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Overview
• Cooling tower efficiencies unchanged since T24 2001 

(90.1-1999)
• Existing efficiencies were designed to cut out bottom 

~5% of the products.
• There was no analysis used to determine the efficiency levels

• Cooling towers not federally pre-empted but T24 has 
always followed 90.1

• VSDs required since 2001 for ≥7.5hp (144(h)2)
• Title 24 2005 added 

• Minimum flow 33% (144(h)3), and 
• Restriction on centrifugal cooling towers (144(h)4) for towers with rated capacity 

of > 900 gpm (~300 tons) at 95/85/75 (all cells)

Cooling Tower Energy Savings
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Overview (contiued)
• ASHRAE Standard 90.1-2010 added requirements for 

close-circuit cooling towers.

Cooling Tower Energy Savings
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Measure Scope

● Prescriptive scope for new construction only
● Not replacement or expansion as space is likely limited and 

tower basins must be at the same level.

● Commercial/ Industrial/ Institutional
● Evaporative Cooling Towers

Cooling Tower Energy Savings
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Proposed Code Change

● Mandatory: 
● Add requirements from 90.1 for closed-circuit cooling towers, 

leave open towers the same. 

● Prescriptive:
● Minimum cooling tower efficiency (new construction only)

● ≥80 gpm/hp at 95/85/75
● Note that higher efficiencies are justified but this was lowered in 

response to industry feedback.
● Maximum cooling tower approach (new construction only)

● ≤5°F approach for 24/7 plants (e.g. data centers, manufacturing 
facilities and labs)

● No requirement for other facilities
● Minimum flow turndown

● Increase to ≤ 50%

Cooling Tower Energy Savings
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Analysis (Office)

• Nominal 900 ton load
• 2 chiller plant (2 x 500t) with a 2-cell cooling 

tower
• Cooling towers designed for 50% flow turndown
• Used VBA TOPP model

• The modified DOE 2 model for the chillers (EnergyPlus)
• The DOE 2.2 model for cooling towers
• Variable condenser water flow
• Variable speed drive on towers
• Optimal controls

Cooling Tower Energy Savings
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TOPP Model
• Input: 

• Weather: time stamp, OADB, OAWB
• CHW Load: time stamp, GPM, Ton, CHWST (CHWRT) --- from eQuest model 

results
• Equipment schedule and performance curves:

● Chiller: design data, performance curves, pressure drop;
● Tower: design WB, Ta, Tr, GPM, HP, pressure drop
● Pumps: design Heat, GPM, BHP, HP, MechEff, MotorEff, pressure drop, Pump 

Efficiency curve, Pump curve
● HXs: design cold and hot: Tin, Tout, Q, type of HX, pressure drop
● Waterloops: design flow, pressure drop

• Controls: 
• %Fan = 0%~ 100% at 10% (adj.) increment
• %Cwflow = 10%~150% at 10% (adj.) increment
• #chiller online: 1 or 2
• # tower online: always run maximum number of towers that satisfy towers 

minimum flow req.

Cooling Tower Energy Savings



CALIFORNIA STATEWIDE UTILITIES CODES AND STANDARDS PROGRAM

April 27, 2011CA Utilities 2011 Title 24 Stakeholder Meeting for Proposed Code Changes

8

Simulations Run (Office)
• Climate: 

3C: Oakland
4B: Albuquerque
5C: Chicago

• Plant Load:
• Peak Load = 900 ton
• 10% oversized: Two chillers each 500 ton.

• Tower: A, B, C, D in the order of increasing design Approach
Tower A: approach = 3 ~ 5 oF
Tower B: approach = 5 ~ 7 oF
Tower C: approach = 7 ~ 10 oF
Tower D: approach = 9 ~ 12 oF

• Chillers: 
• A (Trane) multistage
• B (York) single stage

Cooling Tower Energy Savings
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Condenser Water System Costs

• 12 cooling towers
• Low, medium and high efficiency (~45 to 100 gpm/hp)
• 4 approaches (~5F to 12F)

• We got contractor’s costs FOB to jobsite from 
vendors and added 
• 28.75% contractors mark-up
• 50% installation cost premium

Cooling Tower Energy Savings
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Cooling Tower Models
Cooling Tower Energy Efficiency
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Preliminary Tower Efficiency Results
Cooling Tower Energy Efficiency
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Preliminary Tower Efficiency Results
Cooling Tower Energy Efficiency
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Preliminary Tower Efficiency Results
Cooling Tower Energy Efficiency
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Preliminary Tower Efficiency Results
Cooling Tower Energy Efficiency
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Preliminary Tower Approach LCCA
Cooling Tower Energy Efficiency

Oakland Office Oakland Data Center

3F 12F 3F 12F
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Estimating Cooling Tower Market

• This is covered in the cooling tower water 
savings presentation

Cooling Tower Energy Savings
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Proposed Code Change
Mandatory

Cooling Tower Energy Savings
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Proposed Code Change
Prescriptive 144(h)
144(h) Heat Rejection Systems.   
1 General.  Subsection 144(h) applies to heat rejection equipment used in comfort cooling systems 

such as aircooled condensers, open cooling towers, closed-circuit cooling towers, and 
evaporative condensers. 

2 Fan Speed Control.  Each fan powered by a motor of 7.5 hp (5.6 kW) or larger shall have the 
capability to operate that fan at 2/3 of full speed or less, and shall have controls that 
automatically change the fan speed to control the leaving fluid temperature or condensing 
temperature/pressure of the heat rejection device. 
EXCEPTION 1 to Section 144(h)2:  Heat rejection devices included as an integral part of the 
equipment listed in Table 112-A through Table 112-E. 
EXCEPTION 2 to Section 144(h)2:  Condenser fans serving multiple refrigerant circuits. 
EXCEPTION 3 to Section 144(h)2:  Condenser fans serving flooded condensers. 
EXCEPTION 4 to Section 144(h)2:  Up to 1/3 of the fans on a condenser or tower with multiple 
fans where the lead fans comply with the speed control requirement. 

<continued on next slide>

Cooling Tower Energy Savings
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Proposed Code Change
Prescriptive 144(h)
144(h) Heat Rejection Systems.   
<continued from previous slide>
3 Tower Flow Turndown.  Open cooling towers configured with multiple condenser water pumps shall 

be designed so that all cells can be run in parallel with the larger of: 
A. The flow that’s produced by the smallest pump, or 
B. 3350 percent of the design flow for the cell. 

4 Limitation on Centrifugal Fan Cooling Towers.  Open cooling towers with a combined rated capacity 
of 900 gpm and greater at 95°F condenser water return, 85°F condenser water supply and 75°F 
outdoor wet-bulb temperature shall use propeller fans and shall not use centrifugal fans. 
EXCEPTION 1 to Section 144(h)4:  Cooling towers that are ducted (inlet or discharge) or have an 
external sound trap that requires external static pressure capability.  
EXCEPTION 2 to Section 144(h)4:  Cooling towers that meet the energy efficiency requirement for 
propeller fan towers in Section 112, Table 112-G. Efficiency. Open cooling towers shall have a 
minimum efficiency of 80 gpm/hp when rated at the test conditions and procedures in Table 112-G
Exception 1 to Section 144(h)4: New towers added to an existing condenser water system.

5 Approach.  Open cooling towers serving 24/7 facilities shall be selected for a maximum approach of 
5F at design conditions.
Exception 1 to Section 144(h)5: New towers added to an existing condenser water system.

Cooling Tower Energy Savings
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Industry Comments ASHRAE TC8.6

• Negative impact 
on product 
offering
• 100 gpm/hp only 10% 

of products

• May drive market 
to less efficient 
systems

• Increased 
customer costs

Cooling Tower Energy Savings

• In recognition of this we are 
reducing the maximum 
efficiency from 100 gpm/hp to 
80 gpm/hp.

• We already have a 
prescriptive limit on air-cooled 
chillers

• This is accounted for in the 
LCCA
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Industry Comments ASHRAE TC8.6

• Increased 
footprint

• Requires more 
sophisticated 
controls

• Water loading is a 
problem with 
turndown 
requirements

Cooling Tower Energy Savings

• This is a prescriptive 
requirement, projects with 
footprint problems can go 
performance

• Not in our experience

• In response we are proposing 
an increase on turndown to 
50%
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Industry Comments ASHRAE TC8.6

• Maximum 
approach should 
be provided

Cooling Tower Energy Savings

• This was not borne out in our 
analysis for office buildings.  
We have provided a 
maximum approach for 24X7 
facilities.
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Next Steps

• Complete analysis for the rest of the climates
• Repeat simulations (at least a few test cases) 

for single stage chillers

Cooling Tower Energy Savings
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Documentation

• TOPP Model:
• Mark Hydeman and Anna Zhou.  Optimizing Chilled Water Plant 

Controls. ASHRAE Journal, June 2007.

• Modified DOE2 (chiller) model:
• Mark Hydeman, et alia.  Development and Testing of a Reformulated 

Regression Based Electric Chiller Model. ASHRAE Transaction, HI-02-
18-02, 2002

• DOE 2.2 Cooling Tower Model:
• DOE 2.2 Engineering Manual
• Mark Hydeman and Dudley Benton.  An Improved Cooling Tower 

Algorithm for the CoolTools™ Simulation Model.  ASHRAE 
Transaction, AC-02-9-04, 2002

• Available from http://tinyurl.com/23xegku

Cooling Tower Energy Savings
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