorporation into the residential power system.

Preliminary calculations indicate the need for a 5kw/40kwh capacity REDOX for the
ATDH project in order to supply 80% of the conventional power loads (space conditioning,
lighting, hot water). The actual need may exceed this capacity dwe to various unconven-
tional loading patterns stemming from other advanced technology systems in the ATDH
which have yet to be fully defined. Ideally, the REDOX could be engineered to fit into

a 6X6X8 foot utility space.

One of the objectives of the integrated, interactive systems design to be employed
in the ATDH is to produce operating data to facilitate analysis of future residential
requirements and how best to meet them.
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As with other advanced technologies to be featured in the ATDH, it is possible that
future REDOX units will be optimally scaled to support small residential clusters
rather than individual houses. Nontheless, the ATDH REDOX demonstration model will
be an invaluable source of information for making such determinations.

A study recently released by Sandia National Labs is believed to be the most
thorough analysis to date of PV/storage systems. (Parametric Analysis of Residential
Grid-Connected Photovoltaic Systems with Storage, D.L. Caskey et al, March 1980).

The results indicate that, for economic conditions likely to prevail in the post 1985
era, electric storage will significantly improve PV systems performance in most parts
of the U.S. In one comparison, a conventional power supply (no PV or storage) was
compared with an optimally sized PV-only system and a comparable PV+storage system.
Under the conservative assumptions used in the analysis both PV systems offered
equivalently substantial economic savings for the homeowner. In addition, the PV-only
system saved the utility the equivalent of 22.6 barrels of oil per year, and the PV+
storage system saved 26.7 barrels, an increase of 18%. More important though,was
the finding that while the PV-only system reduced peak hour grid demand by 59%, the
PV+ storage system reduced peak grid load by 99.4%. Thus, PV-storage systems provide
a load-levelling capability with very valuable economic consequences for the utility
in terms of reducing needs for peak load generating capacity.

More detailed studies of the above factors are needed. So far, however, the
implication is that REDOX type storage will play an important future role in effecting
capital investment as well as fuel economies of strategic importance to the nation.
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