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Overview
« Why the building model was developed

— To compare various desiccant configurations to other
HVAC systems

— Develop software tool for “narrow” audience

 Simulation model details

— Framework considers various desiccant system
configuration options

— Capture HVAC control and part load effects
e Simulation Results

— Compare various desiccant and conventional AC
options



The Need

* Need ahour building ssmulation model to make
falr comparisons between systems

— Accurately represent both conventional & innovative
desiccant systems

— Field testing showed controls & configuration matters
e Current models have hard-wired configurations
— New equipment concepts difficult to incorporate
o User interface needs to be ssmple enough for use
by “semi-experts’
— Familiar with technology not simulation models

— Fully-developed interface not required (and istoo
expensive to develop)



Model Framework
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Model Approach

e Use TRNSY Swith TRNSED interface

e Building issingle-zone (Type 19) driven by
hourly TMY 2 weather data

« Use accurate eguipment component models

* Properly integrate components considering
part load effects (e.g., latent degradation)

* Add CO, balance to model ventilation
performance

 Allow for ssimultaneous control of multiple
set points (temperature, humidity, CO,)

e Fan/ventilation control options



Equipment Options

* Conventional AC (w/ or w/o reheat)
e Economizer

e Desiccant Pre-conditioner
— w/ or w/o sensible HX, evap cooler, DX coll
— Makeup air, vent w/HR, recirculation

e Enthalpy Wheel

« DX Makeup-air Unit

e Demand-controlled Ventilation
e Other Options



Desiccant

With Sensible HX, DX Coil, & Evap Cooling

Desiccant Whl
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Part Load Effects

e Building model

considers moisture
capacitance

o |atent degradation
of cooling coll at
part load (plus

Interactions with
fan control)

o Setpoint as RH or
dew point

o
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Steady State SHR = 0.77

Effective Sensible Heat Ratio (SHR)

Standard AC (twet=200, gamma=0.50, Nmax=2, 80/67 DB/WB)
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Simple
User
| nterface

TRHSYS Desiccant Model

— Climate Data

Choose Weather Location IHansaa City-MO ;i

— Desiccant Unit and Configuration

Desiccant Unit Type |.d.

Desiccant Unit &ir Flow

Source of Regeneration Air?
Source of Process AirUnit Config?
Whare Process Supply Air Goes?
RECIRC Mode When Unoccupiad?
Process Fan Control Method

 ffo Sens HX & evap clr;5 tons; 1.2 0.7 W/cfm) j

scfm (0-50000)

1-Cutdoor D-Indoor
B ]1-RECIRCO-VENT
D ] 1-Space0-AC Retumn
D ]1-YesD-No
0-ON,1-CYC,2-ON/CYC 3-AC

{OM- Fan Aways ON, CYC- Fan Cycles wf dehumid, OMNSCYC- Fan cycles when unoccupied, AC- mimic AC fan)

— AC Unit

AC Type EER=11, SHR=.77, Maoist Evap 200/0.5); 0.6 fanw/cfm j

AC Mominal Capacity

AC Supply Air Flow

Additional Went Air Flow (at AC)
Reheat for Humidity Control?
Use Differ-Enthalpy Economizer?
Supply Fan Control Method

tons (1-500)

scfm (1-50000)
B ] scim [@-10000)
D ] 1-YesD-Ma
O ] 1-YesO-Mo
0-ON,1-CYC 2-ON/CYC

{OR- Fan Abways ON, CYC- Fan Cycles wf Cool-Heat, OM/CYC- Fan cycles when unoccupied)

— Set Points
Heating Set Point - Occupied

- Unoccupiad
Coaoling Set Point - Occupied

- Unoccupiad

deg F (50-99)
deg F (50-99)
deg F (50-99)
deg F (50-99)




Compare Model
to Test Data

* Elementary school in
Olathe, KS where
desiccant unit was
field tested

* Pretreated ventilation
ar for areawith 6
classrooms

 Model compared well
to measured data




System-Level
Configuration
Options

for School

Desiccant Ventilation Pretreatment System (System #2)

——» Desiccant > AC Unit

Unit

Building

AC supply and desiccant process
fan operate continuously during
occupied period. AC supply fan
cycles on/off with heating when
unoccupied.

Desiccant Ventilation Pretreatment System (System #3)
(recirculation when unoccupied)

1 [ .
Ocoupied De_smcant AC Unit
Periods Unit
A
Unoccu.pied
Periods
Building

AC supply and desiccant process
fan operate continuously during
occupied period. AC supply fan
cycles on/off with heating when
unoccupied. Desiccant process
fan (and AC supply) cycles
on/off with desiccant when
unoccupied.

Desiccant Recirculation System (System #4 & #5)

Desiccant —»| AC Unit
Unit

I .

Building

AC supply fan operates
continuously during occupied
period. AC supply fan cycles
on/off with heating when
unoccupied. Desiccant process
fan cycles on/off with desiccant
during all periods.




School
Results

e Des System in vent
mode was installed at
site (61% higher costs
than base AC)

* Recirc modein
summer improved
humidity control

e Year-round recirc
mode had lower costs
(more gas, less fan)
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Desiccant Component Options

“Inside the Box”

Desiccant Unit
AC _ — DesFan
Electric [RuUntime| GasUse | Electric| gjantric | Annual
Description kwh) | (s (”Ei %’S) (kWh) | (kwh) | Cost (3)
A |Desiccant & SH Wh 4,941 273.8 436 1,898 4,342 $1,767
(w/ SH Whl, Evap ClIr & Post Coal) [15,400]
B |Desiccant & SH Whl - NO Evap Cooler 5114 272.0 428 1,929 4,342 $1,776
(w/ SH Whl & Post Cool) [15,110]
C |Desiccant & Heat Pipe [same as System #2] 5,384 257.2 474 1,879 4,342 $1,822
(w/ HP, Evap ClIr & Post Cool) [16,740]
D |Desiccant & Heat Pipe - NO Evap Cooler 5,504 257.6 464 1,908 4,342 $1,826
(w/ HP & Post Cool) [16,400]
E |Desiccant - Post Cooling ONLY 6,655 263.2 658 1,551 4,342 $2,007
(Run #4) [23,240]
Notes: SH WhI: Sensible Heat Wheel is 80% effective with leakage rate of 8% (heat and moisture).

HP: Heat Pipeis 60% effective with no |eakage.
Evap Clr: Evaporative cooler with 92% saturation effectiveness
Post Cool: cooling DX coail is5tons[17 kW] with nominal EER of 10.5 Btu/Wh [3.1 W/W] and SHR of 0.80.

Costs based on $0.07/kWh and $0.65/therm. Costs do not include heating costs

Desiccant Wheel: DesiCalc algorithm for wheel with 75%/25% process/regen spilt




Comparing
Alternative
Systems

AC with “free’ reheat
has lower costs

Enthalpy wheel costs
are lowest but with
modest humidity

control

Compressor-based
liquid desiccant
provides better control
at lower cost
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Summary

e Developed amodel in TRNSY S'TRNSED with
simple user interface aimed at limited audience

» Used model to confirm impact of desiccants at
field test site in Olathe, KS

— Desiccant unit as installed had 61% operating cost
premium over base AC

— Some desiccant system components shown to have
marginal benefits

— Installing desiccant unit in recirculation mode had
lower operating costs (less efficient = more gas use,

but less fan power)
* Modél isflexible; can consider new, emerging
desiccant systems



