
Revealing the Secrets - Chiller Plant with Water Side Economizing and 

Overhead Air Distribution Design for a 1.22 PUE  

Designing a new cooling system for a data center is one of the greatest accomplishments an engineer can have 

and when the systems energy use is forecast and achieved to be less any other mechanically cooled facility in 

the world, it’s even better.  The following methodology can and will provide any engineer a design that is both 

efficient and reliable.  Please understand, we have a very informed belief that the best design includes a very 

low temperature cold aisle temp, typically 57-64˚F.  We believe in these cold aisle server inlet temperatures 

to reduce the server energy by 5-7%. Although this alone make no difference to the PUE it makes a great 

difference in the facilities energy use and can be done efficiently and cost effectively. This design would be 

designed based on the following parameters. 

 Supply Air Temperature / Cold Aisle Temperature 57-64˚F 

 Return Air Temperature 78-85˚F 

 Controlled Dewpoint 49-51˚F 

 Supply Chilled Water Temperature 51-58˚F 

 Return Water Temperature 75-83˚F 

 Air Side Pressure Losses 1” 

The following are the areas of design are most important: 

1. Selecting a Control Platform 

2. Designing the Air Flow and Aisle Containment  

3. Designing an Efficient AHU 

4. Designing an Efficient Chiller, Selecting a Fluid Cooler and designing the flow paths 

5. Designing a Dewpoint Control System with parallel air filtration 

Selecting a Control Platform – For simplicity and scalability of the control system we recommend that a 

platform be utilized that is not proprietary, one that each component can stand alone and a system that’s very 

flexible. As a basis for this design we recommend using a Rockwell Allen Bradley (type) VFD/PLC Control 

Platform with a GE Cimplicity SCADA (Data Acquisition) Front End to monitor efficiency (in PUE and kW per 

ton) and adjust the systems parameters.  

Designing the Air Flow and Aisle Arrangement – When designing a data center with overhead cooling the 

most important thing to do is to get the air where it’s going with as little air side pressure losses as possibly 

cost effective.  The following design allows for both low pressure losses and redundancy. In the following 

pictures you will see an arrangement that supplies the cold air directly over the cold aisle and returns over 

the warm aisle.  We also suggest that this design requires low supply air discharge air velocities. (let the air 

drop into the aisles) We design discharge air velocities as low as 150-200 FPM.  Any higher and the air will be 

very turbulent and mix with the warmer air around the discharge air channel. You may also notice the end of 

aisle containment; we suggest a minimal containment at the ends of each cold aisle.  There are many ways of 

doing this but we find the most cost effective way is to have doors built for your facilities needs or use a strip 

curtain type air shield.  It is critical that there is some type of end of aisle containment and at least 80% 

blanking plates installed on the cold aisle. The primary goal of the airflow design is to achieve a 21˚F Delta 

Temperature on the AHU and no matter what your engineering firm suggests this is the only way to achieve 

this type of temperature difference.  We constantly see overestimated temperature differentials due by 

engineering firms to make their designs look more efficient.  Don’t fall for this common fallacy. 



 

 

 



 

 

AHU Design – Designing an AHU unit may be the most important part in the process.  First there are a few 

things you must design for to ensure the facilities efficiency.  This is a design we’ve used and it’s proven to be 

very efficient in an overhead design such as this. This is a highly efficient Axial Fan AHU. 

 

AHU Design Conditions - We must start with some basic conditions.  (57-64˚F Supply Air Temperature, 78-

85˚F Return Air Temperature and a 48-51˚F Dewpoint / 45% Relative Humidity Return Air). The following 

design approaches must be maintained. The system in this design will maintain a constant discharge air 

temperature.  

 Air Side Pressure Losses – In this design the goal is to keep the pressure losses as low as possible.   

o Design the cooling coil losses to be less than .60 and the AHU units total air side loss to less 

than .80” at full redundant load. Note: these units should have filter racks in them and the fan 

CFM and HP to draw through them, plan for MERV 13 air filters.  Include these air side losses 

from the filtration in the total.  Plan to remove the air filters after construction is complete to 

reduce the total air side pressure losses.  The air filtration will be taken care of by a separate 

Ultra side stream Air Filtration unit. 

o For an AXIAL fan system (the most efficient) the total air side loss must not be more than 

1.0”. Design for .8” during redundant operation, typically design the fans for less than .06-.09 

kW per ton of cooling and drive the fans with a VFD. Note: the larger the fan blade the more 

efficient it will be. A typical AHU design will have a 28” to 32” Axial Fans. 



 Coil Sizing (Chilled Fluid Temperature Difference) – Design the AHU coil and air flow to have a large 

fluid side temperature difference, a high exist water temp and the supply fluid temp must be a higher 

temp than the design dewpoint of the facility. The higher exit water temp will lead to more hours of 

economizing. Typically we design the AHU to be no larger than 60-100 tons each. 

o AHU Chilled Fluid Inlet Temperature – Design the AHU to maintain a 51-58˚F inlet fluid 

temperature at full load with a 57-64˚F Supply Air Temperature.   

o AHU Fluid Outlet Temperature – Design to the AHU to maintain a 2-3˚F Return Air 

Temperature to Outlet Fluid Temperature Differential (75-83˚F outlet fluid temperature) at 

full load. 

o Fluid Side Pressure losses – Although not as important as the air side pressure drop keeping 

the fluid side pressure drop as low as cost effectively possible is a must. 

 AHU Unit Control and Monitoring – There are many ways to control the AHU design the following are 

the most efficient way of controlling the indoor units.  

o Temp Control -The most effective way to control the AHU (in this design) is based on a SAT 

(Supply Air Temp) Control. Control a modulating inlet fluid feed valve to maintain a 57˚F SAT 

(Adjustable).  This type of control allows for all units to be active all of the time, thus utilizing 

the surface area of the indoor coil at all times.  This also allows for a common supply air 

temperature, reducing hot spots within the data center. If this facility is to be loaded in 

stages, maintain the ability of turning on each row (fans and coils) as needed. 

o Fan Control - The fans can be controlled a few different ways based on the design of the air 

distribution system.   

 Aisle Overflow Control (Preferred Fan Control Method) – For the highest possible 

efficiency we suggest using an overflow type control methodology based on the 

amount of air that is overflowing the cold aisle, thus mixing with the warm aisle air.  

Install sensors 1’ above the racks between the hot and cold aisles.  As the servers 

pull air in through them that air is replaced by the air from the cooling system.  If 

not enough air is supplied by the cooling system warm air from the warm aisle short 

circuits to the cold aisle past the temp sensors.  When that happens the controls call 

for more cool air, until the amount of air cold aisle needs is satisfied.  The same 

operation works in reverse.  If too much cold air is supplied to the cold aisle that air 

overflows and flow past the temp sensors cooling them off, then he fans slow down.  

Since server loads are rather constant this control methodology has proven to work 

very well in practical application. 

 Return Air Temp Fan Control - For efficiency the design controls the fan speed based 

on RAT (Return Air Temp).  Since each air handler will control a differing load based 

on the arrangement of the AHU’s and the loads in the room, this method of control 

maximizes the efficiency of each unit. The setpoint should be established in 

accordance to the design of the system.  Typically the setpoint with the parameters 

established in the original specifications will be between 78-83˚F.  

 Control Monitoring Points -   It’s important to track the energy used by the fans and 

the SAT, RAT, Outlet Fluid Temp of the AHU. 

 Redundancy – The matching and mixing of AHU in this design is critical to 

redundant operation.  I’ll leave it to you the designer to find what’s best for your 

facility. 

AHU Unit Conclusion – The inside heat exchanger unit is very important when designing an efficient AHU 

with Water Side Economizing.  The energy used by the AHU must be minimized while creating the highest 

outlet fluid temp possible for more hours of economizing.  So that mean do not skimp on coil area.   



 Higher Fluid Return Temperature equal more hours of economizing (up to 8200 hours a year of a 

varying percentage of economizing) 

 Higher Fluid Temperature Difference equals fewer gallons pumped, almost half of a typical chilled 

water system.  Half the water flow means half the pump energy and half the pipe sizing. 

 Axial Fans typically save about 8kW per 30T typical AHU unit, 8 kW of energy removed also removes 

about 2.4 Tons of wasted cooling load per AHU. 

 Higher Supply Fluid Temp equals no moisture removal and replacement.  On a typical Chilled Water 

AHU, 9-24% of the energy used by AHU is in improper humidity removal and replacement. 

Chiller and Fluid Cooler Design- A typical chiller in this design must be cooled by water.  In this design to 

minimize the components necessary we recommend going with a single fluid loop design three way valves 

and a fluid cooler type outside heat exchanger.  It is very important to not use secondary plate and frame heat 

exchangers as they create inefficiencies due to secondary heat exchanges.  First we will start with the design 

parameters of the chiller system and then to the fluid cooler conditions. 

 The Reduced Compression Chiller – a chillers annual efficiency is based on the conditions it runs at 

during each hour of operation.  As a basis of design the AHU units require an inlet fluid temperature 

of 51-58˚F and an outlet fluid temp of 75-83˚F. With these conditions in mind we must design the 

chiller systems to be efficient at all conditions and loads.  Since in this design we are removing heat 

via the fluid coolers in economizing mode prior to the fluid going through the chillers, these chillers 

must be able to be efficient with fluid temp conditions changing from 75-83˚F all the way down to an 

inlet temp of 51-58˚F. Not many chillers can stay efficient at these conditions and if they do not will 

eat up a majority of the savings from the economizing.  There are a few design conditions that must 

be met to ensure the efficiency at all loads and outside conditions.  We refer to this design approach 

as a Reduced Compression Chiller system.  

o Evaporator Conditions- Since the largest potential gain in efficiency for the chiller depends 

directly on the approach of the evaporator (AKA Chiller) we design the approach of the 

component at less than a 5˚F approach.  If the supply fluid temp is 50˚F than at full load we 

would like the SST (Saturated Suction Temp / Refrigerant Temp in the Chiller) to be no less 

than 45˚F at full load. 

o Condenser Conditions- The heat rejection component is the second largest area of energy 

savings potential within the mechanical cooling section.  Since we need to use a floating head 

pressure design to maximize the efficiency we suggest a design of 8-10˚F approach on the 

water cooled condenser.  As an example if the outdoor fluid cooler is supplying 55˚F fluid to 

the condenser the condensing temperature must be between 63-65˚F.  

o Compressor Conditions – The compressor in general in Chiller is the largest energy user in the 

system using 42% of the energy.  In this design use a compressor that can run with a 45-52˚F SST 

(Saturated Suction Temp) to a 58˚F SCT (Saturated Condensing Temp).  Most chiller companies will 

not be able to supply an off the shelf chiller than can run efficient under these conditions and one will 

most likely have to be manufactured specifically for this design.  At the following conditions a 

properly designed chiller compressor should be using no more than .48 kW per ton at fully unloaded 

conditions and lower when the wetbulb temperature outside decreases. The following is a chart we 

use to maintain our design conditions. 



 
o Fluid Cooler Design Conditions - Design the economizing fluid cooler section to run 5 

Degrees off of the wetbulb temperature. It should also not exceed .11 kW per ton in selection 

at the conditions of 45˚F WBT, 66-70˚F Fluid Cooler Inlet Temp, 50˚F Fluid Cooler Outlet 

Temperature. Design at these conditions when dealing with the fluid cooler manufacture. 

The fluid cooler should be piped with multiple circuits in an N+1 Alignment.  

 Water Treatment –The goal with water treatment is that the energy used for 

treatment never exceeds .035 kW per ton annually. 

 Filtration – Filtration of the tower is very important, use a centrifugal 

separators that run on average 1-3 hours a day. 

 Water Use Scale and Corrosion Control – In 20 years we have yet to find the 

perfect system, we have tried many systems and find that with the cost of 

energy as the systems primary concern (which rules out a few systems) not 

many work perfectly.  What any company can do is plan to clean and 

pressure wash the towers monthly.  Acid is a good source for PH control but 

comes with a monthly consumable cost.  There are systems such as high PH 

control systems with water softeners that seem to work but still require 

monthly cleaning. 

 Algae Control – We use an ultra violet system that sterilizes the sump water 

any time the water tower pump is on.  Be careful and select a quality UV 

system manufacture. 

o Chiller and Fluid Cooler Control – Design the controls to ensure a holistic approach can be 

applied to save energy.  Each component must work together and load and unload based on 

the most efficient operation. 

 Chiller Control - The Chillers should be controlled to maintain a 51-58˚F common 

Supply Fluid Temperature.  All Chillers should operate at all of the time and be 

arranged in an N+1 arrangement.  If a chiller has a failure the other chillers just load 

up.  This way you know the chillers are running.  Most chiller systems fail on start-

up and when you need the redundant chiller to start, if it fails, the facility 

temperature will get out of control in a hurry. The Reduced Compression design 

methodology will ensure the efficiency during part load operation. This part load 

type operation typically creates inefficiencies; do not allow this to happen. Select the 

proper systems for this design. 

 Fluid Pump Control - The fluid pumps are controlled to maintain a pressure 

differential (based on field pressure drop results).  In this design as the fluid 

temperature leaving the economizer drops to the point in which the chiller supply 

temp drops below the desired supply fluid temperature a chiller bypass pump 

actives and mixes chiller return water with supply water until the fluid temperature 

returning from the fluid coolers (economizers) drops to below the supply setpoint 



and then the fluid cooler take the entire load.  All pumps are controlled with VFD’s 

based on pressure differential and function of operation. 

 Economizer Fluid Cooler Control – Since the Outdoor Fluid Coolers do double duty 

as either a condenser fluid cooler or an economizer cooling the fluid returning from 

the AHUs or the condensers, there is a need for three ways valves, transfer pumps, 

bypass check valves and VFDs on the fluid cooler fans. As the Wetbulb temperature 

drops to 59-67˚F (more than 7100 hours a year) the redundant fluid cooler switches 

the fluid flow from condenser return water to AHU return water, thus the 

economizing begins.  The fans, pumps, and staging fluid coolers are controlled to 

maintain an outlet fluid cooler temp of 5˚F off of the wetbulb temperature.   

 Try to find a chiller manufacture that will integrate your specific controls 

systems to operate their chiller.  Too many times a chiller manufactures 

control systems will not provide the overall control, communication and 

flexibility needed to be highly efficient.  

 Monitor and Trend Compressor Parameters 

o Energy Usage 

o Suction Pressure 

o Discharge Pressure 

o Suction Line Temp 

o Discharge Temp 

 Monitor and Trend temp in and out and GPM of each fluid cooler 

 Monitor and Trend Energy used by fans and pumps 

Chiller and Fluid Cooler Conclusion – A properly designed chiller system should average between .57 and 

.40 kW per ton, the heat rejection system (Fluid Cooler) of this design should run between .07 and .10 kW per 

ton at full load, while providing a maximum of 8200 hours of economizing (reducing the total load and energy 

from the chiller systems) under the current room conditions  

Designing a Dewpoint Control System with Parallel Air Filtration – The most optimal way to control 

infiltration moisture is to do it with a separate system.  Since the new primary cooling system does not 

remove moisture as part of its operation (unlike the chilled water AHU system), the secondary moisture 

control system will regulate the infiltration load.  With this type of control a dewpoint control of 48˚F (+- 1˚F) 

is not only possible and a must with this system, but very economical to do.  There are two differing scenarios 

to evaluate when it comes to humidity control. A building that uses outside air to pressurize the facility (while 

providing fresh air) and one that does not.  Obviously the outside air unit (OAU) requires the greater amount 

of energy and it’s what we’ll concentrate on in this design.  If you do not utilize outside air for fresh air then 

just analyze the building envelopes infiltration of moisture for the design. 

 Outside Air Unit Moisture Control - In the United States most moisture loads from outside air will not 

exceed .5lbs of water per 1000 CFM. Outside air moisture control can be a very large energy load 

depending on the facilities geographical location.  Any time we design this type of system we us two 

units to perform these requirements. We use a 100% outside air unit for dehumidification and an 

inside air unit for moisture addition.   

o Outside Air Dehumidification Unit- Any typical cooling system can be designed to remove 

moisture.  When we design the systems dehumidification systems we use two forms of 

cooling, we also recommend the use a heat pipe cooling system.  We use the “heat pipe” 

designed AHU to remove the sensible loads and a primary cooling system to remove the 



latent load.  Since the volume of outside air is low with this design the energy and 

consumable cost are minimal. 

 Filtration – The outside air unit requires the greatest amount of filtration, we 

recommend going with MERV 13prefilters, bag filters and a layer of carbon 

filtration.   

 Control – We control the humidity using dewpoint sensors within the facility as the 

dewpoint goes above the 48˚F Setpoint we stage on the de-humidification system.  

The air coming into the facility will be below the room conditions thus drying out 

the room and lowering the dewpoint. We typically use a VFD on the cooling 

compressor to control the level of dehumidification. 

o Filtration Humidification Unit– There are two type of humidification we design with.  One 

being Adiabatic and the other being Ultra Sonic. Both have shown a very low potential for 

failure and low energy cost.  

 Filtration – Since the primary filtration system for this building will be this unit, this 

unit should be an ultra filtration unit.  We like to use Hepa level filtration with ultra 

violet purification in this unit and design the unit to turn the air 2-4 times per hour.  

We typically design the filtration unit at 1000 CFM per 7,500-15,000 Cubic Feet 

 Control – We control the humidity using dewpoint sensors within the facility as the 

dewpoint goes below the 48˚F Setpoint we stage on the humidification system.  The 

warmer air coming from the facilities ceiling will be capable of absorbing the 

moisture added to the air steam. In this design turn off the filtration system during 

peak energy cost hours during the summer and only bring on the system when the 

Dewpoint drops to below a lower emergency setpoint. 

Installing without increasing CAPEX – Data Center new construction project often lose their efficiency 

during the cost evaluation part of the project.  Many times first cost is the most important consideration when 

dealing with Guaranteed Maximum Price General Contractors.  These projects are prime candidates for 

energy efficiency finance.  Once the efficiency is guaranteed by the engineering group and cost of the 

installation is confirmed and guaranteed by the construction company, a Efficiency Finance company will 

want to invest in these projects to further reduce the energy used by the install.  Typically the Energy Finance 

company will finance the cost difference in the project, to install energy reducing upgrades.  The customer 

would in this case pay a percentage of the difference in efficiency between the original efficiency and the 

proposed new efficiency.   
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