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CFC Design Review
for
C-100 HVAC Upgrade
09, May, 2019
Overall Scope of Work:
Design and install equipment that allows the C-100 Complex HVAC system(s) to
provide heating and cooling per industry standards without reliance on the existing plant
CWS, RHS, steam, or compressed air systems. To the extent possible, the system(s)
should make minimal use of plant potable water and electrical power.
Scope of Work specific to the design effort:
Supply each item necessary to design and install C-100 Building Complex heating,
ventilation, and air conditioning (HVAC) systems. Design work shall include the
following activities:
A verification of the required system heating and cooling loads to ensure proper
sizing of equipment;
Detailed design for the HVAC system;
All required design drawings; calculations / specifications; and
Evaluation of other HVAC components and subsystems not included in CLIN 1.
The evaluation will provide a report of required and optional repairs,
replacements, or modifications to these systems.
Present status:
System peak heating and cooling loads have been calculated. Load analysis is
attached;
Equipment layout conceptual design is complete;
Equipment sizing is proposed (pumps, chiller, HW boiler, etc.);
complete and attached;
Concrete pad layout and foundation drawing is attached; and
Bill of Material is complete and attached.
Heating and Cooling Load Calculation:
Two software tools were used to perform the peak heating and cooling load calculation
for this initiative. Elite, Commercial HVAC Loads, version 8.02.45, and eQUEST 3.65
DOE 2.2. The two tools were used independently to validate the analysis. Inputs and
results are discussed below.
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Design Conditions:
Outdoor winter design:
Outdoor summer design:
Indoor winter design:
Indoor summer design:

dry bulb; 13 oF
dry bulb; 93 oF
dry bulb; 68 oF
dry bulb; 74 oF

wet bulb; 5 oF
wet bulb; 76 oF
relative humidity; 30%
relative humidity; 45%

Elite Chvac uses ASHRAE outdoor design tables for the winter and summer outdoor
design conditions. eQUEST uses TMY (Typical Meteorological Year) data. TMY data
contains solar and weather data for a 1-year period in a given location intended to be
used in various types of computer simulations. Using weather data collected over
of months from a
thirty-year period where each real month closely matches what would be an average
recommendations and are at the discretion of the designer.
A Lighting Power Density (LPD) of 0.5 watts/square foot was the default value used for
this analysis. Typical LPD for an office can range from 0.6 to 2 watts/square foot (w/sf).
The default value of 0.5 w/sf was selected for this project is a bit low and intended to
average out with the lower lighting level in the basement.
Elite Chvac is the primary tool used for this analysis and was configured to model the C100 complex as the following eleven rooms:
1.
C100 NW wing 1st floor
2.
C100 NW wing basement
3.
C100 NE wing 1st floor
4.
C100 NE wing basement
5.
C100 Central basement
6.
C100 Central 1st floor
7.
C100 Central 2nd floor
8.
C101 1st floor
9.
C101 basement
10.
C102 1st floor
11.
C102 basement
eQUEST was used to validate the Chvac results and was configured to model the C100 complex as three different building shells with thirteen individual zones as follows:
1.
C100 Shell with 9 separate zones
2.
C101 Shell with 2 separate zones
3.
C102 Shell with 2 separate zones
Elite, Commercial HVAC Loads (Chvac), version 8.02.45 results:
Peak winter heating load: 4,023,034 Btuh
Peak summer cooling load: 329 Tons (3,948,000 Btuh)
eQUEST 3.65 DOE 2.2 load results:
Peak winter heating load: 3,264,000 Btuh
Peak summer cooling load: 294 Tons (3,528,000 Btuh)
Both programs evaluate maximum heating and cooling loads for the buildings.
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However, eQUEST provides substantially more energy management data and analysis
function, which is not in the scope of this effort
nearest city design
database to Paducah is Evansville, IN; whereas Chvac uses Paducah as its database
city. The cooling loads were calculated with the Cooling Load Temperature Difference
process (CLTD). Both use approved ASHRAE standards for load and CFM
determinations (e.g. ANSI/ASHRAE/IES STANDARD 90.1 Energy Standard for
Buildings, ASHRAE Standard 62, ANSI/ASHRAE/ACCA Standard 183-2007 (RA 2011)
Peak Cooling and Heating Load Calculations in Buildings Except Low-rise Residential
Buildings, ASHRAE Handbook of Fundamentals.)
Based upon the results of the load analysis and the factors discussed below, we
recommend that no less than 330 tons of cooling be available for peak summer load in
order to maintain the indoor design conditions and that no less than 4,000,000 Btuh of
heat be available during the winter design-degree day.
Additional factors considered in this decision include; 1.) recognizing that additional
cooling is provided by a 3-ton DX split system; 2.) an additional 115 workers and
workstations are expected to be added to the conditioned spaces. Additional workers
were added as transients to the conditioned spaces.
Discussion of results:
Results of eQUEST and of Elite-Chvac compare within 19% for heating and within 11%
for cooling. Load calculations today are calculated with software for the best results.
The calculations are based on a variety of inputs entered into the program in the format
allowed by the software. The larger and more complicated the building(s), the more
variability there is with the inputs. The designer makes every effort to input each
variable as close to actual conditions as possible. Building inputs for each software
program can be slightly different, and the inputs are processed differently between
programs based upon the algorithms in the software. A variety of information is input
into the software, such as: the type of foundation; type and color of roof; insulation
values in walls, floors, and ceilings; window type, shading, location, and quantity;
exterior door type, location, and quantity; size of building; age of building; tightness of
building; location; orientation; etc. In this situation, the actual load is most likely
between the results of each calculation.
The purpose of this analysis is to verify the presumed heating and cooling values
provided in the SOW. Two complete, independent heating and cooling load calculation
processes and software programs were used to determine the expected heating and
cooling load calculations for the three buildings. The buildings were modeled differently
in each program. Elite Chvac is the primary calculation and eQUEST is the secondary
calculation. EQUEST is intended to serve solely to check the legitimacy of the Chvac
results. It served this purpose. The differences are within the expected range of error
expected for an analysis such as this.
As a result of the analysis discussed above, we recommend that a single 350 ton
(4,200,000 Btu/hr.) air-cooled chiller be installed to replace the site chilled water service.
a 300-ton machine could be undersized and is too risky to recommend).
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We recommend installing two each, 2,781,000 Btu/hr. (output) KN-30 hot water boilers.
Two boilers are recommended to provide redundancy. Each boiler is sized such that it
can meet 70% of the total building heating load. This is desirable to minimize the
number of starts on the idle boiler and provides sufficient margin for the occasional dip
in temperature below calculated winter design conditions.
Evaluation of auxiliary HVAC support systems:
An evaluation of other auxiliary HVAC subcomponents and subsystems not included in
CLIN 1 was performed. Items evaluated included the following: air handling units,
ductwork and ductwork sizing, vents, louvers, dampers, controls, and diffusers where
visible without opening the equipment. A written report listing subcomponents and
subsystems evaluated has been submitted under separate cover.
With the intent of minimizing cost to the customer, all existing components, and controls
will remain untouched. Site chilled and heating water will simply be replaced by a new,
air-cooled central-station chiller, two new natural gas boilers, associated pumps, valves
and controls, on a concrete slab north of the cafeteria.
A cost comparison was performed between electric heat and natural gas heat. Given
the cost of gas to be $0.00532 per cu-ft and electricity to be $0.05500 per kW-hr, we
anticipate the customer will save slightly less than $70,000 per typical heating season
with gas.

