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SUMMARY

This report documents the progress to date in the development and analysis of
computer simulations of solar-powered desiccant cooling using an axial-flow
disc-type dehumidifier wheel, solar-powered space heating, aand electrically
driven, standard vapor-compression air-conditioning systems for residential
use. Computer simulations for both solar and conventional heating and cooling
systems were performed for 12-month heating and cooling seasons. Annual
thermal performance and the resulting life cycle costs for both types of
systems were analyzcd and compared.

The heating/cooling season simulations were run for five U.S. cities
representing a wide range .of climatic conditions and insolation. With the
information resulting from these simulations, the optimum air-conditioning
system was chosen to maximize the conservation of fossil fuels and minimize
operating costs. Because of the increasing use of residential air
conditioning employing electrically driven vapor-compression coolers, the five
locations were studied to determine if it would be bheneficial (in terms of
both economics and fossil fuel displacement) to displace fossil-fuel-powered
vapor—compression coolers and natural gas space heaters with solar—powered
heating and desiccant cooling systems.

The overall conclusions include the following:

° solar heating and desiccant cooling systems operate best in climates
with nearly balanced heating and cooling loads (Section 3.7.3);

° solar desiccant coolers operate preferentially as dehumidifiers
(Sections 3.6.2 and 3.7.3);

. the optimum desiccant cooler size for Washington, D.C., with
auxiliary coolin§ and Dodge City, Kans., without auxiliary cooling is
4.5 kW with 35-m“ collector area (Sections 3.7.3 and 5.3);

° under the cost assumptions of Section 5.2, the life-cycle cost for a
20-year solar heating/desiccant cooling system 1s nearly cost
competitive with conventional residential heating and cooling
(Section 5.3); and

° adding a desiccant cooler (with or without auxiliary cooling) to a
solar heating system can increase fossil fuel displacement (Section
5.3) by a factor greater than 2, depending on the location.
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SECTION 1.0

INTRODUCTION

This study evaluated residential solar desiccant cooling potential in order to
identify optimum system configurations, climatic conditions, and economic
parameters. In addition, since the U.S. Department of Energy (DOE) has given
SERI the responsibility for managing the national solar cooling programs using
desiccant processes, the system simulation techniques and analysis methods
will be useful in evaluating other DOE contractor desiccant cooling systems.

Several air-conditioning configurations 1involving different physical,
chemical, and electrical processes can be utilized to produce cooling effects
that are adequate for residential buildings. These processes are summarized
in Table 1-1.

Table 1-1. POTENTIAL ATR-CONDITIONING PROCESSES

Process Open Cycle Closed Cycle

Mechanical compression © Alr cycle Rankine cycle
Brayton
Stirling

Absorption A ‘ Desiccant Absorption

Adsorption Desiccant Adsorption

Electronic transport Thermionic Peltier effect

emission

The processes can be implemented in open or closed cycles. The closed cycle
involves two separate process loops coupled by heat exchangers, with one loop
for the refrigeration process and the other for the transfer of heat from the
Toad. The open-cycle implementation eliminates the need for an interfacing
heat exchanger by combining the refrigeration and heat transfer loops.

The open-cycle adsorption desiccant process represents an attractive.
alternative to conventional air-conditioning systems when coupled with a solar
energy supply system. Most existing refrigeration and air-conditioning
equipment operates on a closed mechanical compression cycle, specifically the
Rankine vapor-compression cycle. There are several major advantages of a
solar desiccant cooler based on a recyclable air desiccation process:

° It uses inexpensive materials and has potential to be manufactured at
low cost.
. It uses air and inert inorganic materials and thus will not present

corrosion or environmental problems.

e It can tolerate air leakage and be easily serviced,.thus making its
maintainability and reliability ateraccive.

° It can tolerate a wide range in solar input and still generate a
usable output.
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The potential for residential use of a solar desiccant cooler (using a silica
gel desiccant) instead of an electrically driven, Rankine vapor-compression
cycle unit was investigated in this study. :

1.1 USE OF RESIDENTHIAL ATR CONDITIONING IN THE UNITED STATES

According Lo the Federal Energy Administration (FEA) "Project Independence
Report”, residential buildings used approximately 70% of the 18.1 quads of
energy consumed in the Household and Commercial Sector in 1972 (as defined by
FEA, this sector accounts for 32% of all energy used in the United States)
[1]. Of the roughly 12.7 quads used in residential buildings, about 72% (9.0
quads) was used for heating, cooling, and ventilation. Table 1-2 shows the
growth in residential consumption of natural gas and electricity by end use
for the period 1960-1968 [2].

Figure 1-1 illustrates FEA projections for growth in energy demand in the
residential sector through 1990 by the major end uses. Although space heating
dominates the energy wused in residential bhuildings, air conditioning 1is
projected to increase in energy use at an annual compound growth rate larger
than for any other use. It is projected that by 1990 residential space
heating and air conditioning will consume over 1l quads of energy, most of
which will be obtained from fossil fuels. FEA stated that energy conservation
measures to ilmprove the thermal efficiency of both new and existing housing
will be required to reduce residential energy demand [1]. The use of solar
energy in residential space heating and air conditioning could have a
significant impact on the displacement of fossil fuel in residential use.

1.2 OBJECTIVES

This study was initiated to evaluate the potential for solar desiccant air
conditioning in terms of system performance and potential fossil fuel
displacement. Although some work in the development of desiccant cooling has
been performed, the interaction of the system components and their seasonal
operation still require study, particularly when additional system operating
complexities are introduced with solar power.

The portion of the task that .is covered by this report 1involved the
examination of one particular solar desiccant system configuration (see
Section 2.2) in several different geographical locations. The overall
objectives were:

° to determine the optimum use of solar desiccant coolers for
particular climates (i.e., optimum cooler size, collector area,
etc.);

. to determine the optimum size combination of a solar desiccant cooler

and auxiliary vapor-compression cooler;

K to determine the total cost of a solar desiccant cooler versus a
vapor—-compression cooler;



Table 1-2.

RESIDENTIAL CONSUMPTION OF NATURAL GAS AND ELECTRICITY
BY END USE (Trillions of Btu) 1960-196€ [2]

1962

1960 1961 1963 1564 1965 1966 1967 1968
- 'Natural gas

~Space heating 2,188 2,316 2,666 2,589 2,755 2,816 3,000 3,157 3,236
Water heating 650 677 719 753 791 847 902 923 979
Cooking 316 314 318 318 319 321 323 323 325
Clothes drying 25 29 32 36 39 44 49 53 58
Refrigeration 32 26 21 16 12 .9 7 6 5
Air conditioning -- -~ - 1 1 1 2 2 3
Total 3,212 - 3,362 3,756 3,713 3,917 4,038 4,283 4,464 4,606

Elecfricitya
Refrigeration 122 137 152 167 183 200 215 232 250
Water heating 155 163 176 177 189 . 197 205 213 223
Space heating 29 38 45 55 81 106 116 145 164
Air conditioning 48 55 62 " 72 85 99 113 133 154
Television 59 63 69 75 83 93 105 116 128
Cooking 73 75 78 80 83 36 89 91 96
Food freezer 30 35 40 45 52 58 65 72 80
Clothes drying 23 25 28 30 34 38 42 46 51
Other 203 194 197 209 198 185 205 226 244
Tofal 742 785 847 910 988 1,062 1,155 1,274 1,390

RES

GEN
w!L

8At 3,413 Btu/kWh
Dishwashers, washing machines, miscellaneous small appliances, and lighting
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Figure 1-1.. FEA-PROJECTED GROWTH IN RESIDENTIAL ENERGY DEMAND (1970-1990)
BY END USE [1] (Note: Electricity measured at point-of-entry)
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. to determine the potential for displacement of fossil fuel energy
with a solar heating and desiccant cooling system; and

. to compare the cost and fossil fuel displacement of solar heating
systems versus combined solar-heating/dessiccant-cooling systems.

In addition, DOE has given SERI the program management responsibilities for
national solar cooling programs using desiccant processes. The techniques
developed in this task will be useful in evaluating and comparing solar
desiccant cooling systenns developed by other DOE contractors.

1.3 METHODOLOGY

In order to achieve the stated objectives, the primary need was for computer
models to simulate the annual operating performance of solar desiccant and
vapor—compression coolers. A computer program to perform the economic
analysis based on the results of the seasonal simulations was also required.

For the solar desiccant cooler simulation, it was decided to utilize TRNSYS, a
transient simulation computer program developed by the University of Wisconsin
at Madison [3]. The standard TRNSYS routines in conjunction with several
special routines developed for desiccant cooler components [4] enabled
seasonal simulations to be performed. For this study, certain TRNSYS routines
were modified as described in Section 3.2.

To perform the vapor-compression cooler seasonal simulation and the economic
analyses for both types of coolers, some additional computer programs
(separate from TRNSYS) were developed specifically for this study. '

Finally, appropriate sites had to be chosen for the simulations. SOLMET
cities were chosen for study because of the availability of hourly
meteorological data for use in the computer models. From the sites shown in
Figure 1-2, the following five cities were chosen: Charleston, S. C.; Dodge
City, Kans.; Ft. Worth, Tex.; Phoenix, Ariz.; and Washington, D.C. These five
cities represent a large variation in insolation aund climatic conditions. The
annual insolation for the sites is shown in Figure 1-3, with climatic design
conditions shown in Table 1-3.

Table 1-3. CLIMATIC DESIGN CONDITIONS

Normal Annual Degree Days [5].

18.3°C Base Design [6] Design [6]

Dry-bulb Wet—bulb

Location Heating Cooling Temp. (°C) Temp. (°C)
Charleston, S.C. 2146 2078 34.4 27.2
Dodge City, Kans. 5046 1411 37.8 23.3
Ft. Worth, Tex. 2382 2587 38.3 .25.6
Phoenix, Ariz. 1552 3508 42.8 24 .4
Washington, D.C. 4211 1415 33.9 o 25.6




eSanta Maria

eGreat Falls

‘e
Albuquerque

¥E| Paso

[ >
Ma:jison
‘ 7' New York
. No. Omaha .
Washington D.C.
[
Columbia
eDodge City

\
\
Charleston
oFt. Worth
Lake

L )
Chartes Apalachicola

Miami

Brownsville

rigure 1-2. SOLMET SITES

[ ]
Caribou

'v

Cape
*Hatteras

1&=S

060-4L



500
00
503

500'
600
700 801

800="")}

Q

*515

A

379
00
y
400

)

518,
*496 .
°669
‘ )

<] )!.'f
700 40 ¥
500

800
© 600

o } .
S o -
) 440
: Q D : 509

Figure 1-3. AVERAGE ANNUAL DIRECT INSOLATION (In Thousands of Btu/Ft2 Yr) [7]

®|a=S

06041






SE?I “::\:::E” TR-090

SECTION 2.0

DESICCANT COOLER SYSTEM CHARACTERISTICS

Several desiccant cooler system configurations have been proposed by .various

organizations. These system concepts utilize different airflow
configurations, dehumidifier designs, desiccant materials, and regenerative
heat exchangers. Only desiccant cooler systems that could be simulated with

existing TRNSYS routines were considered in this initial study. This section
describes two open-cycle desiccant cooler coufigurations that could be modeled
using existing TRNSYS routines and then discusses the choice for this study.

2.1 DESICCANT COOLER SYSTEMS

Most of ‘the research and development for application of the. adsorption process
to solar cooling has been with the open desiccant cycle. The early work was
done in  Australia [Commonwealth  Scientific and Industrial Research
Organization (CSIRO)] and the United States [Institute of Gas Technology
(IGT)]. The systems used two open process airstreams which were thermally
coupled through rotary regenerators. The building airstream was dried in a
desiccant bed, cooled in a regenerative heat exchanger, and refrigerated by
evaporative cooling. The air drier was reactivated by an outside airstream
that was solar heated to supply the desorption energy. The IGT approach,
called Solar-MEC, required a gas-fired boost to achieve the required levels of
desorption. In both systems, the desiccant hed operated as an adiabatic
process.

The two system configurations used for this study operate in the ventilation
and recirculation modes. The ventilation mode introduces ambient air into the
conditioned space, while the recirculation mode recirculates air from the
conditioned space. Both systems usc the same components; the only differences
are in the ducting and airflow paths.

The ventilation system caonfiguration is shown in Figure 2~1. In the supply
stream, ambient air is dehumidified, sensibly cooled, evaporatively cooled,
and then introduced into the conditioned space. Air removed from the
conditioned space 1is used in the regenerating stream,. where it is first
evaporatively cooled, then heated as it cools the supply stream, heated again
by solar energy, cooled and humidified by the dehumidifier, and finally
exhausted to the ambient air. This process 1is illustrated on the
psychromelric diagram of Figure 2-2. (The numbers correspond to the bulk
airstream conditions at the numbered system locations shown in Figure 2-1.)

For the recirculation system configuration, illustrated in Tigure 2-3, the
supply and regenerating airflow streams are separate. The supply stream air
is removed from the conditioned space, dehumidified, sensibly cooled,
evaporatively cooled, and then reintroduced into the conditioned space. In
the regenerating stream, ambient alr is evaporatively cooled, then heated as
it cools the supply stream, heated again by solar energy, humidified and
cooled as it regenerates the dehumidifier, and exhausted to the ambient air.
This process is shown on a psychrometric plot in Figure 2-4; again, the
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10



- PN TR-090
S=%le®

8 Absolute
Humidity

Dry Bulb Temperature

Figure 2-2. VENTILATION MODE PSYCHROMETRIC DIAGRAM

11



S=RI#

TR-090
Collector
;ﬁ:::::’WAux.
: ! ICooler
L__l-"
6 Inlet 9
Evap.
Cooler
7 _ 8 _
Dehumid- Regen- :
5 ifier erator 1
A Exhaus t - - - «— Ambient
| T{I 3 2
Ambient
Evap.
Cooler
Storage

Figure 2-3. RECIRCULATION SYSTEM CONFIGURATION

12



Absolute
Humidity

Dry Bulb Temperature

Figure 2-4, RECIRULATION MODE PSYCHROMETRIC DIAGRAM

13



S=RWi_i TR-090

numbers correspond to the bulk air properties at the system locations shown in
Figure 2-3. :

2.2 CHOICE OF SYSTEM FOR STUDY

Both the ventilation and recirculation modes were examined in previous studies
[4,9]. It was found that the ventilation mode generally required less thermal
energy input per unit of cooling output than the recirculation mode. However,
it was also found that the recirculation mode was able to use thermal energy
at a lower temperature than the ventilation mode. The lower operating
temperature resulted in less electrical energy input for aaxiliary cooling
because solar desiccant cooling could be used more often.

Since a major objective of this study was to determine the potential for
fossil fuel conservation, the recirculation mode was chosen for further
examination. It is possible that, depending on local climate and energy
costs, the ventilatioa mode could be superior to the recirculation mode in a
particular location. For this initial study, however, no comparisons were
made bhetween these two modes. Thus, Figures 2-3 and 2-4 describe the basic
desiccant cooling system used in this study.

14
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SECTION 3.0

PERFORMANCE MODELING

3.1 CHOICE OF METHOD

Evaluation of desiccant system performance necessitates a study of the
transient response of the house air state driven by external weather
conditions, solar insolation, and machine operation., A steady-state analysis
is 1inadequate because insufficient information is available that relates
dynamic 1interaction of the desiccant cooling system with varying solar
collector/storage energy output and ambient conditions. The effect of varying
solar output, which would not be detected in a limited number of steady-state
analyses, is discussed in Section 3.7.3.

Although several desiccant units presently exist or are under development
[10-12], it was deemed beneficial to provide an 1indication of system
feasibility using computer simulations. Precise modeling required detailed
mathematical descriptions of all elements of the system and the capability of
accurately predicting the dynamic behavior of component interaction. Yearly
simulations were chosen to determine the annual performance of a solar-
heating/desiccant-cooling system and compare it with the annual performance of
a conventional heating and vapor-compression cooling system.

Computer programs that model desiccant coolers were developed previously.
Airesearch, for example, uses a finite difference regression analysis of
observed data to predict the system response to various sets of ambient and
controlled space conditions. Average system performance can then be
determined for the cooling season. This model does not meet the requirement
of predicting dynamic behavior. Another model, written by the Institute of
Gas Technology, 1s extremely detailed but runs in real time and is thus not
appropriate for seasonal simulations.

The only simulation program available at the time this study began that
modeled deslccant systems in the desired manner was software developed by the
University of Wisconsin which was compatible with TRNSYS [3]. TRNSYS provided
a framework for long term simulations run at short time step increments. An
interface with meteorological data was provided, and the investigation of
transient response was facilitated because TRNSYS was designed for the
transient case. Furthermore, published results of previous desiccant system
simulations using the TRNSYS software are available for comparison (4, 9].
Incorporation of other dehumidifier models with TRNSYS are possible and
thereby allow direct comparisons of various desiccant dehumidifier units.

3.2 TRNSYS

The remainder of Section 3.0 (other than 3.6.2 and 3.7.3) provides an in-depth
discussion of the various components of the computer model used in this
study. A detailed understanding of this information is not required to
interpret the results of the simulations. Complete treatments of these
results are presented in Sections 3.6.2 and 3.7.3.

15
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3.2.1 General Description

The TRNSYS program consists of several subroutines, each describing components
of a solar energy system (e.g., collectors, pumps, storage). The program is
driven by hourly meteorological data. An executive routine calls the
component subroutines as necessary to simulate the transient conditions of the
solar energy system.. This modular approach reduces the complexity of modeling
but increases the cost of computation, especially for long term simulations.
Due to these high costs, TRNSYS is not useful as a design tool.

TRNSYS is quite wuseful, however, as a research tool when studying the
transients involved in a particular design, as in the present case for a
desiccant cooling system. Because the standard TRNSYS library does not
include many of the components in a desiccant cooling system, these
subroutines had to be developed. The basic desiccant component subroutincs
were developed by John S. Nelson [4]). Modifications were made to the routines
as required for this study. The control strategy was overhauled and 1is
discussed in detail in Section 3.7.2.

3.2.2 Component Models

The following subroutines were developed or modified to simulate the desiccant
system:

. air collector/storage system,
. humidity converter,

] evaporative cooler,

® regenerator,

® dehumidifier,

° house,

° controller, and

° energy balancer.

The components were interconnected as shown in Figure 3-1.

3.2.2.1 Air Collector/Storage System

This model was developed by SERI from the original TRNSYS Type-22 air
collector/storage routine. The modeled system consists of:

° fiat-plate solar air collector,’ '

o domestic hot water crossflow heat exchanger (not used),
. pebble bed storage unit,

. blower with differential temperature controller, and

. dampers to control flow stream.

16
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The main difference between the standard TRNSYS routine and the one used in
the desiccant simulation was the use of a variable flowrate through the
collector to maintain a maximum desiccant regeneration temperature of 85°C
whenever possible.

The collector fan was controlled as follows:

° The collector fan was turned off if:

-- collector outlet temperature was within 5°C of the collector
inlet temperature, or

-= collector outlet temperature was less than the average storage
temperature and the desiccant cooler was off.

° The collector fan provided a flowrate equal to that of the desiccant
system if the collector outlet temperature was 5°C or more above the
collector inlet temperature and less than 85°C (upper operation
control temperature).

° The collector fan was on at a flowrate greater than the desiccant
system (with excess flow to storage) so that the outlet temperature
of the collector was 85°C if sufficient solar energy was available.

The energy flowed as follows:

° If there was no load (i.e. the desiccant cooler was not operating),
'collected energy was delivered to storage at a temperature less than
85°C but greater than the average storage temperature.

° If there was a load:
- the load was met from storage if no solar energy was available;

e the load was met from collected solar energy if possihle, with
excess svular energy being deposited into starage; or '

- the difference was made up from storage if collected energy was
insufficient to meet the load.

Table 3-1 1lists the values used for the parameters and inputs of the air
collector/storage system.

3.2.2.2 Humidity Comverter

The humidity converter routine was designed to take dew point temperatures and
convert them to humidity ratios. The dew point temperature was inserted into
the Keenan-Keyes formula to calculate the partial pressure of water vapor, Py,
[6]. The humidity ratio of the ambient air Wamp Was calculated from the
partial pressure of water vapor and the ratio of molecular weights:

- _ molecular weight water . Py
AMB molecular weight air PP, ‘

18
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Table 3-1. PARAMETERS & INPUTS FOR AIR COLLECTOR/STORAGE SYSTEM

PARAMETERS
Collector area (mz) 10 to 50
Flowrate (kg/s) : Variable
Specific heat of air (J/kg°C) | 1005
Efficiency factor 0.78
Transmittance—absorptance product 0.77
Collector loss coeffecient (J/°C mzs) 4.8
Controller AT for hlower (°C) ' | 5 .
Volume of pebble bed? (m3) 3.9 to 19.5%
Effective pebble bed density (kg/mz) 1533
Specifié heat of pebbles (J/°C kg) 880
Pebble bed loss coefficieant (J/°C n? s) 0.4772
Surface area of pebble bed (mz) | . 13.7 to 40.1
Air viscosity (kg/m s) 0.002
Air density (kg/m3) A . 0.987
Average pebble diameter (m) ' 0.0191
Void fraction in storage 0.33
Pressure drop through air ducts (N/mz) 50.0

INPUTS

Solar radiation, Hp
Ambient temperature, T,yp

Inlet Temperature, Ty,

Inlet flowrate; m

Temperature of pebble bed environment = 20°C, Tgyy

Temperature of liquid in hot water heat exchanger (not used), Tyt
Flowrate of liquid in hot water heat exchanger (not used), éw
Average pebble bed Lewperaturc, Tppuup

Maximum collector temperature (comstant 85°C), Tyax

a . .
*Varied as a function of collector area
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where
p = atmospheric pressure.

The humidity ratio specified the mass of water in the air to be removed by the
desiccant system and was defined as the mass of water vapor per mass of dry
air.

3.2.2.3 Evaporative Cooler

The simulation of the evaporative cooler was based on equations given by
Hollands [13]. The following assumptions were made for the evaporative cooler

[4]:
° a Lewis number of unity,

° a rate at which water was supplied to the pad equal to the pad
convective mass transfer rate,

® a temperature of the pad supply water equal to the thermodynamic wet
bulb temperature of the incoming airstream, and

® a closely adiabatic saturation process.
The model calculated the saturacion temperature and enthalpy of the incoming
air. The outlet temperature TOUT was calculated as a function of the inlet
temperature TIN’ the saturation temperature T*, and the given saturation

effectiveness € (i.e., the degree to which the outlet temperature -approaches
the saturation temperature):

Toyp = (T* = Try) x € + Ty

The outlet absolute humidity was calculated by equating the inlelt and outlet
enthalpies. Table 3-2 describes the inputs to the evaporative cooler.

Table 3—-2. INPUTS TO EVAPORATIVE COOLER

Inlet temperature, TIN
Inlet humidity ratio, Wry
Flowrate of system, m

Effectiveness of cooler, €

3.2.2.4 Regenerator

The regenerator model was based on work done by Kays and London [21].
Assumptions were made for the regenerator as follows [4]:

° The effect of energy carry-over from one stream to another could be
neglected. >
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° The effects of leakage and water vapor carryover could be neglected.

° The radial temperature distribution in the airstream impinging on the
face of the regenerator could be neglected.

® The regenerator was balanced and symmetrical (i.e., equal areas
exposed to flow in both flow streams).

° The heat exchanger operated at 90% effectiveness.

The outlet temperatures were calculated as a function of effectiveness and
inlet temperatures of the two flow streams:

where
Tyg = vutlet temperature of hot airstream,
T = inlet temperature of hot airstream,

Tgp = outlet temperature of cold airstream, and

TCI = inlet temperature of cold airstream.

The specific humidity did not change from inlet to outlet. The inputs to the
regenerator are described in Table 3-3.

Table 3-3. INPUTS TO REGENERATOR

Temperature of hot airflow stream, Typ
Humidity ratio of hot airflow stream, Wyg
Temperature of cold airflow stream, TCI
Humidity ratio of cold airflow stream, Wer

Flowrate of airstream, m

Heating/cooling mode indicator, MODEH

3.2.2.5 Dehumidifier

The equations used in the axial-flow disc-type . dehumidifer model were
developed from the work of I. L. Maclaine-Cross and P. J. Banks [1l4]. The
assumptions used were as follows [4]:

'y desiccant (silica gel) packed as a porous medium, the interstices of
which were channels ‘through which an air/water vapor mixture flowed;

* conatant dry air denéity;

° constant dry silica gel density;

21



S=A@ __TR-0%

° constant interstitial fluid velocity;

° airstream flow and. silica gel bed properties varying only in the
direction of flow;

) moist silica gel and air/vapor mixture in thermal and sorption
equilibrium at all locations along the flow path; and

. reversible sorption process (i.e., no hysteresis).
The model essentially used a graphical method of analysis developed by Banks-
Close-Maclaine-Cross [15]. Silica gel data for the dehumidifier was developed

from the work of P. J. Banks and D. J. Close {16]. The parameters and inputs
for .the dehumidifier are described in Table 3-4.

3-2-2.6‘ Ho‘me
The house model, modified by SERI to include an option for auxiliary cooling,
was connected to the desiccant system in order to ascertain the roonm

conditions (thé room temperature and humidity) on a dynamic basis.

Thé humidity in the room was calculated from a steady-state humidity Wgg
defined as follows:

m x WEX'+ INF x wAMB + WG
s = ' ’
. + INF
where
m = system flowrate,

Wegx = humidity from inlet evaporative cooler,
INF = infiltration rate,
Wavp = ambient huﬁidity, and

WG = interior moilisture generation.

The room humidity ratio Wy was then determined:
WR = Wgg -~ (WSS - wRO) - [1 - exp(FEXW)]/FXW ,
where

Wpo = room humidity last time step, and
EXW

(m x INF)/mp, where mp = total mass of dry air and water vapor.

The temperature in the room was similarly computed from a steady-state
temperature Tgg defined as follows:

= T., + SENS/(m x C_ ),
pa

Tgg EX
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Table 3-4. PARAMETERS AND INPUTS FOR DEHUMIDIFIER

PARAMETERS

Internal surface area per volume of packing (m2/m3) 1573
Length in flow direction (m) 0.0275
Frontal area exposed to‘flow (mz) 0.74
Void fraction of packing ' 0.4
Rotational speed of matrix (r/3) 0.00153
Deasity of airstream (kg/m3) ' 1.2
Lffective conductance between packing

and airstream (J/m“ °C s) 58
Packing characteristic dimension (m) 0.000267
Friction factor 1.2
Fluid viscosity (kg/m s) | ' 1500

INPUTS

Regenerating stream inlet temperature, Tppn
Regenerating stream inlet humidity ratio, Wgge
Supply stream inlet temperature, TI

Supply stream inlet humidity ratio, Wy

System flowrate, m

Heating/cooling mode indicator, MODEH
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where

Tgyx = temperature from inlet evaporative cooler,
SENS )

Cpa

sensible load, and

specific heat of dry air.
The room temperature was then determined from the steady-state temperature:

where

TRO room temperature last time step, and

EXT

]

‘m Cp /CAP, where CAP = thermal capacitance of house.
a

The room conditions, as calculated above, are subject to change if an
auxiliary backup vapor-compression system 1is used. The operation of the
auxiliary cooling system is discussed in Section 3.7.

The parameters and inputs for the house model are described in Table 3-5.

3.2.2.7 Controller

The controller was designed by SERI so that, for given room conditions, the
desiccant system would operate in a manner which would not only return the
room to conditions of specified comfort but also minimize both energy
consumption and system operation time. The controller determined the
following parameters:

° effectiveness of inlet evaporative cooler,
° effectiveness of outlet evaporative cooler,
' temperature of regeneration stream, and

® flowrate (on/off) of system.

The details of the control strategy are contained in Section 3.7.2. The
parameters and inputs for the controller are described in Table 3-6.

3.2.2.8 Energy Balancer

The purpose of the energy balancer was to compute the sensible and latent
capacities (QSEN and QLAT) of the desiccant cooler. These values were
calculated as follows:

Qspn = ™ % [Cp (Tp~Tgx) + Cp (Wp x T = Wgx x Tgx) ],

Quar = @ (Vavp =~ Wgx) + Hegs
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Table 3-5. PARAMETERS AND INPUTS FOR HOUSE

Mass

PARAMETERS

of dry air in room (kg)

Infiltration rate (change/h)

Room
Mass
Room
Room
Room

Room

capacitanee (kJ/°C)

of moisture used in house capacitance (kg)
temperature, initial (°C)

humidity ratio, initial

set temperature (°C) .

set relative hunidity (%)

INPUTS

Temperature from inlet evaporative cooler,vTEX

565.2
0.5
10,000
5,652
23.9
0.0085
25.5
60

Humidity ratio from inlet evaporative cooler, Wgy

Ambient humidity ratio, wAMB
Sensible load, SENS

System flowrate, m

Intérior moisture generation; We

‘Room set temperature, Tgpq

where

Tggx = temperature from inlet evaporative cooler,

pr = gpecific heat of water,

Wegx = humidity ratio from inlet evaporative cooler, and
Hfg = heat of vaporization of water.

gr = room temperature,

Table 3-7 lists the inputs to the energy balancer.
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Table 3-6. PARAMETERS AND INPUTS FOR CONTROLLER

PARAMETERS

Minimum room temperature (°C) 20
Maximum room temperature (°C) 25.5
Maximum relative humidity (%) ' 60
Flowrate (kg/s at 9.0 kW cooling capacity) 0.45
Ma ximum regenerati;n temperature (°C) ‘85
Minimum regeneration temperature (°C) 45
Temperature deadband (°C) . 0.5
Relative humidity deadband (%) 5
Auxiliary mode 1 = no auxiliary -

2 = auxiliary heat to desiccant

3 = auxiliary cooling capacity
Specific heat of air (J/kg°C) 1005
House Capacitance (kJ/°C) 10,000

INPUTS

Room temperature, Tp

Room humidity ratio, W

"‘Collector outlet tempervature, Tpgpy,
Sensible load, SENS ’
Lateat load, LAT

Sensgible capacity, QSEN

Latent capacity, Qpar
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Table 3-7. 1INPUTS TO ENERGY BALANCER

System flowrate, m

Room tempevrature, Tp

Room humidity ratio, Wp

Temperature from inlet evaporative cooler, TEX
Huﬁidity ratio from inlet evaporative cooler, Wex
Fraction of dry air, FRACT

Heating/cooling mode indicator, MODEH

3.2.3 House Load Model

3.2.3.1 Tramsfer Function Approach

The standard TRNSYS transfer—-function load model developed by M. J. Pawelski
was used in this study [17]. The transfer function approach uses past heat
flows and temperatures to predict future heat flow at any time. The driving
force of the model 1is the sol-air temperature, which includes solar,
convection, and radiation effects at the exterior boundary. Transfer function
coefficients from the 1977 ASHRAE Handbook of Fundamentals [6] were used in
the model to depict the type of wall used. Each wall may be modeled
separately or, assuming similar construction, together using a weighted sol-
air temperature. The house used in the present simulations was a two-story
house with 167.3 m“ of floor space and 178.4 m“ of exterior wall space. The
ASHRAE 90-75 standard was used in specifying the thermal design. The house
was oriented north-south with a roof pitch equal to the latitude of the
location. The building is characterized further in the following sections.

3.2.3.2. Halls

The heat transfer rates for the walls were calculated using the standard
TRNSYS Type-17 wall model. The rates were calculated as follows:

. Heat conducted through wallS’Qwall:
Qwall = A( Z bn (Tsa,n - Trc) - Z dn Qn)’
n=0 : n=1
where
A = area of wall,

b, = transfer function coefficients of temperature terms,
Tsa n - sol-air temperature of wall surface at time a,

s .
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Trc = constant room temperature,
dn = transfer function coefficients of heat flux terms, and
Qn = heat fluxes at time n.
o Heat conducted through windows, Qi dows

Quindows = Ywp * Av (Tamp ~ Tg)>

where
Uyp = window heat transfer coefficient,
Aw = window area, and
TAMB = ambient temperature.
° Solar heat gain from windows, Qguqn:
Qspg = A (1 = Fg) Thy,
where
Fg = shading fraction,
T = transmissivity, and

By

The total rate of heat gain through the walls was determined by summing Qwall’
Qwindows’ and QSHG'

total solar radiation incident on window.

Wall construction was chosen to be frame with l-in. insulation (ASHRAE wall
#38) with surface absorptance of 50% and infrared surface emittance of 80%.

An overall heat loss coefficient of Uo = 1.60 J/s m C was used for the walls
and windows. The allowable window area expressed as a fraction of wall area
is: )

o ~ Y
F = T
WD WL
where
UWL = heat transfer coefficient for wall, and
UWD = heat transfer coefficient for window.
Given Uy = 1.012 J/s n?°C and Uyp = 3.52 J/s w2°C and assuming double glazed

windows, 127 of the total wall area should be windows. The window area was
then distributed as shown in Table 3-8. :
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Table 3-8. WINDOW DISTRIBUTION IN HOUSE MODEL

Window Area : % of
Wall (mz) ’ Wall Area
North 2.23 5
East 4.01 9
West . 4.01 9
South 11.15 25

Window shading factors were also used to express the amount of solar gain lost
to shading effects. Shading factors of 20% in the winter months and 60%Z in
~ the summer months were used.

3.2.3.3 Roof

The heat flux calculations for the roof were similiar to those described for
the wall in the previous section. Generally, the total rate of heat conducted
through the ceiling, Qo, is

Q, = A (L b (T

- T
a=1 D sa,eff,n re

) - }. dn Qn),

n=1

where

A

c area of ceiling, and

T

'sa,eff,n = effective solar air temperature of roof surfaces

and infiltration air.

The U value of the roof was chosen as 0.28 J/s m2°C, which represents 6 in. of
insulation. The surface emittance and absorptance were the same as for the
walls, 80% and 50% respectively.

3.2.3.4 Room and Basement

Heat transfer into the room was determined from the input of the walls and
roof as described in the previous sections. In addition, other heat gains (or
losses) were taken into account, such as heat generated by people, lights, and
other appliances. The model also considered heat flows through the basement
aud Infilecration losses.

The single—-node room temperature was allowed to vary between upper and lower

set temperatures. When the house was in comfort, that is, within this
specified temperature range, the sensible " load was zero. If the room
temperature was out of this range, the heating load and minimum (for heating)
or maximum (for cooling) temperature was oulpul. The total load was

calculated using a time-dependent transfer function of each component as a
function of both current and previous loads. The components were as follows:
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Qioad = uc ¥ ¢ + U + Qyr + >
where

QC = conduction gains from walls and roof,
QL

QINF = infiltration gains, and

constant heat gains (people, lights, appliances, etc.),

QB = heat flow through basement.

Using a room capacitance of 10,000 kJ/°C and a building conductance (UA) of
1350 kJ/h°C, the heat inputs from the walls, windows, and roof were applied to
the conditions of the room. Thermostat settings were 20.0° to 25.5°C with air
infiltration of a half-house volume of air per hour.

Interior sensible heat generation was assumed to be 1260 kJ/h from lights and
appliances and 1188 kJ/h from people. Moisture generation (i.e., latent load)
was 0,26 kg/h from appliances and 0.24 kg/h from people.

The basement was assumed to be a crawl space 1.53 m deep. Ground-water
temperature, used for calculating heat loss to the ground from the basement,
was assumed to be a constant 10°C.

3.2.3.5 Determination of Cooling Season .

The cooling season was determined from a full-year heating and cooling load
calculation with the following assumptions:

Minimum room temperature: 18.8°C.

Maximum room temperature: 25.5°C.

Window shading factor: 0.4.

The cooling season was chosen Such/fhat_it would include less than 5% of the
heating load. 'The season was rounded to the nearest half-month.

The preliminary detcrmination of the cooling season was necessary because
different assumptions were used in calculating the heating and cooling loads,

as shown in Table 3-9.

Table 3-9. SEASONAL LOAD ASSUMPTIONS

Heating Season Cooling Season
Minimum room temperature (°C) 20 25.49
Maximum room tempefature (°c) - 25.5 25.51
Window shading factor 0.2 0.6
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3.3 DESICCANT COOLER SYSTEM SIZING

In order to simulate the annual operation of a desiccant cooling system, the
proper size relationships among the system components had to be determined.
This included both the desiccant cooler components and the collector/storage
system. The component sizes were dictated by:

° thermal performance requirements;

® economic requirements, including capital and operating costs; and

) physical size restrictions appropriate for residential'heating/cooling
systems.

The component configurations and required parameters for the computer
simulation are discussed in Sections 2.2 and 3.2.2. This section discusses
the component sizes used in the computer simulations.

Several different collector and storage size combinations were used with the
desiccant systems to determine optimum desiccant thermal performance and
economic trends. As previously discussed, the collector model included a
pebble-bed storage tank. A general criterjon for sizing collector/pebble—bed
systems 1s to include 0.153 to 0.229 m” of pebbles per square meter of
collector area when coansidering space heating only [18]. 1In this study, the
proportion of pebble-bed volume to collector area was modified because of the
addition of the_ solar desiccant air conditioner. An increased pebble-bed
volume of 0.4 m~ of pebbles per square meter of collector area was chosen,
based on the results of initial desiccant cooler simulations. The resulting
collector/storage. sizes used in this study are shown in Table 3-10.

Table 3-10. COLLECTOR/STORACE SIZE COMBINATIONS

Collector Area (mz) Pebble Bed Storage Size (m3)
10.0 3.9
20.0 7.8
35.0 o 13.1
42.0 16.5
50.0 19.6

As discussed in Section 3.2.2, the collector/storage system included a
variable air mass flowrate capability in order to ' control the maximum
collector output temperature. The pressure drops through these components
were calculated during each time increment to determine the parasitic power
for the collector system fan motor. Based on flat-plate collector test data
(23], correlations were developed for collector pressure drop as a function of
air flowrate, including an allowance for entrance and exit -effects plus duct
losses, and these correlations were included in the computer program.- To
determine the pebble-bed storage system pressure drop, the Ergun KEquation,
which describes the pressure drop across packed columns, was used in the
computer simulation [24].
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Since the desiccant cooler was to be designed for residential use, the nominal
cooling capacities chosen for study were in the range of 2.3 to 9.0 kW, with a
few simulations run for a 13.5-kW cooler. The chosen reference design was
9.0-kW cooling capacity with an air mass flowrate of 0.45 kg/s (corresponding
to an average flow of 0.38 m’/s). The cooler size and air flowrate
combinations used in this study are shown in Table 3-11.

Table 3-11. COOLER-SIZE/AIR-FLOWRATE COMBINATIONS

Desiccant Cooler Size (kW) Air Flowrate (kg/s)
2.3 0.113
4.5 0.225
9.0 (reference) 0.450
13.5 0.675

The desiccant system components were sized in accordance with thermal,
economic, and physical size requirements. Once the <cooler size and
corresponding air flowrates of Table 3-11 were established, the flow areas and
flow lengths of the dehumidifier, regenerator, and evaporative coolers could
be determined by specifying allowable pressure drops. The pressure drops
should be as low as possible to minimize the electrical power required to
drive the air fans.

An allowable pressure drop of 125.0 N/m2 across the wheel for each flow
(supply and .regeneration) was selected for the reference design of the
dehumidifier. A dchumidifier wheel diameter of 1.37 m was also specified.
For the packed-bed silica-gel dehumidifier model used in this study, the
resulting flow length (packed-bed depth) was 0.0275 m with a wheel rotation
speed of 0.00153 r/s [19].

The regenerator and evaporative coolers were sized to be physically compatible
with the dehumidifier. In this manner, the airflow path through the cooler
has as few contractions and expansions as possible in order to minimize the
system pressure drop. Reference 20 describes a solar desiccant air
conditioner with the same basic airflow path, although the parasitic power
experienced in that study was higher than predicted here due to design and
operational problems.

The rotary regenerator was assumed to be a parallel passage type with a wheel
diameter equal to- that of the dehumidifier (1.37 m). Studies at the
University of Wisconsin showed that the desiccant cooler performance was
optimized as regenerator effectiveness increased [4]. For this study, a
constant regenerator effectiveness of 0.90 was assumed.  For a regenerator
airflow path length of 0.05 m, a pressure drop of 25.0 N/m“ was calculated for
each flow direction [21].

The evaporative cooler flow area was assumed equal to 0.74 m2, or half the
frontal flow area of the dehumidifier and regenerator wheels. Identical
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evaporative coolers were present in both the supply and regeneration
streams. The effectiveness for each cooler was assumed to be capable of
varying between 0.0 and 0.9. The effectiveness of the inlet evaporative
cooler and that of the ambient evaporative cooler were important parameters in
controlling the desiccant cooler performance and will be discussed in Section
3.7.2. For each evaporative cooler, the pressure drop was determined to be
50.0 N/m2 for the reference design [21].

In addition to pressure drops through the individual system components,
pressure drops were assoclated with other parts of the desiccant cooler
system, including ducts and air _filters. For each airflow stream, an
additional pressure drop of 50 N/m2 was 1included to account for duct losses
(25 N/mz) and an air filter (25 N/m“). The pressure drops for the reference
design system are summarized in Figure 3-2.

To determine electrical power requirements (parasitic power), a fan power
equation was used in conjunction with the system pressure drops. Fan power
~was determined from the following equation [22]:

_ CFM(AP)
Fan power in J/s = 5555

where
CFM = air flowrate (m3/s),
P = system pressure drop (N/mz), and
E = fan efficiency.

Fan efficiency typically varies from 0.5 to 0.65; an average value of 0.58 was
used. The computer simulation determined parasitic energy used by the
cooler/collector system at each time increment.

Three fans were included 1in the system, one for each airflow stream
(collector/storage, supply, and regeneration). For the reference design, the
fan motors were sized as follows:

Supply stream: . 246.1 J/s.
Regeneration stream: 372.9 J/s.

Collector stream: variable speed (due to variable airflow as
described in Section 3.2.2) with a minimum
rating of 186.4 J/s.

An additional motor was 1included to drive the dehumidifier and regenerator
wheels. This motor was sized at 186.4 J/s.

Since the desiccant cooler simulation was run at several cooler capacities (as
shown in Table 3-11), the parasitic power requirement varied for each size.
For each cooler capacity, the desiccant system components were sized so that
the pressure drop through each remained the same as.that for the reference
design. The desiccant wheel flow length was maintained at 0.0275 m for all
sizes, with the wheel diameter varying as shown in Table 3-12.
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Table 3-12. DESICCANT-COOLER-SIZE/WHEEL-DIAMETER COMBINATIONS

Desiccant Cooler Size (kW) Desiccant Wheel Diameter (m)‘
2.3 ’ 0.68
4.5 0.97
9.0 1.37
13.5 1.68

As a result, the parasitic power for each desiccant system capacity varied
with the ratio of the system flowrate to the reference design flowrate. The
‘computer program scaled the parasitic power for each simulation accordingly.

To be certain that the fan motor sizes were never allowed to drop below
realistic values, mimimum motor sizes were included in the computer program.
The minimum motor sizes were as follows:

Supply stream: 124.5 J/s.
Regeneration stream: .186.4 J/s.

Collector stream: 186.4 J/s.

If the calculated parasitic power requirement exceeded these values, the
calculated value was used. However, if the calculated parasitic power was
below any of the minimum motor ratings listed above, the minimum motor rating
was used to determine parasitic power used by the desiccant cooling system.

3.4 DEFINITION OF HOUSE COMFORT CONDITIONS

To properly design heating, ventilating, and air-conditioning systems, an
understanding of physiological principles and criteria for comfort is
essential. The American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE) has sponsored research for many years on the
prediction of thermal comfort. Primary parameters detérmining thermal comfort
include dry-bulb temperature, relative humidity, air movement, and the degree
of activity and type of clothing worn by individuals. ASHRAE has developed
standards for comfort that serve as guidelines for the design of heatlng and
air-conditioning systems.

Figure 3-3 shows the comfort zone recommended by ASHRAE for a wide range of
applications, including homes, schools, and offices. [6]. The comfort zone

is applicable to indoor environments ranging in altitude from sea level to
2134 m at air velocities less than 0.2286 m/s, and for 1lightly clothedf
occupants with sedentary activity. The upper boundaries of the zone are
25.0°C dry-bulb temperature and 60% relative humidity, with the lower.
boundaries specified as 22.8°C dry-bulb temperature and 207 relative humidityf \

1
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The ASHRAE-recommended comfort =zone was modified for the purpose of this
study. With the currently increasing need for energy conservation and
suggestions by the Federal Government for homeowners to increase thermostat
settings in summer and decrease settings in winter, it was decided to increase
the ranges of dry-bulb temperature and relative humidity that define the
comfort zone. Figure 3-4 depicts the comfort zone used in the study. The
upper comfort zone boundary was modified slightly to 25.5°C dry-bulb
temperature and maintained at 607 relative humidity. A larger adjustment was
made in the lower boundary, with the dry-bulb temperature specified as 20.0°C
and no lower 1limit placed on relative. humidity. These revisions to the
control zone reduce the amount of energy consumed for maintaining comfort
conditions in buildings, particularly during the heating season. Considering
the large escalation in fuel costs during recent years and the potential for
future fuel shortages, a revised comfort zone intended to conserve energy is
appropriate. This comfort zone was used in simulations of both solar
desiccant and vapor-compression air conditioners, as described in Sections
3.7.2 and 4.1.

3.5 COOLING SYSTEM OPERATIONAL CHARACTERISTICS

In descrihing the annual heating/cooling season simulations of solar desiccant
and vapor-compression air conditioners, the remainder of this report employs
several parameters commonly used to describe the operating performance of air-
conditioning equipment. This section of the report briefly summarizes and
defines these performance parameters.

The total cooling output of an air conditioner is composed of sensible and
latent components which are defined as follows:

. Sensible cooling: cooling capacity associated with heat removal
from an airstream, resulting in a drop in air
temperature.

° Latent cooling: cooling capacity associated with moisture

removal from an airstream due to a change in
the water phase from gas to 1liquid, resulting
in a drop in humidity.

Five other parameters used in this study were the following:

o Parasltic power: electrical input power tn the air-conditioning
equipment. For a vapor—compression cooler,
alectrical power drives the compressor and air

" fan, while a solar desiccant cooler uses
electrical power for air fans only (in addition
to auxiliary cooling, if any).

e  Coefficient of
performance (COP): defined as the ratio of net heat removal
(cooling capacity) to the rate of total energy
input. For the solar desiccant cooler, only
thermal input power (solar energy) was included
in the COP calculation.
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° Energy efficiency defined as the ratio of net cooling capacity in
ratio (EER): . Btu/hr to the total rate of electrical input in
watts. For the solar desiccant cooler,

electrical power to the auxiliary vapor-
compression cooler (if any) was included in the
EER calculation.

® Duty cycle: fraction of the total time period that the
cooler system was in operation.

. Percent in comfort: percentage of the total time period that the
average house air conditions fell within the
comfort zone {as defined on the psychrometric
chart of Figure 3-4).

3.6 STEADY—-STATE PERFORMANCE

3.6.1 Description of Analysis

The purpose of the steady-state analysis was to obtain a general indication of

desiccant system performance. Nominal machine characteristics can be
ascertained by examining the sensitivity response of the system to. various
ambient and indoor environments. Alteration of critical system parameters

under steady-state conditions enables the formulation of an operational
control strategy for the transient case, as described in Section 3.7.2.

The interaction of system components as shown in Figure 3-5 was studied. Air
was circulated from the room into the dehumidifier where drying occurred by
absorption of moisture by the desiccant. Heat exchange in the regenerator
produced pre-cooling, and final cooling was provided by an inlet evaporative
cooler regulated with an effectiveness E;. Ambient air cooled by another
evaporative cooler (of effectiveness 80) was delivered to the regenerator as a
heat sink exchange supply. The regeneration temperature T'_ ., was varied in
10°C increments to provide recharging of the moist desiccant gel. The energy
needed to boost T! , the exit temperature from the regenerator, to T, G Qry
in Figure 3-5) was assumed available; this is the energy supplied &%r solar
storage or an auxiliary source during transient simulations.

3.6.2 Results

For a particular assigument of wvalues to component control parameters (TREG’
€, €,), the response of the system, quantified by the inlet teumperature and
humidity (T;y and Wy), can be investigated as a function of . the driving
conditions, namely the ambient and room temperatures and humidities (TAMB’
WaMB Tgp, and Wp). Sensible and latent cooling capacities, QSEN and Qqar in
Figure 3-5, then depend upon the temperature and humidity differentials that
can be generated by the system between the room state and the inlet
conditions. Steady-state performance was surveyed using TRNSYS by choosing
meaningful sets of Trs Wgs Tpamps, and Wyyp and repetitively inputting values
for the control parameters wuntil the latent and seasible capacities
converged. The primary driving conditions of interest correspond to room
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" states located along the comfort zone borders (Figure 3-21), with the ambient
temperature and humidity exceeding those of the room. Results for these cases
(Figures 3-6 to 3-9) specify the system capabilities in attempting to restore
comfort to each of the particular zones of discomfort.

Figures 3-10 to 3-13 illustrate the system reaction to other climatic
circumstances. Machine response to a room state at the maximum comfortable
temperature with elevated humidity is given by Figure 3-10. System performance
is little affected by raising the outdoor temperature from 29.2°C (Figure 3-7)
to 35°C (Figure 3-11). However, an increase in ambient humidity drastically
degrades operation characteristics as seen by comparison of Figures 3-11 and
3-12. Conversely, Figures 3-6 and 3-13 exhibit the enhancement in performance
resulting from milder ambient conditions.

To investigate further the sensitivity of performance, a design point (Table
3-13) was defined and the driving conditions and regeneration temperatures
were varied. Total and latent system capacity and COP were then plotted
(Figures 3-14 through 3-18). Figures 3-14 and 3-16 show relatively flat
profiles of performance as functions of outdoor and indoor temperatures,
respectively. On the other hand, substantial improvement in latent cooling
capacity is attained at higher room humidities (Figure 3-17), and an inverse
relationship is evidenced as the ambient humidity rises (Figure 3-15). In
each case, system sensible cooling remains essentially constant. = Thus, the
desiccant machine operates optimally as a latent cooler in climates which are
not excessively humid. System performance is seen to peak (Figure 3-18) near
85°C, in accordance with the choice of Tpgs = 85°C for design-point
operation. At lower regeneration temperatures, system capacity is small
relative to the energy supplied (QIN). At higher temperatures, the large
amount of energy supplied causes Qpy to dominate the behavior of the COP.

A summary of the values used to generate all steady-state performance maps is
presented in Table 3-13.

3.7 DYNAMIC PERFORMANCE

3.7.1 General Description

Long-term simulations of the transient behavior, of the desiccant cooling
system were performed by modifying the steady-state component configuration.
The primary changes were the incorporations of a solar energy
collector/storage unit, an interactive house model, and a controller capable
of dynamically varying critical system parameters. An interface with hourly
meteorological data and sensible load information was also added. The revised
system arrangement is presented in Figure 3-19.

Regeneration demanded by the desiccant dehumidifier was provided by a solar
collector air system in combination with an external thermal storage tank. A
five-layer, thermally stratified pebble bed storage unit was modeled. All
simulations assumed isothermal equilibrium at 40°C as the initial condition.
A cylindrical tank was chosen with a height equal to twice its radius and with

a volume VSTOR of 0.40 m3 per m2 of collector area.
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Table 3-13. PERFORMANCE MAP PARAMETER SUMMARY

o=

Figure Tyup (°c) WaMg T (°C) Wp o TREG (°C) o
3-6 29.2 0.0175 22.75 0.0104 45,0-85.0 0.0, O. 1.0 0.0, 0.5, 1.0
3-7 29.2 0.0175 25.50 0.0124 45.0-85.0 0.0, O. 1.0 0.0, 0.5, 1.0
3-8 29.2 0.0175 25.50 0.0100 45.0-85.0 0.0, O. 1.0 0.0, 0.5, 1.0
3-9 29.2 0.0175 20.00 0.0080 45.0-85.0 0.0, O. 1.0 0.0, 0.5, 1.0
3-10 29.2 0.0175 25.50 0.0140 45.0-85.0 0.0, 0. 1.0 ‘0.0, 0.5, 1.0
3-11 35.0 0.0175 25.50 0.0124 45.0-85.0 0.0, 0. 1.0 0.0, 0.5, 1.0
3-12 35.0 0.0300 22.75 0.0124 45.0-85.0 0.0, 0. 1.0 0.0, 0.5, 1.0
3-13 22.0 0.0110 22.00 0.0100 45.0-85.0 0.0, C. 1.0 0.0, 0.5, 1.0
3-14 28.0-40.0 0.0155 25.50" 0.0124 85.0 1.0 1.0
3-15 35.0 0.005-0.019 25.50 0.0124 85.0 1.6 1.0
3-16 35.0 0.0155 20.0-27.0 0.0124 85.0 1.0 1.0
3-17 35.0 0.0155 25.50 0.005-0.017 85.0 1.0 1.0
3-18 35.0 0.0155 25.50 0.0124 45.0-105.0 1.0 1.0

Design
point 35.0 0.0155 25.50 0.0124 85.0
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Figure 3-6.

STEADY-STATE PERFORMANCE MAP:

43



=2l# TR-090
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Figure 3-7. STEADY-STATE PERFORMANCE-MAP: ZONES 4 - 6
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Figure 3-8. STEADY-STATE PERFORMANCE MAP: ZONES 5 - 6
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Figure 3-9.
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As discussed in Section 3.7.2, upper and lower operation temperature limits
(TMAX and TMIN) for the desiccant system were appropriate. Whenever cooling
capacity was required and the temperature available from the collector/storage
system (TREG) was less than TMIN’ air flow to the dehumidifier was turned off
(hL = 0). To ensure that energy was never used at an outlet temperature
exceeding t?e maximum (TREG > TMAX)’ the flowrate through the collector was
increased (mC > ﬁL) when necessary to regulate the heat delivered either to
storage or directly to the drier. The standard TRNSYS collector subsystem was
modified to provide collector/storage usage as summarized in Table 3-14.

The transient house model was sensitive to external latent and sensible loads,
internal moisture generation, and the cooling capacities of the desiccant
machine and an optional auxiliary vapor—compression unit. Calculation of the
latent and sensible cooling capacities of the desiccant system was identical
to that for the steady-state case (Figure 3-5) except that the room conditions
were allowed to fluctuate in response to the driving forces. Initial values
for the indoor temperature and humidity were selected to be Ty = 23.9°C and Wp

= 0.0085 kgH 0/kgdr air? respectively. Thereafter, the room temperature
variation was? determined by the sensible machine capacity, if any, and the
sensible load was computed as described in Section 3.2.3. Similiarly, the

room humidity was a function of the desiccant dehumidification capacity and
the latent load experienced by the house.

The latent load consisted of two contributions: the transposition of indoor
and outdoor moisture due to infiltration, and the formation of water vapor due
to internal, water fixtures, household appliances, and residents. A
representative daily profile of internal water vapor generation, illustrated
in Figure 3-20, was assumed. The instantaneous latent load LAT was then
computed:

LAT = [(Wyyp = W) INF + W] Hegs
where
ﬁk = average room humidity (kgHZO/kg dry air)?
INF = rate of infiltration = 0.282 kgdry air/hs
wG = internal rate of moisture generation, and
Hfg = latent heat of vaporization of water = 2.466 x 10° J/kgHzo.

3.7.2 Control Strategy

The primary objective of the control strategy was to maintain the climatic
conditions inside the house within the specified comfort limits. During this
process, it was desirable to minimize the consumption of energy and the
operation time of the machine. This was achieved in the controller by the
assignment of values to control parameters. The strategy for choosing these
values was based on the results of the steady-state analysis. Implementation
of several auxiliary power mode options and accurate bookkeeping of the house
loads and system capacities were additional functions performed by the
controller.
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Table 3-14.

SOLAR COLLECTOR/STORAGE USACEa

Desiccant System Flow Logic

Collector System Flow Logic

Zone TreG my, TeoLL mg
1, 2, 6 0 < (T'REG + DT) 0
3, 4, 5 < Tyrn 0 < Tgror 0
= Tyax > mg
" Collector-Desiccant Interaction
. e Action
0] None
= ﬁs Deliver collected solar energy to storage
at T < Tyax
g > g Deliver collected solar energy to storage
at T = TMAX ;
hs 0 Meet load with -energy in storage
mg = hé Meet load with collected solar energy in
parallel with storage
g > g Meet Toad with collected svlar energy and
deliver excess to storage
AZone = control zone based on defined house comfort conditions (see Section
3.7.2 and Figure 3-21)
TREG = temperature available from storage/collector system
Tyry = lower operation control temperature = 45°C
ﬁL = load flowrate demanded by desiccant system
ﬁs = desiccant system design flowrate
TCOLL = temperature available from collector
T'REG = temperature input to collector from regenerator
DT = temperature dead band = 5°C
Tgror = average storage temperature
Tyax = upper operation control temperature = 85°C
e = collector flowrate
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Nelson has shown that a set of parameters suitable for characterizing the
performance of the desiccant system includes the temperature of the
regeneration stream T and the effectiveness of the inlet and outlet
evaporative coolers (€; and €,) [4]. It can be seen from the steady-state
performance maps that Tpg; and, to a lesser extent, €, govern the magnitude of
the attainable cooling capacity, whereas € regulates the ratio of the
sensible to latent components (S/L). The strategy was then to vary these
control parameters to maximize latent cooling when indoor conditions became
too humid, maximize sensible cooling when indoor conditions were too hot, and
adjust S/L appropriately when both humidity and temperature exceeded specified
thresholds.

Studies by the University of Wisconsin and Solaron Corporation used solar
energy supplemented by auxiliary heat to provide the desired regeneratiuvnu
temperature at all times ([25, 26]. It was implicitly assumed that all
drifting of room conditions were comfort/noncomfort interactions; that is, no
passagc from one noncomfort 2zone to another ever occurred. An incremental
control loop was used to approximate a continuous feedback control system.
Based -upon the room conditions at the start of each time step, the control
parameters were adjusted to meet the house loads. Because optimum system
performance (COP) is inversely related to the regeneration stream temperature,
TREG was 1nitialized to a minimum value and then increased with each time step
in an effort to enhance system operating efficiency. An upper 1limit cutoff of
TerG (max) = 85°C was found to be practical. Wisconsin concluded that further
refinements were needed in the control strategy to significantly improve the
operation of the desiccant systen.

Rather than optimizing the efficient use of solar energy by the desiccant
cooler (COP), the emphasis of the control strategy used In this study was to
maximize the time spent in comfort (zone 6) and minimize the duty cycle of the
desiccant cooler. This should result in the minimum amount of electrical
input and thus lower operating costs. The controller was modified to reflect
this operating philosophy. Whenever an excursion out of comfort occurred,

regeneration of the desiccant material was demanded. A 1lower cutoff
regeneration temperature, required by the dynamic behavior of the gel and
evident from the performance maps, was chosen as T (min) = 45°C. The

maximum temperature between TRrEG (min) and TREG (max) available from storage
was then used, resulting in the generation of the greatest attainable cooling
capacity. Obvious trade-offs exist between this method and the attempt to
ration the collected solar heat by applying an incremental scheme. By
gradually elevating the system capacity until the loads are  just met, system
COP is maximized by minimizing solar energy usage. However, deviations from
comfort occur with greater frequency because just matching the cooler capacity
with the house loads controls along the comfort boundaries. This tends to
increase operation time and thereby increase the expenditure of electrical
energy. On the other hand, operating at maximum available capacity ensures the
highest probability of returning to comfort in the shortest time period, and
less electrical energy (fan usage) should be, required. In addition, this
strategy allows a deeper penetration into the comfort zone.

Based on the definition of house comfort conditions, six unique control zomnes
can be defined (Figure 3-21). Unlike prior simulations that controlled to a
maximum absolute humidity, it was decided to use relative humidity as the
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control criterion. The reason for adopting this control parameter was the
wide variance (347%) in humidity ratio at the upper and lower temperature
limits (Typx and Tyyy) at 60%Z relative humidity. "Dead bands” were employed
to suppress the effect of small drifts out of the comfort zone due to
fluctuations in room conditions caused by the occasional inability of the
machine to meet the total load. Whenever the house resided in a dead band, it
was considered to be in comfort but the desiccant cooling system functioned
with the appropriate zonal strategy as described in the following paragraphs.

Sensible heating is required to return the zone-l room state to comfort. The
desiccant unit does not operate in this zone. However, the amount of heating
needed to return to comfort (zone 6) was computed in the model and compared
with the external house load due to insolation. If ambient conditions were
sufficient to restore comfort within one time increment, then no additional
action was taken. Otherwise, the house heating load was met by auxiliary
heating. Collected/stored solar energy was used for heating during the
heating season and strictly for cooling during the rest of the year. Heating
loads occurring during the cooling season were always met by auxiliary
heating.

Zone-2 strategy dictates that the house be heated and dehumidified. Figure
3-9 presents the performance of the desiccant system at the crossover poiat
between zone 2 and comfort. Operating with & = € = 0 produces negative
sensible (heating) capacity concurrent with positive latent (dehumidification)
capacity. However, preliminary simulations showed that zone 2 was reached
only occasionally during the transition periods (between heating and cooling
seasons). Attempts to.operate the desiccant system as outlined above resulted
in an approximately isothermal transition from zone 2 to zone 1. This was
caused by the inability of the desiccant system heating capacity to compensate
for the predominantly negative (heating) loads, the net effect of which was
dehumidification only. Consequently, it was decided that the optimum approach
would be to duplicate the zone-l control strategy in zone 2, resulting in the
transition of room conditlons frow zouwe 2 to zone 3. The unused solar
capacity was then used for dehumidification by the zone 3 strategy.

Ideally, ounly dehumidification 1is necessary in 2zone 3. Nominal system
performance for this condition is displayed in Figure 3-6. 1In this case, it
is desirable to operate with zero sensible cooling capacity, a good
approximation to this being € = 0.9 and € = 0.4. In practice, the decrease
in ambient temperatures each evening fresults in increased relative humidity
and negative sensible house 1loads. If the humidity drives the indoor state
into zone 3 (point A to point B in Figure 3-22), a latent capacity sufficient
to bring about a change in humidity ratio & = W(B) = W(C) Ls reyuired to
restore comfort, with the room temperature assumed coanstant. The accompanying
negative evening load, however, lowers the room temperature by an amount AT =
T(C) - T(D). Thus, pure dehumidification of magnitude AW, in conjunction with
a decrease in room temperature, results in room state D rather than C and
comfort is not achieved. For this case, a better strategy is to operate the
system with both evaporative coolers turned off (€, = € = 0 in Figure 3-6),
thereby generating heating capacity to offset the sensible 1load, and
increasing the latent capacity (Table 3-15).

Conditions repreéented by zone 4 require both latent and sensible cooling to

return to comfort. System performance at the Intersection of zones 4 and 6 is
displayed in Figure 3-7. The ratio of the sensible to latent loads
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Table 3-15. DESICCANT SYSTEM CONTROL STRATEGY?
SEN
Zone LAT Treg # €1 €o
1 - - off -— -
2 - - of f - -
3 - < 45° off - -
<0 > 45° on 0.0 0.0
>0 > 45° on 0.4 0.9
4 - < 45° off - -
> 1.0 > 45° on 0.9 0.9
< 1.0 45° to 50° on 0.40 + 0.10 X U
£ 1.0 50* to 55° on 0.40 + N.15 X 0.9
< 1.0 55° tu 60" on 0.40 + 0.20 X 0.9
< 1.0 60° to 65° on 0.40 + 0.25 X 0.9
< 1.0 65° to 70° on 0.40 + 0.30 X 0.9
< 1.0 70° to 75° on 0.40  0.35 X 0.9
< 1.0 75° to 80° on 0.40 - 0.40 X 0.9
<1.0 80° to 85° on 0.40 + 0.45 X 0.9
5 - < 45° of f — it
- 45° to 50° on 0.7 0.9
-~ 50° to 55° on 0.8 0.9
- 55° to 60° on 0.9 0.9
- 60° to 65° on 0.9 0.9
- 65° to 70° on 0.9 0.9
- 70° to 75° on 0.9 0.9
- 75° to 80° on 0.9 0.9
- 80° to 85° on 0.9 0.9
6 -- -- of f - -
8GEN = sensible house load
LAT = latent house load
Tpgg = regeneration temperature (°c)
m = flowrate (kg/sec) .
ei = inlet evaporative cooler effectiveness
€o = ambient evaporative cooler effectiveness
X = SEN/LAT
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experienced by the house should be reflected in the S/L capacity supplied.
When the sensible load exceeded the latent element, the sensible heating ratio
SHR (sensible capacity/total capacity) was maximized by operating with €& =&
= 0.9. Conversely, when the S/L load < 1, the inlet cooler effectiveness was
appropriately proportioned to furnish cooling to counteract both components of
the load. Details of this strategy are given in Table 3-15. Implementation
of the simulated controller in a practical sense would require monitoring of
both indoor and outdoor temperatures and humidities.

Room state 5 demands sensible cooling only for restoration of comfort. This
corresponds to operation along the line QLAT = O in Figure 3-8. Achievement
of this control was facilitated by optimum outlet cooler effectiveness (6o =
0.9) combined with a scheme parameterizing €; as a function of'TREG (max) as
specified in Table 3-15.

Zone 6 represents comfort conditions. No operation of the desiccant system is
needed. The action of the control strategy in this case was merely to shut
off the machine.

The controller was allowed an auxiliary cooling option to supplement desiccant
system performance. In this mode, the portion of the latent and/or sensible
load that could not be met by the solar desiccant cooler was provided by an
assumed auxiliary vapor-compression unit. This guaranteed an immediate return
to comfort whenever the room state entered zones 3, 4, or 5. Several runs for
various cities were madé in which only the sensible component was
supplemented. A second auxiliary alternative, whereby the regeneration stream
temperatures could be augmented to Tppes = 85°C at all times, was installed in
the controller but not applied in the present study. Frequency of auxiliary
usage and failure of the desiccant system to operate when demanded [due to
Trec (max) < 45°C] was recorded.

A convention was established to account for the house loads, desiccant cooler
system capacities, auxiliary heating, and auxiliary cooling to assure an
accurate balance of energy. The possibility of both positive and negative
house loads and desiccant cooler system capacities necessitated a special
energy accounting method. All heating loads occuring in zones 1 and 2 were
assumed to be met by an auxiliary heating supply. No cooling loads or
capacities were allowed in these zones. In zone 3, the control strategy
permitted a deslccant cooler sensible heating (negative) capacity.
Similarily, because zone 5 attempted to operate at zero capacity, ambient and
room conditions could precipitate a desiccant cooler 1latent heating
(humidification) capacity. To handle these cases 1in zones 3 through 6,
whenever a desiccant system heating capacity (sensible or 1latent) was
experienced, it was added to the house cooling load. All sensible and latent
loads and capacities in these four zones were then algebraically summed.
Table 3-16 gives a summary of this accounting system.

3.7.3 Results of Case Studies

The simulations were used to investigate such questions ag which climate was
most appropriate for desiccant system operation, what system capacity and
collector size were optimum, and which auxiliary cooling strategy most
enhanced desiccant system performance. Five cities were chosen on the basis
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Table 3-16. ENERGY ACCOUNTING CONVENTIONZ

Zone QLOADS QCAPS QCAPL HLOADS CLOADS CLOADL HCAPS HCAPL CCAPS CCAPL
1, 2 > XLOADS - - 0 0 0 0 0 0 0
0 < QLOADS < XLOADS  -- --  XLOADS-QLOADS 0 0 -0 0 0 0
QLOADS < 0 < XLOADS - -~ XLOADS 0 0 0 0 0 0
3, 4, 5 <0 <0 0 QLOADS+HCAPS QLOADL+HCAPL  |QCAPS| | QCAPL | 0 0
: <0 >0 0 QLOADS+HCAPS QLOADL+HCAPL  |QCAPS| 0 0 QCAPL
>0 <0 0 QLOADS+HCAPS QLOADL+HCAPL 0 [QCAPL|  QCAPS 0
>0 >0 0 QLOADS+HCAPS QLOADL+HCAPL 0 0 QCAPS QCAPL
6 . 0 0 0 QLOADS QLOADL 0 0 0 0

8QLOADS = sensible house load

QCAPS = sensible desiccant system capzacity

QCAPL latent desiccant system carpacity

HLOADS = sensible auxiliary heat required

CLOADS = sensible cooling house load

CLOADL = latent cooling house load

HCAPS sensible heating capacity cf desiccant system
'HCAPL, = latent heating capacity of desiccant system

CCAPS = sensible cooling capacity of desiccant system
CCAPL = latent cooling capacity of desiccant system
XLOADS = sensible heating required to boost room temperature
back to comfort
= CAPy (Typy = Tpogw)/%t -
CAPH = capacity of the house = 10’ J/°C
At = time step = 1800 s .
Tyn = minimum comfortable room temperature = 20°C
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of their diverse climatic characteristics: Phoenix, Arizona (very hot, dry);
Dodge City, Kansas (warm, dry); Fort Worth, Texas (hot, humid); Washington,
D.C. (warm, humid); and Charleston, South Carolina (warm, very humid). For
each city, a series of yearly simulations were made. Results of solar heating
during the winter months were incorporated with results of the cooling season
to allow annual economic analyses. A range of collector sizes and desiccant
system capacities were simulated at each of the geographic 1locations of
interest. The auxiliary strategies were 4s follows: no auxiliary cooling,
auxiliary cooling driven by the sensible load, and auxiliary cooling designed
to match both the sensible and latent cooling requirements that could not be
met by the desiccant system. A summary is given in Table 3-17 of the
simulations. :

To determine the relative degree of desirability of solar heating and cooling
compared to solar heating only and to permit amortized cost estimates, both
the heating and the cooling seasons were simulated. The cooling season was
treated as described in Section 3.7.1. A solar space heating unit was modeled
for the heating season as shown in Figure 3-23. Solar water heating was not
considered.

The objective of the dynamic study was to ascertain the most favorable climate
for solar heating and desiccant cooling and the combination of system size and
collector area yilelding the best thermal performance. The principal findings
can be summarized as follows:

° Climates which experience both high heating loads in the winter and
high cooling loads in the summer are the most suitable candidates for
solar heating and desiccant cooling.

. Washington, D.C., is the most promising of the five cities examined
for the application of solar heating and desiccant cooling (due to
its climatic conditions).

° The desiccant system which was modeled is preferentially a latent
rather than sensible cooler.

. Thermal performance 1is best understood in terms of the dynamic
interaction of the desiccant machine with the solar collector/storage
system outlet temperature.

° The optimum combinations of system sizes for Washington, D.C., ar
4.5~-kW capacity at 35-m“ collector area and 9.0-kW capacity at 50-m
collector area.

For the various cities included in this study, Figure 3-24 displays the
percentage of the heating load provided by solar energy as a function of
collector size. Geographical optimization of collector areas for solar
heating is controlled by economic considerations. Projections based upon a
series of F-Chart analyses [27] appear in Table 3-18 with the corresponding
heating loads met by solar energy. It can be seen that, with the exception of
Phoenix, cost is minimized when 30% to 50% of the seasonal heating load 1is
provided by solar energy. The discrepancy of Phoenix is due to the relatively
low heating load and high insolation. Since so little heating is needed, a
higher percentage must be met by solar energy to allow an appreciable total
fuel savings to compensate for. collector costs. A more detailed discussion of
heating season economics is presented in Section 5.3.
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Table 3-17. PARAMETERS USED IN DESICCANT COOLER SIMUGLATIORXS
Cooler Collectgr Storage
Run No. Size (kW) Area (m°) Volume (m“) Auxiliary Cooling
WASH® 1 9.0 15 13.1 None
WASH 2 9.0 35 13.1 Sensible
WASH 3 4.5 35 13.1 None
WASH 4 4.5 35 13.1 Sensible
WASH S 2.3 35 13.1 None
WASH O 2.9 35 13.1 Jeus!ible
wasu 7 9.0 50 i9.6 None
WwaSH 8 9.0 50 19.6 Sensible
WASH 9 4.5 50 19.6 None
WASH 10 4,5 50 19.6 Sensible
WASH 12 2.3 50 19.6 Sensible
WASH 13 9.0 20 7.8 Sensible
WASH 14 4.5 20 7.8 Sensible
WASH 15 2.3 20 7.8 Sensible
WASH 16 9.0 42 16.5 Sengible
WASH 17 4.5 42 16.5 Sensible
WASH 18 2.3 42 16.5 Sensible
WASH 19 9.0 42 16.5 Sensible + Latent
WASH 20 9.0 20 7.8 Sensible + Latent
WASH 21 9.0 35 13.1 Sensible + Latent
WASH 22 9.0 50 i9.6 Sensible + Latent
WASH 23 9.0 10 3.9 Sensible + Latent
WASIT 24 4.5 10 3.9 Sensible + Latent
WASIH 25 4.5 s 13.1 Sensible + Latent
WASH 26 4.5 50 19.6 Sensible + Latent
WASH 27 2.3 10 3.9 Sensible + Latent
WASH 28 2.3 35 13.1 Sensible + Latent
WASH 29 2.3 50 19.6 Sensible + Latent
ponGP 1 9.0 35 13.1 None
DODG 2 4.5 35 13.1 None
DODG 3 4.5 35 13.1 Sencible
DODG 4 2,3 35 13.1 None
DODG 5 2.3 35 13.1 Sensible
DODG 6 9.0 20 7.8 None
pDoDG 7 4.5 20 7.8 None
DODG 8 2.3 20 7.8 None
DODG 9 9.0 42 16.5 None
DODG 10 4.5 42 16.5 None
Dobe 11 2.3 42 16.5 None
nonG 12 4.5 35 13.1 Sensible + latent
CHAR® 8 9.0 50 19.6 Sensible
CHAR 10 9.0 50 19.6 None
CHAR 11 4.5 35 13.1 Sensible
CHAR 12 4.5 35 13.1 None
CHAR- 13 13.5 50 19.6 Sengible
CHAR 14 4.5 35 13.1 Sensible + Latent
Frwrd 1 9.0 35 13.1 None
FTWR 2 4.5 35 13.1 None
FTWR 3 4.5 35 13.1 Sensible
FTWR 5 2.3 35 13.1 Sensible
FTWR 6 4.5 35 13.1 Sensible + Latent
PHNX® 1 9.0 3s 13.1 None
PHNX 2 9.0 35 13.1 Sensible
PHNX 4 4.5 35 13.1 Sensible
PHNX 7 4.5 45 13.1 Sensible + Latent
3yASH = Washington, D.C. SCHAR = Charleston, $.C.  ®PHNX = Phoenix, Ariz.
PpoDG = Dodge City, Kans. 9FTWR = Fort Worth, Tex.
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Areas having mild winter months (lower heating loads) generally experience
more severe cooling seasons (higher cooling loads) and vice versa. This makes
it unlikely that the optimal. collector sizes for the two seasons will be
identical. If the total loads are not significantly high, then the net fuel
saved will not offset collector costs. The implication is that the climate
most appropriate for both solar heating and cooling is one experiencing high
heating and cooling loads.

For each of the runs listed in Table 3-17, monthly and annual summaries of all
heating and cooling 1loads, capacities, and auxiliary requirements were
computed, as well as such parameters as COP, EER, and the percentage of time
the conditioned space was within the defined comfort zone. Sample reports are
included in Appendix A and the annual performance recaps appear in Table 3-19.

Table 3-18. PERCENTAGE OF HEATING LOAD SUPPLIED BY SOLAR ENERGY

Z of Heating % of Heating
Load Supplied Optimum Load Supplied
Heating by Solar Energy Collector by Solar Energy
Load at Collector Area for : at Optimum
City (1010J) Area of 35m2a Heating (m2)b Collector Area
Phoenix, Ariz. 0.76 100 14 95¢
Charleston, S;C 2.60 69 12 33¢
Fort Worth, Tex. 3.24 65 16 45°¢
Washington, D.C. 4.81 - 54 18 302
Dodge City, Kans. 5.65 66 26 512

8See Figure 3-24

Ref. 27; for _an assumed average conventional fuel cost = $10/GJ, collector
cost = $110/m“, and annual payback of capital = 0.1
CF=Chart results

Figures 3-25a, b, and ¢ summarize the effects of desiccant cooler size and
collector area on delivered cooling capacity for Washington, D.C. These plots
show that the amount of parasitic energy used is relatively unaffected by
collector area or desiccant machine size. This is because smaller machines
demand less power but operate for longer time periods than larger units.

COP and FFR were chosen as measures of performance. A benchmark desiccant
system was defined to be of a 4.5-kW nominal capacity and 35-m® collector
area. This configuration was simulated in the cities of interest both with
and without auxiliary cooling. The single variable that best characterized
climatic conditions was the relative humidity corresponding to the design-
point wet- and dry-bulb temperatures for each city [6]. Plots of COP and EER
as functions of this design-point ‘relative humidity (Figures 3-26a and b)
indicate that desiccant system performance peaks near 507 and that, therefore,
Washington, D.C., is the optimum climate of the five cities studied.
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TABLE 3-19. ANNUAL DESICCANT SYSTEM PERFORMANCE
(all energy units in joules)
Cooling Auxiliary % Bldg. Load
Building Load Capacity Supplied Supplied by Solar Energy
Sensible Latent Parasitic Duty Z in
Run No. Cooling Cooling Heat  Sensible Latent Heat Cooling Heat Cooling Energy cop EER Cycle Conmfort

WASH 1 1.28 E10 6.74 E9 4.81 E10 1.32 EI0 6.54 E9 2.19 E10 -- 54 - 3.05 E9 0.71 22.07 0.19 59
2 1.29 E10 7.56 E9 4.81 E10 7.91 E9 7.33 B9 2.19 E10 5.39 E9 54 74 2.99 E9 0.57 13.68 0.19 81
3 1.29 E10 6.84 E9 4.81 E10 1.34 E10 6.81 E9 2.19 E10 - 54 - 3.44 B9 0.77 20.07 0.34 57
4 1.29 E10 7.94 E9 - 4.€1 E10 6.17 E9 7.90 E9 2.19 E10 7.23 E9 54 66 2.84 E9 0.61 12.69 0.27 88
5 1.29 E10 6.63 E9 4.81 E10 1.34 E10 6.64 E9 2.19 E10 -= 54 - 5.27 E9 C.89 12.99 0.56 49
6 1.29 E10 7.85 E9 4.81 E10 4.04 E9 7.84 E9 2.19 E10 9.39 E9 54 56 4.05 E9 G.62 9.30 0.42 91
7 1.29 E10 8.34 E9 4.8 E10 1.33. E10 8.15 E9 1.56 El10 — 68 -— 3.48 E9 0.59 21.08 0.22 72
8 1.29 E10 8.80 E9 4.81 E10 9.77 E9 8.61 E9 1.56 E1I0 3.57 E9 68 84 3.30 E9 054 15.87 0.21 91
9 1.29 E10 8.46 E9 4.81 E100 1.35 E10 8.50 E9 1.56 El10 ~-- 68 - 3.86 E9 0.66 19.45 0.39 70
10 1.29 E10 8.81 E9 4.81 E10 6.90 E9 8.82 E9 1.56 E10 6.52 E9 68 71 3.01 E9 0.58 13.53 0.30 96
12 1.29 E10 8.43 E9 4.81 EI0 4.26 E9 8.45 E9 1.56 E10 9.17 E9 68 58 4.02 E9 0.60 9.71 0.42 98
13 1.29 E10 5.32 E9 4.81 E10 4.48 E9 5.14 E9 3.17 E10 8.80 E9 34 52 2.27 E9 0.62 10.87 0.14 65
14 1.29 E10 6.12 E9 4.81 E10 4.17 E9 6.05 E9 3.17 E10 9.15 E9 34 53 2.37 E9 0.64 10.98 0.21 72
15 1.29 E10 6.33 E9 4.80 E10 3.17 E9 6.29 E9 3.17 E10 1.02 E10 34 48 3.53 E9 0.66 8.82 0.35 76
16 1.30 E10 8.25 E9 4.81 E10 8.98 E9 8.01 E9 1.88 E10 4.34 E9 61 80 3.18 E9 0.56 14.82 0.20 86
17 1.29 EI0 8.41 E9 4.81 EI0 6.57 E9 8.41 E9 '1.88 EI0 6.83 E9 61 69 2.96 E9 0.59 13.07 0.29 93
18 1.29 E10 8.25 E9 4.81 E10 4.17 E9 8.26 E9 1.88 E10 9.25 E9 61 57 4.1t E9 0.51 9.48 0.43 96
19 1.29 E10 9.25 E9 4.81 E10 9.62 E9 6.58 E9 1.88 E1I0 6.15 E9 61 72 3.08 E9 0.56 13.76 0.19 100
20 1.28 E10 8.49 E9 4.81 E10 5.48 E9 2.80 E9 3.17 E10 1.32 E10 34 39 2.12 E9 0.58 9.92 0.12 100
21 1.29 E10 9.02 E9 4.81 E10 8.80 E9 5.59 E9 2.19 E10 7.69 E9 55 65 2.90 E9 0.37 12.62 0.18 100
22 1.29 E10 9.48 E9 4.82 E10 1.02 E10 7.57 E9 1.56 E10 4.80 E9 68 79 3.19 E9 0.54 15.11 0.20 100

=Sty om
OS]

>
(

[

060-41.



14

TABLE 3-19. ANNUAL DﬁSICCART SYSTEM PERFORMANCE (Continued)
(all energy units in joules)

- Cooling Auxiliary % Bldg. Load
Building Load Capacity Supplied Supplied by Solar Energy
Sensible lLatent Parasitic Duty % in

Run Ho. Cooling Cooling Heat Senglble Latent Heat Cooling Heat Cooling Energy cop EER Cycle Comfort
WASH 23 1.27 E10 7.96 E9 4.81 E10 1.20 E9 6.34 E8 4.00 E10 1.91 E10 14 9 6.44 EB 0.63 8.63 0.03 100
24 1.27 E10 8.13 E9 4.81 E10 2.85 E9 1.58 E9 4.01 E10 1.67 E10 14 21 1.52 E9 0.61 8.79 0.13 100
25 1.28 E10 8.80 E9 4.81 E1I0 6.53 E9 6.58 E9 2.19 E10 8.89 E9 55 °~ 60 2.64 E9 0.63 12.11 0.25 100
26 1.28 E10 8.97 B9 4.81 El0 6.87 E9 7.48 E9 1.56 E10 7.52 E9 68 66 2,67 E9 0.58 13.37 0.26 100
27 1.28 E10 8.14 E9 4.81 EI0 2.66 E9 2.05 E9 4.02 E10 1.64 E10 14 122 2.35 E9 0.63 8.09 0.21 100
28 1.28 E10 8.43 E9 4.81 E10 3.82 E9 5.24 E9 2.19 E10 1.24 E10 55 42 2.97 E9 0.59 9.24 0.30 100
29 1.28 E10 8.47 E9 4.81 E10 3.89 E9 5.64.E9 1.56 E10 1.20 E10 68 44 2.93 E9 0.57 9.51 0.30 100
DO6DG 1 1.16 E1O0 3.33 E9 5.65 E10 1.20 E10 3.59 E9 1.91 El0 -~ 66 — 3.07 B9 0.56 17.38 0.18 82
2 1.14 E10 3.46 E9 5.66 E10 1.21 E10 3.78 E9 1.91 El0 - 66 - 2.91 E9 0.59 18.69 0.32 76
3 1.14 E10 3.18 E9 5.66 EI0 6.01 E9 3.48 E9 1.91 E10 6.01 E9 66 61 1.86 E9 0.53 12.42 0.18 99
4 1.13 E10 3.25 E9 5.66 E1I0 1.19 E10 3.49 E9 1.91 E10 ~-- 66 - 4.06 L9 0.69 12.95 0.47 61
5 1.14 EI0 2.77 E9 5.66 E10 3.40 E9 2.99 E9 1.91 E10 8.60 E9 66 43 2.20 E9 0.52 9.08 0.23 99
6 1.16 E10 2.27 E9 5.64 E10 1.18 E10 2.38 E9 3.36 El10 - 40 - 2.26 E9 0.79 21.45 0.16 60
7 1.14 E10 2.38 E9 5.65 E1I0 1.20 E10 2.62 E9 3.36 ElO - 40 - 2.32 E9 0.81 21.53 0.25 55
8 1.13 E10 2.53 E9 5.65 E10 1.19 E10 2.72 E9 3.36 El10 - 40 -- 3.89 E9 0.88 12.83 0.48 56
9 1.16 E10 3.55 E9 5.65 EI0 1.21 E10 3.84 E9 1.42 El0 - 75 - 2.51 E9 0.52 21.66 0.18 94
10 1.15 E10 3.60 E9 5.66 E10 1.21 E10 3.92 E9 1.42 E10 - 75 -- 2.63 E9 0.56 20.86 0.31 80
11 1.13 E10 3.32 E9 5.65 E10 1.19 E10 3.57 E9 1.42 El10 - 75 -- 3.83 B9 C.67 13.80 0.46 61
12 1.14 E10 3.18 E9 5.66 E1I0 6.00 E9 3.39 E9 1.91 E10 6.08 E3 66 61 1.65 E9 0.53 12.93 0.18 99
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TABLE 3-19. ANNUAL DESICCANT SYSTEM PERFORMANCE (Concluded)

(all energy units in joules)

Cooling Auxiliary % Bldg. Load
Building Load Capacity Supplied Supplied by Solar Energy
Sensible Latent Parasitic Duty % in
Run No. Cooling Cooling Heat Sensible Latent Heat Cooling Heat Cooling Energy COP EER Cycle Comfort
PHNX 1 5.13 E10 1.39 E9 7.57 E9 5.15 E10 1.47 E9 0 -~ 100 - 6.06 E9 0.72 29.87 0.29 52
2 5.13 E10 1.94 B9 ?7.55 E9 3.00 E10 1.98 E9 0 2.12 E10 100 60 5.32 E9 0.49 13.17 0.25 99
4 5.11 E10 1.85 E9 7.52 E9 1.89 E10 1.90 E9 0 3.26 E10 100 39 3.89 E9 0.43 10.77 0.28 99
7 5.11 E10 1.89 E9 7.52 E9 1.89 E10 1.87 E9 0 3.27 E10 100 39 3.89 E9 0.43 10.76 0.28 99
CHAR 8 1.21 E10 1.21 E10 2.60 E10 9.45 E? 1.24 E10 2.86 E9 3.42 E9 89 . 86 5.07 E9 0.51 13.41 0.24 86
10 1.20 E10 1.15 Ei0 2.60 E10 1.28 E10 1.19 E10 2.86 E9 - 89 -~ 5.20 E9 0.54 16.20 0.25 72
11 1.19 E10 1.11 E10 2.60 E10 5.91 E9 1.15 E10 8.10 E9 6.87 E9 69 72 4.10 E9 0.57 12.09 0.33 81
12 1.19 E10 9.66 E9 2.59 EI0 1.27 E10 1.00 E10 8.10 E9 - 69 -- 4.54 E9 0.73 17.08 0.37 51
13 1.22 E10 1.15 E10 2.60 E10 1.01 E10 1.16 ELO 2.86 E9 2.84 E9 89 88 7.25 E9 0.47 9.99 0.19 80
14 1.17 E10 1.27 E10 2.61 E10 6.38 E9 '9.19 E9 _8.10 E9 9.92 E9 69 61 3.24 E9 0.5o 12.07 0.29 100
FTWR 1 2.39 E10 9.39 E9 3.24 E10 2.41 E10 9.27 E9 1.13 ElC -- 65 - 5.28 E9 0.71 21.57 0.25 48
2 2.38 E10 9.72.E9 3.24 E10 2.45 E10 9.83 E9 1.13 El0 - 65 -~ 5.88 E9 0.75 19.90 0.49 46
3 2.38 E10 1.09 E10 3.24 E10 1.07 E10 1.10 E10 1.13 E10 1.36 E10 65 61 4.40 E9 0.56 12.25 0.35 95
S 2.39 E10 1.05 E10 3.24 E10 6.59 E9 L.05 E10 1.13 E10 1.78 E10 65 49 5.49 E9 0.61 9.44 0.48 98
6 2.37 EI0 1.1l E10 3.25 E10 1.08 E10 9.63 E$ 1.13 EI0 1.49 E10 65 58 3.73 E9 0.59 12.45 0.31 100
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Figure 3-25, SIMULATED ANNUAL PERFORMANCES OF SOLAR DESICCANT COOLERS WITH SENSIBLE AND
LATENT AUXILIARY COOLERS TN WASHINGTON, D.C.
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The steady~state analysis (Section 3.6.2) showed that the modeled desiccant
system was preferentially a latent rather than sensible cooler. For the
dynamic analysis, runs in which auxiliary sensible cooling was provided were
chosen to see how well the latent component of the load could be met by the
desiccant machine. The percentage of time which the house spent in zone 3
(out of comfort, too humid) in each city was again plotted against design-
point relative humidity (Figure 3-27). General agreement was found with the
steady-state seunsitivity curve of capacity versus ambient humidity; namely, as
outside humidity increased, system performance decreased and a greater amount
of time was spent out of comfort. ‘

To further illustrate the effect of climate upon system operation, the
variation of the percentage of the latent cooling load that was provided by
solar energy, as a function of the percentage of the total latent cooling
load, was studled. The percentage of the latent cooling supplied by solar
energy was calculated as follows:

Latent cooling capacity supplied by solar energy

Latent cooling load x 100%.

The results are plotted in Figure 3-28 and they agree with the steady-state
performance. As the latent load became more appreciable, the cooling capacity
dropped and the percentage of the latent 1load supplied by solar energy
decreased. Thus, the response of the modeled desiccant system was more
sensitive to latent than sensible conditions.

As explained in Section 3.7.2, whenever the collector/storage system could not
deliver 45°C, the desiccant system did not operate. The percentage of time
that cooling capacity was required but could not be provided due to
insufficient outlet temperature was recorded for each simulation run (see
Table 3-20). Inability to operate was plotted in Figure 3-29 as a function of
collector area and system capacity for Washington, D.C., for two auxiliary
cooling strategies. Proper matching of collector area with desiccant system
size minimized the percentage of time in which the system was unable to
.operate. Two conclusions can then be made if it is desired that the desiccant
system operate 907 of the time that it i needed. First, a considerable
increase in collector area (roughly 15 m“) is required to maintain a 90%
availability (10% downtime) if only sensible auxiliary cooling 1is provided
rather than both sensible and latent auxiliary. This implies, on the basis of
minimizing collector area, that the strategy of providing sensible and latent
auxiliary cooling is more favorable than supplying sensible auxiliary only.
SecoEd, the appropriite choice of collecgor size versus system capacity is
20 m“ at 2.3 kW, 35 m“ at 4.5 kW, and 50 m“ at 9.0 kW.

Additional support for the above combinations of collector size and system
capacity was obtained from frequency histograms of collector flowrate. As
mentioned in Section 3.7.1, 1f the collectible solar energy resulted in an
outlet temperature greater than 85°C, the collector flowrate m- was increased
until exactly 85°C was available. The percentage of time that m. exceeded the
desiccant system flowrate m_, was therefore a measure of how oversized the
¢ollector area was relative to desiccant capacity. These percentages ate
presented in Table 3-20 and are displayed as a function of collector area in
Figure 3-30. When it is assumed that 307 represents the maximum percentage of
time that collector flowrate should exceed desiccant flowrate, agreement is
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Table 3-20.

SYSTEM PERFORMANCE PARAMETERS

Average Temperature

% of Time Cooling

% of Time

Available from Capacity Required % of Time Collector Flow-
Solar Collector/ and TOUT< 45°C Auxiliary rate > System
Run No. Storage (°C) (machine off) Required Flowrate
WASH 1 57.0 63.0 0.0 0.0
WASH 2~ 58.5 54.4 12.4 0.0
WASH 3 60.7 38.5 0.0 37.9
WASH 4 65.1 31.2 14.0 38.3
WASH 5 67.0 9.4 0.0 57.9
WASH 6 69.8 10.0 15.6 59.0
WASH 7 56.7 47.3 0.0 6.0
WASH 8 64.5 35.3 9.6 5.8
WASH 9 66.3 16.3 0.0 55.5
WASH 10 70.6 9.7 12.7 58.8
WASH 12 74.4 1.0 15.3 69.7
WASH 13 49.3 75.2. 15.8 0.0
WASH 14 56.7 58.7 16.1 1.6
WASH 15 61.6 35.7 16.7 29.4
WASH 16 61.6 45.1 10.7 0.5
WASH 17 67.9 19.4 13.4 50.4
WASH 18 72.2 3.2 15.4 64.2
WASH 19 62.7 20.6 24.5 0.7
WASH 20 50.5 555 28.4 0.0
WASH 21 59.7 29.0 25.5 0.0
WASH 22 65.7 12.2 23.0 6.1
WASH 23 42.8 89.3 30.7 0.0
WASH 24 49.3 56.9 30.0 0.0
WASH 25 67.6 6.6 27.3 39.0
WASH 26 72.4 1.0 26. 60.6
WASH 27 57.6 29.3 30.7 0.0
WASH 28 74.0 0.1 30.0 64.3
WASH 29 76.7 0.0 29.9 73.6
DODG 1 65.9 36.4 0.0 0.4
DoDG 2 70.1 5.9 0.0 55.3
DoDG 3 75.1 0.0 11.1 65.2
DODG 4 76.3 0.0 0.0 73.1
DODG 5 78.4 0.0 13.5 74.6
DODG 6 54.3 65.5 0.0 0.0
ponc 7 61.3 49.9 0.0 15.3
DODG 8 66.9 7.2 0.0 50.6
DonG 9 69.6 7.5 0.0 4.4
DODG 10 73.5 0.3 0.0 66.0
DODG 11 78.0 0.0 0.0 76.5
DODG 12 75.2 0.0 18.1 66.0
CHAR 8 62.5 38.2 8.7 0.0
CHAR 10 60.8 44.8 0.0 6.6
CHAR 11 61.9 33.9 12.8 38.0
CHAR 12 58.6 39.5 0.0 3R.0
CHAR 13 57.7 54.3 7.5 0.0
CHAR 14 66.5 6.9 31.6 40.1
FTWR 1 56.1 58.6 0.0 0.0
FTWR 2 60.4 23,1 0.0 49.2
FTWR 3 68.4 10.9 19.1 52.9
FTWR 5 74.3 2.2 22.2 69.6
FIWR 6 70.2 1.6 32.1 56.2
PHNX 1 60.1 46.8 0.0 0.2
PHNX 2 65.6 7.3 20.5 0.1
PHANX 4 74.0 0.7 24.2 67.5
PHNX 7 74.0 0.3 28.9 67.5
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found with the matching of 20 m® with 2.3 kW and 35 m® with 4.5 kW. Note that
the col%ector area required by a machine of 9.0-kW capacity is undersized even
at 50 m“.

To determine which of the combinations of collector area and system capacity
was most desirable for Washington, D.C., the percentage of the total house
cooling load supplied by solar energy was plotted against collector area
(Figure 3-31). The capacity of the 9.0-kW system was far too great for small
collectors. Usable solar energy was rapidly depleted and the system remained
off most of the time. Another way of viewing this is that the average
temperature from the collector available for regeneration was low and, thus,
the corresponding percentage of time that the collector outlet temperature was
less than 45°C (and, hence, the system inoperative) was high (see Figure
3-29). On the other hand, when sufficient collector area was provided, the
9.0-kW machine capacity could meet a greater percentage of the building load
than the smaller systems. The percentages for the three system configurations
under consideration were as follows:

% of Building

Collector Area (m2) Capacity (kW) Load Met
20 2.3 32
35 4.5 60
50 9.0 79

The sensible and latent components of the cooling load exhibited the same
general behavior as the total cooling load (see Figures 3-32a and b).

Thus, the larger collector/capacity systems clearly exhibit greatly improved
performance over the 20-m“/2.3-kW compination. This conclusion is further
supported by a similar anlaysis of EER versus collector area (see Figure
3-33). For the sensible dnd latent auxiliary cooling strategy, the EER at
50-m“ collector area and Q;O-kw capacity was 15.11 and at 35 m“ and 4.5 kW it
was 12.11, whereas at 20 m" and 2.3 kW the EER was only 9.51.

When system sizing is viewed from the standpoint of COP, the importance of the
dynamic interaction between the desiccant system and the collector/storage
unit becomes evident. Figure 3-34 1s a plot of system COP as a function of
collector area for the system sizes under consideration. At very low
collector areas, the 9.0-kW machine 1is quite oversized, as discussed
previously, and hence the system rarely was capable of operating. When it did
operate, it was primarily driven directly by solar energy; that 1is, storage
remained depleted. Thus, while the system operated with a low duty cycle (see
Table 3-19), high temperatures were available during those times it did
operate, resulting in efficient use of supplied energy and a high COP. With
large collector areas, more solar energy was collected, some of which could be
stored at temperatures above 45°C (the lower level temperature control). This
storage was depleted a smaller fraction of time than in the case of the
smaller cobllector areas, and the desiccant system could operate at the
correspondingly lower temperature range, resulting in a smaller COP. This
behavior could not have been predicted from the steady-state analysis; it can
only be understood in terms of -the dynamic interaction of the desiccant cooler
with the solar collector/storage system outlet temperature.
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This suggests that a more meaningful characterizing variable for the desiccant
cooler (rather than COP or collector area) is the average temperature
available from the collector/storage unit (i.e., regeneration temperature).
Such information is available from frequency histograms of the outlet
temperature from the collector/storage system and is compiled in Table 3-20.
The translation from collector area to average outlet temperature ‘TbUT is
depicted in Figure 3-35.

Figure 3-36 shows average outlet temperature plotted versus COP. The reason
for the decreasing COP as Toyp increases is similar to the argument given in
the steady—-state analysis. At high regeneration (outlet) temperatures, the
supplied energy increases more rapidly than the cooling capacity. This appears

ta be an inherent characteristic of the desiccant systems.

To further illustrate the effect on system parameters of increasing collector
outlet temperatures, a plot of Tyyp versus EER for Washington, D.C., is
presented in Figure 3-37. As discussed earlier, parasitic power requirements
are essentially independent of collector area and machine size. Therefore,
since a larger machine provides a larger fraction of the total house cooling
load, as shown in Figure 3-38, the cooling capacity supplied per unit of
parasitic power (i.e., EER) is greater for the systems of larger size.

The smaller machine with 20-m? collector area and 2.3-kW desiccant cooler had
the most favorable COP. (see Figure 3-36), but the objective of the present
control strategy was to maximize capacity and machine off-time and not to
optimize system COP. For this reason, the resulfs presented in Figures 3-31
and 3-33 support the selection of a 9.0-kW/50-m“ or a 4.5-kW/35-m“ system,
with both sensible and latent auxiliary cooling supplied, ag the most suitable
system for Washington, D.C. For the 4.5-kW cooler, a 35-m“ collector area is
most favorable since the incremental increass in cooling capacity and EER does
not justify the i%Frease from 35- to 50-m® collector area. As previously
discussed, a 50-m“ collector area is oversized for a 4.5-kW desiccant
cooler. The 9-kW cooler performs best with a 50-m“ collector area.
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SECTION 4.0

STANDARD VAPOR-COMPRESSION AIR-CONDITIONING SIMULATION

In order to evaluate the performance characteristics and cost of a solar
desiccant cooler, an accepted basis of comparison is required. For the pur-
poses of this study, an electrically driven, standard vapor-compression air
conditioner, used commonly throughout the United States, was chosen for com—
parison. As with the desiccant cooler, the vapor-compression cooler simula-
tion was run for a 12-month cooling/heating season. Important parameters
required to make a comparison between the two cooler types were calculated,
including cooling capacity supplied, heat supplied, electrical energy
required, COP, EER, and percentage of time the house was in the comfort zone.

4.1 DESCRIPTION OF SIMULATION

The vapor—compression cooler simulations were performed by a computer program
entirely separate from TRNSYS. However, the desiccant and vapor—compression
simulations shared many features so that direct comparisons of the results
could be made. The same basic house model, load calculation model, house
comfort zone, SOLMET ambient weather data for each location, and time incre-
ment (one-half hour) were used.

Figure 4-1 illustrates the ideal single-stage vapor—compression refrigeration
cycle. - The energy transfers are given by

2Q3 = h3 = hy,
34 = by = By,
401 = h3 —'hl’ and

hl = hz,

where

Q = heat transfer (J/kg),
W = work transfer (J/kg), and
h = enthalpy (J/kg).

The theoretical coefficient of performance is defined as

h h
COP = Eé_::_ﬁzn
4 3

The vapor-compression simulation was written with two basic assumptions:

93



TR-090

- il
- l.n
- K, 2

/Ql
Condenser (4)
(1) | y
¥ 374
E& Expansion
Valve Compressor
2Q3
/ A
(2) Evaporator (3)

Figure ‘4-1. THEORETICAL SINGLE-STAGE VAPOR-COMPRESSION REFRIGERATION CYCLE

94



S=RN@ — TR-090

° The vapor-compression machine had a constant cooling capacity of 9.0
kW (sensible + latent).

o The average COP for the cooler was 2.5.

These and the other basic input parameters of the simulation are summarized in
Table 4-1.

Table 4-1. SUMMARY OF INPUT PARAMETERS FOR VAPOR-
COMPRESSION AIR-CONDITIONING SIMULATION

Operating capacity (kW) [tons] 9.0 [2.5]
Average vapor-compression COP 2.5
(without reheat)

Flowrate (m3/s) 0.48
Assumed air pressure drops (N/mz) 125
House comfort zone - Defined in Figure 3-4
House model - Described in Section 3.2.2.6
House cooling/heating loads Déscribed in Section 3.2.3
SOLMET  hourly ambient weather data

Charleston, S.C. ‘ 1963

Dodge City, Kanms. - 1955

Ft. Worth, Tex. 1960

Phoenix, Ariz. ' 1962

Washington, D.C. 1955
Simulation time increment (h) 0.5 )
Simulation time period 12-month heating/cooling season

The simulated operation of the vapor-compression air conditioner 1is illus-
trated in Figure 4-2. Two different room conditions, 25.5°C with 60% relative
humidity and 25.5°C with 20% relative humidity, are shown on the psychrometric
chart with the corresponding paths for room air passing through the vapor-
compression cooler evaporator.

Point 1 on Figure 4~2 represents room air at 25.5°C dry-bulb temperature and
607 relative humidity. As the air passes through the evaporator, it is sensi-
bly cooled along a line of constant humidity ratio W until it reaches satura-
tion (dew-point temperature) at point 2. From point 2 to point 3 the air
undergoes both sensible and latent cooling as its dry-bulb temperature and
humidity ratio decrease. The sum of the sensible cooling from points 1 to 2,
sensible cooling from points 2 to 3, and latent cooling from points 2 to 3
equals 9.0 kW. .

In the same manner, point 4 represents room air at 25.5°C dry-bulb temperature
and 207 relative humidity. As the air passes through the evaporator, it is
sensibly cooled to point 5. At this point the cooling capacity of 9.0 kW has
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been reached and, therefore, no latent cooling is supplied. This condition
could occur in very dry climates such as Phoenix, Ariz. Correlations for
enthalpy as a function of humidity ratio and specific heat of moist air allow
the states indicated in Figure 4-2 to be determined [28].

Two sets of simulations were performed for each of the five cities wunder
study:

. a standard operating mode for a residential vapor-compression cooler,
and
° a revised operating mode using reheat for the room air immediately

after the air leaves the cooler and before it is reintroduced into
the house.

Although commonly used in commercial applications, reheat 1s not usually
employed in residential systems. Reheat was included in one set of
simulations in order to match latent house load to cooler latent capacity for
the desiccant and vapor-compression systems. The desiccant cooler system can
meet latent loads as well as sensible loads and can even supply latent
capacity alone 1if required. However, the vapor-compression cooler must
supply enough sensible cooling to bring the room air to saturation before any
latent capacity can be supplied. In humid climates such as Charleston, S. C.,
or Washington, D.C., the vapor-compression cooler might supply too much
sensible cooling in meeting the large latent loads. Therefore, when more
latent than sensible cooling was required to maintain the house in.comfort,
reheat was used whereby heat was added to the cooled air leaving the vapor-
compression machine in an amount equal to the difference between the sensible
cooling supplied and the sensible house load.

The controller required to operate the vapor—compression cooler was simpler
than that for the desiccant cooler (see Section 3.7.2). When room conditions
were above comfort in dry-bulb temperature or relative humidity, the vapor-
compression system was simply turned on. The proportions of sensible and
latent cooling supplied were determined by the state of the moist air intro-
duced into the evaparator, It would be possible to change the proportions of
sensible to latent cooling by varying the rate of airflow through the cooler
while waintaining the 9.0-kW total cooling capacity. A variable air mass flow
capability was included in the controller for the vapor-compression simulation
but the feature was not used in this study.

The computer program written for the vapor-compression machine simulated the
conditions for an annual canling/heating season in essentially the same manner
as did the program for the desiccant cooler. Moist air at room conditions
entered the cooler, 9.0 kW of cooling capacity was supplied, reheat (if any)
was added, and the airstream was reintroduced into the house. The house model
determined the resulting house air conditions, and the controller continued
cooler operation if the room air was out of comfort in dry-bulb temperature
and/or relative humidity; or, if the room was in comfort, the controller
turned off the cooler. If the room conditions were such that heating was
required, the heating load was assumed to be met with an auxiliary heater so
that the room dry-bulb temperature never dropped below 20°C. However, the
room conditions could go higher than 25.5°C dry-bulb temperature and 60%
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relative humidity 1if the vapor-compression cooler could not meet the sensible
and latent house loads. Energy accounting for cooler capacity, house 1loads,
etc., was identical to that described for the desiccant cooler. Figure 4-3 is
a flow diagram showing basic steps in the computer program.

4.2 ‘RESULTS

The vapor—-compression simulation was run for the five cities used in the
desiccant simulation. The results are shown in Appendix B (Tables B-1 through
B-10). The size of the vapor—compression cooler was not varied from 9.0 kW.

The information shown in the tables of Appendix B was defined in the same
manner as for the desiccant cooler with the exception of reheat (see Section
4.1) and COP. Although the average COP for the vapor—compression cooler was
.assumed to be 2.5, the overall system COP was calculated as

Cooling capacity

COP overall = Cooling capacity/2.5 + reheat

The reheat was considered part of the vapor-compression system aund, as a heat
input, was included in the calculation of cooling COP shown in Tables B-6 to
B-10. Tables B-1 to B-5 are the results of the vapor-compression simulation
without reheat.

Investigation of the two sets of results (with and without reheat) indicates
that the net energy requirements for each are nearly the same. For all five
cities, the results for the standard operating mode without reheat (Tables B-1
to B-5) show that the heating load increased by an amount approximately equal
to the reheat requirements of Tables B-6 to B-10. Thus, in the standard
operating mode, the vapor-compression cooler drove the room conditions to the
lower comfort boundary in temperature (20°C) in an effort to meet the latent
load and maintain comfort conditions of relative humidity (60% upper limit).
The excess sensible cooling capacity of the cooler was offset by the house
natural-gas-fired space heater. In the reheat mode, the excess sensible
cooling capacity was met by a natural-gas-fired air heater between the cooler
and the house. In either case, the annual electrical and natural gas require-
ments were essentially the same. If the cooler had been controlled hy
temperature only, the house relative humidity would have drifted in ‘and out of
the comfort zone and no extra energy for reheat or space heating would have
been required.

Several items of information from the tables in Appendix B were required for

the economic analysis (see section 5.0), including total supplied heat,
cooling capacity, reheat, and parasitic energy.
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SECTION 5.0

ECONOMIC ANALYSIS

The potential for using solar space heating and/or desiccant cooling in resi-
dential buildings ultimately depends on the economics of solar heating and
cooling systems as compared to conventional systems. Local energy costs
(electricity and natural gas) and the amount of conventional energy displaced
by solar energy determine if the capital cost of the solar system can be
recovered within an acceptable time period through energy cost savings. The
previous sections of this report describe simulations of solar and
conventional systems for residential space heating and cooling. The results
of these simulations, namely, power input required to provide annual heating
and cooling, Were used in an economic analysis computer program to make direct
comparisons between solar and conventional systems. Also considered was the
potential for fossil fuel conservation.

5.1 METHODOLOGY

The economic analysis program was used to discount life-cycle costs of the
solar and conventional systems, resulting in present worths of the costs for
each system. The present worth was determined for all annual heating/cooling
season simulations of the solar and conventional systems in each of the five
cities studied. Cost/benefit ratios for the solar systems were then
calculated from the present worth figures.

In order to determine the present worth of life-cycle costs, several param-
eters were required for the economic analysis. These included interest rates,
inflation rates, and energy—cost escalation rates. Since a 20-year economic
lifetime was assumed for both the solar and conventional systems, forecasts
were made for the economic parameters (assumed as constants) over the lives of
the systems. The values used in the analysis (base year of 1978) are shown .in
Table 5-1.

Table 5-1. PARAMETERS USED IN ECONOMIC ANALYSIS

System lifetime ' ' ‘20 years
General inflation rate 6%
Interest rate 9%
Discount rate 3%
Natural gas escalation rate 5%
Electricity escalation rate 5%

‘By using these parameters, the annual cash flow (outlay) for each system was
discounted to the present by using the following equation ([29]:
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=

A+1)% -1
1 1+

PW = A x

where

PW = present worth ($),

A = annual cash outlay ($),
1 = discount rate, and
n = number of years from present to expenditure of outlay A.

All cash outlays and the present worth were assumed to be in constant
dollars. Due to the natural gas and electricity escalation rates (that is,
the rate at which the costs of these fuels Increase in excess of the general
inflation rate), the annual cash outlay increased aver the 1ife of the system.

In addition to the economic parameters of Table 5-1, annual cash outlays for
solar and conventional systems are influenced by capital equipment costs;
installation costs; operation, maintenance, replacement, and insurance (OMRI)
costs; and potential government tax credits or subsidies for residential solar
installations. The values used in this study are described in Section 5.2.
Since the economic parameters and costs used in the life-cycle analysis can
vary widely over a 20-year period, the results are useful only for general
comparisons between system types. The analyses may not reflect true costs in
the latter years of the system lifetimes.

Once the present worth of the life-cycle costs for solar and conventional
systems was calculated, the solar system cost/beneift ratio was determined.
For the purposes of this study, "benefit"” was defined as the present worth of
life-cycle costs to mailntain house air conditions within the comfort zone over
20 consecutive 12-month heating/cooling seasons by use of conventional fuels
and air-conditioning methods (that is, natural gas heating and electrically
driven, vapor-compression air conditioning). "Cost" was defined as the
present worth of the life-cycle costs to maintain comfort conditions for the
same time period wusing solar energy for heating and desiccant air
conditioning, with auxiliary heating and cooling as required. Thus, a
cost/benefit ratio equal to 1.0 represents a case where the net solar system
costs equal the conventional system costs over 20-year lifetimes. For a
cost/benefit ratio less than 1.0, the solar system results in a net savings
over the cost of a conventional system, and for a ratio greater than 1.0, the
conventional system results in a net savings over the cost of the solar
system.

Solar systems that supply only space heating also were compared. Cost/benefit
ratios were determined for solar space heating systems with natural gas
heaters for auxiliary heat and vapor-compression air conditioners for the
total cooling loads. With this information, incremental changes in cost/bene-
fit ratios were examined for cases in which combined solar desiccant coolers
and solar space heating systems replaced conventional coolers with solar space
heating systems.
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An important aspect of the solar heating and cooling systems is the potential
for conservation of fossil fuels. As fossil fuels become more scarce, the
impetus for their displacement by solar energy for heating and cooling may
equal economic incentives. The percentage of fossil fuel displaced by solar
energy was determined for each of the annual simulations performed in this
study. The fossil fuel displacement was also determined for solar heating
systems with vapor-compression air conditioning.

To determine the fossil fuel displaced by solar heating and cooling systems,
the power inputs to both the solar and conventional systems were obtained from
the computer simulations for annual heating and cooling seasons. To convert
electrical power to its equivalent in fossil fuel, an overall conversion and
transmission efficiency of 33% was assumed. The following equations were used
to determine fossil fuel displacement: '

DISP = HEAT DISP x HEAT LOAD + (BASE THERMAL - SOLAR THERMAL)
HEAT LOAD + BASE THERMAL ’

where
DISP = fraction of fossil fuel energy displaced by solar
energy,
HEAT LOAD = total annual house heating load,

HEAT DISP
BASE THERMAL

fraction of HEAT LOAD met by solar energy

fossil fuel energy required for cooling season with
conventional air conditioning, and

SOLAR THERMAL

fossil fuel energy required for cooling season with
solar desiccant cooler.

BASE THERMAL and SOLAR THERMAL were determined as follows:

BASE THERMAL = 3.0 x 99%%“& + PP + REHEAT,
where
COOLING = annual vapor—compression cooling supplied to house,
corp = vapor-compression cooler coefficient of performance
(assumed to be 2.5),
PP = electrical power to vapor-compression cooler air
fan, and
REHEAT = natural gas reheat (if any) ;
and
SOLAR THERMAL = 3.0 x PPS + AUX_COOL s
4 corp
where
PPS = electrical power to desiccant cooler air fans and drive
motaor,
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AUX COOL = total annual cooling supplied to house by auxiliary vapor-
compression cooler, and
cop = auxiliary vapor-compression cooler coefficient of perform-

ance (assumed to be 2.5).

The factor of 3.0 in the BASE THERMAL and SOLAR THERMAL accounts for the 33%
conversion efficiency from fossil fuels to delivered electrical power. All
auxiliary mnatural gas space heating and reheat values include an assumed
heater efficiency of 65%.

For the case in which solar energy was utilized solely for space heating in
conjunction with a vapor-compression cooler, the fraction of displaced fossil
fuel energy, DISP H, was calculated in a similar manner. The equation was as
follows:

DISP H = HEAT DISP x HEAT LOAD
HEAT LOAD + BASE THERMAT. °

5.2 ASSUMED CAPITAL AND OPERATING COSTS

In order to determine life-cycle costs for the solar and conventional systems,
assumptions were made regarding capital equipment costs, installation costs,
OMRI costs, and potential government solar tax incentives or subsidies. Due
to uncertainty of the values of these costs and incentives, the program was
written so that the present worth of life-cycle costs was determined for
several increments in collector cost, percentage of initial capital cost for
OMRI, and percentage of inital solar equipment cost subsidized by the govern—
ment. In addition, the complete analysis was performed for five base years
(year of system purchase and startup): 1978, 1985, 1990, 1995, and 2000.

Because of the very limited amount of experience with desiccant cooler
systems, detailed system cost figures were not available. 'T'he cost ot the
installed desiccant cooler was assumed to vary with cooling capacity as
follows: '

Desiccant Capital Cost = $500.00 + $800.00/ton cooling capacity.
The desiccant system cost is plotted as a function of capacity in Figure 5-la.

The average cost for an installed vapor-compression cooler was estimated from
manufacturers' quotations. A cost of $400.00 per ton of cooling capacity was
used in the economic analysis. This cost is plotted as a tunction of capacity
in Figure 5-1b.

The collector/storage system cost was a major portion of the total solar
heating/cooling system capital cost. Due to differences in collector cost
projections, the installed collector/storage system costs were varied from
$108/m“ to $323/m2 in increments of $54/m”.

OMRI costs vary widely for different systems. For this study, OMRI costs were

taken as constant annual percentages of the initial capital investment. The
OMRI percentage was varied from 0.5% to 5.0% in increments of 0.57%.
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Figure 5-1. CAPITAL COST VS. CAPACITY FOR (a) DESICCANT COCLER AND
(b) VAPOR-COMPRESSION COOLER
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Allowances were made in the economics program for potential government subsi-
dies for solar systems. Two cases were studied: subsidies of 0% and 25% of
the initial capital cost of solar equipment.

Table 5-2 summarizes the ranges of cost figures used in the economic analysis
program and the values upon which most of the study conclusions were based.

Table 5-2. EQUIPMENT-RELATED COSTS USED IN ECONOMIC ANALYSIS FOR DETERMINATION
OF LIFE-CYCLE PRESENT WORTH AND COST/BENEFIT RATIO

Cost Parameter Parameter Value(s) Used
Parameter Range Increment in Study
Desiccant cooler capital cost (§) — —_— 500 + 800/ton
Vapor-compression cooler capital -—— -—— 400/ton
cost (§)
Collechr/storage system cost 107.65 to 53.83 107.65 and
($/m®) 322.95 215.30
OMRI (%) . 0.5 to 5.0 0.5 - 1.0
Government subsidy of initial 0 to 25.0 -—— 25.0

capital cost (%)

The last of the major inputs required for the economic anlysis were electric-
ity and natural gas rates for the five cities. These rates were obtained

directly from the utility serving each Q}ty, assuming a monthly consumption of

500 kWh of electrical energy and 340 m~ of natural gas. The electrical and

natural gas rates for each city are shown in Table 5-3.

Table 5-3. ELECTRICITY AND NATURAL GAS RATES FOR
RESIDENTIAL BUILDINGS (AUGUST 1978)2

Electricity Cost Natural Gas Cost
City ($/kWh) ($/kWh)
Charleston, S.C. 0.0526 0.0120
Dodge City, Kans. 0.0499 , 0.0049
Fort Worth, Tex. , 0.0396 0.0094
Phoenix, Ariz. 0.0603 0.0090
Washingtén, D.C. 0.0410 0.0150

3Rates are based _on monthly consumption of 500 kWh of electrical
energy and 340 m” of natural gas.
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5.3 RESULTS

Utilizing the economics program and cost data described in the previous
section, the present worth of 20-year life-cycle costs was determined for each
of the annual desiccant simulations described in Section 3.7.3. The resulting
cost/benefit ratios for base years 1985 and 1990 are presented in Appendix
C. A sample economics computer program output is included in Appendix D.

The general conclusions resulting from the economic analysis with a base year
of 1985 include the following:

® Humid climates with high conventional fuel costs such as exist in
Washington, D.C., and Charleston, S.C., are economically the pre-
ferred conditions for desiccant coolers. '

° Based on life-cycle costs and fossil fuel displacement, a 4.5-kW
desiccant cooler system with a 35-m® collector area and auxiliary
cooling is the preferred configuration for Washington, D.C.; without
auxiliary cooling, it is also the preferred configuration for Dodge
City.

o The solar heating/desiccant-cooling system approaches cost compet-
itiveness in Washington, D.C., (including auxiliary cooling) but not
in Dodge City (without auxiliary cooling) due to low costs for
conventional fossil fuels in Dodge City.

In order to 1illustrate the effects of climate on the operation of solar
heating and desiccant cooling systems, cost/benefit was plotted versus ambient
design relative humidity in Figures 5-2 and 5-3 for the five cities. Design
relative humidity is a good indication of climate since it is a function of
both dry- and wet~bulb temperatures. In Figure 5-2, the cost/benefit ratios
were determined using actual 1978 electricity and natural gas prices from
Table 5-3 (escalated to base years 1985 and 1990) for each city. Figure 5-3
shows cost/benefit ratios resulting from economic analyses using Washington,
D.C., 1978 electricity and natural gas prices for all five cities. These
figures clearly show that the effect of increasing relative humidity on solar
cost—effectiveness 1s a decreasing cost/benefit ratio. Since a desiccant
cooler generally has a larger latent capacity, this 1s the expected result.
Thus, humid climates such as exist in Washington, D.C., and Charleston, S.C.,
are economically the preferred climate types for desiccant cooling systeums.

The curves in Figure 5-2 do not show a continuous decrease in cost/benefit
with increasing design relative humidity because of the varying energy costs
in the five cities. Dodge City shows the largest variation because of its
high annual heat load and very low natural gas price, a combination that
favors conventional systems over solar systems. However, the curves in Figure
5-3 show increasing cost—-effectiveness with increasing amhient design relative
humidity when uniform energy costs (1978 Washington, D.C., costs) are assumed.

Figures 5-2 and 5~3 are not generic and cannot be used -to obtain cost/benefit
ratios for cities other than the five studied. Locations with the same design
relative humidity can have different heating loads, cooling loads, and annual
solar insvlation, all of which are factors that affect the cost/benefit ratio.
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Figures 5-4 and 5-5 show the effects of the choice of base year (year of
system purchase and startup) on the cost/benefit ratio. Under the economic
parameter assumptions of Section 5.2, Figure 5-4 shows cost/benefit ratio
versus_base year for $108/m“ collectors. Figure 5-5 shows the same plots for
$215/m“ collectors. Although it is impossible to predict accurately economic
trends for the time periods encompassed, the two figures nevertheless illus-
trate that the cost/benefit ratio should decrease and eventually drop below
1.0 as conventional energy costs increase. As the base year is extended
further into the future, collector costs become 1less important and_ the
cost/bsnefit ratios for systems with collector costs of either $108/m“ or
$215/m“ drop below 1.0.

The remainder of this section of the report deals with Washington, D.C., and
Dodge City, Kansas. Washington, D.C., was chosen for further study because of
the superior thermal perfotrmance of the deslccant covler system in that
climate and the potential for cost-effectiveness. Dodge City represents a
location where the solar heating and desiccant cooling system described in
this report could potentially provide comfort in a residential building
without an auxiliary vapor-compression cooler (see Table 3-19).

An important characteristic to identify is the fraction of fossil fuel energy
displaced by the solar energy systems. This 1s economically important since
it determines whether a solar system is cost-effective. The percentage of
fossil fuel energy displaced as a function of collector area is shown for
Washington, D.C., and Dodge City in Figures 5-6 and 5-7, respectively.

Both figures show that the percentage of fossil fuel energy displaced was not
significantly influenced by desiccant cooler capacity; instead, collector area
appears to be the dominant influence. Two factors were responsible for this
lack of influence by cooler capacity. First, superposition of the solar
heating and cooling system performances diluted the impact of small differ-
ences in cooling system performance. This occurred in spite of the fact that
cooling was responsible for 357 of the primary energy consumed for environ-
mental control in a Washington, D.C., home and 25% in a Dodge City home.
Second, cooling supplied by solar energy did not translate directly into
displaced fossil fuel energy. Substantial parasitic energy was required in the
solar desiccant cooling system. Thus, only a portion of the fossil fuel
energy associated with providing a given amount of cooling was displaced
through the use of the solar desiccant unit.

The analysis indicated that a small desiccant system tended to be more cost-
effective than a larger system and that larger desiccant systems displaced a
greater percentage of fossil fuel, although not by a significant amount. I

Section 3.7.3 it is concluded that either a 4.5- or 9.0-kW cooler with a 35-m

collector is generally the optimum combination for Washington, D.C. Thus, the
more cost—effective 4.5-kW system, which displaces nearly the same percentage
of fossil fuel as a 9.0-kW system, 1is the preferred system size for
Washington, D.C.

Figures 5-8 through 5-13 show the effects of collector area and the percentage
of fossil fuel energy displaced on the cost/benefit ratio for solar heating
alone and solar heating plus a 9.0-, 4.5-, or 2.3-kW desiccant cooler for
Washington, D.C. The base year is 1985, and both sensible and latent

110



TR-090

S=Rle®
3.5r.
3.0F
2.5F
Fe)
v 2.0F
[<}]
o
S
w
S 1.5}
N
].0'- Y < g .
~ ~ ——
Q\\\\\ R \\ Phoenix'
S~~~ Dodge City
. ~<S -~ >—~_Fort Worth
J.5F : = ~~< = — wWashington,D.C.
‘ == Charleston
L 1 | 1 _
1978 1985 1990 1995 2000

- Base Year

Figure 5-4. COST/BENEFIT VS. BASE YEAR - 35-MZ COLLECTOR AT $107.65/M2 ($10/FT2)

111



TR-090
S=eli :

3.5r
3.0F
2.5F
o
« 2.0F
e
L
<
Fe)
o
o 1.5¢
1ok N Phoenix
’ \tﬁt\ G N Dodge City
A N
S~ S ~<Fort Worth
~ —
~~J-Washington,D.C.
0.5} “Charleston
- 1 . 1 [ . 1 |
1978 1985 ]990 » 1995 2000

Base Year

Figure 5-5.- COST/BENEFIT VS. BASE YEAR - 35-M2 COLLECTOR AT $215.3O/M2 ($20/FT2)

112



- TR-090

S=RN®

80

70F

60|

a0}

% Fossil Fuel Energy Displaced

0 10 20 30 40 50

Collector Area (m?)

Figure 5-6. FOSSIL FUEL ENERGY DISPLACED VS. COLLECTOR AREA - WASHINGTON, D.C., WITH
AUXILIARY COOLING

113



TR-090

S=Rl#

80
70
60
50

40

% Fossil Fuel Energy Displaced

30

T

20 30

Collector Area (m2)

40

50

ngure 5-7. FOSSIL FUEL ENERGY DISPLACED VS. COLLECTOR AREA - DODGE CITY, KANS.,
WITHOUT AUXILIARY COOLING -

114



2.5p
2.0f | __$215.30/n° Heating Only
~~
-~
N =7 s215.30/m% ($20/t?)
- d_,," _’,,a"Heating & Cooling
% 1.5F /// / ) .
« ""’i::—”’”"”’,” ‘________.-—$107.65/m Heating Only
) — . ‘_——___f,.—
8 = ___——$107.65/m° ($10/ ft2)
Z 1ok ——————=— 7" Heating & Cooling
0.5}
1 1 1 1 3
0 10 20 30 - 40 50

Collector Area (mZ)

Figure 5-8. COST/BENEFIT VS. COLLECTOR AREA OF A 9,0-KW COOLER WITH AUXILIARY IN
WASHINGTON, D.C. (1985 BASE YEAR) ,

115



. TR-090
S=?le .
2.5
2.0 _$215.30/n° Heating Only
-
prad 2 2
_ - $215.30/m" ($20/ft°)
.:g’ 15k ////" / Heating & Cooling
-
o - ./,,’f’$107.65/m2 Heating Only
e - e 2 2
7 ———— _$107.65/m" ($10/ft°)
S 1.0 — _ ———="""Heating & Cooling
0.5 o |
] [l 1 [l J
0 10 20 30 40 50
Collector Area (m2)‘
Figure 5-9, COST/BENEFIT VS, COLLECTOR AREA OF A 4.5-KW COOLER WITH

AUXILIARY IN WASHINGTON, D.C. (1985 BASE YEAR)

116



S=Rl@ TR-090

2.5
2.0} S | S $215.30/m° Heating Only
-
-~
} - $215.30/m? ($20/ ££°)
« 1.5F ‘,,f”’ ‘,,af’Heating & Cooling
& " .~ _—$107.65/m® Heating Only
QQ - e
@ —';T‘/ ___$107.65/m% ($10/ft?)
© 1.0F = P——a ——— Heating & Cooling
0.5F
1 | [ 1 [
0 10 20 30 40 50

Collector Area- (mz)

Figure 5-10. COST/BENEFIT VS. COLLECTOR AREA OF A 2.3-KW COOLER WITH
AUXILIARY IN WASHINGTON, D.C. (1985 BASE YEAR)

117



8TT

Cost/Benefit

2.5

2.0

1.5

1.0

0.5

1$215.30/m? Heating Only

1$215.30/m® ($20/¢t%)

/// ./'Heating & Cooling
_ .
e _A$107.65/n” Heating Only _— | )
- P g, — $107.65/m> ($10/Ft2)
—_—— 35 - — " |Heating & Cooling
i _— | 2
19 n° | 3 m° S0m
10 m? ‘
i | 1 1 ] 1 1 1 J
10 20 30 40 50 60 70 80

% Foss®1 Fuel Energy Displaced

Figure 5-11. COST/BENEFIT VS. FOSSIL FUEL ENERGY DISPLACED BY A 9.0-KW COOLER WITH AUXILIARY

AT VARIOLS COLLECTOR AREAS AHD COSTS IN WASHINGTON, D.C. (1985 BASE YEAR)

> -
N -t
” -_

/=
E
N4

060-4L



6TT

2.5r
2.0 y $215.30/m Heating Only
4 y |
s ~ $215.30/m® ($20/Ft%)
L 47 o y, . )/ 11
csp - ' ) S /_ Heating & Cooling
£ "”’,— "”/,$107.65/m Heating Only ot _ ) _
3 =T 50w . ~ |$107.65/m ($11Q/ft2)
S .ok 35 m [______- | _—J’,queat1ng & Cooling
: .2 —
10 m2 35 m :
0.5}
{ 1 | [ 1 [ 1 |
0 10 20 30 40 50 60 70 80

% Fossil Fuel Energy Displaced

Figure 5-12. COST/BENEFIT V5. FOSSIL FUEL ENERGY DISPLACED BY A 4.5-KW COOLER WITH AUXILIARY
: AT VARIOUS COLLECTOR AREAS AND COSTS IN WASHINGTON, D.C. (1985 BASE YEAR)

HRES

&

060-341



071

2.0f /$215.30/m2 Heating Only ,
/ .
e // 2 2
c _ | $215.20/m" ($20/t°)
% 1.5¢ - | 610765/ Heating On] /Heating & Cooling
- b
% - B - .65/m® Heating Only ' 2 2
8 e —— 3! 250 m2 _— $107.€5/m° ($10/Ft%)
1.0 | | ' _Heating & Cooling
10 m? —— 7" 50 m°
2
v 35m ‘
10 m '
0.5
; 1 1 | 1 1 ] 1 I |
0 10 20 30 40 50 60 70 80

% Fossil Fuel Energy Displaced

Figure 5-13. COST/BENEFIT VS. FOSSIL FUEL ENERGY DISPLACED BY A 2.3-KW COOLER WITH
AUXILIARY AT VARIOUS COLLECTOR AREAS AND COSTS IN WASHINGTON, D.C. (1985
BASE YEAR)

1_&=S

RS
L
-2

060-41



S=RI ulEm , TR~090

auxiliary cooling are provided. Three basic conclusions can.be drawn from
these six figures:

. Under the economic assumptions of this study (Section 5.2), solar
heating in Washington, D.C., is not cost competitive (i.e., the
cost/benefit ratio is never less than 1.0). Domestic hot water was
not included in this analysis. Its inclusion would increase benefits
without appreciable increase in cost and, therefore, a cost/benefit
ratio higher than 1.0 might warrant installation of 3UCh a system if
the cost of the collectors were in the $108 to $140/m“ range.

® If a desiccant cooler is added to the solar heating system, the
cost/benefit ratio falls below 1.0 for certain cases,_indicating
cost-effectiveness. For the 4.5-kW cooler with a 35-m® collector
array (Figure 5-9), the cost/benefit ratio is 0.94 with $108/m
collectors. With solar hot water included, this system should remain
cost—effective with collector costs in the $140 to $161/m“ range.
For $108/m“ collector cost, the 9.0-kW system (Figure 5-8) 1is cost-
effective only with the lowest collector areas, while the 2.3-kW
system (Figure 5-10) 1is cost~effective with all but the largest
collector sizes.

® When a desiccant cooling system is added to a solar heating system, a
significant increase in the displaced fossil fuel energy can be
achieved. This is the case for the 9.0-, 4.5-, and 2.3-kW cooler
sizes (Figures 5-11, 5-12, and 5-13, respectively). As previously
discussed, the addition of a desiccant cooler to a solar heating
system may result in cost-effectiveness. However, even 1if the
cost/benefit ratio is greater than 1.0, the addition of a desiccant
cooling system results in larger allowable collector area and greater
fossil fuel displacement for the same cost/benefit as a heating-only
system. For example, in Figure 5-12 a heating system with collector
area of 10 m“ has a cost/benefit ratio of 1.23 %Pd a fossil fuel
displacement of 6% at a collector cost of $215/m”. For the same
cost/benefit ratio and collector cost, a solar heating and 4.5-kW
desigcant cooling system would have a collector area of approximately
30 m“ and a 597 fossil fuel displacement. Thus, if solar heating can
be justified (either economically or for fossil fuel conservation)
for residential use in Washington, D.C., the addition of desiccant
cooling will significantly 1increase the potential fossil fuel
displacement at the same cost/benefit ratio.

Figures 5-14 through 5-20 show the same plots for Dodge City. These results
are for a solar system with no auxiliary cooling, so the house air conditions
leave the comfort zone during the times when the desiccant cooler cannot meet
the house cooling load.

As in the case of Washington, D.C., solar heating is not cost competitive in
Dodge City under the cost assumptions of this study. In addition, solar
heating plus desiccant cooling is never cost competitive for 9.0-kW (Figure 5-
14) or 4.5-kW (Figure 5-15) desiccant systems. The only g¢ost competitive
system is a 2.3-kW desiccant cpoler (Figure 5-16) with a 20-m” collector area
and a collector cost of $108/m“. The cost/benefit ratios tend to be higher in
Dodge City than in Washington, D.C., and rise at much faster rates with
increasing collector area. ~
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As previously discussed, the high cost/benefit ratios for Dodge City result
from the combination of low natural gas rates and a relatively high heating
load. To illustrate this point, Figure 5-17 is a plot of cost/benefit ratio
versus collector area for Dodge City using Washington, D.C., electricity and
natural gas rates. A large decrease in the cost/benefit ratio occurs; the
degiccant systems are cost—effective for part or all of the collector sizes
from 20 to 42 m“ at $108/m”“. Thus, with sufficiently high-cost conventional
" energy sources (on the order of Washington, D.C., 1978 prices), solar heating
and desiccant coolers in the 2.3- to 4.5-kW range, without auxiliary cooling,
can be cost-effective in Dodge City at collector costs up to approximately
$161/m*. The addition of solar hot water systems would result in further
increases in cost-effectiveness.

Figures 5-18, 5-19, and 5-20 show cost/benefit ratio plotted versus displaced
fossil fuel for 9.0-, 4.5-, and 2.3-kW solar heating-only and heating/desic-
cant-cooling systems in Dodge City at collector costs of $107.65/m“ and
$215.30/m”“. The percentage of fossil fuel displaced increases with the
addition of desiccant cooling in all cases. As before, desiccant cooling plus
heating results in a larger allowable collector area and greater fossil fuel
displacement for the same cost/Eenefit ratio as a heating-only system. A
solar heating system with a 20-p“ collector area displaces 26% of the fossil
fuel requirement. With $215/m“ collectors the cost/benefit ratio is 1.92;
The addition of a 4.5-kW desiccant cooler results in approximately a 35-m

collector area and a fossil fuel displacement of 65% with the same cost/bene-
fit ratio and collector cost (see Figure 5-19). This represents an increase in
fossil fuel displacement by a factor greater than two. ‘

129



=%

130



Sz
— -

i , TR-090

SECTION 6.0

CONCLUSIONS AND RECOMMENDATIONS

This report describes the results of the development and analysis of computer
simulations of solar space heating, solar desiccant cooling (using an axial-
flow, disc-type dehumidifier with silica gel), and electrically driven vapor-
compression air-conditioning systems for residential heating and cooling. The
objective of the study was to evaluate residential solar desiccant cooling
potential and identify optimum system configurations, climatic conditions, and
economic parameters. The system chosen for study was a disc-type desiccant
bed configuration in the recirculation mode (Figures 2-3 and 2-4).

The TRNSYS computer program, in conjurnction with special desiccant cooler
routines, proved to be a valuable tool in evaluating the seasonal performance
of solar heating/desiccant-cooler systems at the five locations studied. The
ability to perform a transient analysis is important because the effects of
varying ambient conditions and solar energy input to a desiccant cooler cannot
be detected in a limited number of steady-state analyses. The results from
the TRNSYS simulations, the economic analyses, and the vapor-compression
cooler simulation programs allow evaluation and comparison of the various
systems.

As described in the previous sections, several solar heating/desiccant-cooling
annual simulations were performed for five U.S. cities with diverse climatic
conditions. - Five conclusions regarding system performance were drawn from
‘these simulations:

° Those climates that experience both high heating loads in the winter
and high cooling loads in the summer are the most sultable candidates
for solar heating and desiccant cooling. By having large heating and
cooling loads, the solar system can be matched to the heating and
cooling energy requirements without additional collector area being
required for the cooling season. The solar system can then be
utilized year-round to the maximum extent.

° Washington, D.C., is the most promising of the five cities examined
for the application of a solar heating and desiccant cooling system
with a vapor-compression cooler backup. This results from the favor-—
able climatic conditions, namely, the high heating and cooling loads
and high relative humidity. Dodge City, Kans., shows promise for
solar heating and desiccant cooling without vapor-compression cooler
backup. Although the room conditions in a Dodge City home would
occasionally leave the comfort zone during peak cooling loads, a
reasonable degree of comfort could he maintained during the summer
months without auxiliary cooling. Other locations with similar °
climatic conditions have the same promise as these two cities.

. The desiccant cooler system which was modeled is preferentially a
latent rather than sensible cooler. The steady-state simulations
clearly showed that the potential latent cooling capacity is larger
than the potential sensible capacity at a given desiccant regenera-
tion temperature. Thus, the modeled desiccant cooler system would
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provide optimum cooling performance in humid 'climates such as
Washington, D.C., and would perform less efficiently in dry climates
with large sensible cooling loads, such as Phoenix, Ariz.

° The thermal performance of the desiccant cooler is best understood in
terms of the interaction of the desiccant system with the solar
collector/storage outlet (regeneration) temperature. Due to the
cyclic nature of the solar input, the average regeneration tempera-
ture from the collectors is a major factor in the optimum coupling of
solar collectors with desiccant coolers.

® For combined solar space heating/desiccant-cooling systems, the
optimum matches of system sizes and collector areas for Washington,
D.C., (with auxiliary cooling) are a 4.5-kW desiccant cool%r with 35-
m“ collector area and a 9.0-kW desiccant cooler with 50-m“ collector
area. This selectlon 15 based on the nhjective of maximizing both
cooling capacity and desiccant cooler off-time (that is, maximizing
EER). These system sizes are smaller than those typically found in
Washington, D.C., homes, so the vapor-compression backup would meet a
portion of the cooling load. This strategy is preferable to large
solar desiccant coolers that are sized to meet the full cooling load
with no backup for two reasons: 1) solar desiccant coolers sized to
meet peak cooling loads would be underutilized during a major portion
of the cooling season; and 2) the collector area required for such a
desiccant cooler would probably far exceed that required for heating,
even if the heating and cooling loads were nearly equal, resulting in
underutilization of the collectors during the heating season. Sizing
desiccant coolers for peak cooling loads would tend to reduce the
cost-effectiveness of the solar systems.

With the economics analysis program and cost assumptions described in Section
5.0, the present worth of 20-year life-cycle costs was determined for each of
the annual solar space heating/desiccant—cooler simulations (Section 3.7.3)
and natural-gas—-space-heating/vapor—-compression-cooler simulations (Section
4.0). The percentage of fossil fuel displaced by the solar systems was also
determined. Conclusions resulting from this analysis for combined heating and
cooling systems (assuming a 1985 system installation) are as follows:

™ Economi¢ considerations indicate that humid climates with relatively
high conventional fuel costs are the preferred conditions for the
solar desiccant cooler modeled in this study.

) Analysis of 1life-cycle cost and fossil fuel displacement indicates
that a 4.5-kW desiccant cooler with a 35-m“ collector area and auxil-
iary vapor-compression cooling backup is the preferred configuration
for Washington, D.C.; with no backup cooling, it is the preferred
configuration for Dodge City.

° The solar heating/desiccant—cooling system with backup approaches
cost competitiveness in Washington, D.C., at installed collector
costs under $215/m“, but not in Dodge City (without backup), due to
low costs for conventional fossil fuels in the latter location.
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° When a desiccant cooling system is added to a solar space heating
system, a significant increase in displaced fossil fuel energy can be
achieved. For the same cost/benefit ratio (cost-effectiveness) and
collector cost per square meter, the addition of a desiccant cooler
results in a larger economically allowable collector area and a
significant 1increase in fossi1l fuel displacement. Thus, if residen-~
tial solar space heating can be justified (either economically or by
fossil fuel conservation), then the addition of a desiccant cooler in
certain climates can significantly increase fossil fuel displacement
without affecting system cost-effectiveness.

Potential system configurations for climates not examined in detail in this .
study can be proposed. For the hot, dry climate of Phoenix, Ariz., a system
consisting of a relatively small solar-regenerated desiccant wheel and a large
evaporative cooler could potentially provide the required degree of comfort.
In such a dry climate, the large evaporative cooler should be able to provide
the required sensible cooling. The addition of a desiccant wheel would
maintain the relative humidity of the conditioned space within acceptable
limits. For a warm, very humid climate such as Charleston, S.C., a large
solar-regenerated desiccant wheel combined with a relatively small evaporative
cooler should be the optimum system. A large desiccant wheel is required to
meet the large latent cooling load.

Thus, it should be possible to alter the cooling capacities of the individual
components of a solar desiccant cooling system, namely, the desiccant wheel
(latent) and evaporative ¢ooler (sensible), in order to match the system to
local climatic conditions. This is a distinct advantage over other cooler
types for which the ratio of sensible to latent cooling output is fixed.
System costs should be reduced by matching the sizes of the components with
local requirements to minimize excessive latent or sensible capacities.
However, for each case the total solar heating/desiccant-cooler system must be
compared on a life-cycle basis to the conventional system employing energy
from fossil fuels to determine if the solar desiccant cooler will be cost-
effective.

In spite of the apparent potential for solar space heating/desiccant-cooler
systems in certain climatic conditions, additional work remains to be done to
prepare solar desiccant cooler systems for residential application. The major
areas of work include: '

. selection of the optimum desiccant dehumidifier bed configuration
(disc-type, as modeled in this study, or alternates, such as cross-—
cooled isothermal beds or concentrie¢ drums);

® optimlzation of other desiccant cooler system components, such as the
regenerative heat exchangers and evaporative coolers;

. construction and testing of prototype desiccant cooler systems;

° definition of expected desiccant cooler system capital costs and

methods, 1f any, of cost reduction;

-
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] minimization of parasitic power required for desiccant coolers; and

o comparison of solar desiccant coolers with competing cooler types in
terms of cost-effectiveness and fossil fuel displacement.

SERI and -several other organizations under contract to the U.S. Department of
Energy are continuing work in these areas in order to define the future role
of solar desiccant cooling. The analysis techniques developed in this study
should prove to be useful in comparing the performahce of various cooling
systems and in determining which system(s) should ultimately be carried
through the commercialization stage for the residential market.

134



- alke
) I |
- K 2

1.

2.

3.

10.

11.

12.

13.

TR-090

SECTION 7.0

REFERENCES

U.S. Federal Energy Administration. Project Independence Report.
November 1974.

Stanford Research Institute. Patterns of Energy Consumption in the United
States. Springfield, IL: National Technical Information Service; January
1972; PB - 212776.

TRNSYS - A Transient Simulation Program Prepared by the Solar Energy
Laboratory. Madison, WI: University of Wisconsin; February 1978; Report
38-9. .

Nelson, J. S. "An Investigation of Solar Powered Open Cycle Air
Conditioners.” M.S. Thesis in Mechanical Engineering. Madison, WI:
University of Wisconsin; 1976.

Local Climatological Data: Annual Summaries for 1977. Asheville, NC:
National Oceanic and Atmospheric Administration; 1978.

ASHRAE Handbook & Product Directory: 1977 Fundamentals. New York, NY:
American Society of Heating, Refrigerating, and Air Conditioning
Engineers, Inc.; 1977.

Boes, E. C.; et al. Availability of Direct, Total, and Diffuse Solar

Radiation to Fixed and Tracking Collectors in 'the U.S.A. Albuquerque,-
NM: Sandia Labs.; August 1977; SAND 77-0885. Revised January 30, 1978.

Shelpuk, Benjamin. Proceedings of the Desiccant Cooling Conference of

November 16, 1977. Golden, CO: Solar Energy Research Institute; April
1978; Report No. SERI-22.

Qonk, R. L.; Shaw, L. E.; Cash, M. Simulation of Air Based Solar

Desiccant Cooling Systems. Denver, CO: . Solaron Corporation; 1978.

Gunderson, M. E.; Hwang, K. C.; Railing, S. M. Technical Progress

Report: Development of a Solar Desiccant Dehumidifier. Torrance, CA:
Airesearch Manufacturing Company; March 31, 1978; Report No. 78-14957-1.

Illinois Institute of Technology. First Semi-annual Progress Report

(November - May 1978) on Development of a Solar Desiccant Dehumidifier.
June 10, 1978.

Wurnm, Jaroslav; Weil, S. A.; Wright, L. R. Solar-MEC Development Program:

Project 9103 Semiannual Progress Report for the Period September 1, 1977
through February 28, 1978. Institute of Gas Technology; March 1978.

Hollands, K. G. T. "Analysis and Design of Evaporative Cooler Pads.”
Mechanical & Chemical Engineering Transactions. pp- 55-61; November 1970.

135



-— 7
S=RI/
- kS

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

i

3 TR-090

il

Maclaine-Cross, I. L.; Banks, P. J. "Coupled Heat and Mass Transfer in
Regenerators: An Analogy with Heat Transfer."” International Journal of

Heat and Mass Transfer. Vol. 15: pp. 1225-41; 1972.

"a Silica-Gel Air-Drier Using Characteristic Charts.
Science. Vol. 27: pp. 1157-69; 1972.

Maclaine-Cross, I. L.; Banks, P. J.; Close, D. J. "Coupled Heat and Mass
Transfer and Fluid Flow Through a Porous Medium: An Analogy with Heat
Transfer.” Heat Transfer. Vol. 11: paper CT 3.1; 1970.

Banks, P. J.; Close, D. J. "Coupled Equilibrium Heat and Single Adsorbate
Transfer in Fluid Flow through a Porous Medium: Part II, Predictions for
" Chemical Engineering -

Pawelski, M. J. JDevelopment of Transfer Function Load Models and Their
Use 1in Modeling the CSU Solar -House I."” M.S. Thesis in Mechanical
Engineering. Madison, WI: University of Wisconsin; 1976.

Solaron Corporation. Applicétion Engineering Manual. Denver, CO; . June
1977.

Mitchell, John W. (University of Wisconsin - Madison). Letter to Ben
Shelpuk (Solar Energy Research Institute). February 6, 1978.

Staats, William R.; Wurm, Jaroslav; Wright, L. R.; Kunc, V.; Banasiuk,
H. A. Field Testing of Solar-MEC Systems: Final Report. '~ Chicago:
Institute of Gas Technology; July 1977. . :

Kays, William; London, A. L. Compact Heat Exchangers. New York: McGraw-
Hill Book Co.; 1964.

Industrial Ventilation: A Manual of Recommended Practice. 12th edition.

Lansing, MI: American Conference of Govermmental Industrial Hygienists;
1972. '

Rask, D. R.; Mueller, L. J. Low-Cost Solar Air Heater: Semiannual
Progress Report. Minneapolis, MN: Honeywell, Inc.; December 22, 1976;

C00/2929-6.

Bird, R. Byron; Stewart, W. E.; Lightfoot; E. N. Transport Phenomena. New
York: . John Wiley & Sons, Inc.; 1960.

Nelson, J. S.; Beckman, W. A.; Mitchell, J. W.; Close, D. J. “Simulation

.of the Performance of Open Cycle Desiccant Systems Using Solar Energy.”

26.

27.

Madison, WI: University of Wisconsin; n.d.

Solaron Corporation. Comparisons of Proposed Solaron-Heat Pump and
Solaron—-Desiccant Heating and Cooling Systems. Denver, CO; October 31,

1977.

Duffie, J. A. "Solar Heating in North America.” Mechanical Engineering.
pp. 36-45; November 1977. _ ‘

136



m

-~
0

SE?|(\EE" ' . TR-090

28. Threlkeld, James L. Thermal Environmental Engineering. 2nd edition. Engle-
wood Cliffs, NJ: Prentice Hall, Inc.; 1970. '

29. Grant, Eugene L.; Ireson, W. Grant. Principles of Engineering Economy.
Sth edition. New York: The Ronald Press Co.; 1970.

137



N— ZES
S=RI@

138



TR-090

e =
l

- 2
S=RI¢)
- s

APPENDIX A

SAMPLE RESULTS FROM SIMULATION OF ANNUAL SOLAR HEATING AND DESICCANT
' COOLING PERFORMANCE .
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® DESICCANT COOLING SIMULATION ¢
» .

BHBPIBABOBIIRZINRIEBIIIBIILIVEVSY

ITHPUT PARAMETERS

LGCATION 3 WASHINGION, D.Cs LAFITUDE ¢ 38.83 DEGREES N

YEAR t 136)

HOUSE DT 3CISTION ¥

THC <TOY,

167.3 M2 FLCOR SPACE

178,6 Mz OUTIIOR AALL SPACE
PITCH CF RJOF ¢ 39.0 DEGRZES

U
U

NORTH-50UTH  QPIENTATION
i 2 1433 J/SEC-HZ2-C (WALLS ¢+ WINDOWS)
= «29 J/31C-12-C (ROOF)

CCOLEF UNIT DLSCRIPTION 1t

NO¥ AL QPERATING CAPACTITY AT 29,4 C AND 50 RH 1 4.5 KW
0EHUPIDIFIER 1

PACKET
TYPE 1 SILICA
PAATICLI SURFACE AREA PIR UNIYT CEHUMIDIFIER VOLUNME 3 1573 M2/M3

GEL

9ED

WHIEL DIAMETER ¥ 37 M
FLOW LENGTH 1t ,2279 4
WHEEL ROM 8 «$9180

SENSIOLE ANO LAVENT AQUXILIARY COOLING YO HOUSE

COLLECTCR 1

FLAT PLATE (RIR)

ARLA ¢t
STORAGE 1

PEBAE
VOLUNE

35.0 42

2E0

131 M3

WASH2S



SOLSR DESICCANT WASHZIS
SYSTEYM PERFORMANCE

emeews P L T

JON FED MAR APF MAY JUN JUL AUG SEP. ocT NOV 0z TOTAL

INCIDINT SO AR .

(J)  31.26E+10 1.32€41) 1.91E¢13 1,B30E+10 2.05E+420 2.056+10 1.79€410 1.98E+10 2.01E+10 1.56E+10 L.06E¢10 9.36E+09 1.96F+11
USEFUL SGLAR
COLLECTEG (J)  4.212540C 5.03E4¢79 7.46E+09 5,7GE409 6.21E+09 H6.,9JE+09 6.35E+409 7,44E+09 6.86E+403% 5,50€+409 3,98C¢09 3.3I6E+09 6.90E*1D

COLLECTOR
EFFICIENCY,PCT 36 38. 39, 32. 30. 34, 36, 38. 3bq 35, 37. 36. 35.

BUTLD TuG Laan

S«76E+27 1.872¢093 4,96E¢09 S.22E¢09 6,145¢09 3,29E40% L.I0E+29 G, 'R 2.10E¢10

COTL ING tJy 0. Ve 0.
SEMNZIALE W) 0. Ge 'D) “5.45E+I7 9,33E+08 24BIE+09 2.88E¢09 3.92E40F 1.87E+09 3.892+C8 L de 1.28F6282
LATERT (J)r 0. S G. 1012E+78 9.3LE+(08 1.185459 2,24E409 2.22E+409 L 41E40% 7,12€408 9. 0. 8.8C0E+03
HESTING (4} 1.27E¢10 I.1TESCT 6.65E409 1,565¢59 1.0EC¢08 6.25F+07 1,31E407 2. 458407 5.81E¢07 1.54E¢09 6,525¢09 9.,70E¢09 4, 81E¢1]
TereL (J) 1.272¢50 9.,27E409 6,65E¢09 1,.622¢93 1,97E409 4 13E409 S5,13E¢09 6,16E40F% J3.30E¢L 9 2,6LE+09 6.5ZE¢09 9e7GED9 6.99E+43
COCLT:G CaAPA-~
CIVY 3ueeL1:0 3 Je C. 1.,L46E+408 1.556E409 2,33£+409 2.85c+09 3.282+409 2.10€+09 B.48E+08 0. 0. 1.31E+15
TINS19LE (U 0. 0. 0. 4.295467 6.382+08 1.35E409 1.48E+09 1.76E¢09 9.,88E+08 2.,78E+(8 €. Ce 6+53E+C9
LATENT wr 0. 2. 0. 1.03E+408 9.,12E+08 9.83E+408 1.I7E+09 1.52E¢09 1.,11E+409 5.70c+08 &, O 6.53E+09
SOLAR EUERGY
SUPPLIED
COSLING tJY C. 0. G 7.90E408 2.,3LE+09 3.39E409 4.L7€+09 5,306+03 3.49E+09 1.65E4(9 L, G € 19E41C

RIATING  tJ} 4e2FE409 4.872+4CF 6.65E¢09 i.56E+09 1,06E+08 6:25E407 14316407 2.4SE+407 S.BLE+CT7 1.54E¢09 3.8LE+CY 2.28E¢09 2.59E+13

aAurjLliacy

sueeoL1Icn
cooLLis (4 G 0. 0, Ve 4We19E408 1.81E+409 2.20E+409 2,B86E+09 1.22E+09 3.79E+08 0, 0. 8.849%+(C3
HEATING (J) B8.332409 4.29E+09 0. 0. 0. 0. 0. 0. 2. Se 2.78E4¢09 6.L2E¢09 2.29E¢12
PERCENT ELOG
LOan Ay 3D AR
ceoLias () Co Co Q. 10¢0. 79. 56, 56 53, 63, 69, 0. Ce Bl
MIATING  (J) 34, 53, 100, 140, 100. 100, 10G. 190, 150, 1€0. 58. b, 55,
PEPCENT CCLLEC-
TID SWaR used
COOLING (W) Ge 'Y ') 26, 38. 56, 70. 1. S5i. [ 3 0. Do 55
HIATING () 300, 97, 89, 27. 2. i. 0. . 1. 28, 96. 98. 88.
TOT8L PARASITIC .
ENECGY Jr e, % G WeGOECQ7 2.85E408 4.32E408 €423E¢08 E+35E*08 4.21E+08 L.98E+08 0. 0. CobLECGI
ceoLInG Co® 3.00 G.00 £.90 18 66 «60 -1} 62 «60 51 0.00 0.00 «63
COCLING £€r Q.8C 0.0¢C 0.02 10.18 14.83 12.22 11.47 11.79 12.42 11.938 d.00 .00 12.11
JESTCCANT .
OUTY CYCLE .00 2.00 0.00 03 «iS 25 37 38 25 23 0.00 2.00 «25

PCT IN CCHFORY‘ 130, 130, i00. 93, 100. 160. 1490, 100. 130. 100, 100. 1213, 150,
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® DESICCANT COOLING SIPULATION & PHNX 7
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SBSHBFVEIBUBRBIIFBVISIIBIVIRINIING

INPUT PARAMETERS

_LOCATION t PHEDNIX, ARIZONA LATITUDE t 33.43 DEGREES N

YEAO 1 19€2

HOUSE DESCIIPYION 3

THC STOPY, 167.3 M2 FLCNS SPACE

L73.6 M2 OUTSIDE WALL SPACE

PITCH CF ¥0CF 3 33,4 DEGREZ
NIRTH-3CUTH QRIENTATICN

U = 1,33 J/SEC-M2-C (WALLS ¢ WINDOWS)
v = W28 J/SEC-12-C (ROCF)

COOLER uulT NESCRIATION 1

NO#InYIL CPIFATING CAPACITY AT 29.4 C BND 50 RH 3 45 KW
CERUMIRIFIZP 8

PLTKEG JEC

G:L TYPT 1 SILIC

PL2T1CLI SUPFACT LREA PIR UHIT OTHUMIOIFIER VOLUME 3 1573 M2/H3

HHITL ODTAMETEFR 97 M

FLGA LTUGTH 8 3275 M

WHIE( RWH ¢ 3928¢

SENSISLE 84C LATENT AUXILIARY COOLING TO HOUSE

COLLECTOR

FLAT 2LATE (AIR)
AREA ¢ 35.0 M2

STORAGE 3

PE3BLE BEOD
voLuUMZ 3 13.1 M3



SOLAR OESICCANT
SYSTEm PERFORMANCE

FED MAR

APR MaY

INCIOENT SOLAR

(J) 1.86E+10 14 RBE#LD 2.5BE+10 2.96E¢10 3.07E+410 2.,91E+30

USEFUL SCLAR

COLLECTZIC tJ) 5.895¢09 6.66E+09 G, 6SE409 1.24FE¢1C 1.19E+10 1.23E+10

COLLECTIR ’

EFFICIZUCY,PCT 37. 35. 37, 39, 39. 42, L,

BUILCING LOAD

CCoLIng 3y Q. ) 2.63E403 3.51E409 4.2GE+09 8,43E409 1,17E+10
SZNSIFLE (J), 0. e 249BZ408 3.52E+09 4L .21E409 8,30€409 1.,12E+10
LATENT Jr 9. T “J UOEPDT -4, AIEF0R-L.GLE+D6 L1.26E¢08 5.38E408

HEATING () 2496Z¢C9 9.32E4(8 1.03E+D9 1.50£408 9.82E407 3.71E+05 0.

1GTAL (J) 2.9€2409 9,32E4(8 1.29E409 3.6€E+09 4,303+409 8,4L3EC09 1,17E+10

COOLING CAPA-

CXTY SUPELIED 0. . b Y 2266408 1.7WE+DD 1.,91E+09 3.07E+09 4.,17E409
SENSIALE (Y 0. C. 2.15E408 1.74E¢09 1.91E+409 2.96E+409 3.,67€+09
LATENT ™ (S Q. 2. 1.20E406 1.26E+¢GH 2,90E+06 1.07E+08 S.04EeDB

SOLAR ERIAPGY

SuPPLIED
ceceinGg  (JY Q. 9.38E+08 L.28E409 4.87E+09 7.71E+09 9.31E¢09
HEETING  (JY  2.9Kh790¢ 9.3“5008 103E+09 1.50E408 9,082E+407 3.71E+05 0.

AUXILIARY

SuUPPLIEN
CooLItG  (JY 0. [ 1.64E409 1.32E¢09 2.36E409 5.25E409 7,.38E+09
HIATIKG (I 3. 0. De O. 'Y Do 0.

pzersiY aL0G

LCAD 9Y ZILAP
COOLING (Y)Y [ 0. S7. 47, 45 37. 36
HERTING (J) 196. 100, 100. 103, 100. 100. 140,

PEPCEMNT COLLECS

TEO SCLA? 13ED
COOLING (I} [ Co 39, 37. (% 63, 76,
HEATING (2 .3, 14, 11. 1. 1. 0. 0.

ToTaL PARASITIC

EMNEPGY 9 G Oe 4eB2E407 3.175E+38 3.49E¢08 5,70E+08

COOLING CoP 0.60 0.C3 20 41 «39 4l 3]

COOLING EER a.ﬁd GeGC 11,40 11,61 11.28 10.66 10.54

DESICCANT

DUTY CYCLE 0.00 .00 <39 18 19 36 7

]
{¢ec. 16C. 7. 99, 160, 100, 100.

PCY 14 CCNFORY

SEP ocT

PUNX 7

NOV

2483E+10 2.90E+10 2.49€¢13 2,65E€¢10 2,03E¢10

1.23E+410 1.28E+10

T.92€+08 7.81E¢08

1.24E¢20

[T

14 19E¢10

b.BHECDA

0.

1.24E10

4o14E+09

3.64E+09
S« 00E+08

9.38E¢09

0.

8.15E+09

Iu,.

100.

73,
n.

13
10.38

7

100.

Le04E+1D I 94E+CT 6.915409

I

42 38, 34, 38. 39,
B,60E409 B5,435¢09 4L, 94E+(8 (. S.30E¢1d
ToBOEHF B.L1E+(C9 5.125+(8 (o Se.11€1d
7.95E40 8 2, ILUECLT=-1,332437 Co 1.89£+4C9
' 5489E4G8 2.,65E¢08 1.90E+09 7.52€E+C9
B.60E+DG 3,62E¢09 7.565¢09 $.,90E+09 6.05E¢40
3. 63E409 :.63E409 4,72E¢08 Co 2.08E*10
2475E+09 1.55E409 4.72E¢68 (. 1.89E+16
BeTEE#D8 T.53E¢(7 6.83E¢046 (. 1.87€+09
6+90E+D9 3.82E¢09 1.27E+09 (. 4o 84ESLC
8. 22896408 2.656403 1.90E+09 6.79E+C9
5405E+#39 Z,07E409 3.39E¢08 0. 3.27E¢13
' Je 0. Ce 0.

L. L, 58. 0. 33.

108. i1cc. 100. 10C. 100.

67 38, 23, O St

[0 2. be 28. 23.
64236406 J.03E+08 1.02E+08 C, 3.89E+03
€0 43 37 0.00 03
10.9¢€ 11.17 11.64 3.03 20.76
28 .16 06 0.00 «28

100. 99, 98. 100, 99.

DEC TOTAL

1.80E+10 2.99E+12

6.30€E+409 1.148E¢11
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® QESICCANT COOLING SIMULATION * FTUR 6
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SSJVEBIUIUBSISIIFIIIBSIVINIBNBINE

INPYT PARAMETERS

LGCATION t FORT WORTH, TEXAS LATITUOE t 32.83 DEGREES N

YEAR 8 2982

HOUSE DESE2IPTIIN 3

TWC STORY, 167.3 M2 FLCOR SPACE

178.6 M2 QUTSIDEZ WALL SPACE

PITCH CF RJQF t 33,0 OEGREES
HORTH=SOUTY DORIENTATION

U = 1,33 J/SEC-M2-C (WALLS + WINDOWS)
U= «28 J/7SEC-M2-C (RODF)

CGOLER UNIT OZ3ZRIPTION 8

NOMIMAL OPSPATING CAPACITY AT 29.4 C AND S50 RH 1 4.5 KN
DEFUPIDIFIER

PulKED BEC

GFL TYPE 1 SILICA .

PARTICLE SURFACE AREA PER UNIT DEMUMIDIFIER VOLUME 1573 M2/u3

WHEEL OTAMETER 8 97 M :

FLOK LENGTH ¢ .J275 M

WHEEL ROM ¢ «03180

SENSIBLE ANC L(ATENT AUXILIARY COOLING TO HOUSE

COLLECTOR

FLAT PLATE (AIR)
AREA 8 35.( M2

STORACGE 13

PEBSALE BED
voLuHE 3 13.1 #3



JAN

SOLAR DESICCANT FTUR &
SYSTZr PERFORMANCE

FER MAR APP LE) JUN JuL AUG SEP ocT NOV DEC ToTAL

D L L L L L T X T R N bk b R e e L L L L L L X T T e T Y

IHCIDENT SOLAR

USEFUL SCLAR

COLLECTEC (J? 4.92E+409

COLLECTYOR
EFFICIZHCY,PCT

COOL ING 4y 3.
T SENSISLE Yy 0.
LATENT (JY G

HEATING tJY B.CEZ¢CI
TOTAL (Jr B8.C6E2¢09

COOLING CA0a-

CITY SUPBLIEC .
SENSIBLE (J) G
LETENT (0} 0.

SOLAR E£NIGY
supPL Iz

P R LT T T T

CoOLING Iy 0.

HEATING  (J)  &.88E+(9

BUyILTaRY
SUPPLIE0

ceerreanccenen

COCLING 4y Jo

HEATIMNG  (J) JI.182+09

PEFCINT By
LOAC 3Y SO

CEOLING  tN
HEATING )}

pEeCinT COLLEC-
TED SILAR USEN

CA0LING ()
HEATING  (J)

TOTAL PARASITIC
ENERGY ty 0.

CCoLIuG cie
COOLING ESR

DESICCANT
DUTY CYCLE

PCT IN CCHFORT

37.

61,

Ce
9.

(J)  1.332¢130 L.46E417 1.76E¢10 2,03E410 2.32E410C 2443E+10 2.4GE¢L10 2,4GE+10 2,28E¢210 1.95E+10 1.59E¢10 2.06E410 2.30E+11

Set4E4GT 6.125409 6. 705409 7.861E409 9.26E409 9.4IE+09 9, 40E+0F 8.69E+09 6.93E¢03 5.81E+09 3.77E409 B.43IE+10

37, - 35, 33. 34, 38. 39, 39, 3a. 36. 18 36. 37,

Se ' B8.96E#05 2,675 ¢09 7,C3E409 B.272+09 8,22E+C9 5.,55E409 2,2354C9 (o Ce J.69E+1)
0. 0. 1,49E¢0R 1.50E409 5.,27E409 S5.93E409 S.77E+4(9 4.,29E409 8,35E+78 0. Ce 2.37E¢40
J. G, Toe?7E4G LoL17E¢CY L.75E4GO 2,34E409 2,L6E+CY 1.2BEE¢CS 1.4CE*D9 0. Ce 1.11€+10
7.26E¢C9 6eI7E4IT 1,83E¢03 G.76E407 0. 0. 0. 6.27E407 1.2SE+08 1.83E+09 8,83E¢09 3, 25E+10

7e26E4G9 6.,07E¢09 1.98E409 2.74E+403 7.G3E409 8.27E¢09 8.22E4C9 5.62E409 2.56E+C9 1.83E409 8.83E¢09 6.73E+40

Se C. 1.GOE40T LeIE09 3. 70E+09 4L ,3uE+D9 5026E009 3.1;E‘09 1+87E+09 0. Ce 2.06E*L)
0. [ 3.08E+08 F.00E+08 2.27E409 2.42E409 2.37E+09 1.89E+03 5.318408 0. €eo 1.085e10
0. C. TeB1E¢GB 1,00E409 1.47E4GCI 1.92E409 1.89E¢09 1.24E409 1:33E¢09 0. Ge 9.63E¢09
O 0. 2.3€E+09 3.102409 6+24E¢09 7.09E409 7.01E+09 5.24E¢0C 3,89E¢(9 0O Ce J.LbE*LD
Se20E#09 S.14E+409 L,83E+08 6.76E407 0, 0. 0. 6.27E407 L.,25E+408 1.83E409 3.705¢09 2.08E+1Q
G. 0. 1.30E+08 7.,05E+00 3.19E¢09 3.83E+409 3.87E+09 2.56E¢09 5,98E¢08 0. C. 1e0t3Ee1)
2.02E459 9,23E+03 0. 0. 0. 0. Ge G de Je Se13E4C9 1,13E¢1)
Ca 0. 89, 73, She 53, 52. 55 T7. e IS 58,

TZe a5, 100. 100, 100. 100. 100, 106, 1G6C. 166. 2. - 65.

Q. 0. 3s5. NI 6T. 75. 75 60, 52 0. 0. 59,

96. B4, 3. 1. G. . 0. 0. 1. 2. 31. 94, 8C.

Je Ve 2.34E*CH 3,49E+GB 6.56E+08 7.92E+08 7.78E+08 S5,30E+08 3.8B8E«08 0. 0. 3.73€¢09
0,00 0.02 kb - e61 60 61 61 - 060 «55 .00 0.00 «59
Q.Ca 2.430 14.54 14,12 12.29 12.00 11.93 12.49 13.95 J.00 0.30 12.4L5
G.Go 0.082 «43 .19 LY 124 46 32 122 0.09 5.00 .31

1406, 190, 99. 100, 100. ’ 100. 100, 100. 100. 106, 10C. 100.
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® DESICCANT COOLING SIFMULATION *
s .

S SBIEBEBSBUIBIINIVINTEBIBIEIRGS

IHNPUT PARAMETERS

LLZCATION ¢ DODGE CITY, XS LATITUDE v 37,77 DEGREES N

YELD ¢ 1955

HOUSE DZSCAIPTION 8

140 STOFY, 1€7.3 M2 FLCOR SPACE

178.4 Mg QUTCINE WALL SPACE

PITCH OF RIOF 1t wi.0 DEGREES
NORTH-SCUTH  ORIENTATION

U= 1433 J/7SEC-M2-C (WALLS ¢ WINOOWS)
U= «cB J/SEC-M2-C (ROOF)

CCOLER HIT QESCRIPTION ¢

NOMINAL 02ZRATING CAPACITY AT 29.4 C AND 59 PH 1
DEFUMIDIFICR 8

PACKIN 3IED

GZL “vPI ¢ SILICA

PARTICLE SURFACTZ AREA PIR UNIT DEHUMIDIFIER VOLUME 1

WHZEL OIAMCTEPR 13 37 M
FLIW LENGTH v L0275 M
WHEFL ROM ¢ +39130

SENSIALE ANC LATENT AUXTILIARY COOLING TO HOUSE

COLLECTOR ¢

FLAT 'PLATE (AIR)
AREA ¢ 35.C M2

STORAGE

PEBBLE BEN
VOLUNE 12 13.1 M3

1573 H2/M3

BooG12



o1-v

SOLAR DESICCANY 2305622
SYSTEM PERFORMANCE

cosrectnevecssvaan

Jan FES MAR APR MAY JUN - JUL AUG SEP ocr NOV 0EC TOovAL
INCIDENT SOLAR
. (J) 1.76E410 14815410 2,41E¢1) 2.52E-10 2. 34E+10 2.156410 2.6UE+20 2.64E*10 2.33E+10 2,405¢10 1.825+10 1.685¢10 2.65E¢11
USEFUL SCLAF ’
COLLECTEL  (J)  7.022009 50928409 9.22E409 Ae73E-J9 7.12E409 6.91E+09 1.01E+10 1,00E410 7.49E+09 B.39E4C9 7.115409 [57E¢09 . S6E+LE

COLLECTOR
EFFICIENCY,PCT Ll 38. 38, 35, 30, 32. 38, 38. 32. 35. 39. 40, 36.

BUILOING LOAD

(= 6.67E407 2.45E408 1,.54E409 6§.11E+09 5,25E+09 1.41E+09 0. G. C. 1. 465010

COOL ING (Jy GCe. 0.

SENSIALE (MY D, 2. 0. 1.01E008-4423E¢05 7,925408 4 97E409 4. 26E+409 1,31E4(G9 0. G. C. 1.16E01)
LATENT (Jy 0. O Ce “3e4L2E0C7 24LEECGB 7.515408 1.43E409 9,83E+408 9.98E+07 0. G, C. 3.485¢09
HELTING (J)  1,222410 1.21E¢10 7. 7GE#09 1.72E409 2.60E¢08 1.56C408 1.71E465 1. 04E¢07 5,22E¢07 1.97E¢08 9,14E+09 3.305+410 S5.665¢10
TeTAL (JY  1,226430 1.24E¢40 7.70€403 1.74€409 S.05E408 1.705439 6.31E4C0F S5,25E¢09 LobBEUT 1.97E408 9414469 3430E010 7.42E¢12

COOLING CAPa- . :

ClTY 35UPSLIED Go 3 [ Le73E409 S.87E408 1.46E409 I LULE*09 2.96E+C9 7.66E+09 0. 0. Go 9.39E+09
SENSIALE (J) 0. 3 Ce 1.67€408 2,31E+408 5.,91E+08 2.32E+409 1.99E+09 6.93E+08 0. 0. Ce 6.60E¢C9
LATENT (9 0. 9 Ve 6.05E¢36 3,57E408 8,69E408 1.12E+09 9.68E408 7.36E+07 0. C. G 3. 393E¢09

SOLAG ENSPOY

SYPPLIED
CIGLING 3 G Toe G 3.58E+98 1.,10E+09 2,62E¢09 €.01E+09 5.28E+09 1.73E+09 2, 0. Co 1.77E+20
HEAYING (JY  TL0754LS H.68E#39 7.7GE#09 1.72C¢29 2,60C408 1.56E403 1.71E405 1.04E+07 5422E¢37 L1.37E408 7.1CS+(9 €+63E¢C9 3. pBEe L)

AurILiaRy

SuPPLlED
cooLInG 4y 0. . T 3.5BE4H7 6.43E407 L, 02E¢0B 2.63E409 2,28E409 6.61E408 0. - 0. Cs 6.08E+09
HEBTING (J) S.1634[9 S, L2Ee29 (.- de [ 0. 0. B, qe Q. 2+JuE4G9 €+525409 1.91E+10

PERPCINT ELDG

LOAC Y 50LAR
cesLinn (3 Tt C. 0. BZ. 9. 78, S7. 57. Sb . G. 0. 0. 61,
HILTING (J) 58, €5. 100, t00. 100, 100. 160. 106, d00. 10C. 8. 50. 66

PEFCENT COLLEC-
TED SOLEZ uUsEN

caoLInG I Ce C. 0o 19% i7. 38. 69, 53. 34, G. G, 0. Ce
HELTING (J) 119¢. 97. L LN 20. b, 2. D 0. 1. 2. 10C. © 97, 1.
TOoTAL °2awaASITIC - .
ENERGY tJy G. Go G S5.42€E407 1,29E408 2.78E¢08 S.HLIE40B 4 AYE+DB L 41E+08 0. a. 0. 1.65E+09
COOLING COP 0.GG 0.00 0.00 $ 27 50 «56 *57. 56 bl _CulO 2.006 0.3C «53
CCOLING EZER JeC0 Gedl 0.30 16,37 14,38 14,48 12.84 12.77 12.03 0.09 0.G0 0.00 12.93
OZSICCANT
DUTY CYCLE 3.03 Cel 0.03 «03 .06 «15 32 28 «16 0.C0 0.20 0.00 .18

"pCt IN COMFORT * 100. 106, 100. 9. 98. 99. 100, 100, 100. 160, 134, 160. 99.
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¢ DESICCANT COOLING SIKULATION * CHARL G
. .

SSSGBILVBEBBISBEILIININISRINNING

INPUT PARAMETERS

LOCATION ¢t CHARLESTON, SC LATITUDE t 32.90 DEGREES N

YEAR ¢ 29€3

HOUSE OESCRIPTION 1

THWG STORY. 167.3 H2 FLCOR 3PACE

L73ey M2 OYTSINE WALL SPACE

PITCH OF RD0F t 33,0 DEGREES
HORTH-30UTH ORIEUTATION

U= 1.33 J/SEC-H2-C (WALLS + WINDOWS)
U = «28 J/SEC-M2-C (ROGF)

CCOLEFR URIT DSSCRIPTION 1t

NONINAL GCPERATING CAPACITY AT 29,4 C AND 5C RH 1 4.5 KW
DEHUMINIFIZR 3

PACKEC BED

GFL TYPE ¢ SILICA

PAPTIQLE SURFACE AREA PER UNIT OEHUMIOIFIER VOLUME ¢ 1573 M2/M3

WHEEL DTIAMZTER 18 37 M

FLOW LEIGTH 1 5275 M

WHEZL R2M 1t « 091840

SENSIBLE AND LATENT AUXILIARY COOLING TO HOUSE

COLLECTOR 1

FLAT PLATE (AIR)
BREA t 354G M2

STORAGE ¢

PEADBLE BEN
voLUNE 3 1341 M3



4%

SOLAR DESICCANT CHARYLY
SYSTE¥ PERFORMANCE ’

P T R T Y TR P

JAN FEA 4aR APR MAY JUN JUL AUG SEP ocrTY NOV DEC TOTAL

JHCIDENT 30LAR ’

(J) 14252410 1433E¢40 2.1CE41C 2.09E+20 1.98E+10 1.79E¢10 2.07E¢10 2.01E¢10 £.98E+17 2,16E+¢10 1.60Z410 1.38E+¢10 2.17€+12
USEFUL SCLAR . .

COLLECTEC (J)  4eBSE*TI 4e96E4CT 7.16E+4)9 K,395409 6.87E409 6.57E+409 7.66E+09 7.68E+09 7.37E40S 7.30€409 5.905+09 5.385¢09 7.79E+10

CAMLECTOR .
EFFICIZNCY.PCY 37. 37. 34, 31, 35. 37. 37. 38, 37, 3L 37. 39. 36

BUILOING LCAD

CCOLING (4 & C. [ 54305403 2.50E409 4L.95E409 S5.76E409 6.75FE+09 3.26£¢0% ~,CSE+I8 G [ 2.0658010
SINTIAE J) D I S 10295408 1,07E409 2.31E+409 3.21E+¢09 3.60E¢09 $.29E¢09 _.2B8E+(8 0. C. L.178e12
LATINT (91 I 3. Ce LoGLE®TE 1,432009 2,64E¢09 2.556409 3.15E+409 1,98E+09 %.87E+08 0, S. 1.278+10

HEATING (J) T 7RZ40F 6475C4.F 6,2UE*DB L.275408 1.63E+08 3,.335E+(7 R.68E406 0. ?.63E407 CL.46Es08 2,1.E¢09 B,.16E¢09 2.61E410

TOTAL AJ)  T.792409 6.75C04L9 6.,25E¢09 6,565066 2eHEE409 Uo9IE40I S5.77€¢09 64756409 3,JUE®IG 9.SCEAC8 2.,311C¢09 8,1LE¢09 5,05E¢1)

COOLI!NG raPd-

CITY SuPPLIED Le 0. Q. 64A3E4CA 1.92E¢09 2.F5E¢09 3.46E409 3.4IC+09 2.42E409 31,(3E+C9 I, 0. 1.56E¢10
SENIIBLE ()Y D, Je Ue 1,9BE408 ©.,65C408 1.17E409 1.62E+409 2.60E409 7,656+08 1.69E+C8 . Ge 6+ 38E4C9
LATENT J) G. 9. 3 heBEE+0A8 L 2€EE409 1,4BE+GI 1.8SE+09 1.80E¢09 1.66E¢09 E.57E+08 0, O 9.19E¢C9

SOLAE ENS2GY

SUPPLLIED
cocLing (9 C. 7. Ge. 1032E409 3.58E409 4.56E¢09 5.67€+4C9 S,99E409 L,3JE¢DT Z.20E+09 Q. de 2.76E+13
HEATING () 4e5B2¢(G 4e7UFE4G9 6,20E4+09 1427E¢03 1.63E+08 3.355407 B.68BE+06 G« Te63E4C7 2.046E408 2.115¢09 5.2L5409 1.73E+¢1)

AuYILIA®Y

SUPPLIED
CCZLIMNG 1Y G G Ce 1.13E+408 8.34E¢08 2.33E+09 2.21E409 3.18€E409 1.03E+09 2,21E+08 (. Co 9.92E+(3
REETING  tJ)  J.202409 2.04E+09 G Go 0. C. 0. G G d. Q. 2+90E+09 B.1CE+D9

PERCENT 8LLG

LOAD AY SCLA&R
COLLING (D) Q. LIS e. 86, 70, 53. 61, 52, 70. 82, 0. Ce 61.
HEATING ()Y 59. 7C. 1230, 17C. 10C. 100, 100, 10¢., 193. 169%. 153, (1) 63,

PERRINT CCLLIC-

TED $7L42 ysen
COOLING W1 Ce [ 0. 37. 52. 69. T4, 78, 59, 3C. Ve 0. 59.
HELTING  (J) 24, 96. 9, 2. 2. 1. 9. C. 1. 3. 36, 98, 560.-

TOTAL PASASITIC : .

EHERGY [ ) J. G, 1437E408 3,99E408 5.63E+08 7.00E+(C8 7.508E+08 4 75E+093 2,10E+08 J. Ce 3.24E+393

CNOLING CIP 0.0 d.€0 0,05 «52 1] «58 «61 57 «56 Y4 J.CC 0.0°2 <56

CLOLING EZ® 7.C0 34035 .93 14.96 12.84 11.37 12.23 11.06 13,33 14,27 .00 d.00 12.07

OCSICCANT

oUTY CYCLE 0.6 J.L0 C.Gu « 146 22 34 b1 ~ ebS «29 10 c.00 0.20 «29

PCt I CCHFORY 19¢. 100, 190, 99, 100, 100, 100, 100. 100. 99. 10G. 160, 130,
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APPENDIX B

RESULTS FROM VAPOR—COMPRESSION COOLER SIMULATION
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! Table B-1 J
i : :
{ $2335030¢80280334088334880838383038%008s80 )
s’ . L
* VaPOR COMPTESSION COOLING SINULATICN i
4 L [ .
!r VS SIS PSUVUIRPRITIRICIININN UGN ENOOIINIS - '!
ie i
i o
i* I42IT 28244-1523 o
- momessmecescesee . ¥
i‘ LICATIONM 1 WASMINGTON, OC YZIAF 1 1955 I
I ARIX SAMPR-SSICH S00L=3 NAMINAL OP-PATING GCAPASTITY 2 3,00 KH B
b ¥
r VIPO] COYPRESSINN ,F
' SYSIiM PEIFQRMANCE ;J!
|3 ceceveascmancnaanne 18
li Jan . FEd Lo spc mAY . Jun JL aue SzP oct Nov e ToTAL i5
i 8UILING Lge) v
A'I ceereometencas (3]
o COOLING - 1J)__Da fia fia 24037908 2,59E¢09 4.575439 5.54E409 6. 266409 3.67E¢09 1.855809 0. 0 22472040 o
4 SENSIILI 1) 0. a. e. P.GLI00H 1.792¢0% 3.332¢09 I.B81E09 L, 225409 2,495¢09 1.285¢59 0, g. 1725810 *
LATERE - I b o, C. S.87I¢07 7.905¢08 1.265¢G9 1.735¢09 1.94E+09 1.185+09 5.55E+08 9, 0. 7.515439 il
e HEATINS £J)  31.22-¢10 3,17-°¢08 faR6-¢19 3.3182¢00 3.00uF+00 $1.726c:¢03 3. 85F¢0LQq 3, 03F¢0Q.2,337409 3.897403 6,.62E059 3.20:+03 R.63E010 f;-’
TCTaL € 1.27261( 3.17E#09 HeB5E43I 3.611009 5.585009 6.335¢39 9, 59E+09 9, 29E+09 6,503409 S.79E409 6.62E+09 F.79E+C9 9, 105028 o
b
YEAY 3122 14) 1,27 ¢330 G, 1F-939 £.6G729 R, 16639 3. 03Ce0Q $,.767+439 3, 8655419 3, 03C+09 2,83-+09 3.835+59Q A A27¢0Q 9. 70209 £.6352110 ‘!",
b33
g .
o Py Ga 451 k08 a,62€¢03 9,99°¢39 1. 06F¢10 1.(S5F¢10 R ieZ ¢09 3,53£¢09 0 q ise215¢8Q0 a
SeGwsonranew~- it
SINZIILI (W) 3. 3. G. ©.G82008 3.29€+409 4.382¢09 7.150¢09 7,26E¢03 4, 45209 2,49€409 0, 0. 2.96zsg0 X
LATZATY 49) 3. La f. 1.227¢0R8 1. 3¢9 1.627403 I.205403% IL26F¢09 2,02-409 1.09-¢029_0 D 1.27E¢40 "“
i L
T egwiar anoo3. 0. ¢. 0. 9. 0. 0. 0. 0. de 0. 9. 0. o
v TOTAL PaR4STITIS [
i1 ENEsSY (2, 0. " g, 6.36I¢03 5.21E¢06 8.025¢06 1.19E+05 1.32E¢05 7.682¢Ch 4. 01E+C0 O, 0. S.04E005 .
i P -
7T COOLING SUF c.03, aeid 3430 2.5% 2.5 2.5 2.5 2.5¢ 2.50 2.50 ¢.0d 0460 2.50 3
i ‘e
%.—___,_‘cgguu;_g;.;g_ 360 AR 3,00 A 53 8,51 3,58 3.53 8,53 4,53 8,53 0.00 S04 8.33 a4
bed ni:
W yaPdR CadP ) ot
:'F__,QUYY YL Oetid Uedi LA (B Cie. 19 25. L3 INN 298 A& L0505 000 23 ‘:-
¢ . PCT IN 3OMECRT 115, 166, 1c0, 99, 2l 83. «2. 52, 58. 3s, 160. 100, 59. .
forg g}
3
: o
r -
bt »
N oY
It - o
L 4
o
!' i
L -
] -
H |
k3 >




Table B-2

SV VISR PLIBIBINIIILIRRESSIIIBERS

{ . - ™
i " .
' * Va0x COMPZESSION COCLING SIMULATICN * b
: . je

PRI RSN ERS RS RS RS SRS S A RIS R Y 2 2 )

. JAPUT 2HSAMTTIZRS

' LOGATION & AASHINGTON, I YEAR t 1955

' MAPGK SO4PS-SSICN COOLER NOMINGL OPRGTING CARPACTITY 2 92,030 K

3 VAPOR COMPRESSION

’] SYSTid PEIFOIMANGS

JEN Fia nap aps My JUN JuL auG se? act vov oEC TotaL

o BUILJING LO4D !

3 cSeavescsesvaecs . =»

‘r'_____cﬂ,a_lu; tJy__ 3 i1l ot 6307 #07 1.,997¢09 L 17709 G, 226+0Q £, 328 ¢79 3, 6407689 $,1LE40Q Q Q 2.2352480 e
SINSTILE (D, c. e. 1.462607 1.05C400 2,95I+403 2.8TE+iQ 3.925039 1,425¢09 &, 150408 0, 0. te318019 7
LarInt  (p 3, 'R “e S.6CEH07 9.U2E004 1,226009 2.342409 2,396809 1.63E4L9 7,25E408 C. 0. 3.178003

o WEATING . () 1] ' 5 Z £400 € L6£¢09 £.526403 9,70£49 54195618 f»
TTa. () 1.27c410 9.172005 6555439 2.902009 3.032¢09 4.672409 5. 24E¢09 6. 36E+19 3.982+69 3.206+09 €.626¢0) 94705409 Pou2ield | 5

3 MEAY_ S22 _ (3} 1.27Z0310 3,175 03 H.HEF45A 2,837803 1.045400 G, 046408 2,795 007 e 365 €07 5.83F ¢08 2 . 0AF¢70 £.625 203 Q. 20E¢GQ §5.496e8 0 ___M™

e YR mge T =

COoLING Safa-

Pl GITY.3J22.150 3. Qo - Sa520il8 34Qafefd 5,907403 9, 31F 209 1,00Fe10 H.287¢563..§,138408 0 g 3 e.ouu._':
2 SINSTILI (M 3. 0. 0. 4e24ct)B 2,9LE409 4.525¢09 HeBUESCT 7,4b6E40I ©e5250G8 2. 33E439 0. 0. 2.90€010 -
|2 LAY T ) I | ¢ Lo 1.L32438 1,.045¢09 1,38°¢09 2, L7509 2,.595¢203 1565400 4,.605408.0 0 __;,nguu_'*
i
it HEAT KT G 0. 3,752¢08 1.86E4¢09 1,51E40Y 3.895409 3.43E+09 2,556¢53 1,335¢09 0. g. 1454E+19 f.’-
ki rOTaL 28R45ITI% R 4
ﬁ ENER3Y 2. Co Ge 65e662¢03 5.08E+04 7.B2E¢C0 1427E905 Lo41E405 B GSE¢0s 4, 44404 Q. 0. S 33E+05 .
T .a.
! - "
o SOJLING 29F Gt L P n,09 . 90 1.15 1,52 1.22 1435 1.22 . 1.03 0,00 0.00 1.26 L',
1y i
i'ﬁp_csaux\; iR 34 LLLL 0456 3,24 3,92 25420 LodB hobl L U4 3.59 0,00 0.00 held9. __'.i
A . a

.o
i VAPOR Z04P e
ixi ouryY _Syg: o Q.28 Q.28 [/ I s 16 25 33 L2 246 2l . £.03 000 2r 4
i b
s PET IN 2047027 130, ten, 105 100, 39, 97. 99, 95, 39. 99, 106G, 100. 9, i-.
L o
1 “
g- PH
Ll e
t g -e
" PR
I g
Iy [
M e
| Y : (3]
1 aant “ta
! “
9 )
4 ¥
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l Table B-3 I
I X A I I R Y Y A I I R Y Y R Y N YYYY Y NYYY N j
{ . . . i
L * VAPOR COMPRESSICN GOGLING SIMULATICN © ;
v L 3 4
" GV S SIS SGIPIL LB IV INIIIIIEEIIGIIITISIS "
. 1NPUT 2338M:2]1525 L
’ P L L L ) . ]
. LICLTION t UCOSE CITY, (S ¥SAR t 1955 . : &
iv MaPOg JJ4Px-SSIOM CCOLT2 NAMINAL QFSSATING CAPACITY 2 Q.01 KW 3
| >
: VAPOR COMPRISSTION i
h3 SYSIEM PE2FARMANGE d
! J8u F29 4R apr may JUu JuL auG sEp ocs NOV 3gc ToraL »
ot — D T R P e FY
LTTAUT OIS s o
o cemceememcenea a3
B CDI.INZ CJ) 3. ‘a fla 2,367¢98 1,017¢09 2,567 ¢G) R 326409 5. 79F €19 1,465 (. La L. 1. 70E0L0.
SINSIIL: LN 1, 0. . 203I0GR 7,4254C8 1.82E003 5.22E009 L,SHE+DG 1.45E409 D4 e. 0. 1.6CEe10 o
Latsir o o, 2. - “waILIeO7 2.696+08 7130488 1.11Se09 6. ISE+08 5.933007 D . . 2.93E+39
Ky HEATING 14} 1,225 ¢80 1.21c010 2,707 949 2.52E¢59 2. 61Fe09 3.00¢09 8,535¢04 B.186408 <. 297 ¢08 1.977¢78 Q.8 Cp0I 1,.307¢30 A . 6e35e10 el
b Tota, 1J) 1.227¢10 1,212015 7.7CZ039 2,082009 3,635¢09 5.532¢09 7.13E009 6. 216433 1.66E409 Lo97E¢08 9.10Ee09 1.30E¢10 34126000 P
b oy
L‘ HEAT-5U22 { 4) 1,222010 1,21%¢23 7,7G-¢69 2,95-¢09 2,61F¢09 3,007¢09 $,537¢03 B, 19F 08 t,795¢08 4.3I7F¢08 9,137 L3 1. 30Fetll 6,63E000
M GoOLIMG SaRa- : o
_L’|__‘_.;I.L'.4._3)JEELL7_J Ja fi] 0 3.59hc 208 1. SAFL0A 4,205 ¢899 Z.uufe09 £.37F 209 <. .4n7 09 0 1] 0 2.1%2018 ta
o emceccem s b
- SINSTILI UH 0. e e. 3.14Z408 1,29E409 3.99E409 6.05E409 5.26E409 1.43E¢09 0. 0. 0. 1.74E010 .
R LAI=NT {1 Ja Lo [ 0e25¢07 3,817 ¢08 1,307 1,.347¢09 1, 13F+09 2.38c¢02 0 Q Q0 we3iEe33 -
i B M
sgnzar 9, c. g, 9. Ve L. 9. 0. o 0. 0. 0. 0. I
TOT4_ P8RaSITIC o
ENE OS¢ . f. 0. 4a6I803 1.65E006 G 755404 9.21E¢006 B84 C2E¢04 L. 78E¢C4 D4 o, g, 2.59E405 i
COOLINS 279 3¢ 9. 6i .50 2.50 2,59 2,50 2.50 2.50 2.50 .00 G. ) £.c0 2.50 I
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C3oLins LLPi- ) )
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RIHTATY (E1 I Ve 1.04E%03 T, G. 0. U Ve 4.69E408 4. U . 5.72E%.8 "
vora: earasiris IR . e e S _._.._...A:
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TR-090

7=

S=RA¢_
b Cost/Benefit Ratio

Desiccant Collector ' '

Cooler Size Area 1985 Base Year 1990 Base Year
Run No.2 (kW) (m?) $107.65/m® $215.30/m®> $107.65/m? $215.30/m°
WASH 2 9.0 35 1.03 1.41 0.78 1.01
WASH 4 4.5 35 0.95 1.33 0.73 0.96
WASH 6 2.3 35 0.93 1.31 0.72 0.96
WASH 8 9.0 50 1.13 1.67 0.81 1.14
WASH 10 4.5 50 1.05 1.59 0.77 1.10
WASH 12 2.3 50 1.03 1.57 0.76 1.09
WASH 13 9.0 20 0.98 1.20 0.79 0.92
WASH 14° 4.5 20 0.88 1.10 0.73 0.86
WASH 15 2.3 20 0.85 1.07 0.71 0.85
WASH 16 9.0 42 1.08 1.53 0.79 1.07
WASH 17 4.5 42 1.00 1.46 0.75 1.03
WASH 18 2.3 . 42 0.98 " 1.43 0.74 1.02
WASH 19 9.0 42 1.08 1.54 0.80 1.08
WASH 20 9.0 20 1.01 1.22 0.82 0.95
WASH 21 9.0 35 1.06 1.43 0.80 1.03
WASH 22 9.0 50 1.13 1.67 0.81 1.14
WASH 23 9.0 10 1.01 1.12 0.86 0.93
WASH 24 4.5 10 0.89 1.00 0.78 0.85
WASH 25 4.5 35 0.94 1.32 0.73 0.96
WASH 26 4.5 50 1.05 1.59 . 0.77 1.10
WASH 27 2.3 10 0.85 " 0.96 0.75 0.82
WASH 28 2.3 35 0.93 1.31 0.73 0.96
WASH 29 2.3 50 1.04 1.58 0.77 1.10
DODG 1 9.0 35 1.54 2.28 - 1.10 1.57
DODG 2 4.5 35. 1.32 2.06 0.95 1.42
DODG 3 4.5 35 1.62 . 2.37 1.22 1.69
DODG 4 2.3 35 1.21 1.95 0.87 1.34
DODG 5 2.3 35 1.58 2.33 1.21 1.68
DODG 6 9.0 20 1.27 1.70 0.95 1.22
DODG 7 4.5 20 1.07 1.49 0.81 1.08
DODG 8 2.3 20 . 0.97 1.39 0.75 1.02
DODG 9 9.0 42 1.64 2.53 1.14 1.70
DODG 10 4.5 42 1.43 2.32 1.00 1.57
DODG 11 2.3 42 1.33 2.22 0.93 1.50
DODG 12 4.5 35 1.59 2.33 1.18 1.65
CHAR 8 9.0 50 1.10 1.66 0.77 1.11
CHAR 11 4.5 35 0.90 - 1.29 0.66 0.91
CHAR 13 13.5 50 1.2% 1.82 0.88 . 1.23
CHAR 14 4.5 35 0.89 1.28 . 0.66 0.90
FIWR 3 4.5 35 1.17 1.66 =~ 0.88 . 1.19
FTWR 5 2.3 35 1.13 1.62 0.87 1.17
FITWR 6 4.5 35 1.16 1.65 0.87 1.18
PHNX 2 9.0 35 1.56 2.08 1.21 1.54
PHNX 4 4.5 35 1.%0 2.02 1.21 1.53
PHNX 7 4.5 35 1.51 2.02 1.21 1.54

2Cece Table 3-17 far type of auxiliary eonling (1f any) used with each runm.
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SAMPLE OUTPUT FROM ECONOMICS ANALYSIS COMPUTER PROGRAM
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i SRULIINIBINIVILILSLBILIINIINFINIEIRNEIN IS WASH25

s »
* DESICCANT SYSTEM ECONOMIC. ANALYSIS *
. BASE YEAR = 1978 . -
g A\ ¥ <
: Dclillll'l..l..‘...4-ll..00l.l‘....... :
FL—Kmr:-RONOHIC INFLATION S .03 FCV,. ELECTRICITY ESCALAYION .
. 0.%0 P2T, SOLA® pQUIF, INFLATION 5.00 PCT. AUX. HEAT ESCALATION .
3 3.9 PCT,. DISCOUNT RATE ;
A 35.00 Mes2 COLLTCTNP APEA 1,62E411 J/YR TOTAL HEATING LOAD 3
o 8.%95499 J/YR AUK. COOLIN; RECHIRER 3.377¢10 J/YR AUX, HEATING REQUIRED ¥
4 5.50 KW AUX. COJOLING CAPACTITY S, 0T KW VAPOR COMPRESSION 3000 CAP q
| 2426E499 J/YR DESICCANT PARASITIC PUNER 1.E8E#1) J/YR VAP. COMP. PARASITIC POW .
4 2.50 COP OF AUX, COOLING UNIT 2.50 COP OF VAPOR COMPRESSION UNIT Pj
' - - d
4 ASSUMZIO 1978 COSTS COSTS ESCALATED T) 1978 i
+3413 ELECTRICITY 2ATES ($/KN-HR) W G610 N
% T eu1ts AUXTUIARY HFEATING ($7KW<HRY G158 v
. 15uC.02 DESICCANT SYSTEM ($) 1506.60 bd
L\ 0.0 STORAGZ UNIT (%) ™
4 €10, 37 AUXTLTARY COOL=ER UNIT (%1 0T e
4 ) 33C.0z SYSTEM INSTALLATION (3) 350.09 >
L 16C6.03  YAPOR COMPRESSION UNIT (%)  1006.06 b:
b
) PPESENT MORTH (1) BASED ON 20 YEAR LIFETIMED ;
DISICCANT SYSTEM VAPOR COMPRESSION SYSTEM e
.. T.5TE+TZ FPRRBSITIC FCHER 1. 1iE+03 - i
» B.185ei2 HEATING 2+48E4(3 "
] . 2.36E402 COOLING o
i T IOYAU T T TR Bk e iy T - 3
B ‘i‘d
4 PCY, GOY. PCT, CGSY COLLECTOR COLLECTOR INITIAL omui TO0TAL COST o
4 SUasTOY FOR OM@Y €osT CAPTTAL  CAPITAL PRESINT  PRESENT  BENEFTIT i
. : (2/4%*2)  COST (3) EQST (3) WORTH ($) WORTH ($) RATIO i
t] " L‘.
q 5.3 157,65 3787.75 €177.75 859,55 7 784,98 TTTLVTE s
2 6.6 1€61.L8  5651.53  §0E1.€3 599.68  986L.94 2.15 ™
- 0.€3 215,30 7535.3;  994€,5Q 729,82 11888.95 2.593 5
s T.0C 259,13 9L, 37T 11829,347 879,96 '13912.976 3.53 d
. 9.50 32z.95 112103.25 13717.,25 102¢..9 1593€.97 3.a7
o Celh _ 137,65 3767,75  6177.75 919.09  B3iu.bL7 1.85 ;
i 0.C¢C 1€1.487 TBBST, 63 8661, €3 1199.37 T10ubs.52 2.287 o
. 0.05 215.30  7535.5%  9945.£0  1479.64 12628.77 2.75 wd
A 0.00 263013 9419,37 11829.28  1759.91 14792,91 3.22 L
3 L 322,95  11307.258 13711,25 2962.19 771695708 3.69
.4 .05 117,45 3767.75  6177.75  1378.6L  87hi. 2 1.21 Bl
; g.c0" i61.63  665:.63  BI61,63  1799,i5 11064, 30 2.41 L7
» 7.4 15 I TTTTIE3EL 5T gu5,80 " 2219087 133R8,59 2.9
4 9.6 269.13  9419.37 11029.38  2639,87 15672.87 3.u1 3
L) G.0C 95 11333.25 13713,25  3(6..28 17977.16 3.9¢2 N
B EILK A7 S T 3R YT I 15 T 183,197 9218,557 72wl 1.
1 8.05 15143 5651.63  80E1.£3  2398,73 11663.98 2.54 - t
3 9.06 215.35 7535.55  S945.50  2959.28  14:108,41  I.G7 o
h 2738 265,13 9¢19,37 "1i829.38" 3519.82 7 16552.43 3,61 oy
A 0.0 322.95 113G3.25 137:i7.25  4G6u.37 18997.25 fholl I
o4 €.90 187,65 3757,75  €177.75  2297.73  9e79.ii L2e11 &3
\q 3.60 161,48 66%51,63  861.€3 299R,42 12262,47 2.67 1
4 3 215.17 7535.53 904%5.50 399,10 14043.23 3.23 g
X g.c 269,13 Suic.37 11023.38 399,76  17432,78 3.86 5
g.3d 326095 1130125 13713.257 Sillc.wt  20017.34 .36
3.3¢ 107.65  3767.75 - 6177.75 2757.28 10138,%6 2.21
6.5¢ 161.49  5651,63  HC61.63

359K.1C 12863.35 2.8u



0.9 3.°¢ 215.3 7535.50  9945.50  4438.9%¢ 15588.55 - 3.43
0.¢2 3¢ 263.13  9419.37 11829.38  5279.7t 18312.74 3.99
0.%C 3.00 322.95 11317,25 13713.25 6120.56 21G37.43 4.58
G.00 3.59 107465 3767.75  6177.75  321h,43 10598.20 2.31
f, 7.0 3.50 15T.43 BR5{ By BT €Y Gi97.7TB idu63.0 5 2.93
. 0.0 3.52 215,30 7335,55 9945.53 5i78.74 16327.36 3.56
, 6,09 3.5, 299 13 gu17.37 11829.38 6159.69 19:92,79 4,18
, 73T 35T 5 AN ATS 13712,25 77160465 TT22057.58 C.81
. T 6.C0 .:17 65  3767.75  6177.75 3676.37 11457.75 2.61
N 0,30 Wl 161.48 5651.63  8063,€3  &797,46 14062,72 3.06
s [ SR e.Ce 4 SRR 4 4-95-Damm -1 'L Eu TT8918,5€ T17(6 768 372
- 7.26 ¥4 2€9,1T  9419.37 11829. TC33.65 20672.45 .37
is £.30 L.TQ 222,95 113:3,25 ~x3713.zs B1E5.76 23377.A2 5.3
i R4 T L,5T 107 s T IYe? I T T EITL IS T TE135.92 7711517.3) 2.51"
A 9.96 4,5¢0 151.48 5651.63  AC61.€3 5397.15 14L662.40 3.19
3,60 6.5 215,35 7535,50  99u45,53 6658.38 47RG7,50 3.88
s T.IT %50 BT Y T oL e I T T 20,287 T 7919, 617 2596561 ©.56
h 2.03 4.5 222,95 11197%.25 13712.25 Qlgl.a3 24097.71 5.25
4 %.ne 5409 107.65  2767,75  £177.75  4595.47 1197684 2,61 .
L R 160, 08 T 58516~ BLE1 BT 5996.837 15262.48 3.32 s
.. g.c1 Set 215,30 7535.50  994E.SC  7398,20 18547.32 .00 f
- 3.3¢ 5.00 259,13  9419.37 11829.28  8799,56 21832.56 4.76 v
LTINS T322095 TY{353,25 TIN5 T IG20L.93 T25417.87 SOLT i
. 25,10 .50 127,85 3767.75  We31,31 459.55  $296,49 1.37 k
i, 25.28 .59 161.48 .5551,63  €L46,.22 99,68  7849.53 1.71 e
LR 319 LB 3T 753505 T 4S9 2T 739,82 7946 2.57 2,05 "
b 50 .39 259.13  9414.37  8372..3 879.96 10355.61 2.39 2]
25.5¢C .53 322.35 113533.25 10284.96  1020.09 12508,.66 2,73 1)
! T2 Es 378775 GEITIT T 919,597 6756%.03 157 5
L, 151,48  5651.63  6iuh.Z2  1199.37  Buu9.21 1.806 b
i ' 215,33 7535.50  ?453.12 1479,64 10142.39 2.21 .
" 25.% S T289.437TTIMLT3T RA72,0377 1759,94 T 112835.57 2.58 3
5,1 25.C¢ 1452 322,95 11331.25 11286.9%  2343,19. 13528.75 2.95 pr
w 25.00 1,50 197,65  3767.75 4E3S.31  1378.64  7215.58 1.57 -
jTeseen 1353 T51 08 SE51VBY  EBIG46.22 7 T1799,557779648.99 1.97 ‘3
1.53 215.3& 7536.50  7459.12 22:13.46 138A2.21 2.37 33
1.5 © 252, 9412.37  BE72.(3 2639.87 12715.33 2.77 i
st 3z22. 05713,,.2‘; 15294 E0TTT3660.28 14568, R4 317 !
2.50 107.65 3767.75  4€33.31  1838.19  7675.12 1.67
2.00 161,69  5651,53  €046.22 2398,73  9648.58 2.11 o
Z.ue 215730 TrBASTET T 7u59.1F 7 72959.28 Ti1622.53 T 2163 Tl
202 269413 9413,37  B8872.{3 3519.,82 13595.48 2.96 ;_*3
2.6¢ 322,95 11332,25. 1628L.,S4  iB.,37 15568.94 3.39
2.50 107,65 3767.75 GEII 3L TT2207.73 7 8136.b7 1.77 e
2.5 - 261,49  5851.53  6Lub.22 2908.42 1526R.26 2,23 ]
_ 2.50 215,25 7535.50  74%9.12  3699,10 1236:.3% 2.69 b
2.5¢ 269, L7 GA1TV3Y T Rer2 {177 4309.78 T 14u7 B Lk 3.3 1
~. 322.95 11192.25 1cze'4.9e. 510J).46 16589,%3 3.61 ke
. 137,65 3757,75 wR3IF 1L 2757.28  4594.,22 1.87 ot
o 3 161,48 £551.53 T Eies. 22 "3598.10 TL5867,94 2.36 B
A 3 215,37 TS3S.35  7L59.12 438,92 13101,67 2.85
. 3.0 269,13 _ 9419.37 _ 8872.03_ 527%.74 __ 15355440 3.35
8 3.7 323.95 41307.79  ii{Zet.ch T TBi20.56 37E59.12 3.8
. 25.19 3.58 197.65  37H7.73  a&33.31  3216.13 453,77 1.27
fg 25080 3.5¢ 161.48 5661, 53____&(«5.2;___'—'.,:97.75_uu.r..a_x_ 2.49
S 25.¢6 3.58 255 40 PEIE 5T Tu55412 T 517A. 76 T 53641.049 302
P 25.09 3.5¢ 259.13 416,237  8872.03 6159.69 £6235,35 3.54
v ___25.30 3.8 _1332.25 172R6.06 _ T18(.65  18629.21  4iGE :
T25.67 ICE 3767.75 6533,31 676,377 9513.31 2.07 —1;
25.03 6.05 €Uu5.22  BT9T,LE  12:47.31 - 2.62 o
Al 254805 ko lG ) T453.12_ 591%.56 _ 16581,31 3.18 iy
25.30 Py T4 {g 3T BRF2,d3  Fi39.45 17115.381 3.73
25.0¢ 4eli 322,95 11301.25 102684.9% 150,74  13669.31 4. 28
25.00 6.5C 107.65 3767,75 4633.31  €135.92  3972.36 2.17



' ~\
25.03 4.5C 161 .48 5651.63 6LLK,22 5397,15 12646.99 2.76 '
25.00 %.50 215,30 753E.5¢ 7u59,12 6658.38 15321.13 3.34
25.C¢ 4.5 269.13 Q419,37 8872.C3 7919.61 17995,26 3.92
25.0¢ 4,50 322,95 11303.25 .G284.9%  9180.83 20669.44 .59 y

8 25,70 Tl 137, €5 IT6Y.75 €33, 51 LTS AR ST 27 B T 4 4 3

. 25,00 S.eC 161448 5651.63 6(4€.22 5996.83 13246.68 2.39 ‘

R 25.C9 5.0¢ 215430 753%.510 7659.12  7398,2C 16050.95 3.5y .

. 25.C0 A 259,13 9619.37 887203 8799,56  186875.22 . ~ .11 N

s 25,00 5.0 322,95 113G3.25 10284.S%¢ 10200.93 21689,49 “, 73 :
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SRIBENSNNISTIICIIINTICIIIIIINIIIBIEN Y WASH2S
. »
* DESICCANT SYSTEM ECGNOMIC ANALYSIS ¢

BASE YEAR = 1985

(. ¥ e R
R SRSV IBSBIIY IS ISSENIININISERENR IS S t
5 €.CC PCY,TECONONIT IRFLATION ™ B 05 PCT. ELECTRICITY ESCATATION s
. 0.62 PCT. 50LAR FAUIF, INFLATION S.00 FCT. AUX, HEAT ESCALATION i’
, 3.00 PCT. DISCOUNT RATE . o .
o 35,35 M®®2 COLLECTOC AFFA 1.G2E+11 J/YR TOTAL HEATING LOAD 4
oL 8895859 J/YR BUX. GNCLING REQUIREC 3,376¢10 Jr/YR AUX. WEATING RYQUIREU . d
= 5450 KW AUK, CCALING CAPACTITY TH.TL "KW VAPOR COMPRESSTION Z00U CAP
.| 2.26€429 J/YR DESICCANT PARASITIC POMER 1 ,€8E¢10 J/YR VAP, COMP, PARASITIC POW :
.4 2.50 COP CF AUX, COOLING UNIT 2,50 COP OF VAPOR COMPRESSION UNIT ]
ASSUMED 197R COSTS3 COSTS ESCALATEQ TO 1985 4
) .o«:e ELECTRICITY RATES (3/Kw=HR) . 0851 . :
4 EYTAURITIARY FEATING TTH#7 KW 2R c6311
\ 15L3 0o DESICCANT SYSTEM (%) 1500.090
| STOREGE UNIT (%) .06
) TTAUXIUTARY COOLERTUNTT 8T 9{7.21
3CI.CC  SYSTEM INSTALLATION (8) 451.69 .
X 1073.37 V4POR COMPRISSION UNIT ($)  15(3.63 i
- ™
.4 PRESENT WOFTH™ () RASSD ON 2C YEAR LIFETIMES i
DESICCANT SYSTEM VAPOR COMPRESSION SYSTEM N
{ TITET TS PIRBSTTIC FOWER — 23 3{E+T3 ¥
. 1,73€433 HEATING S.14E+3 \
i L.90Es;2 COOLING "
fonn . TUTOTAL T TTTELY6Ee63 T T T ad
3 M
,| PCT. GCv. PCT. COST COLLEGCYOR COLLECTOR INITIAL OMR1 TOTAL cosT =
I T SUBSINY T FOR OMF I COSY —  CEPIYIL  CEFITAL  —PRESENT " PRESINT “BENEFIT —.
(374%=21  COST (F) COST {1} WORTH {2) WOFTH ($) RATIO 3
rl
r.; 0.T¢T 5T IT7 85T 3767075 TEE€IEL (5T 749364 962852 157 e
" 2.60 .56 151.L8 5651.63  851¢.93 633.78 11652.63 1.30 o
3.5¢ ol 215, 7535.50  1C613.83 773.91 13676.64 1.53 -
3053 B3 25971% §U19.377712287,88  Giu.05 "15702.65 1.75 o)
R 3.93 .56 322.95 1:1361.25 14171.€5  1356.18 17724.66 1.98 ™
X d.00 1,06 157.65_ 3767.75  E€3E.(5 _ 987.28 10i22.25 1.13 o
¥ j.e? 1.3 162,48 78%5..63 77 BEi¢,93 TTT1267.55 T 1228644 iv37- d
. 9.30 1.2 215.37  7535.56 1(u03,80 £547.82 14453.55 1.61 Y
» 0.cc 1403 269.13 Q419,37 12287.68 14Z3.10 16614,73 1.85 ’ , o
L L 1.%0 32 ST ISR, O TGV, EET T245M.37 71877 8,45 2715
N 6.0 1.50 137465 3767.75  6636.u5  L-3..92 19615.39 1.19
R 7.60 1.56 161,63 651,63 AE1C,C3  1961.33  1292G.18 Lot
. 3] 1,58 S I T B YSEE TTILAG IV T 2321073 T15224.4% i.76
1.5¢C 267413 9447.37  12247.€8  2762.164  17528.75 1.496
1.50 322.95  11373.25  16171.55  31€2.55 19435,.3 2.21 :
2.5% 137,65 37R7.75T TEed: (37T 1974.56 711159.53 1020 . oe
2.6¢ 151.48  5A51.53  B51¢.93  2535.1C 13553.95 1.51 re
2,30 215,30 7535,53_ 103633, 3095.55  15998,37 1.79 ¥
2,60 263 13T 9Ly, 3712297, 687 36564197 18442.79 .06 g
2.3 322.95 11333.25 14171,.%5  4216.74 gu887.22 2.33 e
2.5¢ 1G67.65 I7/7.75 6€3€.(5 2-.:;8.19 11603.‘.7 134 [
255" TIRT L WRTTEES L 6T T RE19.63 T 3ica.88 14187, 78 T 1,58 e
2.56 215,28 7535.3%  1{6I3.BC  IRE9.56  16772.29 1.87 o
2.53 269013 Y1917 17i87.€8 _ 457(.24 _19356.8L 2-16_ . ¥
2055 322,95 TULA09,25 T1h171. 85 TT8e73.92 T 21961, 64" 2,45
3.c0 137.65  3707.75  €€36.05 2961.83 12096.81 1.35
3,60 161,63 5€651.63  851€,93  3802.65 14821.50 1.65




0.08 3.00 215,30 7535.5% 10402.86  4643.47 17546.20 .96 ]
6.3¢ 3.0 259.13  9uLiG,37 12287.€6  SuBL.29 20275.89 2.26 ‘

9.00 3.c¢C 322,95 11303.25 14171.55 6325.11 22395.58 2.57
L G.C2 3.5¢ 197.65 3767.75  €€3£.05  3455.47 12595.45 1.61 j
AmEmS KDL 1750 TET. 46 SB5T.63  BSI5 53 L43o L3I 15455728 1773 o
, 1.65 3.5 216,35 7536,50 1pL33.8%  5L17.38 18320.11 2.45 |
. 3.C¢ 3.5¢ 267,11 9L13.37 12287.€8  6394.34 21184.9 2,37 N
X L ¥.52 322,55 T135T025 T 14471.557 7 7372.29 7 26543.77 2.68 ,
. g.C0 4458 117,56  3767,75  €€36.95 3949.i1 13084.:9 1,46 4
s 6.3 Lell 161,69  5651.63  8519.93  517..2C 16(89..5 1.8 "
B T.T¢ L3324 ZIEVH TE3ETRT 1TLGIVRY 6191,29 771939412 2.13
3.06 4.l 253,13 9613.37 12287.€8 7312.39 22098.99 2,07 1
B g.ee sl G 322.95 11331.25 16171.55  8433.48 251u3.95 2.8 ¥
4 bRy & 4.50 iC7.E5 3767.757 663608 wibue 75 T13577.72 1.527 i
s 7469 4.55 161,48  5651.63  BE1€,93  €7(3.98 16722,83 1.87 "
. e.c0 4.55 215.30  7535.59 10403.80  6965.20 198€7.93 2.22 b
Ll{  0.00 L8 269713 JETIVIT T ATeEY €T R22€, 03T 23013, 0N 2.57 W
g.¢¢ 4,56 322,95 112333.25 3i4171.55  Qus7.66 26158.14 2.92 b
4 2.3 5.00 167,65  3767.75 EE€3€.05  4936.39 14(71.36 1,57 £
J 7.C3 5.0 161,08 565I0E3 AZ1¢.53 6337.75 7 '17356.60 109% e
7.0¢ 5 .65 215,30 753%.5u 16403.80  7739.12 206L41.84 2.30 kd
.4 3.10 5.%0 269.13  9416,37 12287.€A  9143.48  23927.(8 2.67 e
T 83T 587 3220795 1130257 1hir1. 85 i8641.85  27212.32 35T 1
i 25.00 .SC 137,65  3767.75  4G77.04 492.64  7969.5] .89 r
W, 25,50 5% 16i.63  565:.563  £38%.95 533.78 9522.64 1,06 fe
i é5.6d 30 212038 7TS365.5G6 7e1z.85T T 773,91 T11575.69 12 .
A 25.C0 .5C 269,13 9419.37  9215.76 914.0L5 126E8.73 1.61 i
L 25,03 .5¢ 322.95 11131023.25 1C€28.€7  1356.18 14i81,77 1.58 i
25.50 3T T2 €5 I7ELT5 L7708 987,287 T8uE3.24 1 .2
25.50 1.8 151,48 5651463  BEC.C5  1267.55 13156.,42 1.13 ~
.. 2500 iect 215.38 _ 7535.55  7A1Z.B5  1547.R2 11849.60 1.32; N
L 25403 il 2697137 3419.377 9z15.76  1828.10 T13542.78 1,51 2
: 25.03 1.00 322.95 11353.25 10€28.€7  2108.37 15235.96 1.75 b
4 25.00 1.52 107,65 3767.75 _ 4977.04 _ 1eB80.9Z2  8956.88 1.034 =
. 25.T7 {.6% 161,48 5551.6F  €3d¢,95  71961.3371079G.23 1.2 it
. 25.08 L.50 21%.35  7535.53  7r32.85  2321.73 12623.51 1.61 &
] 25.09 1.5C 269,13 9%1S.37 G215.76 _ 2742.14_ 14456,83 1.61 i
id 25,03 1.50 32295 1133'%.25 10€28.€7 31€2.55 16290.14 1.82 us
i 25460 2,86 107.65  3767.75  4O77.04  1974.55  9450,52 1,06 “
i 25.00 2,13 161,48 5651.53  €389,95  2535.10( 11e23,97 1.28 !
i Z.c0 215730 7533.50 7832 85 3{95.65 "12397.42 1753 o
L 25.26 2.1% 299,33 9Li3.37  Qz15.76  3656.19 1537(.87 1.72 M
i @ 372,65 11J03.25 1LE20.€7 _ 216,74 17344,33 1.9 0
1 z 157,65 3767.75  4977.0v  24EB.19  934L.16 1.1l s
A ¢ 161.6%  5651.53  638¢.95  3168.88 120(57.75 1.35 o
. 2 215.30  7535.53  7802.85  38€9.56 14171,33 1.58 b
. ] B30T GUTEIT 9218 76 T NS ) 20162840527 i.82 P
M 322.95 11352.25 1CE29.67  5273.32 18393.51 2.05 I
< 17,65 3757.75  L977.C6  2361.83  11&37.89 1.17 &
v TEL WA T5651053 7 5299.957  3312.65  12691,52 1,42 B
L 215,30  7535.54 7802485  4hu3.47 14965.25 1.67 e
’ 269,13 964319,37  9215,76 548,29 17198.97 1.92 %
o 322 UA5 T 1130 1.25 10628, €7 TTE325. 007 19452, 7377 2,47 T
107.25  37E7.75  w977.04  3455.47 10931.43 1.22 P
: 1.48  5551,63  6289.95 436,43  13325.3) 1.69 e
M WS FuC2 857 5417.387715719..6 {.75
] 269,13  94173.37  9215.76  6£398.34 18114,.2 2.02 0
.4 322,95 11301,25 _40€28.67  7379,29 20506.48 2,29 )
d 157.65 0 37R7.75 7 49774057 3949411 7 11625.47 3.28 H
161,44 Sh31.h3  €38€,95  SG7L.2C - 17959,.7 i1.586 ts
R 213,30 _ TS35.50 7F02.85_  €191.29 1667347 1.84 A

233,137 T9413.3777 Seis.76 . 7312.39 1927, .7 Zoid

322.95 11%03.25 15€28,€7  8633,68 21561,(7 2,61

25.00 4,59 137,85 3?67,75 4977.Cn LL42,75 11918.7¢ 1,33



25.30 4.50 161,48 5651.63 638¢,95 57G3.98 14592,85 1.63

25.60 .5 215.30 7535.50 7602.85 65€5.20 17266.98 1.93
25.00 .58 269.13 9417.37 9215.76 8226.43 19%41,.2 2.23

25409 9514 322.95 11303.25. 10€28,€67 9Qu87.66 22615,25 2.52
- L€ B7.75  LOrT..b 49360395 (2412775 139
161.48 Sp51.53 €3gc.c5 6337.75 15226,62 1.70
25460 5.60 215,30 7535.50 7602.85 7739,12 18GAh(,89 2-01

=/

[T 253 ¥ 269,17 G419.37  GeIB 76 TIi4G.u8 72065916 2733
25.60 5.00 322.95 11303.25 3U€28.E7 10541.85 23669.044 2.64

[ - S

Sy b ey
b B

SRR L LS NS NEV IR

)
it

5 S

s
el Wb d

a

LY

e



6-d

PO NEIINI SIS IIIII SIS IRIVIIRO NS WASH2S
. .

® DESICCANTY SYSTEM ECONOMIC ANALYSIS *

. BASE YEAR = 199

¥ ¥

SISV BISGI L IOVL IV ISTIII VIS TIBEILIIES

L

& .CCTPLYTECONOATE IRFUATION B UV FCY ELECTRICYTY ESCALATION
9.CC PCT, SOLAR EQUIP. INFLATION 5433 FCT. AUX. HEAT ESCALATION
3.77 PCT. NISCOUNT RATE

36.CC Me®2 CCLL:CTOC aFEA 1.G28¢11 J/YE TOTAL HEATING LOAD

T AT e o)

L 8.83T429 J/Y3 « COOLING 2IQUIREQ 3.375+19 J/YR AUX. HEATIMG REQUIRED 1
o BV KW TRV TCEOUING TAPACETY UYL T KW VAPOR COMPRESSION Cuol CAP ;1
{ 228%E409 J/YR DESICCAMT PARASITIC POWER L.E8E¢30 J/YR VAP, COMP, PARASITIC POW I3
! 2.50 COP OF AUX, COOLING UNIT 2.50 COP OF VAPOR COMPRESSION UNIT (3
3 1
| ASSUMZO 1974 CCSTS - CO3TS ESCALATED T3 '199¢ e
) WG4l ELECTRICITY RATES (2/Kh-HR) 1636 i
b .015TTUXILIKF’.’V"F&’E'MINS"(HKH;HR) Ti525 v
: 1=no. DFSICCANT SYSTEM (F) 1560.00 B3
. STORAGE UNIT (3) .00 S
i EI!’.I’.‘"'TURI[IT?Y COBLERTUNIT (3T 2275w .
389.%27  SYSTIM INSTALLATICN (8) 653,66
N 2€50.3.  VAPOF COMPRISSION UNIT (%) 212420
8 PRESENT WORTH (f) AASEN OM 20 YEAR LIFETIMER :
., DESTICCANT SV°TcH VAPOR COMPRESSION SYST:ZN ) b
Ly TTeCZ PRRASTYIC PCRER ™ J.90E+(3 Ly
0 z.a“o's HEATING 8.66E¢(3 ) . &
ba e BeesFec2 LOOLING . %
o TOTAL 1.66Eeul . 9]
én‘ ™
' PCT, GOV. PC*. COST COLLECTOR COLLECTOR INITIAL OMRI ToTaL cosT fd
b SUASIDY FOR OMRY CO5T T CAPITAL CARIVALT PRESENTTT UBRESENT RENCFIT T
: (4/M**2)  COST (F) COST (3) WORTH (1) WORTH (%) RATIO u
» 350 .5 87765 3VBY TS L9885 528006 11837747 Y3
1 3.c0 §1d 161,48  565:.63  8982.72 663,20 13861.76 .95
§ 5.32 .50 215.35  7535.50 1L8EE,€0 8:8.36 15885,77 1.9
. [%) + 53 HE TR ARYAIT 1275847 BuB.4T 179.9.78 1,23
ol C.53d .53 322.95 11333.25 1LE34.35 10A8,61 19933,73 1.37

2400 1.25% 107.65  3767.75  7GSA.A5  1656,13 12365,81 .85

9.83 130 161,687 5651 ,637 T 8582, 727 1336440 14529.96 1.0
. 5,00 1,50 215.30  7535.5. 10BEE.E)  1616.E8 16694.11 1.15
. D.rn 1.0y 269,13 9449,37 1.759,47 1496.95 1B458,25 1.29
X 7.(9 TS 22,098 11303,29  TiNE e, 35 2177 227 2182290 168
0.2¢ 1.5¢ 157.65  17€7.75  7.28.85 1584.19 12493,37 .88
523 1.58 161.48  SkS1,63  8982,72  200L,6C 15198,1% 1.6l

C.t0 173 TS TIPS, 60 7T C8k0 €0 T T 2625.01 T 17562, 4 1,20
j 3.09 1.56 269,13 9419.37 1275047 2945.42 198(6.73 1.36
; G.CC - 1,36 327,95 11303.25 14€34,35  32€5.83  22111.%1 1.52
l" 5.69 2Vit 1270657 376775 TFL9R.85 T 2112.2¢ T13621.94 ST _
I 2.4% 2.7 161,43  5651,63  £932,72 2672.8) 15R€6, %6 1.69 I-j
. 2.0y o33 215,30 735,53 1GBEE.E)  3288,35 1A315.78 1.26 )
o G 2l 268,13 TRV 12rs9. k7T T3793.90 T 2L755.20 1.42 !
h 0.0 2,2 322.95 11303.25 166534,35  435L.66  23199.62 1.59 N
he 9.00 2450 157,65 3767.75 _ 7u98.85  2640.32 13950.00 +96 i
0.:8 2.5¢ 161,48 58518 8983.727 3341.061 1A534,56 i.13 )
- 2.% 2.5¢ 215420 7533.39 1GREE.E0D  wLUL1.69 19113.12 1.31L q
i 3.88 €.50 269,13 Gu19,37  12755.47 762,37  21703.68 . 1.4) . 5

0.6c 2.5¢ 322,95 11303025 1663u.35 5643,05 24288.¢3 1.67

9,00 - 3406 197.65  3767.75  7098,85  31€8,39 154678.:7 .99

0.G0 3.CC 161,44 5651.53% 8942.72 4(09,21 17202.76 1.18



01-a

' j

c.co0 3433 215.30  7535.50 1(86€.€0  4ASG.G3 19927.u6 1.37

0.08 3.50 269,13 419,37 1275).67  5690.85 22652.15 1.55

6.00 3.5¢ 322,95 11302.25 14€14.35 6531.66 25375.34 1.74

9.6¢C 3.50 157,65  3767.75  7{9R.85 3696,45 15((6.13 1.03

(- 750 — 3.EY {61744 SESTVEY  €9B2072T Gerr eiT ivA7..9% T.23
) 7.00 3.5¢ 218 7535,53 10866.€0  S658.36 2{735.79 1.42 4
. 9.53% 3.50 29923 941G 37 1275..47 €639 3T 236((.62 1.62 .
. G.T0 .50 322085 11267025 T Tu€30. 25 7621.2877726665.4%6 T.82 s
. 3.08 4.6 107.65  3767,75  7(98.85  4224.52 15534.23 1.97 .
6.02 6.6 161,48  5651.63 - 8982.72  5345.61 18539.,16 1.27 X
, 7. b LRS- & 7535.57 1DEEE.€UT Bu6b6. 70 2i56ui1l 1,48 .
i 0.35 4490 269,13 9413.37  1275G.47  7587.79 26549.10 1.R8 4
WA E.tO 4aid 322,95 11333.25  14E34.35 _ 8708389 27554.i7 1,89 .y
§ ERY] vt 322795 11303025 14e3u,35 8708.89 "27556.u7 1789 .
. 9.2 4.5¢C 117,65  3767.75 7(98.85 4752.58 16(62.26 1.1, »

. G.CC %455 i61.,48  5651.63  8982,72  6G13.81 19207.37 1,32
: (A 30 2IRVITTTTSIERT T LaREJEY T 7z7r.cu’“_z"2352.4r 153 ~
, 9.9¢0 4,58 259,13  9319.17 1275).47  8535.27 25497.57 1.75
, c.d2 .56 322,95 11303.25 1uE36.35  9797.5% 26662.68 1.97 3
¥ T 3T L37068 T B6T P8 TPLGAL 85T 528,465 16590433 1014 s
\ c.ce 5.0 161.48  5551.63  B982.72 6682.01 19875.57 1.38 4
£.20 5460 215.30  7535.55 1586E.€0  83A3.38 23163.81 1.59 5
3.50 5. 265 I3 TTOWIG 3T T 2765 47T QuBu. 76 T 26046015 1781 14
S Y 3 S.0¢ 322,95 113£2.25 1£34.35 '.G886.11 29731.29 2,54 £e
| 25.c2 .50 157.ES  3767.75 £324.14 $28.06 13063..3 +69 £
L2500 34 161063 5R51VBY - €737.04% 668,207 116156..8 78T ad
, 25.¢0 53 215.3)  7335.50 -8149.¢5 AC8.34 13169.:2 <93 >
Li 25.%6 .39 269.13  9419,37 - 9562.86 . 9GuB.u4T 14722.16 1,01 a
LITTEs N N1 322095 TTTI45Y 26 105,76 1088 61 T 16275,20 112 b4
4 25.C35 Lest 197,85 377475, (5323014 105€.13 1359104 .73 -
L__z,.n et 162,68 5651.E3 €737.04%  1336.406 122R4,28 o8 s
i 2548 T.iT 21503571538 50 T T6149.657T1616.68 13977 .46 V96
b 25.03 1.0¢ 269.13  9419.37  95€2.86  1896.95 1567l.60 1.38 ol
1.5C 322,95 11333.25 10975.76  2.77.22 17363,83 1.19 o
b 1.5 L7065 73767.757 5324 14 TT1584.1077141190167 A L
}.s 1.5¢ 161,49  S5€51.63  €737.%4 23Ck.060 12952.4R .89 r}
) 1.5¢ 215,70 7535.53  B149.,95 2425.01 14785,79 1.31 L
» 1,67 26731379014, 377T 79562, 887 T2845.42 71661901 1w wt
. 1.59 322.95 11333.25 106¢75.76 3265.83 18u52.43 1.27 5
2.6 137,65  3747.75  5324.14  2112.26 11647.23 035 o
< 157,iuB 551,637 "6737.00 T RBTE.BT T13R2..68° .83 s
E 2.0 205435 7535.51 . £146.¢ 3223.35 15594.13 1.07 b
N 2,05 269,13 9419,37  9£€2.86 _3793,9C 17567.58 1.21 ;’j
¥ 2.T7% 322,95 T11762.25 710975.756° 354,44 19561047 1034 e
. 2.5% 127.85  3767.75  5324.14  2660.32 12175.29 +Ba i
. 25,03 2.50 161,48  56£1.63  €737.04%  3341.01  14288.88 .98 n
¥ -0t "_2‘5’——‘ TZLE I T OFBEVSY 8U4¢ €8T Alui.69 Tkl 20467 1.13 bi
W 25.00- 2. 269,13 9u12.37  9SE2.P6  »742.37 18516.56 1.27
L4 _25.0¢C 2, so 122,95  11712.25 1L975.76  56u3.G5  21i£29.55 1.42 i
- 25.%16 ERS 107 €57 S767.F5T 5324006 K268.39 712703, 36 787 i
L 25.€0 3.5 161,48  5£51.53  €737.06  »JC9.21 14957,..8 1.03 o~
L 25.90 3.03 215,30 z‘j;js_‘jg__!}xw G5 #B5(.(3 17214.81 1.18 o
W25, €0 3,70 2E90137TT901R 37T 9582.86  5690.85 T19u66.53 1.3 L2
w250 1.26 322.95 11371.25 11975.76 ®531.66 21718.26 149 »
b __;s.qg__ 3 5. 5829.1k  3696.45 18231,k .91 0
o 5.0¢ 56 €737.,04 7 L677.017 15625.28 1,07 g
Ly 25400 215.3)  7533.50  814€.¢5  56E8.16 18319.16 1.24 ¥
2 25.09 267,13 9419.37  9%62.86  #639.32 2741¥..1 1.0d 0
3 N T33FVEE T30, 257 a6, 7977 762, 4 28 2280 ¢6.87 1057 T
25405 107,65 3767.75  Gi2a.te  L22u,52 13°09.43 .94 4
Q. 25.L0 161,48 5R51,63  €737.06__ TI4T.51  16293.L4 1.12 5

2548 ZUSUITTIRIEUET . 8148.95 ELER.TE 14827.43 iJ29

25.00 269.13  9413.37  9562.86  i567.79 I1361..9 147

25.0¢ 322.9% 11303,25 16975.76  E708.89 23895..43 1.64
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® DESICCANT SYSTEM ECONCHMIC BNALVSIS .

BASE YEAR = 1995

L d ¥
‘“ll“l....OJ..“'..."."...’J....l‘

Y.

X134 BT ECOHOHTIU TRFCATION T YT FOY . ELECTRICITY ESCATATION
0.6 PCT, SOLAR EQUIP, INFLATION S.00 FCT. AUX., HEAT ESCALATION
3.0 PCY. DISCOUNY FATE

35.0C M¥s2 COLLECTOR AREd 1.02E411 J/YR TOVAL HEAVING LOAD
8,83E+09 J/YR AUX, COOLING RE GUIRED 3.37€E¢10 J/YR AUX. HEATING REQUIRED

PR N

U7 AW AUX, CCALTRE CAPACITY "9, KA VAPOR "COMPRESSION TDTL TAP
2,26£409 J/YR DESICCANT PARASITIC PONER 1,€8E+¢10 J/7YR VAP, COMP, PARASITIC POM
2,50 COP OF AUX. COOLING UNIT 2.50 COP OF VAPOR COMPRESSION UNIT

P

o
4
¥ ASSUMED 1978 COSTS COSTS ESCALATED v0 1995 i
,4 J[41G ELECTFICITY PATES (t/KW-HR) $2017 L
Ld CTIET AUXITINGY WERVING T37KW=AR) LI ot
h 15624335 DESICCANT SYSTEN (1) 1560.06 by
. a.0¢ STORAGE UNIT (%) 6,00 ]
. 619,60 ADTLTARY TOOLERUNIT (37 BCLYS S e 4
. 3C2.63  SYSTEM INSTALLATICN ($) 857,83 o
, 1003.0C VAPOR COMPRISSION UNIT (3)  2692.77 e
f PRESENT WORTH (§) BASED ON 23 YEAR LIFETIMES 1]
y OZSICCANT SYSTEM VAPOR COMPRESSION SYSTEM "
E B.BLEFUC PAFSSITIC POWEP  B.ETE#LY i
6,82¢653 HIATING 1.66E004 bd
s 1.39€403 COOLING q
» TOTAL 23k AT 4]
3 !
« PCT, GOV. PCT, COST COLLECTOP COLLECTOR INITIAL OMEI TOTAL cosT ’?
W SUBSIDY — FO% OFRI  COSY  CAPTYARC — CBPITEC PRESENT ™ “PRESENT "BENEFIT |
b : (3/M**2)  COST (B) COST (i) WORTH (§) WORTH (3) RATIO~ '1
o L] 3:14 107065 3767075 TTI40I7TT 574013 T15387.80 3 43
) 3.0 «5C 161.48  5651.€3  9602.05 716,27 17411.81 .73 et
feo Ba00 .58 215.33 " 7535.53 11485,%2 854,41 19435.83 .81 a3
i ¢.310 V3% 26313 3Ri9 377 TIIIL4, 8T 994,547 21459.84 B ol
L 3.0¢ .50 322,95 1173¢3.25 15253467  113L.h8 23u83.85 .93 b
b 9.36 1o 167465 3757.75 7718417 1148.27  15261.9% .67 }j
i J.¢¢ 1.7¢ 161,497 7565183 Tdé52.05 7 1428.54 18126.29 \76 b
. 0.30 1.30 215,33 7535.53 1it85.92 1708.82 20290.23 .85 S
¥ c.20 1.30 269,43  9419,37 13369.%0 1989.09 22u54.38 <94 o]
. 9.7¢ 1.3 322095 11307.25 182830E7 2263.36 EueiN.63 1,03 18
.d 0.00 1.50 107,65 3767.75  7718.17  1722.9C 16336..7 .69 i
g 0.9¢ 1.5¢ 161.48 _ 5651.63  9602.03 2142.81 _188ui.26 .79 i
L G.3% 1.58 215,34 7535.57  T1485.927 "2383,22 T21146.56 | .89 T
. 3.00 1.5¢ 269,13 9419,37 136,85 2393.63 23468.93 .98 o
] 0.¢8C 1.57 322,95 _11307,25__15253.€7 _ 3ulw.0b 25753.21 1.08 -
2.%¢ 2,40 13763 376775 FT1a.17 T2z95,54 T17110.21 78 b
ha t.80 . 2.3t 161,48  5551,€3  9602.:5 2367.£8 19554.63 .82 r
. £:88 252 215,30 7335.5) _11485,92  3417.63  21999,.5_ .92 ™
» 0.%¢C 2,00 259,13 9«19 37 T13369,807 3373,18  24L43.47 1,02
" 0.00 2.0 322.95 11333,23  15253.67  6533.72 26887.89 1.43 a
- 2,50 197.65 __ 3767.75 _ I7T1R.AT7 _ 237..67 17€84.3% _ JTe
AL 161,68 TTTBES1,537TT3E4E, €8T 3571, 30" 20268.93 .85 i
2.53 2i%. 'J 7S35.55 11485.%2  n272.04 22853.46 .96 4
2.5¢ _Se12.37  13269,83  49T2.72 _25438,01 1.07 y
2.5 5 T1393.35 T15253.67 5673,y 282257 1.17
T I7R7.75  7718.17  344e.81 1B250.48 W77
3.00 5651.63  9£(2.I5  428%5,63 20983,17 .88



€1-a

3.3¢ 215,28

7535.50 Li4R5.92 5126,4%5 237GC7.86 .99 1‘
3.00 262.13  9419,37 i326¢,2) 5967.27 26432.56 1.11
3.iC 322.95 11303.25 15253.€7 6B8(8.(8 29157.25 1.22 ]
3.50 167.65 3767.75  771%,17  4318.96 18832.61 .79 :
I8 161748 EETVAY T GEG2.U6 T 47099,367721697.4% 291 s
3.5 215,393 7535.5C 11485.%2 598,85 2u5E£2.27 1.63 1]
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